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The Prediction of Climate Change and Rice Production in Japan
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Staple food is defined to be reasonable, routinely available, and
energy-rich foods that are essential for the daily life of humankind.
The species of staple foods regionally vary from region to region in
the world. Most of the staple foods are derived from the cereal plants
including wheat, barley, maize, rice, and so on. Food and Agriculture
Organization of the United Nations reported that productions
of paddy rice have been increasing each year and accounted for
722,559,584 metric tons (MT) at 2011. This value is comparable
to those of wheat (701,395,334 MT) and maize (885,289,935 MT).
Then, these plants are recognized as the three major crops that are
required for human nutrition and caloric intake. There are many
varieties of rice being grown worldwide, especially in Asia. Asian rice
is classified into two major types, namely Japonica and Indica rice [1].
Japonica rice is generally grown at temperate climates. Indica rice is
cultivated in tropical and subtropical regions. The properties of rice
grain significantly differ among the cultivars. For example, the grain
of Japonica rice is short to middle size, round, and rigid. When cooked
by boiling or steaming, Japanese rice becomes moist and stick together
due to higher contents of amylopectin, highly branched polysaccharide
of glucose. Although Indica, Aromatic, and Japonica rice accounts for
75%, 12-13%, and more than 10% of global rice trade, respectively, the
rice produced in Japan is mostly Japonica type.

Cultivated rice is usually grown as an annual plant. The methods
of rice cultivation are differing among the living cultures and localities.
Japonica rice belongs to semi aquatic rice, then, the general procedure
practiced in Japan is the paddy field. At the juvenile stage, the seedlings
of rice are transplanted to the flooding fields to ensure the secure
growth of young plants by protecting from water-loss, pest, and vermin.
During the vegetative growth period, irrigation is maintained by the
coordinated water supply with canals or hand watering. The fields are
allowed to drain before harvesting. Since the paddy fields have to be
flooded by rain or rivers throughout the growth periods, high rainfall
should be required for rice cultivation. Climate in Japan has four clear
distinct seasons (spring, summer, autumn, and winter), and rainy
season begins at early May. Also, August to October is the typhoon
season in Japan. These circumstances provide good weather conditions
for rice production. On the other hand, Japan is a country surrounded
by big oceans and consists of four major islands (Hokkaido, Honshu,
Shikoku, and Kyusyu), associated with many small islands. There are few
flat plains and the agriculture in Japan is characterized by the shortage
of farmlands. Paddy fields of rice are widely planted at the countryside,
the alluvial plains, and the terraced slopes near the mountains. In
recent years, rice production in Japan has gradually declined due to
the shift to the Western style of food culture, and to the increasing
population of elderly farmers. The Japanese government has showed
intention to decrease the planted area of rice since the 1970s (Ministry
of Agriculture, Forestry and Fisheries in Japan), however more recently,
the necessity of rice has been reevaluated in consideration of coming
open trade such as the Trans-Pacific Partnership (TPP).

There is no doubt that global warmingis one of the great issues facing
the Earth. Since the early 20" century, the average surface temperature
of the Earth has unusually increased by about 0.8°C coupled with the
rapid warming of 0.6°C over the past three decades [2]. The scientists

show the opinion that global warming should be reasoned by the
increasing concentration of greenhouse gases produced by human
activities such as use of fossil fuels, unsustainable agriculture, and
land development. The Intergovernmental Panel on Climate Change
(IPCCQ) is a scientific intergovernmental body that is organized by the
request of participating governments (http://www.ipcc.ch/index.htm).
The IPCC itself does not conduct scientific research. The mission of
the IPCC is to provide comprehensive assessments of global climate
change, future predictions, and possible measures about the risks of
climate change caused by human activity. The 5th assessment report
(AR5) showing the current state of climate change is underway. The
summary for policymakers (SPM) of the Working Group I (the physical
science basis) for AR5 was approved and accepted by the IPCC on 27
September 2013, and the final version was published on 11 November
2013. The report is very long and it seems to be difficult to understand
the whole contents at a glance. The outline of SPM is that warming of
the climate system is definitive, represented by the warmed atmosphere
and ocean, the diminished amounts of snow and ice, the rising of
sea level, and the increasing concentration of greenhouse gases. The
carbon dioxide (CO,) concentrations have increased by 40% since pre-
industrial times by burning of fossil fuels and land-use change. It is
extreme likely that human activities influence on the climate system
from the middle of 20™ century, because the increasing concentration
of greenhouse gases showed the correlation with the positive radiative
forcing and the observed warming of climate system. Several scenarios
have been predicted with reference to the different rates of future CO,
emission. It is warned that the average surface temperature of the Earth
rise exceed 1.5°C during the 21 century relative to pre-industrial
levels, and global warming will affect broad ranges of the climate
system, including global water cycle, ocean circulation, and carbon
cycle processes.

Climate change is also projected to have significant impacts on
crop production. Now, many kinds of crops are grown at various
conditions in the world so that the effect of climate on agriculture
should be related with local climates rather than global climate patterns.
The previous 4™ assessment report of IPCC (2007) predicted (with
medium to low confidence) that the moderate warming of atmosphere
(1-3°C) can benefit to crop yields in mid- to high-latitude regions by
the increase of CO, concentration and rainfall changes, while similar
increases (1-2°C) have negative effects on major crop productions in
low-latitude regions. When further warming occurs over a range of 1
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to 3°C, crop yields should be declined in all regions [2]. Climate change
will have different impacts on each plant. Photosynthesis is the central
mechanism of plants to produce organic molecule (glucose) from light
energy, CO,, and water. It is known that plants have evolved to acquire
better photosynthesis machineries in the different habitats [3]. Plants
are classified into two major groups, namely C, and C, plants, based on
the type of photosynthesis. C, plants make a three carbon compound
(3-phosphoglycerate) as the first product of CO, fixation by the
catalysis of Rubisco. About 85% of plants belong to C, plant, including
wheat, barley, rice, oats, soybeans, and most trees. The disadvantage
of C, photosynthesis is photorespiration that is the opposite reaction
of photosynthesis. When the CO, concentration in the chloroplast
drops below 50 ppm, Rubisco begins to fix O, instead of CO, and the
growth of plants is consequently diminished by consumption of the
sugars produced by photosynthesis. The researchers suggested that
the potential output of C, photosynthesis might be reduced up to 25%
through photorespiration [4].

This problem is overcome by C, plants. C, plants have acquired
carbon storage mechanisms in order to increase the intracellular
concentration of CO, [3]. In C, plants, CO, is initially converted
into a four carbon compound (malic acid) or other molecules by
the catalysis of PEP carboxylase that only works with CO,, and the
metabolite of CO, is subsequently transferred into the specialized cells
where CO, is again released and refixed by Rubisco. This procedure
greatly reduces photorespiration due to the distinct compartment of
CO, uptake and fixation in plants. In addition, C, plants can close their
stomata and prevent the evaporation of water under the conditions
in which C, plants must open such as high temperature, drought, low
CO,, and limited nitrogen. Taken together, C, plants are thought to
have advantages in warm and dry climates, while C, plants perform
better in moist conditions with high CO,. Despite the relative merits
of C, photosynthesis in crop production, less than 1% of plants are
characterized as C, plants, including maize, sugar cane, and sorghum.
Global climate tends to become warmer, coupled with the increasing
of CO, concentration. This trend appears to have the benefit to C,
photosynthesis that is stimulated by the elevation of CO,. But farmlands
are occasionally suffered from heat waves and droughts that give rise to
the advantages of C, plants. Rice belongs to C, plant, but several genes
encoded for the key enzymes involved in C, photosynthesis such as
PEP carboxylase and pyruvate phosphate dikinase (PPDK) are found
in the rice genome [5]. This implies the potential abilities to conduct
C, photosynthesis in rice plants. If C, photosynthesis is successfully
transferred into rice, the increasing of yield would be expected in hot
and dry environments with less fertilizer. The scientific program in
aiming to integrate the C, photosynthesis system into rice has been
starting at the International Rice Research Institute from 2012.

It is unpredictable what kinds of impact will happen to crop
production by global climate change, but several lines of evidence
indicate that the elevation of CO, concentration has the benefit
to increase crop yields at moderate high temperatures. Since C,
photosynthesis has a great response to the atmospheric CO, than do
C, plants, the elevation of CO, level is predicted to stimulate the yields
of C, plants. The researchers examined that the yields of C, plants were
enhanced by ca. 15% with the increase of 200 ppm CO, [6]. In contrast,
worse high temperatures counteracted the positive effects caused by
elevated CO,. This phenomenon is explained by the water availability,
the carbon loss through photorespiration, and the depletion of several
nutrients including nitrogen. When severe warming occurs, farmlands
might have to be supplemented with more fertilizers to help the growth

of crops. It is also known that rice paddy fields are a major source of
atmospheric methane that exhibits prevalent greenhouse effect by
ca. 72 times stronger than the same mass of CO, [7]. We have to pay
careful attentions to control methane emission by microbial ecology in
the future practice.

The responses of plant to the elevated CO, concentration have been
analyzed by the several ways, but the data obtained within the laboratory
conditions are never accurate reflections of the natural events. For
this reason, Free-Air Carbon dioxide Enrichment (FACE) have been
developed that allows to understand the combined effects influenced
by the elevated CO, concentration in the environments [8]. FACE
facility usually consists of a ring field in which atmospheric conditions
can be readily controlled. The results of FACE test indicated that the
yields of crops were slightly increased by elevated CO,, but the extents
of induction were lower than those expected from the laboratory tests
using the growth chambers, perhaps due to the existence of counter-
balance involved by other environmental factors such as atmospheric
changes in nature [9]. There are two large FACE for rice paddy field
operated in Japan at Shizukuishi (Iwate, northern Japan) and Tsukuba
(Ibaraki, near Tokyo). The annual mean temperature of Tsukuba
is more than 4°C warmer than that at Shizukuishi. The comparative
analyzes performed at the two different sites provided convincing
evidence that the same set of rice cultivars exhibited better performance
at Tsukuba but lesser at Shizukuishi with the similar CO, conditions
[10]. It should be noted that eight cultivars planted at Tsukuba had
diverse sensitivities to CO,, showing a wide range of yield induction
ranging from 3 to 36%. These observations suggest that the interplays
between climate changes and plant responses under the field conditions
create substantial complexity for crop production.

Japan’s climate is changing. The report for regional climate change
and prospects in Japan based on IPCC AR4 has projected that the mean
surface temperature of Japan has warmed by ca. 1.15°C over the past
century, and expected to rise by 2.1 to 4.0°C within the end of next
100 years [11]. These values are slightly higher than those calculated
for global warming of the Earth (0.8°C/100 years). The report also
illustrated that the notable changes of precipitation trends should
not be occurred during the 20* century, while the patterns of rainfall
became more variable and unpredictable. There has been an increase
in the frequency of extreme weathers such as storms, droughts, floods
as well as an increase of typhoon intensities. In addition, the recent
climate trends in Japan are represented by the drastic increase of hot
days exceeding 30°C in summer. These climate changes will greatly
affect Japan in many aspects, and make difficult to plan the agricultural
practice. Japonica rice is usually cooked as intact white rice, and
Japanese prefer soft and glutinous texture of rice. Then, the quality of
rice grain is very important for marketing in Japan. In the summer of
2010, Japan have experienced the extremely hottest summer on record.
Theyields of rice have not been severely influenced while the qualities of
grain were negatively impacted [10]. Filling of rice grains deteriorated,
and many white immature grains have been harvested. It is warned that
the reproductive phase of rice is highly sensitive to high temperature,
and hotter conditions lead to increasing sterility. In this context,
farmers are required to adapt the agricultural techniques to avoid the
risks caused by climate change. Genetically modified (GM) crops are
the useful breeding technique to rapidly introduce a new trait to the
plant, but rice is cultivated as the major staple food for nearly half of
the world’s population. The risk of GM crops for the human health and
the natural ecosystem is still under debate [12]. The genetic evidence
has indicated that Japonica and Indica rice have evolved from a single
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Figure 1: The impacts of climate change on rice paddy field and the measures
for rice production. The projected impact caused by climate change and the
possible measure for successful rice production is indicated by the red- and
blue-coloured letters, respectively.

domestication in China 8,200-13,500 years ago [1]. It is said that there
are more than 40,000 varieties of cultivated rice in the world, and some
of which capable of crossbreeding. Many samples of cultivated and
wild rice are stocked at the International Rice Genebank, and shared by
the world researchers. The screening of rice gene functions responsible
for the adaptive role for environmental changes such as heat tolerance
of grain quality [13] and improved root system for drought resistance
[14] has been ongoing in Japan. These studies will contribute to the rice
breeding in aiming to counteract the impacts caused by climate change
in the future (Figure 1).
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