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Abstract

To promote soil cultivation, we at NTT DATA are using information and communication technology
to collect soil-diagnosis data and information on farming operations throughout Japan and compile a
database of that information. This database will enable data-driven initiatives in the domain that has
relied on past experience and intuition of farmers. The data in the database are normalized by conducting
soil analysis using a nationally standardized method that makes it possible to understand not only the
characteristics of individual fields but also regional characteristics. We have also developed and are test-
ing a technology for measuring soil composition from satellite images as a means of reducing the time
and labor required to collect soil samples for soil diagnosis.
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1. Soil cultivation using ICT

2. Nationwide data collection and use of the data

Because the amount of compost applied to rice pad-
dies in Japan continues to decline and other issues,
degradation of farmland soil has become an issue.
Therefore, it is important to strengthen efforts to cul-
tivate soil to improve crop yields by continuously
implementing the following cycle: assessing the soil
condition through soil diagnosis, planning farming
operations in accordance with the assessed soil con-
dition, implementing the planned operations, and
verifying the yields. However, soil diagnosis, which
should be conducted first, is only applied to certain
fields, and farming plans for most fields are prepared
according to the experience and intuition of farmers.

In response to this situation, the initiative described
in this article used information and communication
technology (ICT) to collect and compile a database of
soil-diagnosis data and farming-operation informa-
tion throughout Japan. The collected data can be
analyzed by taking regional and crop characteristics
into account, so farming operations can be suggested
in accordance with the analysis results. Therefore, the
use of ICT will enable data-driven initiatives in the
domain that has relied on past experience and intu-
ition of farmers.
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When building a database, it is necessary to ensure
data reliability. Soil diagnosis, which is a means of
understanding the current status of soil cultivation,
has been conducted by local soil-analysis laboratories
in each region; therefore, analysis items have not
been standardized and cannot be normalized by sim-
ply collecting data.

To address this issue, NTT DATA, in cooperation
with the Japan Soil Association and organizations in
26 prefectures across Japan, established the Soil
Diagnosis Database Construction and Promotion
Council. As a result of the council’s efforts to collect
soil data from across the country using a unified
method and consolidate soil-analysis laboratories, it
is possible to uniformly handle soil-diagnosis data
and analysis values across the country. In addition to
soil-diagnosis data, information such as soil physical
data, field yields, and farm work carried out can be
collected as field records in a manner that allows the
field conditions to be understood more clearly.

The soil-diagnosis database enables various analy-
ses based on the collected data. For example, when
soil diagnosis is conducted for a farm field, the analy-
sis values can be automatically compared with
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* Collect normalized data in the soil-diagnosis database in cooperation with the Japan Soil Association and

26 prefectures nationwide.

* Collected data can be analyzed on a field-by-field and region-by-region basis to suggest prescriptions.

Collection of information

Field-by-field analysis

Region-by-region analysis

s N\

* Nationwide data collected
in soil-diagnosis database

* Three main types of data:
soil-diagnosis-analysis
values, crop
characteristics, and field
records

Soil-diagnosis-
analysis values

Crop characteristics

Field records e

Soil-diagnosis database

-

* Possible to analyze soil on the
basis of chemical and physical
properties

B Chemical-properties data

'd N\
* Analyze regional field information

and statistical data in comparison

with crop-characteristic indices.

mra | TR

Available phosphoric acid (mg/100 g)

1050ENG

Fig. 1. Soil-diagnosis database.

multiple indices—defined by the council—in accor-
dance with crop type so that issues in the field can be
identified without relying on the experience and intu-
ition of the farmer. By analyzing statistical informa-
tion on regions and crop types, it is possible to (i)
determine whether soil conditions are good or bad by
taking regional characteristics into account and (ii)
understand not only the characteristics of individual
fields but also those of the region the regional organi-
zation of the council is in charge of. In 2021, we col-
lected soil data from approximately 4000 sites
nationwide and returned the results of analysis as
prescriptions to the farmers and regional organiza-
tions that provided us with the soil data. We will
continue promoting this initiative and rolling it out
nationwide (Fig. 1).

3. Soil diagnosis using satellite images

The first step in soil cultivation is to assess the soil
condition through soil diagnosis. This soil diagnosis
requires a series of tasks that include collecting soil
samples from the field, drying them, and sending
them to an analytical laboratory. These tasks are
labor-intensive, and during busy seasons, the analyti-
cal laboratory may require a long time to conduct the
analysis, and the results may not be ready in time for
the next planting. Even in our efforts to create data-
driven soil cultivation, the large amount of time and
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effort required for soil diagnosis was problematic, so
the number of diagnoses did not increase.
Accordingly, NTT DATA developed a technology
for measuring soil composition from satellite images
by using satellite-image analysis technology accumu-
lated through the development and sale of the
AW3D". This technology uses satellite images
acquired about once every three days, which makes it
possible to acquire and analyze images at appropriate
times in accordance with the farming conditions in
the field. The analysis currently takes about a week
for two component values, namely, humus content
and inorganic nitrogen, on a 3 m x 3 m mesh. Using
this technology makes it possible to easily obtain the
composition values for any field in Japan. Because
information is acquired over a wide area, intra- and
inter-fields bias regarding soil composition can also
be analyzed, which makes it possible to optimize
fertilizer application in combination with other tech-
nologies such as variable fertilizer application. In
2021, we conducted demonstration tests of this tech-
nology in three fields in Miyagi and Niigata prefec-
tures, and we hope to contribute to the promotion of

* AW3D: Three-dimensional map data jointly developed and mar-
keted by the Remote Sensing Technology Center of Japan, which
has many years of experience in satellite-image processing tech-
nology, and NTT DATA, which has high-speed, high-precision
data-processing technology.
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» Use satellite images to analyze humus content and inorganic-nitrogen values of soil over a wide area.
¢ Even inter- and intra-field bias regarding soil composition can be analyzed, enabling optimization of fertilizer

application in combination with other technologies.

Acquisition of satellite images

* Farmers specify any date.
* Satellite-image acquisition and analysis
in about one week

Analysis of satellite images

-

¢ Analyze information on a 3 m x 3 m mesh.
¢ Analyze humus content and inorganic
nitrogen.

Fig. 2. Soil diagnosis using satellite images.

data-driven soil cultivation as we expand the geo-
graphical area in which it is tested (Fig. 2).
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