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I. General 

 

1. Introduction 
 

The Great East Japan Earthquake claimed many precious lives and property in 
an instant and left enormous damage and deep scars in the realm of agriculture, 
which is a key industry in the disaster-affected regions, and in rural societies in 
these regions. There is no time to lose in reconstructing the lives of farmers and 
local residents through the reconstruction of agriculture in the disaster-affected 
regions. 

Immediately after the occurrence of the Great East Japan Earthquake, the 
National Agriculture and Food Research Organization (NARO) started its 
investigation of damage to farmland and agricultural facilities and has provided 
technical support for restoration at the request of the Ministry of Agriculture, 
Forestry and Fisheries (MAFF). In addition, in collaboration with relevant 
organizations and farmers, NARO has made efforts to implement measures against 
salinization and liquefaction and to develop techniques to clean up farmland 
contaminated by radioactive substances. 

Even before the disaster occurred, Japan’s agriculture has been subjected to 
several difficulties, such as a pronounced shortage of people engaged in 
agriculture, the rising age of farmers, a decrease in income, and an increase in 
abandoned agricultural land. In addition, agriculture has been required to become 
more competitive in response to globalization of the economy. Agriculture in the 
disaster areas cannot be truly reconstructed without resolving problems inherent to 
Japan’s agriculture; in addition, the rapid rebuilding of the agricultural 
infrastructure and production activities after the damage caused by the disaster is 
required. 

Revitalizing agriculture and regional communities by turning agriculture into a 
growth industry and making it attractive to young people will be a route to 
reconstruction and development of agriculture in the disaster-afflicted regions. 

On the basis of a master plan for reconstruction of agriculture and rural 
communities (MAFF, August 2011) and basic policy and an action plan for the 
Revitalization of Japan's Food, Agriculture, Forestry, and Fisheries (The Council 
to Promote the Revitalization of Food, Agriculture, Forestry, and Fisheries, 
October 2011), NARO supports the realization of reconstruction of the 











3. Reconstruction process and NARO’s efforts 

 

Relevant organizations have to devote all their energies to the speedy realization 
of resumption of farming and the subsequent reconstruction of agriculture. This 
section describes problems in the reconstruction process and efforts NARO can 
make in collaboration with farmers and other relevant organizations in order to 
realize the reconstruction. 
 

 Consensus building and planning for land-use 
Consensus formation, taking intentions of farmers into consideration, is 

important for consolidation of cultivated lands into larger blocks, gathering of 
scattered farmlands, and construction of agricultural infrastructure for more 
effective land use. NARO supports it by providing a management simulation, 
available to help design a management plan for farming after consolidation of 
cultivated lands into larger blocks and increase in scale. Moreover, thorough 
discussions among farmers and local residents are important to formulate a 
reconstruction plan. NARO supports scientific and technical evidence-based 
formulation of reconstruction plans in the disaster-affected regions by providing a 
system that visualizes land-use plans, evacuation routes, etc. and simulations of 
landscapes and tsunami. 
 

 Rehabilitation of agricultural infrastructure taking long-term reconstruction into 
account  

Since immediately after the disaster, NARO has been providing technical support 
in cooperation with relevant organizations for early restoration of agricultural 
infrastructure destroyed by earthquake and tsunami. In addition, NARO has been 
promoting on-site support for risk assessment of salinization and countermeasures 
against it, comprehensive techniques to restore disaster-stricken farmland covered 
with debris and sludge, and so forth. In future, for agricultural infrastructure taking 
long-term reconstruction into account, NARO will present easy, low-cost farmland 
improvement techniques such as underground water level controlling system and 
ground-leveling techniques for reorganization of paddy fields, an 
earthquake-resistant technique involving shallow-buried pipelines, and techniques 
for constructing earthquake- and overflow-resistant earth structures. Furthermore, in 
order to minimize the damage caused by disasters, NARO offers technologies that 
allow the use of farmland for dissipating tsunami energy and improving earthquake 



resistance, thus, introducing the concept of positive disaster mitigation. 
 

 Early resumption of farming and increasing sophistication of farming system 
In areas where farmland cannot be used immediately because of salinization, etc., 

early resumption of farming with little capital is needed to establish the livelihoods 
of active farmers and to secure their new income. Soilless culture of strawberry or 
tomato in greenhouses constructed with prefabricated units, which can be built at 
low cost in a short time period, growing fruit with root zone restriction treatment, 
production of salt-tolerant crops during the process of salt removal, and pasturing  
cattle will contribute to early resumption of farming in tsunami-hit farmland. More 
sophisticated farming systems are expected to be constructed, combining these 
techniques that enable resumption of farming with the new techniques described in 
section 2 above. NARO will offer techniques and information necessary for such 
efforts. 
 

 Removal of radioactive substances from farmlands and reduction of their 
transfer to agricultural and livestock products 

The first thing to do in rural areas contaminated by radioactive substances is 
removal of radioactive substances, or decontamination. In collaboration with other 
relevant organizations, NARO conducted preliminary experiments and verification 
experiments to study decontamination techniques and demonstrated several 
techniques taking account of land categories (paddy fields or dry fields), degree of 
contamination, decontamination effectiveness, safety, and workability. These 
techniques include those involving (1) scraping off surface soil with agricultural 
machines; (2) scraping off surface soil after binding the surface layer of soil to 
prevent dust from scattering and to ensure decontamination; (3) (available only for 
paddy fields) sequential treatment involving stirring surface soil-water mixture at 
shallow depths (shallow puddling), discharging the turbid water, separating 
contaminated soil particles from water, and removing the contaminated soil 
particles; and (4) burying contaminated topsoil by plowing. Moreover, NARO has 
clarified the behavior of radioactive substances in crops, and has developed a 
technique to reduce transfer of radioactive substances to agricultural and livestock 
products. It may also be necessary to consider plant factories, which can reduce the 
influence of radioactive substances on crops, in response to regional needs. In 
radioactively contaminated regions, continual long-term efforts have been required 



for reconstruction of agriculture and recovery of trust in agricultural and livestock 
products; NARO continues to provide the necessary techniques and information. 
 

 Fostering and providing support for principal farmers and bearers leading new 
agricultural system 

It is necessary for agricultural reconstruction to foster independent farmers with 
high productivity and profitability based on advanced techniques and high 
management capability. NARO promotes construction of business models leading 
to creation of new products, organization of regional farming, and development of 
techniques useful to newcomers to agriculture. In addition, through on-site training 
courses and studies in which farmers participate, NARO supports realization of 
highly productive agriculture and development of bearers who will lead 
reconstruction of agriculture. 
 

 Participation in regional cooperative community for creation of new agriculture 
It is necessary for creation of new agriculture in respective disaster-affected areas 

to create places, or platforms, where not only farmers, research institutes, and 
administration but also people engaged in commerce and industry, nonprofit 
organizations (NPOs), etc., work together. NARO has made preparations to rapidly 
respond to requests for support from the disaster-afflicted regions and has also been 
contributing to reconstruction of the regions and creation of new agriculture by 
providing information on NARO's new techniques through the following efforts: 
on-site verification experiments; participation in collaboration with industry, 
academia, and government or in platforms; holding of symposiums and events; and 
set-up of a technical information website and provision of technical consultation 
services. 





































Direct sowing on well-drained paddy fields by plowing and 
sowing with a grain drill

The Sendai plain is fertile with low percolation rates and
is suitable for direct sowing on well-drained paddy fields.
If an efficient technique of direct sowing on dry fields is
introduced to farming in consolidated farmlands, the
farmland will be a large-scale food supply base.
The technique involves application of a grain drill seeder
and a cultipacker land roller, both of which are used in
large-scale dry-field farming, to rice farming and features
deep tillage by a plow and high-speed work at about 10
km per hour using a grain drill. In a demonstration test,
working time per 10 a was estimated at 4.8–6.4 h and
total expenditure per 60 kg in the case of “Moeminori,”
which is a suitable cultivar for direct sowing, was
estimated to be about 6,700–8,400 yen, which is 55% of
the average in the Tohoku region in 2009.

Keywords: direct sowing on well-drained paddy fields, 
plowing, grain drill

Grain drill seeder

Cultipacker

If rotation crops are cultivated in fields that have
reduced drainage capability due to the earthquake, they
may suffer flood damage.
Therefore, if ridge-making and seeding are performed
simultaneously with tilling, ridge-making can mitigate
flood damage and one-step work from tilling to seeding
can improve working efficiency and decrease risk of
rainfall in the middle of work. In addition, an up-cut
rotary, which crushes soil well, is used and clods in
seedbeds will be broken up and made finer. Because the
shape of the ridge can be changed by changing the
direction of the blades, this technique is applicable to
ridge-making cultivation of soybean, barley, wheat,
buckwheat, etc. Five models with different tilling widths
are commercially available.

Technique for mitigating flood damage using tilling and ridge-
making seeders

Figure 2 Arrangement of blades and shape of ridges (Left: 
soybean, etc. Right: barley, wheat, buckwheat, etc.)

Figure 1 Structure of an operating 
machine (75-cm ridge 3)

Keywords: tilling and ridge-making, flood damage, up-cut rotary, 
harrowing, one-step work, soybean, barley, wheat, buckwheat

Up-cut rotary machine with holders

Fertilizer drill

 Up-cut rotary machine 
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2. Technologies for realization of new agriculture

Advanced uses of paddy fields toward the second Green Revolution









Commercially available low-cost greenhouses include
weather-resistant greenhouses (resistant to wind up to 50
m/s) and greenhouses that have lower construction costs
but lower strength. A high-eave, large-sized, steel-frame
greenhouse, was developed at very low cost, and is
constructed by a technique involving a pipe batter pile-
driven foundation without excavation and a method using
unitized roofs built with thin-walled light-gauge steel.
This construction technique reduces the construction
period to about 1/3 and the construction cost by 40% (as
of 2006).
The construction technique is available for a large-sized
greenhouse (maximum eave height: 3.5 m, maximum
area: about 4,000 m2), in which long-term tomato
cultivation with a high-wire system is possible.

Low-cost and weather-resistant greenhouses built using unitized
roofs

Figure 1 A very-low-cost and weather-resistant
greenhouse built using unitized roofs

Keywords: low-cost and weather-resistant greenhouse,
method using unitized roofs

Hybrid heating using a heat pump and
warm air heater

Figure 2 Operational status of the heat pump (HP) and
the oil-fired air heater (AH) of the hybrid heating
system and preset temperatures. : On, : Off.

Keywords: heat pump, energy-saving, hybrid heating,
greenhouse

We developed a new hybrid heating system that controls
heating by switching between heat pump only mode and
hybrid heater mode automatically in response to the
room temperature. The hybrid heating system provide
heats a greenhouse by automatically controlling a heat
pump, which is a main heater, and a warm air heater,
which is an auxiliary heater. It is expected that the
system will reduce input energy, operating cost, and
carbon dioxide emission compared to conventional
systems.

HP only mode
(A) Hybrid heater mode (B) (A)

Operational status of HP

Operational status of AH

Preset temperature

Room
temperature

HP: on-off area

AH: on-off area

Elapsed time

2. Technologies for realization of new agriculture

Highly productive and highly profitable greenhouse horticulture

Figure 1 An example of an agricultural heat
pump











In tsunami-stricken paddy/dry fields, farmers may start
the new and profitable fruit culture. We present a low-
cost, labor-saving, and simple grapevine growing
Techniques in which such newcomers can engage.
The use of a tool for grapevine flower thinning and a tool
for removing flower caps of grapevines allows farmers to
greatly reduce working hours in the flowering season. A
fruit-protecting net can easily be attached and removed
under a grapevine trellis and is helpful in preventing
damage by wild animals.

Figure 2 Tool for 
removing flower 
caps from 
grapevines

Figure 1 Tool for grapevine 
flower thinning

Keywords: grapevine, labor-saving, damage by wild animals

In a fruit-producing area affected by earthquake
or tsunami, strategic agrochemical reduction
will enable cost reduction and improvement of
the perception people have of the area, resulting
in improvement of orchard management and
revitalization of the producing area.
We offer a manual describing a pest-control
technique by which agrochemicals would be
reduced by 50%. This technique involves use of
specified pest control materials such as multiple
mating disruption agents and involves spraying
of the following 21 components of
agrochemicals in total: 7 components of
insecticides, and miticides, 10 components of
fungicides, 2 components of herbicide, and 2
components of growth regulator. Damage
caused by major pests such as peach fruit moth
and Alternaria blotch can be well controlled.

Figure 3 Fruit-protecting net

Fifty percent reduction of agrochemicals in apple cultivation 
using multiple mating disruption

Keywords: apple, multiple mating disruption, agrochemical reduction

Labor-saving growing of grapevine using tools for flower 
thinning and flower-cap removal

Table 1 Comparison of the number of applications of agrochemicals between a conventional 
pest control technique and the 50% reduction technique

Conventional pest control 50% reduction technique
Insecticides Fungicides Herbicide Growth Total

regulator
Insecticides Fungicides Herbicide Growth Total

regulator

Before budding

At budding

At foliation

7 days before flowering

Just before flowering

At petal fall

10 days after petal fall

20 days after petal fall

Mid-June

Late June

Early July

Mid-July

Late July

Early August

Mid-August

Late August

Mid-September

Mid- and Late October

Mid- and Late November

Total

Open circles indicate pesticides allowed for use in the Organic JAS. Open stars indicate a mating disruption agent.

2. Technologies for realization of new agriculture

“Sixth industrialization” and branding the products made from new cultivars





For reconstruction of the disaster-afflicted
horticultural business and regions, it is necessary
to enhance the added value of agricultural
products of the disaster-afflicted area by contract
farming and farmers’ markets.
We offer a manual describing procedures and
points to note regarding contract farming of
vegetables for the catering industries on the basis
of precedents and a system to receive orders for
and to sell packaged fresh-cut vegetables as new
products in farmers’ markets.

Figure  The flowchart of a system of sales and 
processing instructions for packaged fresh-cut 
vegetables

Keywords: farmers’ market, sales manual, fresh-cut 
vegetables

Revitalization of regional agriculture by contract farming and 
development of new products in farmers’ market

We investigate useful ingredients contained in unused or
little-used parts of products generated at shipment and
primary processing and offer techniques to use such
ingredients efficiently.
We offer a system of producing a high-value-added
substance (oligosaccharide) from a material not used for
food by physical and enzymatic treatment (Figure 1), an
efficient technique for solid-liquid separation of balm
ingredients or functional ingredients from juice residue,
etc. (Figure 2), and techniques for processing substandard
products into paste or powder by drying.

Figure 2 Collection of useful ingredients from 
juice residue

Keywords: understanding of the behavior of useful functional ingredients, 
efficient separation, 
extraction technique, high value-added materials

Effective use and processing techniques for substandard and 
unused products

Figure 1 Production of oligosaccharide from a 
food-processing by-product (Bagasse)

 

Bagasse Steam-exploded bagasse Dietary fiber containing 
xylooligosaccharide 

Solubilized xylan 

Steam-explosion treatment 

discharged into atmospheric pressure. 
Xylan becomes soluble. 
Cell walls collapse. 

After heating for several minutes  
at 200 °C, bagasse is rapidly  

Xylanase 
Xylan-degrading enzyme 
produced by microorganisms Xylooligosaccharide 

2. Technologies for realization of new agriculture

“Sixth industrialization” and branding the products made from new cultivars







A method for converting stream energy to electric power in low-
gradient agricultural water channels

Use of renewable energy is helpful for reconstruction of
disaster-affected rural communities. Because
conventional hydroelectric power plants generate
electricity from a drop in stream level, it has been
difficult to generate electricity in low-gradient water
channels.
The water wheel we developed can draw energy from a
low-gradient water channel with about 1/1,500 channel
gradient. Blades of the water wheel move and rotate
transversely to the stream and convert stream energy to
electricity efficiently with little influence on the stream.

Keywords: agricultural water channels, stream
energy

The water wheel

Various biomass-derived gasification power generation and
liquid-fuel production techniques

Keywords: gasification, debris, methanol

Dealing with biomass such as wood contained in
debris generated by tsunami and as driftwood has
become a problem.
We offer techniques to convert cellulosic biomass
such as wood and rice straw into clean, high-
calorie fuel gas by crushing and gasification by a
floating external heat-type gasification method
and to synthesize methanol from the obtained fuel
gas.
The effectiveness of these techniques were
demonstrated by using Norin Biomass the Third.

A system to produce heat, electricity, and liquid
fuel from biomass
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2. Technologies for realization of new agriculture

Energy-producing agriculture (biofuels etc.)









This system draws air from the bottom
of compost with blowers and has the
effect of promoting maturation of
compost no less than the case of a
popular blowing aeration method. In
addition, the system uses a scrubber to
collect ammonia gas generated during
composting as nitrogen liquid
fertilizer (ammonium phosphate or
ammonium sulfate) and therefore
contributes to environmentally
conscious, resource-recycling
livestock farming.
This system is applicable to compost
centers in the disaster-affected regions,
yields stable production of compost
and effective use of nitrogen resources,
and is conducive to reconstruction of
livestock farming.

A composting system using vacuum-type aeration
Keywords: livestock wastes, composting, ammonia

2nd reactor

3rd reactor

4th reactor

5th reactor

1st reactor

Whole crop rice silage feeding of the beef cattle, and its effect on 
the vitamin E content in the meat.

Keywords: beef, whole crop rice silage, vitamin E

When beef cattle was fed with whole crop rice 
silage (right: TMR), oxidization of lipids and 
changes in color were suppressed.

Revitalization of livestock farming in the disaster-affected area
is expected to be achieved by producing distinctive beef
containing a lot of functional ingredients.
Whole crop rice silage features high content of vitamin E ( -
tocopherol). When fattening cattle are fed with whole crop rice
silage, the vitamin E content in the meat increases more than
that of hay-fed cattle. The increased vitamin E concentration in
the meat improves meat color and lipid stability.
Techniques for feeding whole crop rice silage to dairy and beef
cattle, including the technique described here, are made
available through MAFF’s web site as a manual of techniques
of production and feeding of whole crop rice silage.

Control TMR

Longissimus lumborum steaks
displayed for 13 days

2. Technologies for realization of new agriculture

Regional integrated agriculture incorporating livestock farming





The extent to which coastal forests can mitigate tsunami 
inundation flow is evaluated by computational numerical 
simulation.
The simulation model incorporates the resistance of real trees to 
water flow, obtained by an experiment involving large channels. 
In addition, conditions of coastal forests, such as the distribution 
of branches and leaves and forest density, can be reflected in the 
model, and possible effects in cases where the conditions of 
coastal forests change can be evaluated. The model can be used to 
consider different kinds of coastal forest and  to study effective 
arrangement of  coastal forests.

Keywords: tsunami inundation flow, coastal forests, numerical simulation
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3.  Techniques for resumption of production and reconstruction
Consensus formation and land-use planning, and Construction of production bases taking

reconstruction into account

Numerical simulation evaluation of the function of coastal forests in 
mitigating tsunami inundation flow

Lowering of air dose rate by removal of the litter layer
Keywords: forest decontamination, radiation dose, litter layer

3. Techniques for resumption of production and reconstruction
Removal of radioactive substances from forests

Because most radioactive materials that have fallen on forest are deposited on 
leaves and fallen leaves, removal of such leaves and fallen leaves is considered 
to be effective for forest decontamination. In two experimental plots with 
dimensions of 20 m 20 m in a coniferous forest and a deciduous broad-
leaved forest in a suburb of Koriyama City, Fukushima Prefecture, we 
investigated the change in air dose rate with gradual expansion of the area from 
which undergrowth and fallen leaves were removed.
As the litter-free area was expanded, the rate of decrease of the air dose rate at 
the center of the experimental plot became less. Air dose rates of the plot in the 
deciduous broad-leaved forest decreased to about 60% after complete removal 
of the litter layer and those of the plot in the coniferous forest decreased to about 
70%.
That the extent of decrease in the deciduous broad-leaved forest plot was larger 
that that in the coniferous forest plot is considered to be a result of the fact that 
the ratio of radioactive materials deposited on undergrowth and fallen leaves in 
the deciduous broad-leaved forest was higher because leaves had fallen when a 
large amount of radioactive materials fell.

Before (right) and after (left) the removal 
of undergrowth and fallen leaves

Air dose rate measurement after 
removal of the litter layer
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