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SPECIAL FEATURE : Crop Genetic Resource Initiatives

Research on Rice Germplasm

Rice is a vital crop that serves as the staple food for
a significant portion of the world’s population. In Asia,
in particular, the majority of people rely on rice as their
primary food source. Rice cultivation is deeply rooted in
the region’s economy and culture, and it plays a crucial role
in food security. However, rice production faces numerous
challenges, including global warming and the growing
demand for food driven by population growth. To address
these challenges by utilizing improved varieties, the study
and utilization of rice genetic resources is essential.

At JIRCAS, located in Tsukuba and Ishigaki, we
introduce and preserve a diverse range of rice varieties and
related wild species (Photo 1) from around the world through
international collaboration. This preservation is crucial for
protecting the diversity of varieties that possess resistance
to various environmental conditions and pests. For example,
we store varieties that can thrive in low-fertility soils
or withstand salt damage, securing the stability of food
production by preserving varieties with essential genes for
future environmental changes.

The introduced genetic resources are cultivated and
thoroughly studied for their characteristics, such as rice
yield, brown rice quality, heading date, and resistance to salt
damage and diseases (Photo 2). This allows us to understand
which varieties are best suited to specific environmental
conditions. Proper management of these genetic resources
forms the foundation for their future utilization, particularly
in discovering resources with resistance to climate change

Photo 1. Wild species of rice (Oryza longistaminata) growing in
Zambia

and emerging pests, which is critical for future food
production.

For the useful traits discovered in these studies, genetic
analysis is conducted to identify the genes responsible for
these traits. The results of genetic analysis provide vital
information for efficiently selecting varieties with valuable
traits during breeding. Based on these genetic analyses, we
develop breeding materials with beneficial traits and apply
them in crop improvement.

As global warming progresses and extreme weather
and natural disasters become more frequent, food production
is becoming increasingly unstable. In this era, the diversity
of genetic resources, not only for rice but also for other
crops, is key to enhancing the resilience of food production.
By utilizing diverse genetic resources, we can minimize
the impact of extreme weather and pests, ensuring a stable
food supply. At JIRCAS, we are working on research
and development of rice production in collaboration with
national agricultural research and extension systems
(NARES) partners such as Vietnam, Laos, Bangladesh,
Indonesia, Cambodia, the Philippines, and Zambia, as well
as international research organizations such as IRRI and
AfricaRice.

SAITO Hiroki, KUNIYOSHI Daichi,
KOBAYASHI Nobuya
Tropical Agricultural Research Front
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Photo 2. Screening rice germplasm for salinity tolerance

JIRCAS Newsletter No.97 2024— [



© 000000000000 0000000000000000000060000000000600000

EESPECIAL FEATURE : Crop Genetic Resource Initiatives

|

Sugarcane Improvement Using Wide Crossing with
Diverse Wild Genetic Resources

Sugarcane (Saccharum L.) is grown in over 90
countries, primarily in tropical and subtropical regions,
and boasts the world’s largest production volume with
approximately 1.9 billion tons. Its continuous ratooning
ability, which allows the stalks to regenerate from
underground stubbles after the above-ground parts are
harvested, results in lower production costs by eliminating
the need for yearly replanting. Sugarcane also uniquely
accumulates high concentrations of sucrose in the stalks,
contributing to approximately 80% of the world’s sugar and
40% of its bioethanol production. Additionally, in recent
years, there has been a rise in the production of biochemical
products such as bioplastics made from sugars and electricity
generated from bagasse, the fibrous residue left after
sugarcane juice is extracted. Therefore, sugarcane plays a
crucial role in increasing the production of sugar, bioenergy,
and biochemicals to meet the needs of the growing world
population and achieve a decarbonized society. While
further improvements in sugarcane productivity are
expected, there are concerns about stagnation in sugarcane
improvement as well as the negative impacts of climate
change on production. Thus, expanding genetic diversity
and introducing useful traits through breeding use of
underutilized wild genetic resources have become critical
challenges for improving productivity and resilience to
environmental stress.

JIRCAS has focused on using wild genetic resources
for sugarcane improvement, specifically the wild sugarcane
(S. spontaneum L.) with superior ratooning ability and
Erianthus (Erianthus spp.) with deep roots and excellent
drought adaptability (Photo 1). Breeding technologies
for these resources are being developed at the Tropical
Agriculture Research Front of JIRCAS. Additionally, genetic
resource collection and evaluation and variety development
through breeding use of the resources have been conducted
through international collaborative research with Thailand,
where we have collected over 300 accessions of wild
sugarcane and more than 150 accessions of Erianthus
genetic resources. These resources have been evaluated for
productivity under multiple ratoon cultivation during the
dry season, and promising breeding materials have been

Photo 1. Wild sugarcane (left) and Erianthus (right) genetic
resources collected in Thailand

selected. Subsequently, these selected materials have been
crossed with sugarcane to develop a new variety.

In the use of wild sugarcane for sugarcane improvement,
interspecific hybrids were selected, focusing on sugar and
bagasse yields in multiple ratoon cultivation. As a result, we
have developed the new sugarcane variety, ‘KK4,” which
can produce approximately 1.5 times more bagasse due to
its higher fiber content while maintaining a similar sugar
yield as conventional varieties. In 2023, the Department of
Agriculture in Thailand adopted ‘KK4’ as a recommended
variety. With ‘KK4’ endorsed as the recommended variety,
the Department of Agriculture has established a system for
producing seed canes for commercial use. Furthermore,
in Japan, we have developed ‘Harunoogi,” a variety with
excellent sugar and bagasse productivity in multiple ratoon
cultivation, in collaboration with the National Agriculture
and Food Research Organization. In the use of Erianthus,
we have developed intergeneric hybrids and shown that its
deep root characteristics can be introduced into sugarcane
through intergeneric crossing to further improve sugarcane
productivity and adaptation to adverse environments
(Photo 2). We have also selected new breeding materials with
superior ratooning ability even during the severe dry season
in Thailand. These novel breeding materials worldwide are
expected to be used for future sugarcane improvement.

The world is currently facing the need for substantial
increases in food and renewable energy production under
climate change, along with achieving sustainable agricultural
production with low environmental impact. To address these
challenges, the use of underutilized wild genetic resources
in crop improvement is essential. We believe that sugarcane
has the potential for further improvement due to its unique
ability to produce hybrids with various wild genetic
resources. By leading the breeding of sugarcane using wild
genetic resources, we aim to realize sustainable, high-yield
production of sugars and fibers, thus contributing to global
food and energy production and achieving a carbon-neutral
society.

TERAJIMA Yoshifumi

Tropical Agriculture Research Front
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Erianthus raé4

Intergeneric hybrids‘i
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Photo 2. Growth of ‘KK4’ in the ratoon crops (left) and root
distribution of intergeneric hybrids between sugarcane and
Erianthus
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Utilizing the Diversity of Tropical Fruit Tree Genetic

Resources

In Asia, the world’s largest producer of tropical fruit
trees, a diverse array of tree species and varieties are
cultivated in various growing environments. These trees play
an important role as sources of vitamins and other nutrients,
and they provide significant income for small farmers and
agricultural products for export markets. Although there are
many native cultivars in each region, a few major varieties
dominate cultivation, leading to an extremely limited
number of economically grown varieties overall. Systematic
conservation of genetic resources is essential to counteract
the loss of diversity as native cultivars are replaced by these
major varieties.

Mango (Mangifera indica) is considered to have
originated in the areas from India to the Malay Peninsula.
As a representative tropical fruit, it is widely cultivated
in tropical and subtropical regions of the world, and is
the world’s second-largest tropical fruit tree in terms of
production (banana and pineapple are the first and third,
respectively). More than 70% of the world’s production
occurs in Asia, including India, the largest producer
(approximately 25 million tons, FAO 2021). It is said that
there are more than 1,000 mango varieties in the world.
However, unlike bananas and pineapples, there has been no
organized effort to develop plantations, systematic breeding,
or cultivation techniques. As a result, there is a diverse
range of preferred characteristics and varieties produced
in each country and region. In Japan, approximately 3,500
tons of mangoes are produced annually, mainly in Okinawa,
Miyazaki, and Kagoshima prefectures, but in terms of
varieties, the mangoes grown in Japan are practically
monocultural, with the ‘Irwin’ variety accounting for over
90% of domestic production. JIRCAS maintains about 100
mango varieties, mainly from widely distributed sources
around the world, and is currently conducting variety
characterization and evaluation (Photo 1). Diversification of
mango varieties is expected not only to stimulate demand
and increase consumption, but also to help address the
instability in flowering and fruiting seen both in Japan and
overseas, which is thought to be caused by climate change
and global warming in recent years, through appropriate
variety selection.

Passion fruit (Passiflora edulis) production in Japan
is about 500 tons per year, which is small compared to
other crops, but it is the third most produced tropical fruit
in Japan after pineapple and mango. In Japan, there has
been concern about the effects of global warming on the
environment, ecosystems, and agriculture. Taking advantage
of the possibility of increasing the cultivation areas of
tropical crops due to global warming, we can contribute to
food diversification by introducing tropical crops. Passion
fruit is an herbaceous vine that can flower and bear fruit in
the first year after seedlings are planted, making it an easy
crop to introduce to farmers compared to other tropical
fruits. However, it is difficult for passion fruit, which is
native to the relatively cooler regions of the South American
highlands, to flower and set fruit under recent extremely hot
summer conditions in Japan. The development of varieties
that take advantage of heat-tolerant genetic resources (Photo
2) could lead to an expansion of the passion fruit growing
and harvest periods and could contribute to the promotion of
passion fruit production and consumption in the future.

In recent years, unstable flowering and fruiting, which
may be caused by climate change (e.g., global warming,
low or high rainfall, etc.), have become difficult to deal
with using existing cultivars. To address these issues, it is
necessary to diversify varieties based on the evaluation of
the characteristics of indigenous varieties, which have been
underutilized until now, and to stabilize production through
cultivation techniques. Instability in flowering and fruiting
is a major factor that affects the yield and harvest period
of many fruit trees. Addressing these issues through both
varietal and cultivation methods will make a technological
contribution to the local market, and the results can be
used not only overseas but also domestically. In addition,
the establishment of an appropriate seedling management
and distribution system that utilizes variety identification
technology is essential for the certification of superior
varieties as export items and the creation of high value-
added products.

YAMANAKA Shinsuke
Tropical Agriculture Research Front

Photo 1. Diverse mango genetic resources
maintained in JIRCAS

Photo 2. Flower of a heat-tolerant passion
fruit relative (Passiflora alata)
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Estimation of the Impacts of Climate Change on Cowpea, an Important
Crop in the Semi-Arid Regions of West Africa, through a Yield Prediction
Model

—Highlighting the dual challenge of excessive soil humidity and drought—

A collaborative research initiative involving JIRCAS, the National Agriculture and Food Research
Organization (NARO), the National Institute for Environmental Studies (NIES), the University of Tokyo, and
the Institute for Environmental and Agricultural Research of Burkina Faso (INERA) conducted a study on
cowpea — an important protein-source and cash crop in West Africa. The research used detailed data from field
trials to improve the accuracy of yield predictions, particularly under both conditions of drought and excessive
soil humidity. Cowpea yield variations until the mid-century were estimated by applying the yield prediction
model to climate prediction data, such as the latest Coupled Model Intercomparison Project (CMIP6) for global
climate change prediction and the extensive large ensemble climate simulation database (d4PDF).

The results indicate that, although drought is expected to persist in semi-arid regions of West Africa, the
damage is projected to decrease. Conversely, an increase in rainfall days is anticipated, exacerbating yield
reduction due to excessive soil humidity.

Traditional yield prediction models are often based on data from crop trials conducted in regions with
minimal environmental stresses, limiting their applicability primarily to developed countries. In developing
regions like Africa, the lack of detailed field trial data hampers the validation and improvement of yield
prediction models, creating challenges in developing models that accurately capture Africa’s complex
agricultural conditions and predict the impact of impending climate change on crop production.

The findings of the study, indicating an increase in rainfall in the semi- Sudan-Savanna
arid regions and an escalation of damage to cowpea from excessive soil West Africa /.
humidity, will provide new insights into the impact of climate change ,
on food production in impoverished African regions. They also serve to B RS - ssive
stimulate countermeasures such as the development of new varieties tolerant soil humidity
not only to drought but also to excessive soil humidity.

The results of this research have been published in the international
scientific journal Agricultural and Forest Meteorology (November 20, 2023 ] ol
JST) Cash/crop 1

Visualizing the Impact of Nitrogen Load Reduction on Tropical Islands
through the Food Nitrogen Footprint

—Scenario of resource-recirculating agriculture and livestock industry for
30% reduction of chemical fertilizer

JIRCAS, in collaboration with the National Agriculture and Food Research Organization (NARO), has
made a breakthrough in visualizing the impact of reducing nitrogen loading in food systems on tropical and
subtropical islands.

Recent fluctuations in the prices of chemical fertilizers, food, and feed have had a significant impact on
agriculture worldwide. This impact is particularly pronounced in tropical and subtropical islands that rely
heavily on imports. These regions face challenges due to the underutilization of local organic resources rich in
nutrients such as nitrogen. These resources often contribute to nitrogen loading in the environment, leading to
negative impacts on coastal coral reefs and marine ecosystems.

The study focuses on Ishigaki Island in Okinawa Prefecture, a subtropical island known for its vibrant
agricultural and livestock industries. It aimed to assess the nitrogen load of the island’s entire food system,
including imported food and feed as well as exported food. The study also explored scenarios for achieving a
30% reduction in chemical fertilizer use, which is a goal of the Sustainable Food Systems Strategy, MIDORI,
by maximizing the use of livestock manure on farmland. The results showed that by utilizing 70% of cattle
manure on farmland, nitrogen inputs to crop production could be maintained even with a 30% reduction in
chemical fertilizer use, ultimately reducing total nitrogen emissions (nitrogen load) on Ishigaki Island by 18%.

The active use of organic resources from the food system on farmland, combined with reduced use
of chemical fertilizers, not only increases agricultural productivity but also contributes to environmental
protection. The food nitrogen footprint applied in this study holds promise for similar

tropical and subtropical island regions. It aligns with the United Nations Sustainable 8.0
Development Goals (SDGs) and the Sustainable Food Systems Strategy, MIDORI, T
and is expected to aid in the development of strategies to address the recent volatility | ‘g~ ;mn;;on >
in chemical fertilizer prices. i\ P— use‘;ﬁ
<«

The results of this research have been published in the electronic edition of  Reguction in chemical fertilizer use
Environmental Research Letters (July 11, 2023 JST). and nitrogen load

.
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Clarifying the Mechanism of Starch Accumulation in Old Palm Trees

—Toward the realization of a sustainable palm industry that contributes to
environmental impact reduction—

A joint research group from JIRCAS and Universiti Sains Malaysia (USM) has found that the amount of
starch and sugars contained in old oil palm trees is greatly influenced by the growth conditions of the palm and
the environmental conditions of the plantation.

Oil palms are cut down and left on plantations at the end of their life. These abandoned trees not only
become sources of greenhouse gases but also promote the growth of pathogens, hindering the growth of new
seedlings. On the other hand, old palm trees contain starch and sugars, which are seen as promising sustainable
resources for bioethanol and bioplastics.

In this study, we used transcriptome analysis to clarify the factors that affect the starch content in palm
trunks. The results showed that excessive production of infection-specific proteins (PR proteins) in palm trunks
during pathogen attacks inhibits the synthesis and accumulation of starch. It was also suggested that when the
growth conditions of the palm and the plantation environment deteriorate, the plant’s immune system activates,
suppressing starch accumulation.

The findings of this research elucidate the impact of environmental degradation on the starch content in old
palm trees and pave the way for the development of cultivation management techniques that promote starch
accumulation. This makes it possible to efficiently recover old palm trees
from plantations and use their starch as a raw material for high-value-added
products. Ultimately, repurposing what has previously been considered
waste into a valuable resource can help mitigate greenhouse gas emissions
and improve the health of plantations. This circular approach is expected to
significantly contribute to achieving a sustainable palm oil industry.

The results of this research have been published in the electronic version of
Industrial Crops and Products (June 7, 2024 JST).

Elucidating the Egg-Laying Behavior of Desert Locusts Adapted to the
Desert

—Males act as “parasols” to protect females during egg-laying under high
temperatures—

JIRCAS, in collaboration with the Mauritanian National Center for Desert Locust Control, has clarified the
daytime egg-laying behavior of adult desert locusts in harsh desert environments characterized by extremely
high temperatures.

Field surveys conducted in the Sahara Desert revealed that many adult locusts lay eggs in groups at
night. However, some females delayed laying their eggs and did so during the day when surface temperatures
approached lethal levels (over 50°C), periods when most animals refrain from activity. In these high-
temperature conditions, males were found riding on the backs of many egg-laying females, and when the body
surface of the locusts was measured using a thermographic camera, it was found that they maintained lower
body temperatures than the ground surface. This suggests that the males on the backs of females function as
“parasols,” allowing the females to lay eggs while avoiding excessive heat.

In addition to having a high physiological tolerance to elevated temperatures (approximately 55°C), the
males’ role as “parasols” implies that locusts can lay eggs during times when most animals cannot remain active
due to the extreme heat.

From a pest control perspective, paired locusts engaged in mass T Paired fomalo
egg-laying stay in the same spot for several hours, which increases  (exvosed to high temperatures) - (male provides shade)
the efficiency of pesticide application. By applying this ecological
understanding of locust behavior, it is anticipated that pest control
can be conducted with minimal pesticide use, taking into account
environmental and health considerations.

The results of this research have been published in the electronic
version of Ecology (September 15, 2024 JST).

/
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Bolivia Symposium: The Charms of Salar de Uyuni, Quinoa, and Llamas

On Monday, May 20, 2024, JIRCAS and the Embassy of the Plurinational State of Bolivia in Japan
held the “Bolivia Symposium: The Charms of Salar de Uyuni, Quinoa, and Llamas” at the Japan Science
and Technology Agency (JST) Tokyo Headquarters Annex. This hybrid gathering was recognized as a
commemorative event for the 110th anniversary of the establishment of diplomatic relations between Japan and
Bolivia and the 125th anniversary of Japanese immigration to Bolivia.

In the first session on “Quinoa and Llamas,” Dr. Rolando Gregorio Oros Martinez (General Manager of the
PROINPA Foundation) introduced the “Diversity and Charm of Andean Crops,” Dr. Giovanna Rocio Almanza
Vega (Professor at San Andrés University) presented the “Functionality of Quinoa and Bolivian Quinoa
Cuisine,” and Dr. NAGATOSHI Yukari (Project Leader at JIRCAS) discussed the “SATREPS Super Food
Bolivia Project: The Charms of Quinoa.”

In addition, in light of the fact that 2024 is the International Year of the Camel, the Bolivian Ministry
of Foreign Affairs screened a video about camelids (llamas, alpacas, guanacos, vicufias, etc.), explaining
their importance to local communities and to Bolivia’s economy and food security. This was followed by
Dr. TOUKURA Yuji (Manager of Human Resource Development at Obihiro University of Agriculture
and Veterinary Medicine), who spoke about “Camelids in South America — Llamas and Vicufias.” Dr.
YANAGIHARA Seiji (Vice-President of JIRCAS) closed Session 1 on behalf of the organizers.

In the second session, Ms. Natalia Fernanda Salazar Balderrama (Charge d’Affaires ad interim of the
Embassy of the Plurinational State of Bolivia in Japan) introduced Bolivian tourism and culture, and attendees
had the opportunity to taste quinoa dishes and enjoy live performances of Andean folklore music.

A video of the event is available on the “JIRCAS channel” on YouTube.

JIRCAS Mail Magazine (English) Registration Guidance

JIRCAS Mail Magazine, the online quarterly publication of JIRCAS, provides information
on the latest topics, events, seminars, and workshops, as well as new technologies, research
highlights, and guidance publications. To subscribe online, please use the following link.
Thank you very much.

https://www.jircas.go.jp/en/public_relations/jircas_mailmagazine

Errata

There were errors in the ISSN of JIRCAS Newsletter Nos. 91-96.
Correct ISSN: 2759-0933
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