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SDGs project practice achievement report

Yukie Kiriu (48502302)
» Introduction
Our group practiced on the theme of food loss in Japan. In the practice in campus, we
surveyed literature about law, master plan, and good practices related to food loss, and
selected interview targets for domestic training. In the practice in Japan, we surveyed good
practices Food Loss matching service in Himeji. Also, as a summary of the practice results, we
have discussed issues and solutions for social practice of food loss reduction in Okayama

Prefecture.

»  Practice achievement
(1) Practice in school

In the on-campus training, to acquire basic knowledge about food loss in Japan, we
conducted a literature survey on the law, reduction plans, and advanced cases related to food
loss.

In Japan, as an institution to reduce food loss the Food Loss Reduction Promotion Law and
the Food Recycling Law, have been established. The Food Loss Reduction Promotion Law
requires prefectures and municipalities to formulate food loss reduction promotion plans.
Also in the Food Recycling Law, it stipulates the generation control goals of food waste by
industry and periodic report to businesses that generate a large amount of food waste.

Regarding the food loss reduction promotion plan, we cooperated with the students of the
liberal arts lecture, and collected information on the plans of multiple local governments. Also
we compared the components and contents of the plan, and shared unique measures that will
be helpful for reducing food loss in Okayama Prefecture. As effective measures some were
mentioned (DSetting of subdivided monitoring indicators and targets for reducing food loss,
and a mechanism of cooperation between departments in charge of food loss, and in

Matsumoto City and (@Preparation of food bank guidelines in Osaka Prefecture.

(2) Practice in Japan

In the domestic training, we took up the food loss matching service in Himeji City. This
matching service is a system to connect Food business sectors and consumers and free to
register and use the service. Business sectors register the information of food loss for selling
on the service and consumers entry the purchasing quantities and day/time for picking-up,
then go directly to the destinations, pay the prices and receive items. In this practice, we

interviewed the service manager Himeji city and the service user food business operators



about the current status and issues of service use.

Himeji City has started this service with the goal of reducing food loss by about 30 tons in
three years, including the results of food drive and currently about 8.8 tons of food loss has
been reduced. However, the number of businesses that are constantly listing food loss is as
small as 3-4 companies and many businesses are concerned about the deterioration of the
store image and brand value due to the word "food loss”, so further expansion of service
cooperating store was raised as service issues. Also, from now on it was considered necessary
to select advertising targets (e.g. focus on advertising to people with high environmental

awareness) and devise a public notice method.

(3) Summary of practice results

As the summary of practice achievement, we submitted public comments to the 5th Waste
Disposal Plan (draft). Table 1 shows an example of the submitted public comments. In the
public comment, we suggested to clarify the department in charge of food loss and the division
of roles and establish a liaison meeting in Okayama Prefecture (example: Matsumoto City),
and create the food bank guidelines (e.g. Osaka Prefecture). In addition, we proposed
introduction a food loss matching service with reference to the example of Himeji City, which

was the target of domestic training

Tablel An example of public comments on

the 5th Okayama Prefecture Waste Disposal Plan (draft)

table of contents additional plan

- Clarification of departments / sections that handle measures to reduce food loss

measures in Okayama ) . . A~ . -
4 - Establishment of liaison committee for division of roles and cooperation of organizations

Prefecture .
Clarification of measures to be focused on

@ public awareness Establishment of local rules

activity to citizens and

businesses Joint awareness program with students to promote food loss reduction

@ promotion to reduce

Promotion of priority food loss reduction in industries with high contribution rate

food loss from business

sectors Use the food loss reduction matching service

® research and . . . )
. ) . Creation of partnership system to strengthen the connection between the government, businesses, and
information collection and .
o businesses
provision

@ support to the activity to i L . o L
Creating a food bank guideline (Mechanism, knowledge, way of thinking, examples of food bank activities)
use unused food




Current Status and Issues of Food Loss and Waste Reduction

SDGs Project Practice, R3 Final report of the results
48502376 Kotone Yano

1. Introduction

We took up the theme of reducing food loss in Japan and conducted both on-campus and
in-country practical training. In the on-campus training, to acquire basic knowledge about
food loss, we conducted literature research on (1) legal systems related to food loss in Japan,
(2) food loss reduction promotion plans in local governments, and (3) advanced examples of
domestic efforts to reduce food loss and waste(FLW). In the domestic practical training,
with the aim of obtaining information that would be helpful in developing measures to
reduce food loss in Okayama Prefecture, we conducted interviews with local governments
that are making advanced efforts to reduce food loss. Finally, as a summary of the practical
training, the information obtained from the on-campus and domestic practical training was
consolidated, and public comments were submitted on the 5th Okayama Prefecture Waste
Disposal Plan (Draft), which is a plan to promote the reduction of food loss in Okayama

Prefecture.

2. Practice
2-1. Practice in campus
We collected information to learn about policies and current issues related to food loss
reduction.
—Survey targets: Websites of government, local government, and initiatives of private
companies, etc.

Results of a survey

- In Japan, a law on the promotion of food loss reduction is set to be enacted in 2019,
requiring prefectures and municipalities to formulate a plan to promote food loss reduction.

- As the start of the training, Okayama Prefecture had not yet announced it.

- We present 3 representative examples of initiatives for reference in local government.
I.  Setting of subdivided detail monitoring indicators and targets.
II. Clarification of the responsibilities multiple departments and establishment of

a collaborative system.
ITII. Creation of guidelines for food bank activity.
2-2. Practice in Japan
We had a hearing ...



L. FLW matching service in Himeji “Utteco Katteco by Tabesuke”
+ Administrator : Himeji City
- Service Users : Wholesaler (Nakayasuseika)
Bakery (Hacklebery)
I1. Initiatives in Fukui and National delicious eating up campaign network
council.

Results of a survey

D “Utteco Katteco by Tabesuke” in Himeji city
Consumers living in Himeji City can purchase surplus food from food-related
businesses and retailers through the service. Himeji City bears the operational
costs and is aiming to increase the number of users, but currently there are
only a few active users on the selling side.
The service users on the selling side wanted to be associated with a good
image of surplus food and to increase the number of service users.
(2 Examples of initiatives and National delicious eating up campaign network council in
Fukui
The "Eating up movement" campaign, which originated in Fukui Prefecture, is
mainly a public awareness campaign, calling on households and
restaurants/retailers to eat only what they can eat.
In order to spread the "Eating up movement" campaign throughout the
country, the secretariat of the council is located in Fukui Prefecture, where it
implements nationwide joint campaigns and collects and discloses information
on nationwide efforts.
We interviewed about distinctive efforts to reduce FLW in Fukui Prefecture
1. Cooperation with United Women’s Association
il. Food Loss Meister Certification System
iii. Implementation of food drives and preparation of manuals
iv. Promote food-sharing application
2-3. To promote FLW reduction in Okayama Prefecture
Okayama prefecture announced the 5th Waste Disposal Plan (draft) on website on
November 26th, and solicited public comments until December 26%, So we tried to compile
the public comments based on our results.

Typical public comments

(DDeviation between the estimated value of the amount of FLW discharged by the food
manufacturing industry in Okayama Prefecture and the estimated value based on the actual

condition survey



(2)Setting of detailed planning indicators and numerical targets

(@Clarification of the division in charge and division of roles for each measure

(@Clarification of the position of the FLW reduction test implemented by Okayama
Prefecture

(®Use of FLW reduction matching services

(©Developing manuals for food banks and food drives

(DCollaboration with a wide range of entities, including consumer groups and the

United Women’s Association

3. conclusion

From the above, based on the on-campus and domestic practical training, we were able to
get a rough idea of the movements and current status of the government regarding the
reduction of food loss in Japan, and through interviews with prefectural and city offices,
restaurants, retailers, and food-related businesses that are actually making efforts, we were
able to hear about the current status and issues of each layer. Through these interviews, we
were able to learn about the current status of each layer and the issues they face. We believe
that we were able to submit various concrete proposals to the draft proposal issued by

Okayama Prefecture.
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Smart agriculture and Rural Revitalization in Japan
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SDGs Human Resource Development Special Course Project Practicum
(SDG s AMBEREFHNI—XRTO y FEE)

Advisor: Professor Kim

I Outline

The project practical training for the Special Course on SDGs Human Resource
Development was divided into on—campus and off-campus (domestic) surveys and
research. The participants were Sidra tul Muntaha (48M21162), Afia Boney
(48M21115), Tatsuya Onishi (48M21153), Sunao Ogino (48M21156), and Shoutaro
Matsuda (48M21169). The survey was conducted mainly by students of the
Department of Urban and Rural Development of the Graduate School of
Environmental and Life Sciences. The theme of our group was “6th
industrialization”. For this theme, we conducted on—campus research and off-
campus field research. The purpose of the on—campus research was to compare the
cultural systems (especially the sixth industrialization) of rural fishing
villages in Japan and Taiwan, and the off-campus research was to understand the

actual situation of the sixth industrialization in Okayama Prefecture.

O. On-campus
1. Activities in the first semester of fiscal year 2021

The participants were the students of “Sustainable Rural Systems Studies”
in the first semester of FY2021. In the class, they made a presentation of
their thesis to Professor Kim, their academic advisor. The content of our
presentation was mostly about the comparison of rural environment between
Japan and Taiwan. Initially, our group aimed to study in Taiwan, and we
planned to have both face—to—face and remote discussions with Taiwanese
students. However, from the viewpoint of Covid—19 countermeasures, the study
in Taiwan was cancelled and the discussion with Taiwanese students was also
cancelled. In such a situation, the supervisor and the students formulated
questions based on the paper and discussed each presentation.

The presentations made by the students were: “Conservation—oriented
development for sustainable development in small-scale cities: a case study
of Waipu District, Taichung City, Taiwan” (Ohnishi), ”“Construction and
restoration of rural economic landscapes: the case of Taiwan s brewing and

tea industries” (Ogino), “Development of the wine industry in the new new



world —The Development of Wine Industry in the New New World” (Matsuda),
“Food Settlement and Rural Development: Insights from Bluefin: A Case Study
of Tuna Culture Festival in Donggang, Taiwan” A case study of tuna culture
festival in Donggang, Taiwan” (Afia Boney), and “Recreating Sacred Space in
Rural Taiwan: A Case Study of Endogenous Development Using Temple Rituals”
(Sidra Tul Muntaha). The students presented their papers on their projects
and plans using local resources in rural and fishing villages. Then, after
receiving comments from Professor Kim, they discussed the questions they had
proposed. This is the report of the activities in the first semester of

2021.

2. Activities in the second half of 2021

In the second semester of FY2021, we attempted to conduct a field survey,
focusing on rural and fishing village projects in Japan, since we were
unable to conduct a survey in Taiwan in the first semester of FY2021. On
October 22, 2021, the team members gathered to select business operators to
be surveyed from the collection of case studies approved by the Chugoku-—
Shikoku Bureau of Agriculture for the Comprehensive Project Plan for the
Sixth Industrialization, and to negotiate with them for cooperation in the
survey. The survey targets were selected as “Okayama Organic” and “Mitsu no
Sato Co. We also decided on the questions to be asked in the interview
survey.

On January 12, 2022, we presented our findings in Japanese to Professor
Yasushi Mori and others at the “Project Practice Results Presentation”
Then, on January 18, 2022, we presented the results of the training to
Professor Kim in English. Finally, on January 25, 2022, I made a final

presentation in English at the colloquium, which was held online

. Off-campus reporting of results

For the off-campus survey, interviews were conducted on November 11, 2021.
Interviews were conducted at the production site of “Okayama Organic” from
10:00 to 13:00. Ltd. was interviewed from 1:30 p.m. to 3:00 p.m., and a visit
was made to the sales area. Okayama Organic is a small-scale individual
farmer. In contrast, Mitsu no Sato Co., Ltd. is operated by a company called
Narihiro Kenzai Co. From this point of view, we took up two case studies from

the viewpoint of being able to conduct research on the 6th industrialization



from the perspective of both individual farmers and companies

Okayama Organic

Okayama Organic is an organic vegetable farmer that sells “Vegetable
Broth,” an organic vegetable soup stock, to hotels and individuals. The
company is run by a husband—-and-wife team, who started organic farming to
take care of their sick father and his health. Later, the idea of making
“porridge” using organic vegetables as soup stock led them to turn to the
sixth industrialization. However, it was difficult to produce porridge, so
they settled on “organic vegetable soup.

In the future, the company plans to continue the business based on the hope
that it will be used in the medical field. They are also supporting new
farmers to hand down the organic farming method. During the field training,

we also observed and tasted the actual fields and products

Mitsu no Sato

Mitsu no Sato is an agricultural corporation run by a stone quarry company,
Narihiro Kenzai Kenzai, which used to sell soft-serve ice cream made from
tomatoes grown in its fields as a product of its sixth industrialization.
However, the scale of the business has been reduced due to problems with the
maintenance and management of the processing facilities. Currently, they are
focusing on the intermediate processing of agricultural products using the
processing machines introduced for the 6th industrialization. During the
field training, the participants listened to the president of the company

and visited the sales office
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6" Industrialization Professor Doo-Chul Kim

Japan has always been an agricultural society. However, in the mid-1950s, Japan saw a period of rapid
economic growth (Zhou, 2019) that created a gap between the urban and rural areas, unintentionally. In the
1990s, Japan’s agriculture sector continued to suffer from insufficient development (Fui & Fani, 2017). It
was then, that Professor Imamura Naranchen of Tokyo University, proposed the concept of the sixth
industry. The sixth industry combines the primary/first industry (agriculture, forestry and fisheries), the
secondary/second industry (manufacturing and processing) and the tertiary/third industry (business such as
retailing, distribution and tourism). Park et al (2018) stated “there is a growing need for agriculture to
develop processed goods in response to changes in food consumption patterns and to actively link them
with the food industry”. The 6 industry seeks to accomplish that.

In the 6™ industry, workers are encouraged to produce, process and sell products. This expands the workers’
income as well as allows for employment opportunities in rural areas, promoting the rural economy
(Nakano, 2014). Businesses can utilize local resources and link them to tourism. In addition, new businesses
are created by the 6" industrialization. However, consumers may gravitate to their usual buying habits and
may disregard new products. There is a need for constant creation of new products to attract consumers,
when there is no guarantee that those investments will be profitable. Another challenge the 6™ industry
faces is that farmers want to sell irregular products as processing input goods, but food processors want to
buy standard inputs for stable production (Nakano, 2014). Lastly, many farmers are unaware of effective
sales channel.

In this Sustainable Development Goals (SDGs) research, two companies, Okayama Organic and Mitsu no
Sato, are reviewed. These companies were chosen as they contrast each other. Okayama Organic was birth
out of personal need for the product. It is operated by an elderly couple, who use organic vegetables to
make liquid broth, initially used for nursing care for their family. On the other hand, Mitsu no Sato started
as a way to diverse their business in the midst of a construction downturn. He had access to farmland where
he was able to plant tomatoes and use that to make tomato ice cream. Therefore, these companies may not
ideally represent the 6" industry because of their origin.

Through this research, I learnt about the challenges that both companies have faced from their inception.
The first challenge being capital. At that time, it was the period of the comprehensive business plan. This
meant that there was special use of agricultural funds and short-term working capital. It also gave farmers
support via consultation with a 6" industrialization planner. Moreover, facility development and grants or
subsidies were available for farmers. The owners of Okayama Organic and Mitsu no Sato were both able
to utilize these opportunities to build out their facilities. However, with any business, in order to keep
growing, more capital would be needed in the future. I think that one investment is not enough to allow the
company to mature. I suggest the government partner with private investors who can provide capital and in
turn gain a percentage of the company, if they see the potential. Securing sales’ channels can be expensive
so hence the further investments will help. Okayama Organic stated that it is was impossible for the
government to introduce vegetable broth directly to private companies due to the difficulty of developing
sales’ channels. Even when the government did help them to secure places at exhibitions, it was still too
expensive to attend.

I also learnt that if something does not work, one should know when to retire the idea and try again or keep
pursuing it. In the case of Okayama Organic, their initial product idea was okayu (Japanese rice porridge).
At the time there was a factory in Hyogo Prefecture that could process rice. The couple brought the idea to
the factory who told them it would be unsuccessful. Dashigiru (broth) was suggested as the alternative.
With the help of a chef at Anna Crowne Plaza, they were able to adjust the recipe and the Japan Government
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accepted it. As for Mitsu no Sato, when he realized that the tomato ice cream was not cost effective, he
retired the product from their sales. This is an important point for all businesses, knowing when to adjust
or quit.

However, according to the conceptual diagram of efforts to develop a 6™ industry (See Appendix), it is
important to start from the point of contact with the customers by collecting information on their needs.
Only then, it can be connected with the local resources of the rural area and the goods and services produced,
then become “customer value”. Neither Okayama Organic nor Mitsu no Sato started from the customers’
need. Therefore, the challenges that Mitsu no Sato faced with staying current with products and constantly
making new products, will fail if they do not get the customers’ consensus first about those product ideas.
This will ensure that products are sold and not left in their inventory.

Although labour shortage was not an issue faced by either Okayama Organic or Mitsu no Sato, it is a
problem for the 6% industrialization. Many people are moving from the rural areas to the cities for better
jobs. The 6™ industrialization will face problems in the future if incentives are not provided for people to
stay in the rural areas.

The future for both companies depends on how they pivot now. Mitsu no Sato will look into tourism farming
which has major potential in Japan. Okayama Organic will seek to get their product into places that elderly
people visit such as hospitals and medical sites. In order to keep up with the demand of such places, they
will need to expand their business by hiring new employees. These are the considerations that they will
need to discuss.

Though the concept of the 6" industrialization seems to be birthed in Japan, China and Korea has adapted
it as well. It is a concept that can be utilized in other countries as well to empower farmers and generate
rural economy. As part of the United Nations 2030 Agenda for Sustainable Development, Goal 2 calls to
“end hunger, achieve food security and improved nutrition and promote sustainable agriculture”, with
special attention to “increase investment, including through enhanced international cooperation, in rural
infrastructure, agricultural research and extension services, technology development....” (UN website).
Through the 6™ industrialization, this goal can be achieved.

In conclusion, when the 6™ industrialization was created, it sought to expand the workers” income as well
as allow for employment opportunities in rural areas. However, through these case studies, that was not the
case. The reality of the 6™ industry is not as connected to the increase of the profits that the government
believes. In my opinion, in order for the 6" industrialization to be effective, one investment is not enough
and the government must work with the farmers constantly to pivot and adjust to the needs of the consumers.
If the business is failing, the harsh reality must be met with solutions to move forward. Only then, workers
income will increase. The direction of tourism farming has potential and can be a benefit to each prefecture
utilizing their local resources. In today’s society, there are many products on the market, so it will be
difficult to tackle the 6th industry but it is not impossible.
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SDG project report: case study of 6 industrialization in Okayama city

Sixth industry project was held in November 2021. Data was obtained by interviewing the
owners of the company. The project concerned sixth industries in Okayama city. Summary
of case studies are as follow

Case study 1: Okayama organic

In 1998, Okayama organic was founded. The company produces vegetables broth using
vegetables grown on their farms. They produce plant-based broth in response to their
customers' demands. They grow vegetables without using toxic chemicals or pesticides and

use this broth in their dishes. Restaurants also use this broth.

Case study 2: Mitsu no Sato

Mitsu no sato, founded in 2014, is an agricultural sales office that sells products grown in its
owner Naruhiro kenzai's farmland. Initially, he owned a construction company before
diversifying his business due to slow progress. Aiming to attract more customers, he began
manufacturing and selling tomatoes soft cream from the tomatoes produced by his farm. He

plans to produce more expensive crops in the future.

Lesson learned from this project

Hard work at an advanced age and dedicated to producing organic food

Having studied abroad, I have seen fewer people working in their old ages. In Japan, it is
the norm to work well into old age. Managing so many fields must be very tiresome for
them, but they don't stop growing crops. It is an environmentally friendly policy that does
not use toxic chemicals or pesticides. Instead of throwing away non-edible parts of plants,
they are used as fertilizer so that organic food can be grown there. When asked what they do
about pests, they replied that they handpick all pests and insects that come into contact with

their plants.
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48M21153 Tatsuya Onishi

[. Activity Report

In the first semester of 2021, the project training of the Special Course on
Human Resource Development for SDGs was carried out from the first semester of
2021, ”Sustainable Rural System Studies” to the colloquium held on January 25,
2022. In the first semester of 2021, we presented and discussed about the case of
rural and fishing villages in Taiwan and Japan using the papers. As all the
literature was in English, I had a hard time explaining it. My presentation was on
“Conservation-oriented Development for Sustainable Development in Small-scale
Cities: A Case Study of Waipu District, Taichung City, Taiwan. Conservation of
“satoyama” is very important for the urbanization of rural areas. Satoyama is a
place where bamboo and fallen leaves are used as fertilizer, bamboo shoots are
used as food, and it is considered culturally and productively important. In order
to preserve such an environment, fieldwork with rural residents was conducted

In the second semester of FY2021, we conducted fieldwork in actual farming and
fishing villages. The sites we visited were “Okayama Organic” and “Mitsu no Sato”,
both located in Kita Ward, Okayama City, Okayama Prefecture. Each of them was
running a business aiming to become a 6th industry. Okyama Organic focuses on
organic farming and has developed a vegetable broth called Vegetable Broth. Mitsu
no Sato, on the other hand, was engaged in the business of selling tomatoes grown
on its farm as soft-serve ice cream. In terms of organizational structure, Okayama
Organic was mainly run by individual farmers. Mitsu no Sato, on the other hand,
was a case study of a stone quarry company that aimed for multiple management by

utilizing the farmland it owned

[1. On campus

In the second semester of FY2021, we attempted to conduct a field survey, and
since we were unable to conduct a survey in Taiwan in the first semester of FY2021,
we planned to focus on projects in rural fishing villages in Japan. On October 22,
2021, the team members gathered to select business operators to be surveyed from
the collection of case studies approved by the Chugoku-Shikoku Bureau of

Agriculture for the Comprehensive Project Plan for the Sixth Industrialization,



and negotiated with them for cooperation in the survey. The survey targets were
selected as “Okayama Organic” and “Mitsu no Sato Co. We also decided on the
questions to be asked in the interview survey.

On January 12, 2022, we presented our findings in Japanese to Professor Yasushi
Mori and others at the “Project Practice Results Presentation”. Then, on January
18, 2022, 1 presented the results of the training to Professor Kim in English.
Finally, on January 25, 2022, I made the final presentation in English at the

colloquium, which was held online.

m. Off-campus

For the off-campus survey, interviews were conducted on November 11, 2021.
Interviews were conducted at the production site of “Okayama Organic” from 10:00
to 13:00. Ltd. was interviewed from 1:30 p.m. to 3:00 p.m., and a visit was made
to the sales area. Okyama Organic is a small-scale individual farmer. In contrast,
Mitsu no Sato Co., Ltd. is operated by a company called Narihiro Kenzai Co. From
this point of view, we took up two case studies from the viewpoint of being able
to conduct research on the 6th industrialization from the perspective of both

individual farmers and companies

1) Okayama Organic

Okyama Organic is an organic vegetable farmer that sells “Vegetable Broth,” an
organic vegetable soup stock, to hotels and individuals. The company is run by
a husband and wife team, who started organic farming to take care of their sick
father and his health. Later, the idea of making “porridge” using organic
vegetables as soup stock led them to turn to the sixth industrialization. However,
it was difficult to produce porridge, so they settled on “organic vegetable soup.
In the future, the company plans to continue the business based on the hope that
it will be used in the medical field. They are also supporting new farmers to
hand down the organic farming method. During the field training, we also observed

and tasted the actual fields and products.

2. Mitsu no Sato Co.

Mitsu no sato]| 1is an agricultural corporation run by a stone quarry company,
Narihiro Kenzai, which used to sell soft-serve ice cream made from tomatoes grown
in its fields as a product of its sixth industrialization. However, the scale of

the business has been reduced due to problems with the maintenance and management



of the processing facilities. Currently, they are focusing on the intermediate
processing of agricultural products using the processing machines introduced for
the 6th industrialization. During the field training, the participants listened

to the president of the company and visited the sales office



SDGs Project Practice Report

The actual situation and prospects for the sixth industrialization by corporations and small
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1.Introduction

The term "sixth industrialization" refers to the development of processed products by
farmers themselves from local specialties such as agricultural products, and the processing
and sales of these products by the farmers themselves. The purpose of this study is to clarify
the current status of sixth industrialization in Okayama City, Okayama Prefecture, through a

case study of sixth industrialization.

2.SDGs Practice results

In this SDGs project practice, we conducted a survey on the 6th industrialization. We
focused on two cases in Okayama City, Okayama Prefecture, both of which are different from
the general form of 6th industrialization in Japan. In Japan, there are many cases where
farmers and residents of a certain area work together to produce processed local products and
sell them, but in this case, there was a single farmer and a civil engineering company that was
not originally a farmer but had entered the agricultural industry.

In the former case, the farmer was still manufacturing and selling the products developed
through the 6th industrialization, while in the latter case, the farmer had stopped the business
related to the 6th industrialization, which allowed us to compare and discuss the causes of the
failure of the 6th industrialization.  First of all, the results of the comparison between the
general case of sixth industrialization and the case of this study are as follows: first, the
purpose of embarking on sixth industrialization may be different. In general cases, the purpose
is to improve the name value of agricultural products such as regional specialties, to promote
the region, and to secure new sales channels that do not go through agricultural cooperatives.
In the former case, it is thought that the researcher used the means of sixth industrialization
in order to achieve his goal of producing organic vegetables to be eaten by the sick. In the
former case, they did not collaborate with local farmers to develop products, and all the work
was done by individual farmers , so it is thought that they have little influence in terms of
regional development. In addition, since there was no advertising method that would improve
the name value of the organic vegetables grown there through the sales of processed organic

vegetable products, we do not think that the purpose of the project was to develop sales



channels for the vegetables themselves.

In the latter case, the objective itself was to sell processed products in order to improve the
name value of the agricultural products produced by the company, but the target crops were
not agricultural products unique to the region, but crops that the company had introduced
because they were judged to be profitable. From this point of view, I think that the 6th
industrialization is only used to advertise the company's products, but it does not lead to the
promotion of agricultural products throughout the region, nor does it lead to regional
development.

In addition, we will compare and discuss the fact that the former is continuing the 6th
industrialization and the latter is suspending it. Comparing the products of the former and
the latter, the former was a soup stock using squeezed juice from organic vegetables and the
latter was a soft-serve ice cream using tomatoes as a sauce. The former was a product that
could not be worn by others and could be used in a variety of ways, which is why it is still being
sold today. As for the latter, it was impossible to continue for a long period of time because
the products could only be sold at the company's own direct sales shop. From the above, we
believe that it is important to develop products with originality and to consider the possibility
of sales channels for those products in order to continue the 6th industrialization. ~ From
the above, the results of this survey were able to clarify the purpose of individual farmers and
companies to engage in the 6th industrialization and the important points for the continuation

of the 6th industrialization.

3. Impressions
We were not able to conduct the survey in the places we wanted to due to the Corona disaster.
However, we were able to obtain valuable results from the two surveys that we were able to
conduct, and it was a fulfilling survey.

In addition, I think I was able to contribute to the presentation mainly by creating the slides.
In particular, I struggled with the part of communicating the slides that I created in Japanese
to the international students. However, I am happy to say that my final presentation in English

went well.



Methane Gas Emission and Soil Environment in a Paddy field
KAIZEITEARZ O AROKE & ZDOTIRREORE R

] | L R KPR Br B AL dn B A Se R
Fhas R BRI P I
B H ok
1. [FC®HIC

KA D AR FIRE N 400ppm 2B Z 72 E SO THHALL, T— X OFEAE
AT Lo T, HIBKIREAL ORI ABIEBIOREREDILD &V I REND, 4%,
ANENEB) DN E < b DRI E THA DA =X LANRHL NI TE - M
BRIBREAVIZPESE M LARE D "B LR B EZII U O & T DIREL R T A DORENHR L, hiZ
A B W LEFZOEMPRSESNTVND.

TDIBAX NI EDOEE THEEREORETHL LEZLNTND. L VDT
TR A= DEEEZT HESKAN D ORENERENTEBY, D95 HAKH
IABOBBAEEO 7o v ANLRETHHLOTHD EE 2 5. A ¥ U TBRCEED
TRAGIRFED 20 EREEAR Y, BMENRKEVWEEZLNTEY, —HTERNLHEED
B 10 4F55 & S TEY, HIEARITIUIZDOER LN ST T ATHH S

AL, 74— FilEZ O & T OREFICENT, KENODRXZ T ADREE
R A L a2E . RPEEL OBEZICERKEZ LY, 14 121 BOR~—2THRHA
IZEhE, AZ AL PERE T — 2 2 GL, REFAEDFEFH L LTAZ T ADF
A LK EHEOFEHRDUZOWTZEORFREERZ L. ek, A& - 9T 0bDODON
FIZOWTIEFEOREEZSRINT- .

2. EEOHE

RFPITHIT 5 FATER & L C, ETFIE o FEOFEEITo72. £7, HiicE
ANSNTH A~ N T T T 4 —"flioTAX U HAEZFHAT L L2FE Lz, 7z,
TR OEREZ BUS T 572012, Bk - BRoKFER, RESIT ATV, TPk s
LT, ICP RN, ®IRFE - BERIMTZIT-TZ.

WNT, LRI R DK 2 24 L IZFET L, BREHAEE 1 » I 1 RoS—
ATl ARV ADEL MR EZB U TRAET LI ESORTEY, 20708
T B IR T O E TROLICEDLETHE D 7 2% 27T, ENronSEsX 912
L CHEMIRZTB, WAL GO AZ U T ADRAZFRI L. £, BEHEST A
DL G & UM HRORE S A b TITW, KRS EOKE EDEWN LA DET
Bz LT



3. ELHE

AKHEAKEER, HEYOAERIZE DTz TEEERFAEIC LD, KEOZEKYELR IR
Ko TENTHZ L, BARMEICHLLFIT D TAL o TAPRET DT LRI LN
ST, TP L, BT AOBREEMMOETNERUCIZ L2, BT LE BEICHEDIAT
BRICA Z U NTANRFEL TN Z EREETET, KHE TIXERED T AN EHEE R
NHBIESN, RICEDLND 7T v 7 AL LTOFAINTE R oT-. — 7o
BT A OWNTIE 2ppm 12T, KA DA HZ o HADOREEIZUE L, FHIEAIZRD)
B ITONTWD Z ERHER SN SRIIT ARG 7 L3 B REClRiET 2,
IZCDIZHER L2 62 0®%kIIBE S, 2 b HEA LS W LR ETHDL B
21z, £l=, HAIZa~ T T 7 4 —IZOWTIX, HADFTHIAL T IME A N T/ E
WHRAH Y, TR FHIMEIZEIN S Z Do Te. TAEZFTHLIATLE, EEE2DH LD
RTUEBALERYAMT D LRBMLETHD EEZ L.

4. BBnHYIZ

HERIRREAL & 7= REZ BN ANBIERIC 5 2 D BT FEIERICRELL 2> TE TR
D, 20 FERTICRADS fEHI AR 2% 2 Z X AR 72 BEIE 20mm/h 282 228V e LT, -
BTN I VD DEERBELTWEL, 770 I OEMOGEE 2 B2 iEes
ICHEVDP>THOLRARWVWENE NS, RTITEHICMET I BARICBNTTS
50mm/h OFIEE L 2<, ZNKFIIHBEOLIITH I TS, FHKIRD L5 0
b, FRTE HLABEIOBRBEREN R S, 780 10 FLNIC B2 10 e T g,
AR 7R BRI AN DN D Z EMTHRINTWA., B TIEH 575, eI 11
B ARE L, ARREICBT AIREET ZADRAEZEIHT 5 FL Tyl Lk
ZTWETZW,



SDGs 7rn Y/ FEE HERRBEE
AKEIWCBITBRAZ U HADKH L F0H8EEE0RR

BREEA MBI E
S FA BB B
A8M21151 H 5l &

1. XTI

A BT AT LR BESCHIREER L WA T, EERBEHRATAO—2>THD. 2019
DO RGO 1L 1.866 ppm ThH VD, “FER{LERFE (K 400 ppm) & L% LD 72 DD,
AL DI A WIS DRI IR LR DR 20~30 fif L EH TE RN b D &> TN 5.
FERE, 2021 ARITFER SRR O IPCC 2 6 GRS ECix, AMIEENC XD A X v %5
TR R ADOYEH D, HEROKWBEAB O LR KETH Y, WEIOFETIMELTWD L#H
HENTWS.

FTo, AZ T AOFRAEREIT, ANBEFEPK T10%% 5D, £D 55 15~40%13F &5 °/K H
DHORERFE SN TND., 22T, BAIIKEALPLDAZ T APHIZERL, AX T
ADPEHEZFRD L L HIZ, TOKAOTHERE LT L 2T, KBIZBTHA X
AHEH & TR OBREZFI O NCTHZ LA HME L, 2O SDGs 7 rY =7 MEEFIZHY
FATE. 2L T, KANODRAZ T AL ~D Z L1 SDGs O [ HAE 13, [fRZEE)IC A
KI 72 kK % | ICHERCTE 57259,

Tex D7 —71%, FREE LN (HN) EEZERL, FHEETIIKENEDOAZ
A AT 5 TR A, PN TOREOUEN, FEZROBFMON 72 E 2T, F4 (E
N) EECIEERICERLTWAKAZBEY LT, TAORISCHIM T+ HBEEFRA 217
ol RWEETE, PNEHELENEECTEB LI L L, TORRBLOBRLHWET 2.

2. FHNEHE

FRFEETIE, KENDLDORXAZ T AFETET 2 TG E L, FITOREDO N, FHhE%

DEFEIHT e EHAT o 7.

TEREAEIC LY, KAICBITDAZ T AEA DAL EFE L. Zhicky

> A I ATOKEAEENO ERINELS, SRS TICERT 2 A X U ARE OB X2 XY
RS D,

> 2L, AXUAERBEIZE VARSI AL U TRCOKASANTHER S DT TR L,
KA TENOHRISEME FIAERT 2 A X VB EEIC L VB (HE) Shadlzd, AKHED
DOAF L, A X EREIC L DA E A X CBBILEIC K DIHBE DT AT K DR
5.



> KEIHEANTIRAE LI A X o T ADOBIREIL, E D 90%LL EAEMIRIRMR, 372 6KEE
il TSNS,

REDZ ERDInoTe. 2T, EORE, KENOAZ U HABRKE L TWDLNEHH{R5720,

Fx Nk E W) HEERWTH AT T v 7 A (0 ALK, BELEREH -0 OF A OBE) &)

EHRARDHZ L L LI, Frrn—iEld, HEREICERARRESEAES (Fro—)

AREL, TORTORMHIE DT AREOEAEZUNET LI LT, 7T v 7 A& RDDHGIET

H5.

WIZ, T o AN—EEBGOKETIT I 2O DT v o =% B L7z, BIRMICIE, —
BENZTE LN TVWDHLREDDIIFDOL O b D& L LT, HWAZHRRT LT 2 —7 280kt
Loy JR0F v NR—NOENZHET L7003y 7, Fyv o N—NOELREBRSELHT-0
DN T 7 20 fFHT T

Z LT, BHgRE (#H95E) FEhitk, £ THLNZRE (TR T, BEEER L)
b eI, BMAELEITo7. FLWHEEE, BLXONEZOWTEIRD, F4 (EHRN) EE
DETHIEBT 5.

3. F4 (BN) EE

FHFETIE, EBEOKAEINRIZIN OPOFEZITo72. *IGHuL, WL bXEEIZ S
2 1ADKE & Z DU < QMM T, FHAHRIIHHESFE CH 5 6/5, 7/3, 7/31, 8/28, 10/2 &
IR > 12/8, &F 6 HT, W bFRITICHEZIT o7, AKETIE, FHEDRTIE, JHT
[KENORAET LAY TV 7 (Fx o N—1ECL D)), TfafmEREE], TRbEcE
M) 2R, —HOBRTERBHEOY 7Y U7 BT, RS T TR 2R~ 5
LB, 3BETOLEEDOY T T ETo-. T, BT i co s 2y
YT (FrrnN—klicE D) MO RTERELEOY T LT EToln. Fe, KH
IZOWTIE, BARTY 7Y 7B IWNET 2HAEH—T 5720, 3 DOFE A 23T
7



Upland field
(Berry)

Study site: in Mitsu, Okayama.
Sampling: In the morning, Jun, 5™, Jul. 3,
Jul, 319, Aug. 28", Oct. 2™, Dec. 8™,

X. 1 xtgils KOWIER,
7K H (No.1~No.3) 3 X OV (berry)

BHTORE

T, BMITITo AR, BIOR LRl 2 b L ICERECHIEETT - 72
HTHEEIZOW AT 5.

B TITo 2l ED 1 SHIZH AV TV 7 ThDH. Bl LT, FNFEE CHfFLI-F v
VN—HBIHICERE L, HAZERRLTZ. KEND DR X 2T AR O K5 D3RR E T H
HZEDD, Fron—% 1RO RIHED LI LTRELE. LT, 79y 7 AEL
CTHRFERGEIC X 2B A A2 D 72010, BELTHDH 0401, 10 9%H, 20 0% O T A ZHE L
7-.

Air bags
for pressure adjustment

Tube for sucking up gas

| Sampling on
|Jul. 3¢

—

T
\, Fan to circulate air

Samplingbag  Air pump
i . Chamber for
collecting gas

.~ emitted from rice
plant and paddy
soil (Volume: 10L, s
20L, 32L) b SCRMESTS

K.2 F¥ o N—DERXKBIOTRAY T v T ORRTF

<7




B CIT o 7oA D 2 DR IXEAME, T2 b bAFEKREOUETH S, BN TITH AKX
NE KRR 2 fi S B CIT o 72, D 100cc > 77 —% o= kg, L7k
AB 2 RNNA T HWO AT T, WSHHREKRBREEE L, Zha KB ERICHALL. £
LT, A2 AL FITKEEE, O TR ZFHIIL 7.

0.8cm
10em || [ Standpipe
‘ ' Rubber
— ring
100cc
5cm Samplers

|

Soll Soil

<— 5cm —»

.3 FKHERIEIEER L OB CRE LickT



B TITo 728D 3 S HIZMRLETENMN TH D, B EME KH HEIZE LIAATRE L,
LIS i@ Lizd L, HEEmZ AmKICANTHEEME & bICEmZ I & 251 5
Z & T, BRI CEN Eh 2157,

HE&EEE
H+EICELAD :
: trEEm A HEmskic A,
BE&EmE L HIZHTESIC
EHETHZ & TCERERE

Measuring on
fOct. 2nd.

. 4 ER{LIBITENL Eh OHIE DERF

B TITo 2D 4 SBIT HEEE CH 5. fRIGER D 12/812, T VX VE AN E
HEHNT, 1HOAKERND 9 FTHZOWTHIEZIT - 7-.

Soil hardness measuring points

Paddy field at the time of measurement(Dec. 8th.)

.5 e BRI EH R F K ONIER DK H DRRF



PAELV ORI AY T &Y T oW T, ZRENLLTO L 5 2BIE, /547
iTo77.
B TRV T TR N7 T T7E2HWT, BILTET AT D AR T ARFE
(epm-VEJE L=, LT, TOREEZH LIZT T v 7 A(mgm? hr)ZHH L7,
B YT RESHT, DB R ARAKMERER, ICP oA iTo7z. Ziubnn, &
BRREE 2L ORIRIX Sy, THEKORRMEIhRR, ASHAMERS A A B R O ESB TR R L ST.

4. BREER
UTICELNIMRETT. ZT0I D, X HADT —4 EELELBALIC OV CRTE

LNTDT. TRHIZOWTOBRZHED.

2000.0
1800.0
1600.0 mNo.1 mNo.2 mNo.3 mberry
1400.0
1200.0
1000.0
800.0
600.0
400.0
200.0
0.0

X 2 H ZRE (ppm-v)

6H5H 7H3H 7TR31H 8AH28H 10A2H
ENo.1 3.0 978.4 216 34.8 46
mNo.2 3.4 2008.7 38.6 116.4 2.5
mNo.3 3.3 534.8 17.5 155.8 26
mberry 3.0 1.9 3.4 24 1.9

X. 6 7KH (No.1~No.3) 3 & OMH# (berry) D A Z L T R{BE



.1 7KH (No.1~No.3) 33 X Ol (berry) DA XV HRAT7 F v 7 R
(7L, — 3B TERhoeZ 2R T.)

ABHATZ w7 A (mgm?hr')

6 H45H 7H3H 7H31H8H28H 10H2H

No.1 — — 18.0 — —
No.2 — — — — 0.017
No.3 — — 20.4 — —
berry - - - - -

6H5H T7H3R T7H31H 8H28H 10A2H

—o—No.1

—o—No.2

—o—No0.3

.7 7KH (No.1~No.3) DAAFIZE/KFREL Ks(m/s)



100%

0%
80% |
70%
60%
50%
40%
30%
20%
10%

0%

BR{LIRITE{IEN (MV)

800.0

700.0 —e—No.1

500.0 —o—No0.3

400.0
300.0
200.0
100.0

0.0
6A5H 7H3H 7H31H 8H28H 10A2H

. 8 7K H (No.1~No.3) DE{LETEN Eh(mV)

Ocm 10cm 25cm Ocm 10cm 25cm Ocm 10cm
E HE RE

i V| VI N =)

.9 BESHTICHES<, KH(No.1~No.3) DIRE Z L DR ELN

25cm




ZEFE(cm)

/e

£ (kPa)

0 500 1000 1500 2000 2500 3000
X. 10 7K FHPN 9 #5358 aE
10000
——No.1
——No.2
1000
—~—No.3
)
T
£
S
N 100
m
a
L
S
10
i | : 1
0.000 0.200 0.400 0.600
HHEEKE cmem?)

B. 11 7K H (No.1~No.3) DR & T3 D +HEK /3 Rk EHR
(TRCH Ty 7 LB ONT, =LME B D,
2020) i X B ERAKREBIC LV F.)
(=T —N—IIERFEE)



@

mmnq

Alimgrkg)

o = M oW

140
120
100
80
60
40
20

K(mg/kg)

I

No.1

Ocm 10cm 25¢cm

Ocm 10cm 25¢m (Ocm 10cm 25¢m

No.2

o B R EE

No.3

.

11

.

Ocm 10cm 25cm

No.1

Fe

Ocm 10cm 25¢cm
No.2

it R B VR BE

Ocm 10cm 25¢cm
No.3

i

No.1

No.2

Mo RUEE

Ocm 10cm 25¢cm |0Ocm 10cm 25¢m | Ocm 10cm 25¢cm

No.3

1400
1200
1000
800
600
400
200

Ca(mg/kg)

90
80
70
560

=30
20
10

Ocm 10cm 25cm |Ocm 10cm 25cm | Ocm 10cm 25¢cm

No.2 No.3
{ Mg |
|
i
IJ l
|

Ocm 10cm 25cm

s R R

Ocm 10cm 25cm |0Ocm 10cm 25cm

No.1 No.2 No.3

o B U

]

J_I ! m N n
Ocm 10cm 25¢m |Ocm 10ecm 25cm‘0<:m 10cm 25cm
No.1 No.2 No.3
AR URE

. 12 7KH (No.1~No.3) D 3 EEIZE T BRI A A4 v R OSBRIt
(ALCa,KMg [Z DWW TIIFHR T B =7 ABWIKIZ L Y, FeMn 22O\ TiXk
DTPABIRIZ K Y, TR ENAHL, WThb ICP FEAL T X Y 15F72)




IRy, BRIIED. 71, AZUVREORHNELEZ LD &, 73 1ML 7z0b, 7/31
I L, 828 ICHE EH-T 2 LW O RN A baLiz. A UREIRYZS{b % Bk e A7 Eh ©
HDHE, WSIZEDRTYXEHDHOD, 1312 %, 7/3112HN, 8/281 ﬁfﬁ&#ék
WD A E PR LIZEM ORI ST, 2D, KEIICET DA X T ZEE ) |
ML TTENIIEF L TR L TWAD Z bbb, £ LT, KH _iob\fﬁzzﬂ:ﬁﬁééMﬁ\%@b
THERL, ZOKEHIIHLEEZOND. HARODKHETIE, A XOERBPEIZS U TKEH,
TRDOHLAKBIZEAKS DKM EZEE IS, KETOKEEOKEN2FILE LTE, #HEET
D MU A X OMFEIZ L > THRRDN, A XOHZKBICEIET S THIEX] 217> Thrb,
1#Hﬂ%2ﬂﬂ&8@*éﬁf@%&§%$@,%@%,2@%&EF$¥LJkwﬁmmm
KEFTRTHLSFKREWIEEEITY. ZHUC LY, BREZERESMx D EEbIZ, LHIC
MR L URBNEZ SR NMELND. T LT, FFLODE, FORK I IR
KT DLW ORI THD. T7bb, HEHMHTORERKMEERHE LTUIPFFLED S
ZETHD. ZHITTHIAATON DR, P LaMfthbid e, 5 F TETIRET, @&
FENFEALERNE ZAICIEEN AV AT Z & T, BLREIZ/D. 2575 L, BLETEN
TEWVEZRT L L HIT, AZ U HAOFATIMHIND DT, MRMICHKE IR IND Z &
(2725, Lo, AL 131 A X o ARENED L, BEcEMNS BT 5
EWOSHIANE, ENLRENATONTETHA I HF T LOEELE LB b,

WIZ, BIERDE, BoNleT —FDIFLAER T Ty 7 AL LTHEM SN o7, Th
X, Ak HIXRFREROEIZAE > T AR EMRANTIENT 213728, BINRICED T2 0=,
HHRIZBD T2 0ORE A6NTTEDTHSD. HAREL L L, MHTH S berry Db DN
REHFIRE L REIFEDLLRWZ ENBHIEREITR ST b D LT D L, ZDJRKITHT AD
oV TIhbrEEZLN. FRO 1SR AT ITOFIETHS. 4B, A
P TV T, HBELET YR —Z2 1 EEOA RZEED L HIC LT, Fr o "— K% 1
BIZELS LI LTTo7e. ZOBRIC, Fy o n"—ntEICERLY 52T, HENICREE LT
FHELTWEAZ U E2ERETHRHESETLEY, WHIOBRER 03B DA X 7 AR E <
o T LEATIENBZLN. £, BRRADTEDDOF 2—T OENEL, Frv o "—ND
JESIFHEEH DS 78 OALEDE D> ToToD, TOJEITHEHOKAEZ O FHRK L Tz a]
REMEDLE X b7z, T, JRIRO 2 DBIEA R0 DDA KX 2 H AR —E Tl AlREED
72D THD. KENGLDAZ ORI BKTEREHTH D Lo ThH, FHIZO H ORI
UKD, HEHENRED D RN H D . FFCAENE, 12O XNPHD A X VR LnRT
WRWDTZDOEBIREWEEZ LN, UEOKREL 2200, 77 v 7 AL LCTHEHHTE A
Mol RREEE 2T, WAV T VU TOHES, Fx v\ —0 RO E S EHET 2 LER
HHTEAD.



5. £&®

ABID SDGs 7 u v =7 NEFEZBELT, KENLDA X T AR DOV T O BRI Fk %
BHZENTELEELEEDIE, BIHABICL > TAZ U HAZRIL, ZORELZWEST HZ & T,
KEOKERIZE S B EBN T 5 Z EnboTz. 2120, AV U7V 730 Rk
OIS ICHHERLETH L. 4%, FRAORMQRA Z AR OESH 275 Z LT, K
HNED AL T ABHOMGIHEEEZ THETZL.

e

AREBRZEDHITH-0, FHEHAEO/RMTELAEIL, FEIMESREZEALTLZID,
FIBL R THREE W EE L. S L LET.

RS B B O FiT I SFEAYEZE, Minh Chau S A, BRER L 72 &KUREEL O f#T O 7= iz, H
Arna<w "I 7 4—DREBEFHSECNWELEE, £/, ML TEICRBEZWEEEEL
oo RS L LET.

fit] (L1 T AL A DAL D 72 DI K 2R < R L TW 7220V 2 S AR BILH L BT £ 7.
KB, EETORE, WEOSIIC BN W FFEED Long A, EEA, H#IES
MG N TZ L ET.



TuVxl NEFEKIZTORM
A8M21151 H 5l &

All, ZO7av=r NEETIIKETOD A X VA AAICET 2 AN DHE Y, Bl
TOHARRDIZDO DT v L N—{ER, BB TOH AT 7 v 7 R OSHERE, 000, £
LT, mBICHEL, EEOMEICELWI 2B TTH) 2 LN TE, RERBIZ/R-7-. H
SIEAEIOT—~Th D T8 ICETAREICHE L TOD0, KENLD A X HARE
B LTIt NI Z B E D U o TERREDHFR Lh > T o 728y, T OIEE K HED
DD AR HAFAEIZET DO RGN 2 S EERES L o7, £, WEEFan T

OB THNATORENTERDSTZDOT, TABYDTOHNTOREL -7, BITOH
HZ2BELT, AL IMOKANTH> THHIESGFTIC L > TTZ LFORENED ZLnb, =
NOFEERTZT Tldbn b e, REORE CIIEHNEEMER S L LW 2252 > UKL
HTEMWTET.

Zo7uvey NEEEZE , B DZEBHIIDOTHZENTEREDN, ZOHRTHERICE
%f%ékﬁbéw,l&k@éﬁjf%é.%@@%ﬁfﬁ,i@uomfﬁ%fmﬁﬁ%
BT, ZLOHEBOGN EIToT. 2D LIVTZGK H O THERREIZ BT 5 15 & a0
Iz LT, AZUHABELFEORDTHNENS ZEITEHF L., T—2BE0 0D Tidel,
T—ANENDT, AL THNY T VWA M—U — 2R T INCEAZE . T ORE,
AR HADRRYNT — 2 O L EE) L CW LR cEBN 0T — 2 2L, Thvaeb i
A M=V =% L7, FRCHEEOBRE, RoNTKEOP CRRICEMFL T 2589, T
T LR MEREA S Ko 0Tz, Z2o/ER, KREZESCL To LIeZ L o7 —Z i3 fibin
STEbLOD, FERIITEM LT Ro X2l 2o TEEH5T)) IZ5RBIORELTT
L, FERRERELRLOERK, HERCHTHrE L RERNELEE S OT, SRFICOTS
ZIDITHIELTWT D L DI OFEAEFEEZEA D LES.

HIZOT b Db b DK, KERbHDH. CHIREHRZR T RroleiThd. A,
REGL LTeDIX I DOKBEOAHRTHY, < OBIOKBECHMOHIRO KB ITxE E Lol
DD, AZUHADT —FZ0THREICE T 57 — 2 BN G 67D, EOFMREE L7z,
FRIZ, AKEMNODRAH T ARINIREDO S OKEBIKFT 22 000, OKEHFHRDLZ
EMTENE, SHICEBEEZEODLZLENTELELEAS. MR REZR T DHEND ZEIT5HED
HE OMFRIZBWTITEMR L TITW W E S,



SDGs 71 ¥ = 7 b FEHDEIE

I

48M21160 /gL &

ARIOFHETYD THMTHEAMESLCEN R EDT — X 2D EWVHRERE Lo, FlED L X
ICEBRE CTITo 72 L 2 i3 nnd, BIlc G b -stils Lz iude b9, L ThHisiiciao
To. WAZRETDICH, BET L OOEREMOMREICHEDERITUIR LT, BEELILK
T5HZETRIL LT, BMGRES Kb o72%, BREHIE) FL Vo L TN, »WE
FERZRTHLEMELIIRESBRLMERL - TEY, WREOHL I ZJHK L. SRIO¥
KOERZ B L CHEDHEEZ LY —EEXDRLERDDL L L, TOHFEIZONTHIRSL EFEL
B O P ORI Z OB BN AV O SR U7, HBICBIHIC R 2 A TV 2720V T 2R
EIXTB AN, FEo TWIEWTRRED 2, BEROBRICEHE LT ES o B A K ITIEEE
KEHLTWD., F7z, AZ AT AOFHAITRIBENIEA LIZBRIZ, £ OFERTH LA & TR
PR TR R O 07 & DSEEER O 7= OIZERIT D17 T 72 &0, FEFITHT b,

AEIOFA - BFFEEE LT, MRITIEFICEZ L OF A2 DM IID LTV LS TWD D72 & HE%
THZENTE., £, ANZEVICTHZE M RLZHED DL ETHEHETHLZ LKL, 2
b b HRERE ZH > T LLEE, BOOFMSEICE EE6T, Ry RoBoh <~ LD
DI ZIRT TNETLNEZ X TND.

SR ZED DR TEALEZ LB ORI HEN L TOWETZW. Eo, REED T A
BETEVEMREREND LS, HEEEZTHI S RS,



SDGs project report

Methane Gas Emission and Soil Environment in a Paddy field

Graduate School of Environmental and Life Science
Division of Social Engineering and Environmental Management

48M21151 Ryoki Thara

1. Introduction

Methane gas is one of the major greenhouse gases, along with carbon dioxide and nitrous oxide, with
an average concentration of 1.866 ppm in the atmosphere in 2019, which is less than carbon dioxide
(about 400 ppm). However, the ability of methane to absorb infrared radiation is about 20~30 times
greater than that of carbon dioxide. In fact, the latest IPCC Sixth Assessment Report released in 2021
reports that greenhouse gas emissions including methane from human activities are the main cause of
global climate change, and have been accelerating over the past 30 years.

About 70% of the methane gas emissions are anthropogenic, and 15~40% of the methane gas
emissions are agricultural sources, such as livestock and paddy fields. Therefore, we focused on the
methane gas emission from paddy fields, and investigated the amount of methane gas emission as well as
the soil properties of the paddy fields, with the aim of clarifying the relationship between methane gas
emission and soil properties in paddy fields. We believe that investigating methane gas emission from
paddy fields can contribute to the SDGs "Goal 13: Take concrete measures against climate change".

Our group conducted both on-campus and domestic practice. In the on-campus practice, we conducted
a literature survey on methane gas production from paddy fields, prepared for the domestic practice
survey, and conducted various analyses after the sampling. In the domestic practice, we collected gas and
investigated soil properties in the field by a paddy field that were actually farmed. This report describes

what we did in the on-campus and domestic practice, and the results and discussions.

2. On-campus practice
In the on-campus practice, we conducted a literature survey on methane gas production from paddy
fields, prepared for an off-campus survey, and conducted various analyses after the sampling.
Through the literature survey, we learned the mechanism of methane gas production in paddy fields;
»  Methane gas is produced by methanogenic bacteria living in deep and anaerobic conditions in the
paddy soil.
» However, not all of the methane produced by methanogens is released outside the paddy field, but is
oxidized (consumed) by methanotroph living under aerobic conditions in the paddy soil.
»  More than 90% of the methane gas generated in the paddy soil is released through the plant body,
that is, through the rice plant.



Therefore, in order to find out how much methane gas is being emitted from paddy fields, we decided to
use the chamber method to determine the gas flux (i.e., the amount of gas transferred per unit time and unit
area). In the chamber method, a box-shaped container with an open bottom is placed on the soil surface,
and the gas flux is determined by measuring the change in gas concentration in the chamber over time.

Next, we created a chamber to be used for the chamber method in the field. Specifically, we used a large
trash can as a base and attached a cock to connect the gas collection tube, a cock to adjust the pressure in
the chamber, and a small fan to circulate the air in the chamber.

After the field survey (domestic practice), various measurements were carried out based on the gas and
soil samples obtained from the field survey. The detailed measurement items will be described later in the

next section on domestic practice.

3. Domestic practice

In the domestic practice, several surveys were conducted in an actual paddy field. The survey was
conducted in a paddy field and an upland field near the paddy field in Mitsu, Okayama on six days: June
5%, July 3%., July 31%., August 28", October 2., and December 8™. all in the morning. In the paddy field,
"gas sampling from the paddy field (using the chamber method)", "saturated hydraulic conductivity," and
"oxidation-reduction potential" were measured in the paddy field during the cultivation period, and soil
sampling was also conducted on some days. In the upland field, "gas sampling in the field (by the chamber

method)" and soil sampling were carried out on some days. For the paddy field, three study points were set

up in order to unify the sampling and measurement sites on all dates.

Upland field
(Berry)

Study site: in Mitsu, Okayama.
Sampling: In the morning, Jun. 5", Jul. 39,
J Jul. 315, Aug. 28" Oct. 2", Dec. 8™

Fig.1 study sites, paddy field(No.1~No.3) and upland field(berry)



In-situ sampling and measurement

In this section, we describe the items of investigation conducted in the fields and the items of
measurement conducted in the laboratory based on the samples brought back from the fields.

The first investigation conducted in the field was gas sampling. The chambers prepared in the on-
campus practice and gas samples were collected. Since the majority of methane gas emission from paddy
fields is via rice plants, the chamber was placed over one rice plant. The gas was collected at 0, 10, and
20 minutes after the chamber was installed in order to observe the emission as a flux over time.

Air bags
for pressure adjustment

Tube for suckingup gas

e~
Fan to circulate air

Samplingbag  Air pump
(L) . Chamber for
collecting gas

~ emitted from rice
plant and paddy
soil (Volume: 10L,
20L, 32L)

Fig.2 gas sampling by the chamber



The second investigation conducted in the fields was to measure the saturated hydraulic conductivity.
Several 100cc samplers were connected to each other and a rubber ring and a standpipe were attached to
the connected 100cc samplers. Water was then poured into the standpipe and the time of the water level

dropped was measured.

0.8cm
— Measuring on
i Jul. 3"
10em || [~ Standpipe )
' ' Rubber
T— ring
L 100cc
5cm Samplers

l Water Waker

Soil Soil

<— 5cm —»

Fig.3 the apparatus used the measurement saturated hydraulic conductivity



The third investigation conducted in the fields was the oxidation-reduction potential. The oxidation-
reduction potential Eh was obtained by inserting a platinum electrode into the paddy soil and leaving it
there for a while, then placing a comparison electrode in the paddy water and connecting the electrode

together with the platinum electrode to the measuring device.

Insert the platinum
electrode into the soil.

Insert the reference
electrode and measure Eh

Measuri s ;
o on in the soil.

Qck. 2

Fig.4 the measurement of oxidation-reduction potential Eh

The following measurements and analyses were carried out on the gas and soil samples brought back
from the field. However, in the results and discussion, only "gas concentration and flux," "hydraulic
conductivity," and "oxidation-reduction potential" are shown, and other items are omitted.

Gas samples: The concentration of methane gas (ppm-v) in the collected gas samples was measured using a
gas chromatograph. The flux (mg m hr'') was calculated based on the concentration.

Soil samples: were subjected to particle size analysis, centrifugal water retention test, and ICP analysis.
From these results, the particle size classification, soil moisture characteristic curve,

exchangeable cations and trace metal elements were obtained for each soil depth.



4 . Results and discussions
The results obtained are shown below. Among the results, the data of methane gas and oxidation-

reduction potential were related, and these are discussed.

2000.0
;1800.0
51600.0 mNo.1 mNo.2 mNo.3 mbermry
£ 1400.0
1200.0
1000.0
800.0
600.0
400.0
200.0

0.0 -

Jun. 5th. Jul. 3rd.  Jul. 31st.  Aug. 28th. Oct. 2nd.
mNo.1 3.0 978.4 216 34.8 46
mNo.2 3.4 2008.7 38.6 116.4 25
mNo.3 3.3 534.8 17.5 155.8 26
mberry 3.0 1.9 3.4 24 1.9

CH, concentration

Fig.5 methane gas concentration at the paddy field(No.1~No.3) and the
upland field(berry)

Table.1 CH4 flux at the paddy field(No.1~No.3) and the upland
field(berry)

(—:This mark indicates that the fluxes could not be calculated)

Methane gas flux (mg m? hr')

Jun. 5% Jul. 39 Jul. 31%.  Aug. 28" Oct. 2.

No.1 — — 18.0 — —
No.2 — — — — 0.017
No.3 — — 20.4 — —
berry — — — — —
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Fig.6 saturated hydraulic conductivity at the paddy
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Fig.7 oxidation-reduction potential Eh (mV) at the paddy
field(No.1~No.3)



First, the temporal change of methane concentration showed a tendency to increase on July 3%., decrease
on July 31%,, and increase again on August 28". The trend was observed in the oxidation-reduction
potential Eh, which decreased on July 3™., increased on July 31%., and decreased again on August 28™.,
although there were variations among the study points. This is the exact opposite of the trend in methane
concentration. This indicates that the methane gas concentration (emission) in the paddy field changes
depending on the oxidation-reduction potential. The reason for the fluctuation of the oxidation-reduction
potential in paddy field is thought to be the water management in paddy fields. In Japanese paddy fields,
water management, i.e., the water level in the fields, is varied according to the growth stage of the rice
plant. The general flow of water management in paddy fields , which varies depending on the region and
the variety of rice, after rice planting, the paddy fields are flooded for one to two months to promote initial
growth, followed by a two-week period of "midsummer drainage" in which all the water in the paddy field
is drained. This not only suppresses excessive growth, but also replenishes oxygen in the soil and prevents
root rot. After midsummer drainage, the fields are flooded again, and the water is usually removed before
harvest. The major change in the water level during the cultivation period is the midsummer drainage
period. This is usually done around July. During the drying process, oxygen enters the soil and the soil
becomes oxidation condition. As a result, the oxidation-reduction potential becomes high, and the
production of methane gas is suppressed, resulting in the suppression of its release. Therefore, the decrease
in the concentration of methane gas and the increase in the redox potential on July 315 were thought to be
due to the effects of the midsummer drainage.

Next, looking at Table.1, most of the obtained data were not calculated as fluxes. This is because the gas
concentration should have increased linearly with time, but it decreased after the increase, or decreased
monotonically in many cases. The gas concentrations of berry in the upland field did not differ from those
in the atmosphere, so we assumed that there was no measurement error. The cause of this was thought to be
due to gas sampling. The first cause was the procedure of gas sampling, in which a prepared chamber was
placed over one rice plant, and the bottom of the chamber was placed on the soil. During this process, the
chamber impacted the soil, causing the unintentional release of methane bubbles in the soil, which may
have resulted in a high concentration of methane gas 0 minutes after the installation. In addition, since the
position of the air sampling tube was high and close to the pressure adjustment bag in the chamber, it was
thought that the gas for the pressure adjustment might have been sampled directly. The second cause was
the possibility that the methane gas release from the rice plants were not constant. Even though most of the
methane emission from rice paddies is via rice paddies, the amount of methane emission may vary
depending on the season and the day. In this study, since we only observed methane emission from one rice
plant, it is possible that the amount of methane emission would change depending on the condition of the
rice plant. Based on the above two major causes for not being able to calculate the flux, it is necessary to

improve the gas sampling method and the structure of the chamber itself.



5. Summary

Through this practice, we were able to gain theoretical knowledge about methane gas emission from rice
paddies, and by collecting methane gas through field surveys and measuring its concentration, we learned
that it fluctuates over time based on water management in a paddy field. However, the method and structure

of the gas sampling need to be improved. In the future, we would like to observe the long-term fluctuations

of methane gas emission on an annual basis.
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1. Introduction

Methane is one of the major greenhouse gases, along with carbon dioxide and nitrous oxide.
Methane is one of the major greenhouse gases, along with carbon dioxide and nitrous oxide.
Most of the methane gas emissions are anthropogenic, with agricultural emissions accounting
for 15-40% (IPCC). Rice paddies, which are abundant in Japan, are one of the major sources
of methane gas. The subsoil of flooded paddy fields is in a reduced state with little oxygen. In
the reducing state, methanogenic bacteria produce methane. More than 90% of the methane
produced is released into the atmosphere through the body of the paddy. In this study, we
visited the paddy fields periodically to collect methane gas in order to observe the temporal
changes in methane gas production in the paddy fields and to clarify the soil characteristics at

that time.

2. Research Summary

2.1. Study site

The study site was a paddy field and a field
(berry) as a control area in Mitsu, Kita-ku,
Okayama City. The locations are shown in Figs.
1 and 2. The research was conducted in the
mornings of 6/5, 7/3, 7/31, 8/28, 10/2, and
12/8.

2.2. Tasks

On-site
- Methane gas sampling
- Saturated hydraulic conductivity
- Oxidation-reduction potential
- Soil hardness (12/8 only)
Laboratory
- Measurement of methane gas

concentration (gas chromatography)

" particle size distribution Fig. 1 Study site (Google earth, partially modified)
- water retention property
Analysis of exchangeable ions and trace metal elements in soil (ICP optical emission

spectrometer)



Upland field
(Berry)

The red box in the figure
shows the studied paddy field.

Fig. 2 Study points (Google earth, partly modified)

2.3. Methodology

2.3.1. Gas sampling

Gas sampling was performed by the chamber method (Figs. 3 and 4).

Air bags
for pressure adjustme

Tube for sucking up gas

B .
Fan te circulate air

Samplingbag  Air pump
an " Chamber for

collecting gas
 emitted from rice
plant and paddy
soil {(Valume: 10L,
20L, 32L)

=7
—_

Fig. 3 Chamber method

Fig. 4 Gas sampling (7/3)

The gases were collected in tetra bags at 0, 10, and 20 minutes after the simple chamber was
set up. The gases were collected in tetra bags at 0, 10, and 20 minutes after setting up the
simple chamber, and then brought back to the laboratory to measure the methane gas

concentration by gas chromatography.



2.3.2. Saturated hydraulic conductivity 0.5cm

The apparatus was placed in the flooded soil. Then, water was

. . . Standpipe
poured into the standpipe and the time of the water level dropped e
from the top red line to the bottom red line was measured.
_ Rubber
Dy . . © ring
2.3.3. Oxidation-reduction potential (Eh) $be
Sem . Samplers

Each electrode was connected to the same measuring device to '

measure Eh in the paddy soil. High Eh indicates that the

environment is under oxidation conditions, and low Eh

+— Scm o —»

indicates that the environment is under reduction
Fig. 5 The apparatus used for the

conditions.
mesurement
3. Results
3.1. Methane gas concentration and flux
2000.0
: : = 1800.0
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. . £ 14000
gas collected at the site and measured using 5 12000
£ 1000.0
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flux calculated from the data as the flux = hodin
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methane concentration in the paddy field mNo2| 34 20087 386 1164 25
wNo.3 33 534.8 17.5 155.8 26
increased on July 3, decreased on July 31, it 19 34 24 =

. . Fig.6 Methane gas concentration (ppm)
and increased again on August 28. The methane

concentration in the berry field was not S
Table.1 CH4ﬂuX (mgm hr )

different from that in the atmosphere.
Methane gas flux (mg m? hr')

Methane gas fluxes were calculated for only Jun 5. Jul. 3%, Jul 31 Aug. 28" Oct. 2.

three of the 20 datasets. Normally, the No.1 - - W o= ™
No.2 - - - - 0017

concentration of methane gas should No.3 - - 204 - -
berry — - — —_ o

increase linearly with time; however, there
y ’ — - this mark indicates that the fluxes could not be calculated.

were some cases that the concentration

increased for 10min-samples, then decreased for 20min-samples. And other cases that

the concentration decreased for both 10min- and 20min-samples.



3.2. Hydraulic conductivity Eegp Mn h. 3. Jul3ist Aug.28ih. Oct2nd.

. L. 1.E-01 ——Nao.1
The saturated hydraulic conductivity was not N
—a—No.2

always constant, but fluctuated with season. 1.£:03

1.E-04

Ks{m/s)

Saturated hydraulc conductivity

. . . . 1.E-05
3.3. Oxidation-reduction potential -
1.E-07
Eh were varied among study points. The Eh 1608 L— . _
Fig. 7 Hydraulic conductivity(m/s)
tend to decrease on Jul. 3rd., and increase on —
. —a—No,1
Jul. 31st., then decrease again on Aug. 28th. g oAl
§ eoog | —*Nez
o
§;500.0 —=—No.3
S E 4000
T
=Y 3000
g
.';"i: 200.0
9 1ooo

Jun 5th. Jul 3m. Jul 31st Aug 28th. Oct 2nd.
Fig. 8 Oxidation-reduction potential(mV)

4. Discussion

First, regarding the relationship between methane concentration and redox potential, the
methane concentration tended to increase when the redox potential was relatively low on 7/3
and 8/28, while it tended to decrease when the redox potential was relatively high on 6/5,
7/31, and 10/2. From these results, it was confirmed that methane emission was related to
redox potential. The redox potential was considered to be strongly influenced by water
management such as flooding and non-flooding (e.g., drying out).

Next, we discuss the reasons why fluxes could not be calculated from methane concentrations.
Only a few fluxes could be calculated from methane concentrations. The reason for this is not
yet known, but we believe that there are two main causes. The first is the chamber itself. When
we set up the chamber, we were careful not to give any shock to the chamber, but it may have
still affected the gas collection. Another possible cause was that the inner diameter of the air
sampling tube was too small to collect the mixed gas. In addition to these factors, the chamber
was placed over a single paddy rice plant when collecting gas, and this plant may not have
been able to release methane gas properly. Another reason was that the concentration of
methane gas collected immediately after the installation of the chamber was too large due to
the impact of the chamber installation, and if the methane gas release from the rice plant was
small, the initial concentration was too large and the flux could not be calculated properly. In
any case, these are speculations, and we believe that it is necessary to conduct a controlled

experiment to identify the cause.



5. Conclusion

We found that methane gas from rice paddies varies depending on the growth period of
rice. The concentration of the gas is related to the oxidation-reduction potential, which is
affected by the water management of the paddy field. However, since we were not able to
observe the dynamics of methane gas from the paddy fields as a flux, we need to improve
the design and installation of the chamber. In the future, we will continue to collect
methane gas from the paddy fields and observe the dynamics of methane gas over a long

period of time.



