[llluu}'émfﬁlf'ﬁ*c'ﬁl% 11:1—189 (2008)] 185
Bull. Natl. Agric. Res. Cent

Breeding of Rice Cultivars with Novel Traits
for the Hokuriku Region
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Summary

On overcoming the food shortage after the World War II, Japanese economy rapidly progressed and
brought about diversification and westernization of diet lives of Japanese people. Abundant food resources have
been imported from overseas and domestic rice consumption gradually declined. Land productivity of paddy
rice steadily increased and the balance between supply and demand of domestic rice was overturned.
Eventually the overproduction of domestic rice became serious social and financial burdens. The other
problems such as liberalization of world trade, aging and shortage of farmers, abandonment of farm lands and
desolation in rural communities came into the reality.

However, not only the natural environments like climate and soil in the Hokuriku region are suited to rice
cultivation but also the region has advanced as a great domestic base of high quality rice production realized by
the improved infrastructure of paddy fields, soil improvement, cultivar development, and advancement of rice
growing technologies. To the contrary, introduction of the other crops into paddy fields, conversion of paddy to
upland fields, rotation of paddy and upland fields went with various difficulties.

In the present thesis, the author reported the results of breeding of rice cultivars with novel traits and

development of several fundamental technologies related with rice breeding for the Hokuriku region.

1. Present situation of rice growing agriculture in the Hokuriku region and setting up of research
programs

Summer in the Hokuriku region is characterized by hot and humid weather and its winter by cool and
snowy one often encountering heavy snow. In paddy rice farming of the region, natural disasters were relatively
rare. High temperature and abundant sunshine during the rice growing season are favorable to paddy rice
farming. Fertile clay soil and paddy fields suitable to rice cultivation are extensively distributed throughout the
region. To the contrary, the conversion of paddy fields into upland ones is difficult and acid soil obstructing
upland crop cultivation is widely spread and prevented paddy fields from multiple uses.

In order to stabilize the Hokuriku agriculture largely relying on paddy rice farming, not only the reduction
of production cost by expanding a scale of farming but also various countermeasures are considered to be
needed. The establishment of direct-sowing technology becomes essential to expand a scale of paddy field
operated by a farmer and to reduce production cost. The other countermeasures are breeding new rice cultivars
with novel traits, development of cooking and processing technologies to rouse new rice demands, and

breeding and cultivation of fodder rice cultivars for elevating self-sufficiency rate of domestic animal feed, and
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so forth.

Serious natural disasters to paddy rice farming in the Hokuriku region are rice quality degradation caused
by the foehn phenomenon, lodging caused by a long spell of autumn rain and typhoons and cold damage in the
early rice growing season. The most serious disease in the region is rice blast. Blast epidemics are serious in
the Hokuriku region where the highest quality rice cultivar Koshihikari is the most susceptible to the disease
and widely grown in more than 70 % of the total paddy field.

The introduction of upland crops into paddy field or the conversion of paddy to upland fields have not been
successfully progressed due to long snow cover and moisture damage in paddy fields.

By the way, food industries of rice cracker, rice cake and sake have developed in the Hokuriku region. In
order to cope with new demands for processing, restaurant and instant food industries, it becomes important to
breed rice cultivars with novel traits and to develop products with high added value. It gets more significant to
grow rice in the Hokuriku region in order to feed farm animals making full use of the surplus paddy fields.

2. Developing basic technologies required to breed paddy rice cultivars adaptable to the Hokuriku
region

Early to medium maturing cultivars are welcomed in the Hokuriku region, where a rice growing period is
restricted by the delay of melting snow cover and the early coming of autumn cool. Rice cultivars adaptable to
the region have to have tolerance to lodging and resistance to blast disease. The following basic technologies
for improving rice breeding are needed to be developed.

1) Developing an indoor technology to evaluate tolerance to foehn

The foehn phenomena occur often in summer in Hokuriku and cause deterioration of grain quality as well
as yield reduction. Some indoor technique is necessary for testing foehn tolerance of rice cultivars or lines.
When rice plants are stormed by a strong foehn, panicles are bleached and damaged to reduce ripening rate of
rice grains.

This study attempted to identify conditions in which the foehn phenomenon was artificially induced by
using phytotrons in order to select foehn—tolerant rice cultivars and breeding lines. The experimental results
revealed that the most effective conditions to artificially induce the foehn phenomenon were the air temperature
of 30 °C , the air moisture of 40 % , and the wind velocity of 4m/s accompanied with pre-treatment of showering
water for 5 hours before the foehn treatment. This method is extensively employed in the ordinary routine of
rice breeding.

2) Improving the testing technique of field tolerance to blast

The heritability of field tolerance to blast was relatively higher and selection for the tolerance seemed to be
effective in the earlier generation of a rice hybrid population. In the present study, rice hybrid populations in an
early generation were infected with naturally occurring blast in the blast testing nursery and the effectiveness
of mass selection for field tolerance to blast was investigated.

The results disclosed that mass selection in an early generation for field tolerance was very effective to
increase frequencies of tolerant segregants in later generations and that the mass selection in an early
generation was shown to be effective to increase the frequencies of desirable segregants with high palatability
and tolerance to blast in later generations.

The present study has succeeded in identifying green house conditions suited to test field tolerance to blast
of rice materials having true resistance to a certain blast race (or races). The most suitable temperature for
greenhouse tests of field tolerance was shown to be 20~22 C for growing rice seedling and 20~24 C for

incubation after inoculation. Rice seedlings at 4.5 leaf stage were shown to be most susceptible to blast.
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3) Efficient mass-selection making use of rapid generation advance

Rapid generation advance in a green house is popular among rice breeders in Japan. They ordinarily grow
breeding materials in a green house twice a year or more to promote genetic fixation without applying any
artificial selection.

The present study revealed that the mass selection for heading time in the early generation was very
effective to increase frequencies of desirable types in later generations. Days—to—heading is highly heritable but
sometimes continues to segregate for several generations. Breeding lines segregating in days—to-heading were
found to simultaneously segregate a number of desirable types in later generations. The delayed selection for
lines segregating in days—to—hading is considered to be effective to promote genetic recombination to produce
desirable combinations of agronomic traits
4) Relation between lodging tolerance and palatability under different levels of fertilizer application

The high quality rice cultivar Koshihikari is most widely cultivated in the Hokuriku region but has such
faults as weakness to lodging and susceptibility to blast, which are expected to deteriorate grain quality and
palatability. Especially the tolerance to lodging is thought to be more important in the direct seeding cultivation
to save labor and to reduce cost of rice production.

Recently developed high quality cultivar Dontokoi with a semi—dwarfing gene sdI was investigated on the
relation of palatability with tolerance to lodging under heavy application of nitrogen fertilizer compared with the
high quality cultivar Koshihikari.

The result revealed that the semi—dwarf Dontokoi was highly tolerant to lodging and high—yielding under
heavy dressing without deteriorating grain quality and palatability.

5) Exploring and selecting breeding materials with high cold tolerance

Serious cold damages often occur not only in the Hokaido and the Tokoku regions but also in the cool-
temperate zone including the Hokuriku region where extremely early and early rice cultivars tended to suffer
from cold damage in the early and the late rice growing seasons. Therefore various cold tolerant cultivars have
been selected and released in the Hokuriku region but higher cold tolerant cultivars are required to further
stabilize rice production.

The technique developed in this study succeeded in identifying a higher cold-tolerant genetic resource
originating from Nepal. On top of that, promising cold-tolerant breeding materials like “Chubo 59” were
selected. By using them, new cultivars tolerating temperature lower than 19.0 ‘C are expected to be bred in

near future.

3. Breeding of rice cultivars with novel traits adaptable to the Hokuriku region.
1) Breeding of a giant embryo cultivar Mebaemochi

A rice embryo contains healthy high—quality oil and various sorts of functional substances like vitamins
and minerals. In this breeding program, a waxy giant embryo cultivar Mebaemochi was selected from a cross
with an artificially induced mutant of a giant embryo. Mebaemochi is a waxy cultivar with a giant embryo.

Embryo weight of this cultivar is about three times of an ordinary waxy cultivar Koganemochi and contains
two times of y—amino-lactic acid (GABA) of Koganemochi.

Mebaemochi is expected to be useful for making ordinary rice cake, special rice cakes made from
sprouting or giant embryo brown rice, stuff of dumpling, sweet drink made from fermented rice (amazake), and
millet-and-rice cake. Furthermore, giant embryo rice will be promising ingredients for extracting healthy rice
oil and various functional substances like vitamins.

2) Breeding two low and a high amylose cultivars and their uses to process new rice products
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Non-waxy starch of rice consists of amylose and amylopectin. The content of amylose affects physico—
chemical attributes and palatability. Two low amylose and a high amylose cultivars were developed by
genetically modifying the content of amylose of rice grains.

Soft 158 was selected from the cross between Hokuriku 127 and a low amylose line Kenkei 2078. The
amylose content ranges from 9.25 % to 14.5 % (about half of ordinary cultivar) and hulled grains are not as
chalky as the other low amylose cultivars. Rice flour is easy to be swollen and processed for rice crackers, the
palatability is high, cooked rice is hard to be aged and suited to make rice balls.

Asatsuyu was derived from the cross of Hokuriku 127 with a low amylose line Dohoku 43. It is a non-waxy
cultivar. Its grains are chalky and milled rice contains amylose 3 % lower than Soft 158. The characteristics of
gelatinization, the cooking quality and the physical traits resemble ordinary highly palatable japonica rice
cultivars. Cooked rice is sticky, soft, adhesive and hard to be aged. These traits last long after being cooled.

Asatsuyu is considered to be suitable to be mixed with less sticky rice and to produce such processed rice as
aseptically lapped cooked rice, rice dumpling, desiccated cooked rice etc.

A high amylose cultivar Yumetoiro was selected from a hybrid between an indica line IR2061-214-3 and
another indica cultivar Milyang 21. Its amylose content is high ranging from 25 to 35 %. Cooked rice is less
sticky and adhesive and good for such ethnic dishes as couscous or Chinese fried rice. .

3) Breeding a low glutelin rice cultivar Shunyou and its usages

Milled rice contains several per cent of protein which happens to harm patients suffering from kidney
failure. A new rice cultivar Shunyou with low content of an easily digestible protein glutelin was bred by the
genetical control of protein synthesis. Shunyou was selected from a cross between a low glutelin line, NM67 X
NM(1-3), and a very large grain cultivar Hokuriku 153.

The total amount of storage protein is unchanged but the content of easily digestible protein glutelin
reduces while hardly digestible protein prolamin increases. Consequently this rice cultivar is considered to be
useful for dairy food for patients suffering from kidney failure, sake brewing, and processing quick cooking
rice.

4) Breeding forage paddy rice cultivar Kusayutaka and production of whole crop silage (WCS)

Whole crop silage made from paddy rice (rice WCS) has been shown to be high quality roughage for
raising cattle. Then it is highly significant for feeding cattle to cultivate rice in surplus paddy fields. This may
contribute to elevate the self-sufficiency rate of animal foods.

Kusayutaka was selected from a cross between Chugoku 105 with very large grains and large biomass and
Hokuriku 130 with extremely large grains. Kusayutaka is leafy and a large biomass producer suited to make
whole crop silage. The total digestible nutrient (TDN) of the whole crop of Kusayutaka is shown to be
equivalent to the high quality forage grass timothy.

5) Breeding and diffusion of a high-yielding and high—quality rice cultivar Dontokoi adaptable to the
direct-seeding cultivation

The concentrated and exclusive cultivation of Koshihikari have become a serious problem in the Hokuriku
region. This high—quality rice cultivar has such faults as less tolerance to lodging and susceptibility to blast.

It has been urgently needed to improve these faults of Koshihikari and to breed a high—yielding new
cultivar adaptable to the direct-sowing cultivation with high quality, high palatability, tolerance to lodging and
resistance to blast.

Dontokoi was selected from a hybrid between a semi—dwarf and high—quality line Hokuriku 122 and a
disease resistant and high-yielding line Hokuriku 120. It has short culms with a semi-dwarfing gene sd1. This
cultivar is high—-yielding and tolerant to lodging. Cooked rice is sticky, soft, and good in appearance. It is
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adapted to the direct sowing cultivation.

4. General discussion

Diversification and westernization of dietary lives have been rapidly progressed and people’s concern has
been concentrated on safety and healthiness of everyday foods. Rapid increase of import of various agricultural
products from overseas has invited drastic reduction of rice consumption. Eventually overproduction of
domestic rice became a serious social and financial burden.

These changes of surroundings of domestic agriculture had seriously affected the local agriculture and
farmer’s communities in the Hokuriku region which largely relied on paddy rice farming. In order to strengthen
the rice cultivating agriculture in this region, it is essential not only to drastically reduce the cost of rice
production but also to greatly increase rice consumption by creating new demands.

The reduction of rice production cost will be realized by expanding farming scales and by employing high—
yielding cultivars as well as direct seeding cultivation. Rice consumption is expected to be increased by creating
new processed rice products with high—-added value.

This thesis reported the results of fundamental technologies required to efficiently advance rice breeding
for tolerance to foehn, blast resistance and cold tolerance and also rapid generation advance with mass
selection. These technologies were effectively employed in the routine of rice breeding.

It is also reported that a giant embryo waxy cultivar Mebaemochi, three cultivars, Soft 158, Asatsuyu and
Yumetoiro with different contents of amylose, a low glutelin cultivar Shunyou, were bred to utilize them to make
various kinds of processed products in order to rouse new demands of domestically produced rice. The close
cooperation with food processing industries is considered to be essential to develop new technologies making
use of newly bred cultivars with various novel attributes.

A new rice cultivar Kusayutaka useful for whole crop silage was developed to grow on surplus paddy fields.
A high-vielding and lodging tolerant cultivar Dontokoi with high quality and palatability was also bred and
widely diffused. It was adaptable to the direct sowing cultivation for cost reduction. High—yielding paddy rice
cultivars for fodder use are supposed to have another significance of being used as human food in emergency.

An effective way to increase the domestic rice consumption is considered to grow rice in the surplus paddy
fields and to produce feed grains and/or whole crop silage to feed farm animals like cattle. The cultivating
acreage of forage paddy rice has been gradually increased but the close teamwork between rice growers and
animal raisers is required to increase more forage rice production and consumption.

By the way, two disadvantages arose from the exclusive cultivation of Koshihikari in the Hokuriku region.
The first disadvantage is vulnerability to natural disasters like blast epidemics. In order to overcome this
disadvantage, new cultivars having palatability as high as or higher and more tolerant to lodging than
Koshihikari are needed to be bred to replace it.

The second disadvantage is that the peak of labor appears in the transplanting and the harvesting times of
rice growing seasons. Referring to these two disadvantages, Dontokoi is expected to be one of candidates to
replace Koshihikari.

Cultivating rice in paddy fields is considered to be very significant to maintain not only productivity of paddy
fields but also multi-functions of paddy fields to preserve water resources, fertile soil, and bio—diversity in
paddy field ecosystem or to alleviate severe summer heat etc.

The author strongly hopes that rice cultivars selected in the present investigation will be used to increase
domestic rice consumption and to activate paddy rice farming as well as farmer’s communities in the Hokuriku

region.



