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INTRODUCTION

Hearing that there is freshly cooked rice, in particular newly cropped rice,
for today’s menu, many people feel happy. There are many people who
feel a sense of relief when they encounter the scenery of rice fields in rural
areas. The existence of “rice” and “rice fields” is so deeply rooted in the
hearts of us Japanese people.

Rice is a familiar grain that is our staple food. Rice plants that produce rice
and rice fields that grow rice are something that many people are familiar
with and take for granted. However, humans are strange things, and
sometimes we don’t see things as clearly as we take for granted. Maybe it
is too ordinary, and thus we don’t attempt to look back.

This exhibition focuses on rice, the food most familiar to Japanese people,

and explores the relationship between nature and humans. As lifestyle
changes and global warming progress, will we be able to continue eating
delicious rice? Will we be able to pass on the beautiful natural scenery,
creatures, biodiversity, and landscape created by rice cultivation to the next
generation? What does rice/rice cultivation mean to us and to the natural
environment? Various seeds for thinking about rice and human activities
are scattered throughout this exhibition.

We all cannot avoid to take food for our lives. And, our food is derived
from resources from nature, including cultivated ones. Namely, biodiversity
on earth is what keeps us alive and enriches our lives. These facts must be
eloquently told by rice, being always around us.



& C&IT  Introduction
BTR=BE  Scenes of Special Exhibition Rooms

70m—7% Prologue

oW W

it o o

HUE

BHE
BAE

IEO—% Epilogue
FRERSZHGER  Texts in English
FEBENE Main References

MiEx  Appendix

SUOITHERBEH 2 2 — Y7 LRHET + 7w &

~ \/ A\
A%« K« HALZ
— ADDLBK KA DL B —

The Photobook on the Special Exhibition by Museum of Natural and Environmental History, Shizuoka
Oryza, Rice, and Paddy Fields: We Crop Rice, Rice Changes the World

B2 Contents

A ZXDBEMAE  Section 1 Natural History of Oryza

KDFEESE  Section 2 History of Rice Cropping

IRIELMBIE Section 3 Rice Cropping in Various Environment

HAIEEEWZHEE  Section 4 Biodiversity in Rice Fields
A+ K k3% Section5 Human, Rice, and the Future

KICR 8777731t Section 6 Rice in East Asian Culture

BT—& List of Exhibited Items

ILERFBENRIYD  Printed Matters for Public Information

B9E 4w X Exhibition-related Goods

&1 N> b Exhibition-related Events

1
12
14
17
18
31

32

35

36
37
40
43
44




\ a
E /__I__\ E *EE Eﬁ, Scenes o\f §pecial Exhibition Rooms

\

BT ROESE
Section 2: History of Rice and
its cultivation
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Section 4: Biodiversity in Paddy Fields
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Section 1: Natural History of
Rice Plants and Relatives
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This special exhibition is held in two rooms in the museum, viz., Special Exhibition Room 1
(approximately 88 m?) and 2 (approximately 54 m?), and, in the former, you can view exhibits
related to Prologue and Sections 1 to 5.
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Z 1  Special Exhibition Room 1
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Section 3: Rice and its Cultivation in
Various Environment of the World



.;-.--' = 3
- AEE/T 2 _.SpECIal Exhlbltlon‘Room 2 ,.--:- h

PERRE 2 Cld. %658:1@] JICT 2R EBDTEDTED,
SHHERD. B (os) TS N2EH 51 LEERHRANSH,

In the Sﬁec‘lﬂl I:mlonr\’bom 2, you can view exhibits related to Section 6 and Epilogue. It
is impresseive-that the display fixture in the center of the room, modeled after a “hazakake”
for drying straw in the paddy fields.
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Rice as a crop, rice in botany
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1 XBRES Specimens of rice plant of Oryza
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FUH 7542 Oryzaalata

FVH A=A S IR Oryza australiensis
F U - NIV Oryza barthii

AUH - JS5F 74 Oryza brachyantha
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FVH U527 47)VZ R Oryza gradiglumis
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FVH - FT7142F X Oryza officinalis

AU Ty 2—45 Oryzapunctata

AU - V74 RIAY  Oryza rufipogon
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TITAZ (AT «7) Oryza sativa ssp. indica
TITA% (YvKRZA) Oryza sativa ssp. japonica
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-+ ?@%ZM%L% Morphological characteristics of rice plant

A XBERDIEAZREND & EPTEDEMEENR L THB I EHNDMIET,
ZIIARF THHAEIETY, TDfeth. 2T DX ST LEPHTROZIFREIC
MR EEARICLTVET, TEEnZETRIET RS RICTENZEA
THEIRBEHENT EDSTEVSIERIE L THIBR T Y. /IVEIFIMAIlCEERR (2R L),
RHEICAEE (BLAW) ZDUF, BICH ) LGVET (KK ZFVET,

ATV L AR

Y2 -
FEROHES
A stainless steel sculpture,”Germination

of wild rice”

HZ & TANABE, Mitsuaki
2002

HEDREEEMEER

= 0D 3 o B £ RS

TEE A% K -BAE —ADDEK_KHDBHHA—

FEDA REZEF—TICLIERT Y L REH]
ERTY, MR THID—EETESDEH
EA R, EEOHEDNE (BN -H05%) K
IEZDEBMICEDE. FEA ROBEMR
2EZEFORANEBLCTEHENFTEELL
feo THERMORIE] (& ZABA Y-
EEOTAERD—DT, BEAXDNEF L.
ARECHDN O IREGZEDNS EEITHE
ICREREASELTVBHEREBELTVE
¥, RHUTEROTDE T 0% T
T BEARIUTLIKEONZEFHTI N &
FEER), WEREBEHABNEKDE F.
EEORERRICK Y ZOTEHE RHMIC
GO TWEY, AMERIE TBER - IL—<Z7
AL 2002 R L LTITDbNERE
KT TV EMEEZITE LT

Y EH D BRIV ZTCR GBS - ERIV—X =T AR
iR NBE

SOt | % ‘

~
-
7z

©zAI0 Jo AoIsIH [einreN T uonoss




XMON-\ it | ‘

~
-
-
e

©zA1Q 10 AIOISIH [einieN T uondas )<E|-

FRER D KNEE R i
Recommended varieties of paddy rice in
Shizuoka Prefecture
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Rice cultivation, skillfully fitting local, natural environment

1 HEEEFICPREORIRBETHRE > e EENBTEIFEIX. ] BWMZTNZTNORKBICEDLE T, RAGRELRELTVLET,
ECRET7I7OREEHLEFTHZROICHARTRS I LEHT HADWEPL. TIDSEHHEINZKDZHRMEIE, HIEKLED
TET. MEEARBHAR (KA ZBREENSZHHZVDHLDE KRAGRECESTILEEADEHDEELLIEY LIFTERLD
LhEEAD. WIEDFZEIF. TNRITTEBYEEA, HRE DFEDTY,

HFRDRBIEDZARIE

Diversity of rice cultivation in the world
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Diversity of rice grains and ears in the world
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Historical changes of ecosystem in the rice fields
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Decline of species diversity
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Invaders in rice fields
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Influence of pesticides
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Weeds, pests, and pathogens
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Regional extinction of a frog subspecies
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Rice fields, attacked by increased beasts

TFESCRELBREENTES0LEDD BHINESZLD) 1F. 2.
A/ VY URIBEDQREHIIATY . Bk BIFIICEZSINL
EHERLGEINTLEVET, %@?&Eti?"@ RBREAENSH2
£OT. BENGERKIELE2A. BROEEBMZHIC EWVDIREL
BREELLRSLETS, ET$¥3’%ALL*¢?%E%®§J&“LL%&‘J
PhEth, BERFSLIVENSTECTEY. BABDAYZE
S CHE S %5 EDMERANES SN TUVET,

20

SH WM ‘

S WNFHF 31

0

splald 921y ul AusiaAipolg {7 UoIdaS




splald 8ol Ul Aysisnipolg v uonoes  FEWFHINYHSCH  iHE ‘

Bﬂ/v@@?ﬁﬁi%ﬁj\ 77#7?:75\ What will be rice fields changed -- the city or the forest?
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The future of rice fields
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Selective breeding against global warming
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Sustainability in future of rice cultivation
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Rice in East Asian culture
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Rice as food
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Why has rice become so special among grains?
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Lineage of rice cuisine
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Rice flour products, e.g., noodles
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Sweets made by rice
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White rice
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Rice as beverages
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Rice as seasoning
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A little modified white rice cuisine
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Rice as a material creating new foods
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Rice and our lives
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Rice in the creation myth
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Rice planting festival
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Rice cultivation and birds
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Rice and its cultivation in old poems
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Rice cultivation seen at the ukiyo’e
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Rice cultivation seen in old illustrations
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(&2} Rice terraces
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Texts in English
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Prologue — learning, knowing, thinking, and deepening “rice”

Rice plant (Oryza), rice, and rice fields are all too familiar to the
Japanese people. First of all, what is rice as botanical sense? How
did wild rice, which natively inhabited in the fields without human
intervention, evolved to the cultivated rice plant that produces
rice? How has the history of people’s activities surrounding rice
affected the local nature and culture, and what will happen in the
future? In this exhibition, we look back at rice plant, rice, and
rice fields from various angles, and remind “What is rice?”” from
a perspective unique to our museum, Museum of Natural and
Environmental History, Shizuoka.
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Rice as a crop, rice in botany

Rice is one of the world’s three major grains, along with wheat and
corn. The world’s rice production amounts to 755.47 million tons
(based on milled rice in 2021), and in terms of the amount that goes
directly into people’s mouths, rice is the most consumed grain in
the world. Rice plant, which produces rice, is cultivated mainly in
Asia, where the climate is warm and rainy. Over the thousands of
years of cultivation history, rice varieties have been selected around
the world to suit the environment, climate, and tastes, resulting
in a wide variety of rice forms, cultivation methods, and cooking
methods. Here, we look back “What is rice?” in the botanical sense,
as well as the variety of the cultivated rice plant and rice.

Evolutionary history of rice

A plant family Poaceae, which includes rice plant, belongs to the
monocotyledones, which has a single leaf when it first germinates
from the seed. The other families close to the Poaceae contain,
e.g., pineapples, cyperus, and rushes. Genus Oryza comprises 23
known species/subspecies of rice plant, of which only two species,
Oryza sativa originated from Asia and Oryza glaberrima in Africa,
have been cultivated. The latest rice DNA research revealed that
“japonica” and “indica” types, which have been once recognized
as subgroups of Oryza sativa, actually evolved from different
species.
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Specimens of rice plant of Oryza

Twenty-three species/subspecies of rice plant of the genus Oryza
are known in the world. Of these, dried specimens of 17 species are
shown here. Which ones are species providing rice that we eat?
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Morphological characteristics of rice plant

Comparing specimens of various species of the genus Oryza, it can
be seen that the basic structure of leaves and flowers is the same.

The stem is cylindrical and hollow inside. It makes that the flexible
and light like a stem of bamboo, allowing to be able to grow rapidly.
The flowers are wind-pollinated, meaning that the pollen is blown
away by the wind. Since there is no need to be carried pollen by
insect, the petals are degenerated and inconspicuous. The floret has
lemma (protective glume) and palea (inner glume) on the outside
and inside, respectively, which later becomes rice hull and protects
the seed (brown rice).

A stainless steel sculpture,“Germination of wild rice”
TANABE, Mitsuaki 2002
Hiyoshinomori Garden Art Museum, Yokohama

This is a stainless steel sculpture with a wild rice motif. Wild rice
populations are declining all over the world. The artist, Mitsuaki
Tanabe, realized the importance of conservation of wild rice, and
has been working to preserve the natural habitat of wild rice through
his sculptures. The sculpture “Germination of Wild Rice” is one
of his works with such a message, and depicts a wild rice plant
germinating, with its large, curved roots about to pierce the ground.
The long, stick-shaped part is the awn. This is a common feature in
wild rice, but many of the rice we eat today have short and vestigial
awns due to years of selective breeding. This work was exhibited
at the Japan-Romania Cultural Exchange Exhibition 2002 and
received the Brancusi Encouragement Award.
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Recommended varieties of paddy rice in Shizuoka Prefecture

“Recommended varieties” are prefecture-determined excellent
ones of crops, which are recommended to disseminating in each
prefecture. In Shizuoka Prefecture, as well as the Japanese major
“Koshi-hikari,” many recommended varieties, which is congenial
to grow in this region, are cultivated in Shizuoka Prefecture, such
as: “Milky Queen,” a stickier version of Koshi-hikari; “Niko-
maru,” resistant to high temperature in summer; and some sake
rice varieties, e.g., “Homare-fuji” and “Reiwa Homare-fuji.”
Morphological and ecological aspects, including height of plant
body, length of ear, size of paddy, and harvest time, are vary
depending on the variety. Here, recommended varieties of paddy
rice, experimentally cultivated this year at the Shizuoka Prefectural
Research Institute of Agriculture and Forestry, are shown.

Native varieties of unhulled rice

Recently, research institutions at the national or prefectural level
have usually been responsible for improving rice varieties, but
until the beginning of the 20th century, this work was carried out
under the initiative of the private sector. From the Edo period to
the mid-Showa period, it was said that a single farmer had multiple
varieties, and that there was huge number of varieties. Such
varieties, still exist in small numbers in particular region, are called
“native varieties.” In these varieties, the height of the plant body
and the shape of the unhulled rice are diversified, and some have
characteristics different from current varieties, such as varieties with
a long whisker-like awn (“nogi”) developing on the hull.
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Clues to explore history

Wild rice that lived in the fields became cultivated rice plant
producing rice in China, and after that the rice cultivate culture was
introduced to Japan across the ocean. In the Yayoi period, along
with the paddy rice cultivation spread, rice farming became a central
matter for people’s lives; subsequently the rice supported people’s
social lives as “currency,” sometimes became a source of war, and
remains an indispensable part of our diet even today. Recently the
history of Japanese rice cultivation was revealed by tracing the
“fossils™ of rice. Here, we look back the history since the time over
3000 years ago.

Exploring the existence of rice

The carbonized rice found in the ruins provides conclusive evidence
to find out whether the Japanese people were eating rice at then. On
the other hand, plant body such as uncarbonized seeds and leaves
is easily decomposed, so they rarely remain as fossils. Exceptions
include are the plant silicates contained in leaf cells and the pollen.
Both are made of strong materials, and may be stored for a long time.

Exploring evidence for rice-eating habit

Charred marks on carbonized rice and earthenware have been found
at Yayoi period ruins across Japan. Carbonized rice includes rice
hulls that have become hardened and carbonized in the soil, and
rice that has been charred by cooking; it is found singly as a rice
grain or aggregation of grains like a block. In Shizuoka Prefecture,
trace of old rice paddies and carbonized rice of the late Yayoi period
(100-300 AD) have been found at, e.g., Toro ruins (Suruga Ward of
Shizuoka City), Nagasaki ruins (Shimizu Ward of Shizuoka City),
Kadoue ruins (Nishi Ward of Hamamatsu City).

Exploring varieties of rice

The rice grown in Japan is mainly Japanese rice (japonica), but
it can be further divided into “tropical japonica” and “temperate
japonica” based on appearance and genetic characteristics. Analysis
of the DNA of rice obtained from the ruins reveals that, during the
period from the Yayoi period to the Middle Ages of Japan, cultivated
rice in Shizuoka Prefecture was a mix of tropical and temperate
japonica. Note that tropical japonica is a group of varieties that are
adapted to tropical slash-and-burn farming areas.

Exploring the beginnings of rice cultivation

Although it is said that paddy rice cultivation was introduced during
the Yayoi period in Japan, is it possible that rice cultivation was
practiced before that? So far, no “rice fossils” such as carbonized
rice, pollen, or silicic acid bodies that can be definitively identified
as rice have been found in soil from the Jomon period. On the other
hand, traces of rice, millet, and legumes have been discovered in
pottery from the late Jomon period, and some researchers believe
that the Jomon people, who have been thought to be hunter-
gatherers, were also cultivating crops. Rice can be grown without
paddy fields in, e.g., the slash-and-burn farming areas of Southeast
Asia, so it is no wonder that there were Jomon people who
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cultivated rice by sowing seeds. Towards our better understanding
about the history of rice cultivation in Japan, rice cultivation around
the world is shown in the next section.
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Rice cultivation, skillfully fitting local, natural environment

Rice cultivation, which is said to have originated in the Yangtze
River basin of the country, can now be seen all over the world,
mainly in the tropical and temperate regions of Asia. Many people
may think water-filled rice fields (paddy fields) for rice cultivation,
but that is not the only environment to grow rice. Various varieties
of rice plant have been created depending on various environments
around the world. Great diversity of the rice and its cultivation
are the result of the history of human activities living in various
environments around the world.

Diversity of rice cultivation in the world

In the mountainous regions of Asia where water is difficult to
obtain, rice called “upland rice” is grown by a traditional slash-and-
burn farming method. In contrast, in tropical low-lying wetlands
that become floodplains during the rainy season, a variety of rice
plant called “floating rice,” attaining several meters in length as the
water level rises, grows. In addition, rice cultivation using large
machinery on large farms is seen in, e.g., Europe and Americas.
The rice cultivation, which skillfully takes advantage of the local
environment, is practiced all over the world.
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Diversity of rice grains and ears in the world

Rice grains vary from long and thin to round. Many people may
feel that two major groups of Asian rice, japonica and indica, are
different in shape. The rice also has a variety of stickiness and
aroma, and various cooking methods, suit the characteristics of
the local rice, have been known all over the world. Here, a part of
variety of rice grains and ears of rice plant from around the world
is shown. Can you see the difference in color and shape between
them?

Paddy rice

Paddy rice is a kind of rice plant grown in paddy fields filled with
water. It is cultivated using a method that matches the inherent
characteristics of rice plant, which is a semi-aquatic (emerging)
plant. The soil in the paddy field has fine particles and is clayey, so
it is best described as sticky or squelchy. This unique soil structure
is maintained through the repeated farming process of filling the
soil with water in the spring, draining it in early summer, adding
water just before the ears emerge, draining the water again before
harvesting, and plowing in late fall.

Upland rice

Rice grown in upland field is called “upland rice.” It is cultivated
in many parts of inland Asia, especially in mountainous areas,
because it has the advantage that can be cultivated even in areas,



where water is difficult to obtain, and that can be sown directly,
i.e., puddling or seedling transplanting are not necessary. However,
its yield and taste are rather lesser than that of rice grown in paddy
fields, and thus, for example, upland rice products occupy only a
few percent of the total rice products in Japan. The soil in areas
where upland rice is cultivated is not only clayey as in rice paddies,
but also sandy soil derived from volcanic ejecta.

Floating rice

Floating rice is a special type of rice found in Southeast Asia, South
Asia, Africa, and South America, and is cultivated in low-lying
wetlands where heavy flooding occurs during the rainy season, with
water reaching depths of several meters. Even in such places, the
leaves remain above the water, allowing the stems to grow longer
and longer as the water level rises. When the water level rises, it
grows by 20 to 25 cm in a day, and large ones are said to reach over
10 meters in length. When the water level drops, the leaves and
stems that were floating on the water surface fall down, and the rice
that grows on the ears of rice can be harvested.
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Historical changes of ecosystem in the rice fields

Environment of rice fields and the creatures living there have
changed greatly in Japan over the past 3000 years. Initially, it was
an environment inhabited by a variety of creatures, but, during the
Edo period, when the rice productivity and stricter management
were drastically improved, all living creatures other than rice were
kept away and treated as “uninvited.” While some creatures have a
small impact on rice cultivation, the others appear as weeds, pests,
and pathogens that cause farmers to suffer. Historical changes of the
relationships between humans and the other creatures in rice fields
are followed here.

Rice fields as the origin of Japanese cuisine

Rice fields and the surrounding waters were originally inhabited by
many creatures such as fish, frogs, shellfish, and insects, and larger
birds and animals also visited for predating of them. In other words,
rice fields were a place for producing not only rice but also animal
protein. The origin of sushi, a representative Japanese dish, was
born from this encounter between fish and rice. Among the insects
found in rice fields, locusts and rice grasshoppers were commonly
eaten by Japanese people. Eating insects is a hot topic these days,
but we have been eating insects since ancient times.
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Decline of species diversity

Many of the creatures living in rice fields were once common, and
could be found everywhere. Especially since the mid-twentieth
century, when modern agriculture way was introduced, many
creatures have decreased or disappeared due to changes in the
environment by farmland development, the effects of pesticides and
herbicides, the loss of reservoirs and thickets from the surrounding
satoyama environment, and the effects of predation by non-native
species. Some of fish and aquatic insects once seen in the rice fields

are now considered endangered species, and at least two species of
diving beetle, viz., Cybister chinensis and Hydaticus satoi, appear to
be already extinct from Shizuoka Prefecture.

Invaders in rice fields

Invasive species that have introduced into Japan in modern times
are also commonly seen in rice fields. The American crayfish,
listed as a specified alien species recently in Japan, was introduced
from North America in the 1920s, the rice weevil, a rice pest, was
introduced from North America in the 1970s, and the golden apple
snail was introduced from Taiwan in the 1980s. These alien species
are still thriving and expanding their influence, in contrast to the
decline of native species. Prehistoric naturalized plants that came
along with the introduction of rice can also be seen in rice fields and
their surrounding areas.

Influence of pesticides

“Akatonbo” is the common name for dragonflies of the genus
Sympetrum, and seven species, including Aki-akane (Sympetrum
frequens), breed in rice fields in Japan. The population size of
Akatonbo, which represents feature of autumn, has decreased
dramatically across Japan in recent years. First, around 1970, the
modernization of irrigation systems led to a decline in the number of
Miyama-akane (Sympetrum pedemontanum elatum). In the 1990s,
the number of Noshime-tonbo (Sympetrum infuscatum) and Aki-
akane began to decline, and it is thought to be related to the spread
of neonicotinoid pesticides. Currently, habitation of various species
of Akatonbo is in a critical situation throughout Japan.

Weeds, pests, and pathogens

Three major uninvited things for rice cultivation are weeds, insect
pests, and pathogens. Weeds grow more vigorously than rice,
and weeding has used to be the most labor-intensive task in rice
cultivation. Insect pests such as planthoppers and pathogens such
as rice blast were so terrifying that, in severe cases, they could wipe
out the harvest of many villages. The history of rice cultivation is, in
other words, the history of struggle against them. What’s more, they
are truly troublesome beings, because, the more we try to eliminate
them, they become more vicious.

Regional extinction of a frog subspecies

A frog Pelophylax porosus brevipodus is endemic subspecies
to western Japan. Although it originally inhabited in wetlands,
after humans started growing rice, rice paddies became its new
habitat. Such creatures are called “agriculture-dependent species.”
The eastern limit of distribution of this subspecies is at Shizuoka
Prefecture. It was also seen in the central part of the prefecture until
the 1980s, but it rapidly declined after that due to the re-zoning
of rice fields, abandonment of cultivation, and pesticides, and its
distribution area has narrowed by about 90 km in these 40 years.
The day may soon come when this adorable frog will no longer be
seen in Shizuoka.

Rice fields, attacked by increased beasts
Another “uninvited” threat to agriculture, including rice cultivation,

is large mammals such as deer, wild boars, and bears. If they
harm crops, they are considered to be pests. Its damage, seems to
have been occurring since the Nara period, does not only cause
economic losses, but also causes serious damage by reducing
farmers’ motivation to work. It can also happen a direct threat to
people working in agriculture. In recent years also, animal damage
frequently occurred, and countermeasures are being taken such as
surrounding rice fields with electric fences.
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What will be rice fields changed — the city or the forest?

The area of rice fields is decreasing year by year in Japan. The
main causes of decline are conversion to residential land and
abandonment of cultivation. After rice fields are abandoned,
fallow fields may be temporarily modified into wetlands with rich
biodiversity, but after that they dry up and change from grasslands to
forests. Through this process, the creatures that originally inhabited
in rice fields, preferring wetlands and floodplains, disappear. Loss of
the richness of ecosystems and biodiversity is not only caused in the
case when the land is leveled with concrete.

Selective breeding against global warming

In recent years, the lowering in rice quality due to rising temper-
atures has become a problem. The grains of the “non-glutinous rice”
we usually eat are a transparent, milky white color, but if the grains
are exposed to high temperatures during the ear growth period, they
will suffer from poor growth and become cloudy and look unsightly.
Koshi-hikari, Japan’s representative rice variety, is sensitive to
high temperatures, and as temperatures have risen in recent years,
production has been decreasing year by year. In order to prevent that
we will be not able to eat delicious rice due to the progress of global
warming, efforts are being made to improve varieties of “high-
temperature tolerant” rice.

Smart agriculture

“Smart agriculture,” which utilizes cutting-edge technologies
such as robots, Al, and I0T, has recently begun to be used in rice
cultivation. This is expected to improve the efficiency of agricultural
work, pass on technology, increase yields, avoid increases in
production costs and environmental impact, and even resolve the
serious issue of the decline in the number of agricultural workers.
In the near future, rice farming may become a reality without the
trouble in rice planting and harvesting using robotic agricultural
machinery, growth management using drone aerial images, and
water quality and quantity adjustment using water management
systems.
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Sustainability in future of rice cultivation

Since the beginning of organized paddy rice cultivation in Japan,
paddy fields have been repeatedly excavated and destroyed by,
e.g., floods and volcanic ash fall. In the geological cross section
exhibited here, you can see the history of agriculture having be
adjusted to nature transition, where paddy fields and non-cultivated
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wetlands were alternatively overlain several times from the Heian
period to modern times on that of Nara period. On the other hand,
in Europe modern rationalism, which incorporates the results of
natural science, was born, an idea that explored and controlled
the laws of nature. This idea was introduced in Japan after the
Meiji period, and, as a result of the spread of industrial rice paddy
cultivation, many of paddy ecosystems in Japan have now lost their
diversity, and the sustainability of paddy rice cultivation itself is
also being lost.

Brief notes on a surface peel specimen of strata in middle
Shizuoka (Agetsuchi), showing traces of rice cultivation

1 Middle Kofun period. It is estimated that rice cultivation was
already practiced in this area in the middle of the Yayoi period.
However, at the bottom of this material, around the middle of
the Kofun period, it was covered thickly with a layer of natural
sediment, and no trace of rice cultivation could be seen.

2 Late Kofun period to Nara period. Many scattered white clay
particles, thrown up during plowing, can be seen in the cultivated
paddy soil (slightly dark layer), indicating active rice cultivation
at then. The layer of “Jori-type paddy fields” created by land re-
adjustment projects during the Nara period can also be seen in the
upper part.

3 Heian period. There is a peat layer (darker colored layer) formed
by wetland developing as a result of the rise in groundwater levels,
and there is no evidence of rice cultivation. Among the layers from
this period, a layer of volcanic ash from the Ko’zu-shima Island’s
eruption in 838 can also be seen.

4 Middle Ages (Kamakura period). In the Middle Ages, layers of
paddy field soil appear again. You can see how the ridge between
rice fields, being neglected and not used for about 400 years after
Nara period, was restored/reused at the same area, when the land
was dried by groundwater level falling.

5 Early modern to modern times. A peat layer re-appears on top of
the medieval paddy cultivation soil, superposed by a layer of natural
sedimentation caused by floods. It reveals that rice cultivation in this
area has been discontinued once again. After that the paddy fields
were re-developed in the early modern period in the same place, and
the rice cultivation continued into modern times at there.

6 Future. This material teaches us that people living here have
lived in harmony/adjusting with nature and eaten rice since ancient
times. Can we continue to have such an “ordinal” life in the future?
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Rice in East Asian culture

When walking around through the rice-farming areas of South
Korea or southern China, you may feel like you are somewhere
in Japan. It is probably not only because the food culture but also
the scenery is similar. There are strong similarities between Japan,
China, and Korea in the culture of rice cultivation and eating, both
as a material for art and as an object of rituals and rituals. When you
come into contact with these cultures, you can feel the long history
of interaction between people in East Asia. In this chapter, we
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overview about rice, which has had a great influence on East Asian
culture, with the perspective of “food” and “lifestyle.”

Rice as food

Rice has a variety of uses as a food ingredient. For Japanese people,
rice is an indispensable staple food, and, since ancient times, it
has also been used as a favorite item such as alcoholic beverages
and sweets, as a seasoning, and even as an ingredient for creating
new foods. In other words, rice is like a principal role that supports
our diet, a supporting role, and also a background role that does a
exellent job. Here, a figure of rice is overviewed as a food ingredient
particularly in East Asian countries, i.e., China, where the birth
place of rice cultivation, Korea, and Japan.

Rice production in East Asia

Rice is the most common grain directly eaten (not as powdered)
by people on earth. The world’s rice production is just under 800
million tons in 2021; of these, the highest production is occupied
by the Asian countries (15 of the top 20 countries, 88.6% of total
production), including mainland China with the world’s largest
production (212.84 million tons, 27.0%), Japan (the 12th place,
10.52 million tons, 1.3%), and South Korea (the 16th place, 5.21
million tons, 0.6%). Since rice prefers a warm climate, it was
difficult to produce it in cold regions. However, Hokkaido and other
northern regions have also now become one of Japan’s leading rice
producing regions, thanks to improved varieties that are resistant to
cold and can be harvested earlier.
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Why has rice become so special among grains?

Rice is one of the world’s three major grains. Among various grains,
rice is highly productive, and hundreds of grains of rice can be
harvested from a single seed in less than half of a year. Its ecological
characteristics, which require a lot of water for growth and prefer
a warm climate, make it suitable for the environments of various
parts of Asia, including southwest Japan. On the other hand, paddy
rice cultivation requires a lot of labor, and its success or failure is
directly affected by the yearly condition of natural environment. The
reason why rice may have come to have a special existence since,
working the cultivation tasks, a sense of community and a sense of
reverence for nature gradually developed among people.
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Lineage of rice cuisine

A famous proverb, “There are seven gods in a single grain of rice”
is in Japan. Since ancient times, Japanese people have cherished and
thoroughly used rice in various forms. Straw and threshed rice husks
are used as fertilizer, livestock feed, and bedding, and the rice bran
and white rice that are separated through milling are transformed
into a variety of foods. White rice is chiefly cooked and eaten as is,
but it is also sometimes ground into powder, sometimes fermented,
and sometimes used as an ingredient to create other foods, being
enriching our dining tables and gatherings.
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White rice

Speaking of rice, the first thing that comes to mind is cooked white
rice. This is the simplest yet most common cooking method. Most of
the rice grown in Japan and Korea is Japonica rice (japonica), and
in China, a variety of rice varieties such as Japonica rice and Indica
rice (indica) are eaten. Indica rice doesn’t get a good reputation in
Japan as being “hard and dry,” but that depends on how it’s cooked.
In Thailand and other countries, rice is boiled in a large amount of
water like boiled noodles, and the texture is different from Japonica
rice. Indica rice also has glutinous varieties, which cannot be called
“dry” in general.

Alittle modified white rice cuisine

A variety of menus made with slightly modified white rice are
available in many countries in Asia. Cuisines such as the Japanese
soul food “onigiri” (a variety of rice balls, including “shio-musubi,”
the best one just by seasoning them with a little salt), the Chinese
fried rice “Chaofan,” and the Korean “bibimbap” are all simple but
make you feel the cooking style of each country. There are many
other rice-derived, familiar foods in this region; examples include
porridge as a staple breakfast in various parts of Asia, a variety of
cuisine made by steamed glutinous rice (e.g., sekihan, okowa, and
chimaki in Japanese), and rice cake.

Rice flour products, e.g., noodles

Rice noodles are not rather common in Japan. In southern China,
it is called “mifén” (pronounced “bi-hin” in Fujian province and
Taiwan) and is considered to be one of the staple foods. Even in
neighboring Vietnam, a variety of rice noodles, having different
cross-sectional shapes, thicknesses, and textures, is known such
as Pho, Bun, and Hu tiu. Rice noodles are attracting attention
because they are gluten-free, but the culture of using rice as flour
has developed in Asia and Africa, and is not seen in Europe and
America, where foods made by wheat flour is staple.

Rice as seasoning

There are many seasonings made from rice products, e.g., rice
wine and rice malt, and rice itself. “Mirin” (a type of sweet rice
wine) is made by glutinous rice adding rice malt and alcohol and,
for creating a sweet taste, aging it to break down the starch. Acetic
fermented sake becomes rice vinegar. Production quantity of rice
miso (such as “Shiro-miso™), which is made by fermenting soybeans
with rice malt, far exceeds that of barley miso or soybean miso (such
as “Hatcho-miso”). Although they are all standard seasonings for
Japanese cuisine, they are said to have originally been introduced
from China (there is also a view that mirin originated in Japan), and
later diversified independently in Japan.

Sweets made by rice

Pounded glutinous rice becomes rice cake (“mochi”), kneaded non-
glutinous rice flour becomes dumpling (“dango”), and kneaded
glutinous rice flower (“shiratama-ko™) with sugar and starch syrup
becomes “gyu’hi.” It’s curious because once rice is turned into a
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paste such like these, it quickly becomes an indispensable foods
in sweets shops. As well as Japanese sweets using gyu‘hi such as
“Habutae-mochi,” “Nama-yatsuhashi,” and a newcomer “Fruit
Daifuku,” various sweets are also known made by mochi/dango
cmbined with sweetly cooked red beans, such as “Oshiruko,”
“Kushi-dango,” and “Daihuku.” Traditional baked sweets such as
“Senbei,” “Okaki,” and “Arare” will also give you a taste of Japan.

Rice as beverages

In Asian countries, a pronounced rice-producing region, there are
many alcoholic beverages made by alcoholic fermentation of rice,
such as “Japanese sake” (rice wine), “Makgeolli” (an unrefined
sake from the Korean Peninsula), and “Shaoxing wine” (a rice wine
originated in Shaoxing, Zhejiang Province, China). And, distilled
spirits, e.g., “Kome-sho’chu” (a rice white liquor in Japan) and
“Awamori” (a kind of spirits in Ryukyus), are also well-known in
this region. Rice wine is also essential as for a sacred sake, offering
to the gods. Traditional sweet rice drinks that are not fermented with
alcohol are also known in various places, such as “Amazake” (found
in Japan), “miki” (Ryukyus), “shikke” (Korea), and “Jiuniang”
(China).

Rice as a material creating new foods

Creating unique foods by combining rice with other ingredients has
been practiced in Asia countries for a long time. In Japan, “Nare-
zushi” (said to be origin of Sushi), typified by “Funa-zushi” that is a
specialty of Shiga Prefecture, is made by marinating fish in salt and
rice and fermenting it with lactic acid for, in some cases, few years.
“Nuka-zuke” (rice bran pickles) is made by pickling vegetables
in a rice bran bed made by combining rice bran and salt water
and fermenting with lactic acid; “Natto” (fermented soybeans) is
made by wrapping boiled beans in bundles of straw and fermenting
them with natto bacteria attached to the straw. These are traditional
techniques that makes you feel the long and deep relationship
between rice and people.
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Rice and our lives

Since ancient times, rice and rice cultivation have been written in
poems, painted in historical illustrations, and played an important
role in the creation myths in Japan. Rituals to pray to the gods and
ancestors for a bountiful harvest and to give thanks for the fruit
have been passed down throughout East Asia, and the similarities
in Japan, Korea, and China reflect the history of cultural exchange.
Rice cultivation, which changes over time, modifies also the
landscape, and the beautiful and unique rice cultivation landscapes
that remain in various places are sometimes attracting attention as
local tourism resources. The places where rice comes to life are not
just at the dining table or at banquets.

Rice in the creation myth

“Kojiki,” the oldest existing traditional book in Japan, records that
rice, silkworms, millet, adzuki beans, wheat, and soybeans were
born after Ogitohime’s death, and similar stories are told in the
other old book “Nihon-shoki.” Rice must have been recognized as

SRR —

an important grain in Japan from the time of its creation. On the
other hand, in the mythology of the Korean Peninsula, there is an
anecdote that when Jumong, the founder of Goguryeo, received
grain from his mother at the time he founded the country, he forgot
to bring wheat only. It seems to reflect the fact that wheat was once
a more important crop than rice on the Korean Peninsula.
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Rice planting festival

“Otaue-matsuri” (rice planting festival) is a ritual that has been
passed down at temples and shrines throughout Japan since ancient
times. Prior to rice planting, rice seedlings are planted in “Shinden”
(holy paddy fields) in order to pray for a bumper harvest that
year. At Oguni Shrine in Mori Town (Shuchi District, Shizuoka
Prefecture), the rice planting festival called “Oguni Shrine Ta-
asobi” has been held for over 340 years, and has been designated
as an “Intangible Folk Cultural Property” and “Intangible Folk
Cultural Property should be recorded” by Shizuoka Prefecture and
the Agency for Cultural Affairs, respectively. Similar festivals are
held in South Korea and Yunnan Province in China, representing
the deep relationships between Japan, China and South Korea since
ancient times.

Rice cultivation and birds

According to Hidesaburo Hagiwara’s “The Rice Plants, Birds, and
Path of the Sun,” bird-shaped wooden statues have been unearthed
from ruins with traces of rice cultivation in various places in Japan;
and, similar wooden statues are noted to be also used in the customs
of the rice-cultibation areas in the Yangtze River basin in China and
the Korean Peninsula. The belief in birds can also be seen as guides
to unexplored lands, similar to the Tencho-fune and Yata-garasu in
Japanese mythology. Such wooden statues have also been excavated
from the Toro Ruins (Suruga Ward, Shizuoka City), and we can feel
the beliefs of people in the Yayoi period.

Shinsen: rice products offering to the gods

“Shinsen” is the items offerings to the gods that have been passed
down throughout Japan since ancient times. Rice, sake (rice wine),
and rice cake are often used in shinsen, which shows how important
rice has been to the Japanese people. In the Shintoism, it is believed
that the gods and people can become one through an event “Naorai,”
in which the foods offering to the gods are taken after that. In
addition to the first ear of rice of the season offered at Shinto rituals
such as the Kanname-sai and Niiname-sai festivals, rice, sake, and
rice cakes offered at “Kamidana” (a household Shinto altar) are also
considered as shinsen.
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Rice and its cultivation in old poems

“Man’yo-shu” is a collection of “waka” (the Japanese poems)
from the Nara period that consists of approximately 4,540 waka
composed by people of various social statuses, from emperors to
farmers. It includes many poems with the words related to rice,
such as early rice, seedling, panicle, and rice field. There are early,



middle, and late rice varieties that are harvested at different times,
and the fact that there are many waka about early rice may be an
expression of the feelings of people at the time, who looked forward
to the harvest. Poems about agriculture, such as rice harvesting, can
be also found in China’s oldest collection of poems “Shijing” (ca.
11th to 7th century BC).
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Rice cultivation seen at the ukiyo'e

“Tokaido” was a highway that was constructed during the Edo
period and supported transportation between Edo and Kyoto in
Japan. The 53 stations of the Tokaido Road, a collection of ukiyo’e
prints made by Hiroshige Utagawa and others showing the human
patterns of those 53 post towns, is said to have been inspired by
the Ise pilgrimage that was popular at the time. However, there are
many drawings of rice cultivation and rice-cake pounding at the
time. Despite not being the original subject matter, these landscapes,
which are drawn in such a natural way, may suggest the closeness
between the lives of people at the time and rice and rice cultivation.
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Rice cultivation seen in old illustrations

On the special large “ema” (a votive tablet) dedicated to shrines
throughout Japan since the Edo period, you may be able to see
scenes of rice cultivation in each era, with drawings of them praying
for a good harvest. The Illustrations of Agricultural Works by Four
Seasons, which summarizes agricultural work throughout the year,
draws the sowing, planting, harvesting, and breaks in the works. The
process of rice cultivation is also drawn in detail in the Cultivation
Weaving Illustrations, which began to be painted in China during
the Southern Song Dynasty (1127-1279) and later influenced
painters in Korea and Japan.
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Alandscape changing over time

Based on maps compiled since 1894 and aerial photographs taken
since 1945, both of which are provided by the Geospatial Informa-
tion Authority of Japan, you can follow the progress that even in
the southern part of Shizuoka City, where our museum is located, a
rice-cultivation area has rapidly turned into factories and residential
areas. The introduction of modern agriculture and changes in our
lifestyles in recent years continue to provide drastic change to the
natural environment around us on a landscape scale. Naturally, the

impact on local biodiversity has also been enormous. What more
will we lose, and what will we leave behind?
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Rice terraces

Rice terraces look like terrace decks spread out between the
mountains. The unique and beautiful landscape that skillfully
utilizes the steep topography and its effects on biodiversity
conservation have been attracting attention in recent years, and
have been receiving increasing praise in recent years. It is, however,
estimated that approximately one-third of them has disappeared
in Japan over the past 30 years, due to poor cultivation efficiency.
Among the rice terraces that can be found widely throughout
Asia, there are many that have been certified as FAO’s “Global
Agricultural Heritage Sites,” such as the Red River Hani Rice
Terraces in Yunnan Province, China. There are many rice terraces
also in Shizuoka Prefecture, including five areas listed in “Top 100
Rice Terraces in Japan” selected by the Ministry of Agriculture,
Forestry and Fisheries (1999).
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Epilogue

Rice cultivation is said to have originated in China about ten
thousands years ago. Since then, people transported rice all over the
world, including other parts of East Asia such as Korea and Japan,
and repeatedly improved varieties to make it suitable for cultivation
in each region. Rice cultivation does not only provides rice as a
food ingredient, but also has a great impact on the local natural
environment and culture. Rice is now the most commonly produced
one as the directly eaten grains on earth, and, even in Japan, which
has a food self-sufficiency rate of 38%, it has become an excellent
grain that boasts a self-sufficiency rate of almost 100%.

In modern agriculture, including recent major rice cultivation,
productivity has been increased using chemical fertilizers and
pesticides. However, it is no doubt that this type of agriculture is
no longer sustainable from a management and local biodiversity
perspective. Small-scale recycling farming methods, such as
pesticide-free or reduced pesticide farming, are gaining some
support, but at present they are not enough to provide food for the
Japanese people. The future of supplying crops, relying on imports,
is also uncertain.

So, what should we do from now on? We must literally gather our
wisdom and search for solutions, towards we can keep on enjoying
delicious rice during next 100 years.
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