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A Systems Approach to Community-based Precision Agriculture
Chapter 7 in Precision Agriculture Technology for Crop Farming. Ed. by Qin Zhang, CRC Press, 2015.

Sakae Shibusawa

7.1 Introduction

The term “precision agriculture” is widely known in Japan. For example, the term scores
120,000 hits on the BIGLOBE website and 1,001,000 hits on Yahoo-Japan in 2014,
growing from a few hundred in 2000. The hits cover activities in industry and agriculture,
as well as information technology for scientists, engineering, and administrators. In
general, they expect that precision agriculture has the potential to offer future solutions
to complicated issues in agriculture, like environment vs. productivity and globalization
vs. localization. The articles [1-3] mention that precision agriculture is a management
strategy based on advanced information technology, including describing and modeling
soil and plant variability and integrating variable-rate field operations to meet site-
specific requirements, all aiming at increasing economic returns as well as reducing

energy input and environmental impacts.
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Figure 1. The position of Japanese agriculture in the world.

In the last decades, multiple concerns such as shortage of food and water, global
warming, and energy crises have crept up on people. As for food supply, world food
production has increased with food consumption of cereal crops in a half century although,
in the last decade, production could not catch up with consumption, as shown in Fig. 1a.
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The demand for crops has increased due to increases in population, industrial needs, and
meaty, fatty diets accompanying lifestyle changes. A major contribution to increases in
the net yield of crops has been the increase in yield per unit area, that is, increased land
productivity, while the area of harvest has not increased during the last 50 years, as shown
in Fig. 1b. In general, land productivity depends on the crop variety, agricultural materials
and facilities, and farm mechanization, as well as socio-economic factors such as the
organization of growers.

Keeping land productivity higher is one of the advantages of Japanese agriculture,
as shown in Fig. 1c, because of its well-organized community of growers but with small-
scale farms. In spite of the high land productivity and top-20 net production in the world
(FAOSTAT 2009), the population of Japanese growers has decreased by 150,000 per year
during the last decade, resulting in a decrease to one-tenth of 2.5 million by the year 2030
(Fig. 1d). This is inducing rapid changes in the structure and system of Japanese
agriculture, followed by some states in the world.

The statistics of the Japanese government in 2012 show that the number of growers
was 2.5 million, the number of sale farmhouses or commercial farmers was 1.78 million,
and the number of young farmers was 0.17 million (Fig. 2b). The same statistics show
that there is 368 million ha of arable land with an average scale a 2.2 ha, and that 32% of
the arable land belongs to 2% of farmers with a farm scale of more than 20 ha. On the
other hand, the Japanese population is decreasing dramatically, by 260,000 per year in
2013 and by a million per year in 2025, which causes big changes in socio-economic
systems. For example, the needs of consumers tend to shift from price and calories to the
safety and functions of foods.
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Figure 2. Rapid aging and depopulation in Japanese society and agriculture.

Not only land productivity but also consumers’ needs have become targets of
current farm management in Japan. Transfer of skills and technology has also become big
business from generation to generation, from industry to agriculture, and from agriculture
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to industry. That is why precision agriculture and its players has become the target of the
investigation. The community-based approaches of this chapter will provide a hint to

creating a way of thinking.

7.2 Community-based precision agriculture

In this chapter, “community” implies practitioners and/or players of precision agriculture,
and precision agriculture implies management practice on the farm. The combination of
players and management requires us to re-discover the story of precision agriculture as
follows. Community-based precision agriculture is a new regional farming system to gain
high profitability and reliability under regional and environmental constraints, promoted
by wisdom farmers and technology platforms, by creating both information-oriented
fields and information-added products, with supply chain management from field to table
[4]. The definition brings us to a home ground where growers, engineers, and business
people take action.

During the current quarter of a century, we have experienced five different phases
in precision agriculture [4]. The first phase was site-specific crop management in
early ’90s. The second phase was mechanization as sensor-based site-specific crop
management with variable-rate operation in mid-’90s. The third phase appeared in the
latter part of the 90s with precision agriculture defined by “a management strategy that
uses information technologies to bring data from multiple sources to bear on decisions
associated with crop production” [1]. Furthermore, “a key difference between
conventional management and precision agriculture is the application of modern
information technologies to provide, process, and analyze multisource data of high spatial
and temporal resolution for decision making and operations in the management of crop
production” [1]. The fourth phase appeared in the latter part of the *90s as cost-driven
company-based precision agriculture. And the fifth phase appeared in the early 2000s as
value-driven community-based precision agriculture.

The structure of community-based precision agriculture is composed of two
organizations, that is, farmers and industry, and five stakeholders to collaborate with, as
shown in Fig. 3. On the side of the farmers, variable management focuses on within-field
variability and between-field or regional variability. Within-field variability is embedded
in a single field with a single plant variety in general. Between-field variability implies
variability among fields in which different crops and farm works tend to be managed.
When it comes to describing between-field variability, each field can be treated as a unit
of mapping. Which variability should be managed for increased economic returns with
reduced cost and how to tackle environmental concerns need consideration.

There are different stories regarding the practice of management in action when one
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looks at field variability on different scales. On a single small farm, the farmer can better
understand what is going on in each field, which enables variable-rate application for site-
specific requirements with farmers’ knowledge and skills. When it comes to covering an
area of a few tens of hectares including lots of small fields for example, a farm work
contractor or a farm company has to manage regional variability due to cropping diversity.
They also have to coordinate the farmers with different motivations due to different
cropping styles. Here, we have hierarchical variability: within field, between field, and
between motivations with different scales and different cropping styles.

Managing hierarchical variability requires two organizations, wisdom farmers and
a technology platform, as shown in Fig. 3. The groups of wisdom farmers play the role
of top management of innovation in the regional farming system, such as re-arrangement
of the five factors of the farming system (see Fig. 12) and development of scenarios for
introducing approaches in precision agriculture. The technology platform develops and
provides the technologies available with rural constraints as well as marketing channels

for high-quality/traceable agro-products.
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Figure 3. Structure of community-based precision agriculture.

A combination of the wisdom/experience of the farmers and the technologies of the
platform will produce information-oriented fields and information-added products, as
shown in Fig. 4, which can meet compliance as well as farmer’s motivation, such as
traceability, productivity and profitability, and environmental concerns.

Rural development by introducing precision agriculture is an attractive proposition
in Japan because people face the serious concerns of depopulation, high aging, a
downsizing economy, and exhausted infrastructure in rural villages and cities. The
information-oriented fields produced by precision agriculture practices are easy to
connect with the multi-functions of agriculture so as to manage environmental

conservation and design landscape amenity if it merges with a geographical information

48



03/09/2019

system (GIS) covering the whole space of a rural area, aiming at gaining the trust of local
inhabitants. The information-added products make access to the market with direct

communication with consumers easier.
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Competitive & reliable & value-added
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Figure 4. Strategy of community-based precision agriculture.

Shibusawa [1] discussed adoption of precision agriculture in the cases of US and
Japan in the early 2000 in terms of scale merit and added value. Adoption of precision
agriculture in the US followed a cost-driven scheme of big-farm management with
reduced costs, and its profitability threshold was more than 500 ha in farm size [3]. Cost
reduction was 20% for fertilizer and 50% for herbicide for example, but less or little
increase appeared to occur in yield and total sales. Sales were about 1,000 US$/ha for
crop growers and 30% of that was expenses for fertilizer and chemicals. The cost
reduction effect was around 100 US$/ha. On the other hand, they paid about an extra 80
US§$/ha/year for precision agriculture service and purchased machines such as variable-
rate fertilizing machines costing hundreds of thousands dollars. Big retailers pushed
farmers for lower prices with the pressure of global food markets. The only avenue for
commercial farmers was to obtain scale merit for cost reduction. Profitable farm sizes
tended to be large in the mid-USA, for example 200 ha in the *90s, 500 ha in the 2000s,
and 1000 ha in the 2010s (hearing from consultants).

On the other hand, a small farm in Japan had no scale merit. The expenses for
machines and labor were relatively high, compared with the cost of fertilizer and
chemicals; that is, over-equipment with machinery on a small farm was a fatal issue.
Evidence-based collaboration was one avenue. Note that sales were about 10,000 US$/ha
for rice crop growers, which was about 10 times as high as the sales of US farmers. This

motivated farmers to sell their products at high prices. If they could ensure the needs of
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consumers and supply quality products to the market, they could be competitive in the
food supply chain. The distance between growers and consumers might be very close in

Japan, compared with the USA.
7.3 Learning group of farmers creating branded produce

One learning group was the Honjo Precision Farming Society (HPFS) organized by
progressive farmers in April 2002, in collaboration with Waseda University, Tokyo
University of Agriculture and Technology, industry people, and City Hall. The leader of
the farmers recognized that City Hall had promoted zero-emission town planning and was
awarded ISO 140001 certification in March 2002, and environment-friendly agriculture
was one of the main city projects.

Honjo City is located 100 km north of Tokyo, having the longest daylight time and
rich alluvial soil with rich irrigation water from the Tone River. The population of the city
was 80,000, the farmed area was 1,300 ha, the population of farmers was 1,200, and 25%
of these were professional farmers. The net sale of agricultural products accounted for
more than 8 billion JPY, and the sale of vegetables occupied 65%. Around 130
professional farmers formed “New Farmer 21,” a society of entrepreneurial farmers, and
their leaders organized the HPFS.

Honjo Precision Farming Society (April '02) >
Membership: 16 expert growers (2013)

Collab. Scientists, Engineers, Farmers Corp.,

City Mayer and Prefecture President
Admired their attainments 2007

In-shop Test at Department Store Awarded by Prime Minister
Using JA Transportation 2005- For its challenges 2006

Figure 5. Activities of the Honjo Precision Farming Society (HPFS)

A membership qualification of the HPFS was to implement environment-friendly
management as “eco-farmers” certified by the local government, creating a homepage of
their own, and attending inter-net communications, as well as managing the qualified

products with the highest price in the market. The next action was to organize seminars
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and workshops on precision agriculture. They invited professionals and scientists to their
evening seminars every month in 2003, with topics on the motivations of buyers, branded
produce, emerging technology, agricultural policy of the government, and so on,
including an international seminar inviting Marc Vanacht (Fig. 5). They then conducted

a social experiment on in-shop sales of their information-added products.
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%ﬁ ";; Information-added{ Practiced for
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B e Attach grower ID, branded-produce

QR code,
@ advertising
Figure 6. Scheme of the branded produce of HPFS.

During the social experiment on in-shop sales, they invented a technology package
on creating an identification (ID) tag and its usage, as shown in Fig. 6. At the farm, a
grower of HPFS edited and printed his small ID tags with a photograph of his face, and
attached it to each package of vegetables in the packing process. At a department store
and a wholesaler, high-quality vegetables with ID tags were put in the fresh vegetable
corner at prices 20-30% higher compared with the normal. The farmers’ cooperative to
which they belonged transported the vegetables from the farm to in-shop. It was easy for
customers to access the respective growers through their websites by mobile phone by
clicking the two-dimensional code on the tag. The growers wrote a farm work diary on
their homepages every day, which helped direct communication between growers and
consumers. They put a simulator of retrieval action in the fresh vegetable corner in the

department store. The growers stood at the corner and demonstrated using a mobile phone.

The cost of the ID tags was 3-5 JPY (0.03-0.05 US$) per sheet and nobody was
willing to pay for it. A solution was a scheme of voluntary advertisement. The vegetables
produced were specialized by environmentally friendly management and quality taste,
and the produce could consequently connect environment-oriented people across the food
chain from growers to consumers. They asked companies and organizations for a chance
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to advertise with them, and a couple of companies joined the scheme.

The activity of HPFS was awarded by the prime minister of Japan in 2005 for
creating branded produce using information technology and specific patented skills.

Another precision agriculture learning group was the technology platform called the
“Toyohashi Precision Farming Network (Toyohashi PF-net) Society” located in
Toyohashi City, Aichi Prefecture, founded in May 2002 [5].

Toyohashi City is a middle-sized city with a population of 380,000, located in the
middle of the main island along the coast of the Pacific Ocean, between the big cities of
Tokyo and Nagoya. The net sale of agricultural products was more than 50 billion JPY in
2000, which was the top sale in the cities in terms of agricultural production. The
Toyohashi-Atsumi area produced more than 100 billion JPY of agricultural products. The
farmed area was about 15,000 ha, the population of farmers was about 10,000, the average
farm size was about 1.5 ha, and 25% of the farmers were professional according to the
statistics of 2000. People were motivated to maintain the top sale of agriculture in Japan
by introducing a new system of precision agriculture.

The Toyohashi PF-net Society conducted workshops on precision agriculture every
two months, extending information technology to farmers, and consulting on
collaboration between companies and farmers. They also collaborated with the city halls
and farmers’ cooperatives, which has resulted in many achievements during the last five
years.

Atsumi Farmers’ Association had undertaken a workshop on real-time soil-sensing
technologies and an in-shop test on information-added products. “JA Toyohashi,” a local
agricultural cooperative, has conducted in-shop tests on information-added products
through supermarkets in Osaka and Tokyo as well as the Toyohashi area. They also
distributed and collected questionnaires and confirmed that consumers asked to know
date of harvest, about safety and health, and about the environment as well as price.

Four city halls in the area also encouraged such grass-roots movements by
promoting a master vision for introducing precision agriculture. The master plan
addressed six missions: introducing precision farming, managing the traceability of
products, enriching resources of by-products, opening a community market, inviting a
conference on precision agriculture, and running agricultural information networks. They
organized the national congress on agricultural information networks with thousands of
attendants and the first Asian conference on precision agriculture (ACPA) on August 5-6,
2005.

The achievements of the two learning groups have taught us that the participating
farmers (1) were familiar with internet communication, (2) had higher education levels,
(3) grew high-quality produce, (4) had good sales and marketing experience, and (5) were

greatly outgoing and sociable. The most important thing was that they have ambition to
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become good-practice farmers enhancing local communities and industries. The
experience above partly followed the aspects mentioned by Blackmore (2002).
Blackmore [6] identified eight principles in precision agriculture: that (1) precision
agriculture is a management process, not a technology; (2) spatial and temporal variability
must be measured; (3) the significance of variability in both economic and environmental
terms should be assessed; (4) the required outcome for the crop and the farm must be
stated; (5) the special requirements of the crop and the country should be considered; (6)
ways to manage variability to achieve the stated outcome are to be established; (7)
methods to reduce or redistribute the inputs and assess the risk of failure need to be
considered; and (8) crops and soil must be treated selectively according to their needs. An
attractive aspect is that the development of precision agriculture is characterized by
continuous evolution based on independent thinking associated with multi-disciplinary

collaboration under the crossover of new ideas from other areas.

7.4 Community-based approach in Indonesia

A unique approach that emerged in Indonesia, as a project of education for sustainable
development (ESD) based on the concept of precision agriculture, is called the
“community learning activity center as the medium for precision agriculture technology
implementation with a decision support system to optimize food crop management”
sponsored by the Indonesian government [7]. A strong motivation to embark on the
project was a remaining shortage of stable food production against demand due to an
increasing population and changes of lifestyle in spite of increases in primary food
production. Bottlenecks recognized were biophysical factors such as exploitation of land
and water resources, economic factors like shortage of fertilizer because of high cost and
low income, social factors like habits of chemical fertilizer use or stereotypical
professional farmers, and technological factors such as less knowledge and poor
instrumentation of precision agriculture.

The project team was organized by the Faculties of Agrotechnology,
Communication Science, Economics of Development, Agribusiness, and Informatics and
Environmental Engineering of the University of Pembangunan Nasional “Veteran”
Yogyakarta, Indonesia. The project covered the issues of sustainable economic growth
through increased value-added food products, social justice through equal rights and
opportunities for access to efficient technologies in food production systems, and
preservation of natural resources by maintaining sustainable fertility. Action programs

involved: mapping the diversity of agricultural land characteristics to build a database;

53



03/09/2019

modifying the simulation model of the existing soil-plant-water system; producing
precision agriculture technology adapted to local culture; and developing an ESD-based
education system. Establishing the Center of Community Learning Activity for Precision
Agriculture was a milestone of the project.

In 2010, the agricultural agency in Magelang District selected six sub-districts for a
social experiment, i.e., Windusari, Tegalrejo, Secang, Salaman, Muntilan, and Salam. The
activities were categorized by preliminary research, community service, and socialization
program.

The preliminary research was composed of mapping soil variability, identifying the
farming system, determining the economic aspects, identifying social aspects, developing
a crop management model, and recognizing the requirements for structuring a decision
support system. The community service provided six districts with 25 students from four
faculties  for 40 days of activities including collecting research data and supporting
social activities for research and for local communities. The socialization program
involved a field trip for professionals, open lecture for students, and workshop on
precision agriculture.

Dr. Sakae Shibusawa was invited to join the field trip and workshop under the
scheme (Fig. 7). They had organized learning groups of farmers in collaboration with
local government and university people using ICT tools. Unfortunately, on October 26 in
2010, a great eruption of Merapi volcano attacked the Magelang District and the six sub-
districts suffered serious damage. The project was halted by the disaster, but the people
soon started restoration work.

(b) Windusari Subdistrict, a mountainous site.

Figure 7. Community-based approach to education for sustainable development (ESD)
in Magelang, Java.
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7.5 Precision restoring approach

“3.11” in 2011 is the day that northeast Japan was attacked by a tri-disaster: a super
earthquake measuring M 9.0, a huge tsunami of more than 10 m high, and explosion of
nuclear power stations. Huge damage was confirmed across the cities and rural
communities, including agricultural and industrial sectors. In the last three years, the
restoration stage has rapidly changed. Fukushima Prefecture still has issues regarding
measuring both radioactive contamination and tsunami damage, while Miyagi and Iwate
Prefectures are focusing on recovery from tsunami damage.

The Japanese Society of Agricultural Machinery (JSAM (now the Japanese Society
of Agricultural Machinery and Food Engineers or JSAM)) provided help for recovery
from the damage due to the disasters [8]. They had less experience of combating such a
huge catastrophe of complex disasters. One useful approach was in precision agriculture
that was applicable to not only agricultural sectors but also environment and construction
fields [4, 9], which led to the evidence-based approaches with precision thinking.

On March 12, the first action started with a call for confirmation of the safety of the
members of JSAM through e-mails, cellular phone, internet service, and so on. It took
one week for the Kanto area and two weeks for the Tohoku area to be completed.
Unfortunately, we received information that three student members had been killed by
the tsunami at Sendai Airport.

Information through media and direct calls led us to organize the working team of
JSAM on March 30, 2011. The missions of the team were: (1) to validate the facts and
information on the disasters since there was confusion and complexity; (2) to investigate
the damage in terms of agricultural machinery and farm management; and to (3) propose
better solutions to reconstructing community-based agriculture. The working team
reconfirmed the potential of Tohoku’s agriculture with references. The statistics compiled
by the Tohoku regional agricultural administration office in Sendai in 2010 stated that
agricultural production was worth 1,359 billion JPY with an occupation of 16% of the
total production in Japan, including 496 billion JPY of rice, 383 billion JPY of livestock,
and 228 billion JPY of vegetables. The number of growers was 463,000 with a ratio of
16% to all growers in Japan. The ratio of growers above 65 years of age was 30% and it
was lower than the national average of 58% in Japan. Local self-sufficiency in food
production in the Tohoku region was more than twice the national average. Apples of
Aomori Prefecture occupied 53% of the entire production of Japan, cherries of Yamagata
Prefecture accounted for 71%, and the share of peaches of Fukushima Prefecture was
20%.

On September 12 and 13, the working team visited paddy fields in Kitakami of
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Ishinomaki City and fields of protected horticulture in Watari of Natori City in Miyagi
Prefecture. One site that they visited was the Kitakami riverside around 10 km distant
from the coast, as shown in Fig. 8. The people suffering from the tsunami emphasized the
following: (1) The tsunami brought a large amount of rubble on a path of over 10 km
distant from the coast and they still had not removed it (Fig. 8c). (2) They cut and removed
the weeds in the paddy fields to prepare for the next cropping season (Fig. 8a). (3) They
had less concern about salty sludge since the sludge used to be applied in the paddy for
soil improvement. (4) They needed recovery of transportation, repair of drain pumps, and
recovery of machines and facilities in order to restart farm work. A local dealer continued
work on repairing machines flooded with seawater (Fig. 8d). It was difficult to repair
them perfectly because of salt and sludge invading into spaces unseen.

Sept 12, 2011

Figure 8. People’s combat against tsunami disasters in Ishinomaki City, Miyagi.
(a) Weed control of over-flooded paddy for the next cropping season.
(b) Sludge of 10 cm thick fully covering the paddy field.
(c) Dumped rubble produced by the tsunami at 7 km from the coastline.
(d) On-service local dealer of agricultural machinery.

Based on the results of the survey, the JSAM proposed five recommendations: (1)
to make a strategy for land consolidation and for management newcomers of agricultural
professionals; (2) to protect the intellectual properties of farmers; (3) to repair the service
network of agricultural mechanization; (4) to reconstruct the system for both producers
and retailers at the same time; and (5) to maintain farm assurance and standard farm
management such as GLOBAL G.A.P.

The Ministry of Agriculture, Forestry and Fisheries has launched many national
projects for recovery from disasters, such as intensive arable farming (Fig. 9), a highly
automated greenhouse system, highly effective orchard cultivation, and an intensive
system of aquaculture. A major target was a business development campaign of advanced
technology for restoring agriculture accompanied by the local community. Figure 9
shows a project of national institutes and private companies for arable farming employing

cereal crop rotation using a technology package of precision agriculture, such as a field
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mapping system and variable-rate technology, and then the agricultural corporation
“KOYA” joined the project. KOYA Corporation was founded by five local growers in
2003, and 90% of its 100 ha paddy fields suffered damage from the tsunami; in addition,
the machinery and facilities were flushed away. They restarted cultivation just after the

catastrophe and the national project helped them.

Business Development Campaign of Advanced Technology for Restoring ., %25
Agriculture and Community (2012-2017) @@@

Experimental Study on Technelogies of Land-extensive Farming
(Comprehensive Res.)
NARO/Tohoku Agricultural Research Center
Memberships: NARO/ARC, NARO/HARC, BRAIN, Miyagi
Miyagi Pref. ARC, Tshikawa ARC, Kubota Ltd, Yanmar Ltd, Yanmer Heli
& Agri Ltd, Sugano Ltd, NEC Ltd, E-lab Exp. Ltd.
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Figure 9. National project of arable cultivation, Koya Corp. in Miyagi Prefecture.

Goto et al. [10] have organized a JST (Japan Science and Technology Agency)-
funded three-year project on precision restoring agriculture in the Fukushima area in 2012,
as shown in Fig. 10. The project team is composed of organizations who had suffered
from the tsunami: the agricultural corporation DENPATA, the manufacturing company
KANDA Ltd., support organizations, ADS Ltd., the National Institute of Advanced
Industrial Science and Technology (AIST), and the Tokyo University of Agriculture and
Technology (TUAT). They suffered serious damage by not only the East Japan
earthquake disaster, but also rumors related to the collapse of the nuclear power plant,
and they had rural issues of farmers’ aging, depopulation in the village, the “food desert”
phenomenon, and so on. Therefore, they hungered to have a future vision as well as
measures against rumor damage. One idea was an evidence-based farm management
scheme.

The goal of the project is to create an information-oriented field to meet the request
of consumers in the market. Within a limited budget, a real-time soil sensor was
introduced to monitor the within-field soil condition, and sensor posts were set up in the
field to monitor the dose of radiation, wind velocity, wind direction, rainfall, etc. Yanmar
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Ltd. joined voluntarily to provide a combine harvester with a yield monitor in 2014. The

project was still developing with community-based approaches.
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Figure 10. Precision restoring agriculture in Fukushima towards traceable management

against rumor damage.

7.6 Agro-medical foods

The strategy of agro-medical foods was formed in 2009 when the concept of community-
based precision agriculture encountered the concept of preventive medicine at the meeting
of Dr. Sakae Shibusawa and Dr. Toshikazu Yoshikawa, and it then drove many
collaborative projects in the fields of medicine, agricultural science, engineering, and
industry, though it was not introduced in English [11]. This agro-medical approach
promises to expand the fields of precision agriculture, and that is why its briefing is
introduced.

“Agro-medical foods” are defined as agricultural products with a high content of
functional materials with evidence of effects on health and wellness produced by
precision agriculture, and they are created by the agro-medical initiative, as shown in Fig.
11. The agro-medical initiative is a research group of medical, agricultural, and
engineering scientists, aiming at the cure of lifestyle-related disease by having
agricultural products with a high content of functional materials.

Figure 11 shows a research cycle of agro-medical foods. The agricultural sector
supplies fairly controlled products to the medical sector, which requires controlled
protocols of production with traceable management. The medical sector confirms the

evidence of effectiveness against disease prevention and wellness in medical science. The
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nutrition and dietetics sector provides personalized diets using agro-medical foods. The
business sector commercializes the agro-medical foods and diets. The engineering sector
provides bio-sensing and control technology to manage the system and communicate

beyond disciplines.
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Figure 11. Concept of producing agro-medical foods (AMF).
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Figure 12. Needs for a standard in agricultural systems for AMF.

Figure 12 shows a standard scheme of production in the categories of operation,
work chain, and farming system. The operation standard involves specification of
mechanization and guidelines. The work chain requires protocol of process jobs from soil
preparation to shipping. The farming system is composed of the five factors of crop, field,
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technology, constraints, and motivation, and each factor has a sub-structure of farming
elements such as crop variety and tillage machine. At least three production categories
need clear description when they are put into practice in the shape of precision agriculture.

Table 1 shows a framework or roadmap of how to produce agro-medical foods.
There are three control points and nine check items. The first control point is the target
syndrome and medical examination with the four check items of cell culture, animals,
intervention, and cohort. The second control point is the target material and analysis
method with the two check items of food body base and bio-specimen base. The third
control point is crop variety and management with the three check items of breeding,
cultivation, and processing/cooking. The test crops were onion, green tea, orange,
soybean, spinach, tomato, and eggplant in 2011. Many more crops and functional

materials will be examined in a couple of years.

Table 1. A framework for standardizing research into the production of agro-medical
foods.

AMI 2011.11.28

| Syndromes under Medical Examination ‘ Method of Analysis | Crop Variety & Management ‘
Cohort Animals Foods base Breeding Process/Cooking
Crop Intervention Cell-culture Bio-specimen base Cultivation
; Metaliclic Syndrame i Quercetin rich cro
Onion Dry mouse/eyes, Cognitive impatient ot P
Green Immunopotentiative, Antiallergic Strictinin, ) Strictinin rich crop
Tee Epigallocatechin Epigallocatechin rich crop
Metabolic Syndrome P
Orange Not yet Beta-cryptoxanthin rich cro
9 Fatty liver/ Diabetes Y P P
Soybean Metabolic Syndrome, Osteoporosis . Isoflavone Isoflavone rich crop
Dry mouse/eyes, Macular degeneration
Apple Metabolic Syndrome, Diabetic Procyanidin L
Arteriosclerosis, Osteoporosis Procyanidinrich crop
Spinach Macular degeneration, Dry eyes, Lutein Not yet
Tomato . . . -
Egg plant Metabolic Syndrome, Diabetic Not yet Osmotin rich crop

7.7 Summary

This chapter described the last 15-year experience of a Japanese model of community-
based precision agriculture accompanied by a learning group of farmers and a technology
platform of companies. Community-based precision agriculture aims at high profitability
and reliability under regional and environmental constraints, promoted by the wisdom
farmers and/or the technology platform, by creating both information-oriented fields and
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information-added products, with aggressive access to food chains. The two participating
local learning groups were the technology-driven “Precision Farming Network of
Toyohashi-Atsumi (PFNET)” in Toyohashi City and the farmers’ learning group “Honjo
Precision Farming Society (HPFS)” in Honjo City. The first action of the two groups was
market research using information-added produce through in-shop experiments. The
scheme of the community-based approach has been applied to a trial of education for
sustainable development (ESD) on Java island of Indonesia, approaches to restoration
from the catastrophe of the East Japan earthquake and tsunami in 2011, and production
of agro-medical foods in collaboration with professionals in the fields of medicine,
agriculture, engineering, dietetics, and business.
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