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Background and Goals

Project Background and Rationale
Reducing the use of chemical fertilizers and pesticides in agriculture is essential for building a
sustainable foundation for food production. To achieve this, it is effective to elucidate the functions
of soil microbes and develop crop production systems that fully leverage their potential.

Technology Development Goals
To realize environmentally friendly, circular agriculture, we aim by 2030 to focus on the biological
properties of soil—long treated as a black box—and identify key biological factors essential for
healthy crop growth. Based on these findings, we will develop beneficial microbes and microbial-
based materials to improve soil health.

Key Research Achievements

(1) We have developed and released the “Soil Microbiota Atlas,” a functional database integrating
biologically focused soil data—such as bacterial flora profiles, metagenomes, single-cell
genomes, and cultured strain genomes—collected from agricultural soils nationwide. Using this
atlas, we have identified beneficial microbial consortia for soybean cultivation.

(2) We have established a basic protocol for evaluating “soil health” using biological indicators and
machine learning. In parallel, we have developed recycled phosphorus materials as alternatives
to chemical fertilizers and isolated microbial strains that show the growth promotion effect of
soybeans.

(3) In the Agricultural Environmental Engineering System, we have developed a prototype of an
“agricultural digital twin” that combines both deductive and inductive approaches, and built a
business model based on this prototype

[Detailed Achievements]
Development of the Soil Microbiome Atlas and Guidelines for Evaluating Soil Health

We have developed a method for = With disease history

i H H i Selection of growth- Genel
eyalua_tlng soil health_ based pl_'lmarlly on assoclated ganes via
biological factors, using functional gene g‘a:;r;;::mgsbased 4 e
. . . . Gene6
information from soil microbes. A R AN

machine learning model has been also } b
constructed to distinguish  between J/\ ona
productive and unproductive fields using N \ \/7
genomic data. In addition, a demo page with deficient or =
has been released that allows users to e Sene

test the atlas functions using partial data.

Averages from fields

An example of soil diagnosis using the Soil Microbiome Atlas
Isolation of Beneficial Microbes

Over 2,000 microbial strains have been isolated from soil and soybean roots. The isolated strains
include rare actinomycetes and strains that promote soybean growth by solubilizing phosphorus.
These strains and related data have also been registered in the Soil Microbiome Atlas.

Contact: Waseda University, Takeyama Laboratory, Moonshot Agriculture, Forestry and
Fisheries Research and Development Project Promotion Secretariat

E-mail : moonshot5@list.waseda.jp

Website : https://www.microbe-soil.sci.waseda.ac.jp/en/
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[Detailed Achievements]
Prototype of Agricultural Environmental Engineering System (Digital Twin) Completed

By integrating < — . - — -
machine learning Modeling Digital Twin

models with crop and

soil models based on Yield and Qualiy \\
large-scale data from
soybean fields
nationwide, we have

Transcriptome

Metabolome

> e

o~ .
[
————e e —~ £ .

improved the B T
P . 5% _

accuracy of soybean Microbiome Rhlzopshere = 4

yield simulations and

completed a prototype
of the Agricultural
Environmental
Engineering System.

Training

Training Data

T (| Multi-omics Data
»|

A N7
L 7“ ‘;; L’é\r FHICAWZEE EFURRIEY B> 1e7—5

Configuration of the Agricultural Environmental Engineering System

Future Directions

Based on five years of research achievements, we will rapidly advance R&D toward social
implementation.

Targets: (1) Demonstrate a 30% reduction in chemical fertilizer use by combining recycled
phosphorus materials with beneficial microbial agents. (2) Verify the profitability of applying the
Agricultural Environmental Engineering System and complete the collection of carbon farming data.

What We Aspire To

By 2050, we aim to further identify the biological factors essential for healthy crop growth and,
through big data-driven analysis, develop and promote beneficial microbes that enhance soil health.
These efforts will maximize soil productivity and elemental cycling functions, contributing to a safe
and stable food supply and greater food security. By building on scientifically grounded knowledge,
we aim to address challenges in agricultural production through the social implementation of new
microbial strategies. At the same time, we will strengthen collaboration among government, industry,
academia, and local communities to build sustainable agricultural models and enhance the resilience
of society as a whole.

Research Themes and Structure

-~ D Representative institution: Waseda
University

1. Soil Microbiome Atlas 2. Crops 3. Environmental Control 4 g cia) Sciences

and Measurement
(1,2,3,4,5,6,7,8) (9,10,11) (10,12) 1)

5. Cultivation Management
(5, 6, 10, 11, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22)

<Research Institutes>

(1) Waseda University / (2) National Institute of Advanced Industrial Science and Technology / (3) Horiba
Manufacturing Co., Ltd. / (4) Marine Open Innovation Organization / (5) Kyoto University / (6) Tokyo University
of Agriculture and Technology / (7) Taiheiyo Cement / (8) Asahi Agria / (9) Yokohama City University / (10)
RIKEN / (11) Kyushu University / (12) Agri Open Innovation Organization / (13) Fukushima University / (14)
The University of Tokyo / (15) University of Tsukuba/ (16)Fukushima Prefecture / (17) Hokkaido University/
(18) NARO/ (19) Niigata Prefecture / (20) Mie University/ (21) Nagoya City University/ (22) Maekawa Research

Institute
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