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Interacting Determinants of the Paddy Yield and Grain Quality:
—Two-Year Study of Koshihikari in a Large Scale Farm of Japan—

Dongpo Li ", Teruaki Nanseki ", Yuji Matsue Y Yosuke Chomei " and Shuichi Yokota *
& Faculty of Agriculture, Kyushu University; ? Yokota Nojo Co. Ltd.)

I Introduction

Koshihikari is the most widely planted rice variety in Japan, highly popular for good appearance and
palatability. Higher yield and quality are essential to improve rice productivity and market competitiveness.
We have examined the interacting paddy yield and the determinants, with a 2014-2015 two-year sample of
117 paddy fields planted Koshihikari, from a farm in the Kanto Region of Japan (Li et al. 2016). This study
aimed to expand the sample by including the ratio of perfect grains, to identify the interacting determinants
of paddy yield, grain quality, and their determinants.

II Materials and method

The paddy yield was weighed by 15% of moisture content, and the ratio of perfect grains was measured
using grain analyzer RGQ120A, product of Satake Co., Ltd. The whole farm scaled 125 ha and the sampled
117 paddy fields were 34 ha in total. The average yields per hectare in 2014 and 2015 were 6,705 kg and
6,155 kg, respectively. Simultaneously, ratio of perfect grains reduced from 67% to 62%, with a larger
coefficient of variance of 19.78% in 2015, comparing to 8.40% in 2014. Path analysis was performed using
IBM Amos 23.0, to measure the direct, indirect and total effects.

III Result

Fig. 1 shows the variables and path diagram, where logarithms of continuous variables with a hectare
base are used to include more linear relationships. Numbers over single arrowhead lines are the standardized
path coefficients, designating direct effects of the origin to the target. Each circled e-i (i values 1-10)
represents a residual; numbers over two arrowhead lines are correlation coefficients. The fit statistics, i.e.,
RMSEA < 0.1, show that this model matches the data well (Kline, 2011).

Field area

Temperature e3
z el 1.06
0.66 -0.06 0.1
v 049 Paddy yield
o4 Solar radiation T AT AR Panicles per hill 6

A

0.17 0.41

es Condition score

0.05

Ratio of perfect grains | Base saturation |

e9 J€

Fig. 1 Path diagram of the paddy yield, quality and determinants
N=117, df=32, RMSEA=0.095, CFI=0.938 (Year=0 for 2014, Year=1 for 2015)
***** and " implies significant at the level of 0.01 0.05 and 0.10, respectively
Software: IBM Amos 23.0



Table 1 summarizes the total effect aggregating the direct effect, i.e., the path coefficients shown in Fig. 1,
and the indirect effects, i.e., all the other path coefficients via other variables. For instance, the total effect of
the culm length (0.30) to paddy yield is the sum of the direct effect (0.23) and indirect effect via panicles per
hill (0.41x0.19).

Table 1 Total effect between the variables

Vari Field Condition Fertilizer Inorganic  Base Solar  Tempe- Culm Panicles o Paddy
ariable Year ) : . : IS o .. RPG .
area  score nitrogen  nitrogen saturation radiation” rature” length per hill yield
Condition score ¥ —  -0.16 — — — — — — — — — —
Fertilizer nitrogen 0.41 0.31 0.21 — — — — — — — — —
Inorganic nitrogen  -0.67 — — — — — —_ — — — — —
Base saturation -0.43 — — — — — —_ — — — — —
Solar radiation ¥ -0.66  — — — — — — — — — — —
Temperature -0.30 — — — — — 1.06 — — — — _
Culm length -0.08  0.07 0.05 0.22 0.02 — 0.24 — — — — _
Panicles per hill -0.42  0.12 -0.01 -0.03 0.01 — 0.20 — 0.41 — — —
RPG® -0.30  0.03 0.07 — 0.01 — -0.60 -0.51  0.03 0.02 — 0.10
Paddy yield ¢ -0.15  0.38 0.18 0.05 0.09 0.02 0.22 0.19 030 0.19  -0.18 —

a) managers’ appraisal on the height difference, water depth, water leakage, former crop, water inletting, fertility unevenness, illumination, and herbicide
application; b) average data within 20 days since full-heading; c) ratio of perfect grains; d) converted by 15% of moisture content.
Software: IBM Amos 23.0

IV Discussion and conclusions

The mutual causality of the paddy yield and grain quality was estimated, through the adoption of a
bidirectional path. It revealed that increasing yield relates to higher grain quality, while emphasizing on
higher grain quality tend to result in lower yield. The time trend, year, controlling the implicit changes,
induced significant reduction of both the quality and yield. This was in accordance with the fact that among
all the other variables, only fertilizer nitrogen per hectare increased from 52 kg to 76 kg within the two
years. In contrast, field area and planting condition score were measured as affecting both the yield and
grain quality positively and significantly. Culm length affects panicles per hill significantly and both are
important growth indices to determine paddy yield and quality. Solar radiation affects temperature
significantly. Solar radiation and temperature exert positive effects to paddy yield, while negative ones to
grain quality. Fertilizer nitrogen affects the paddy yield mainly via longer culm. Inorganic nitrogen, sum of
ammonium and nitrate nitrogen, affect both quality and yield, via longer culm and more panicles per hill.
Base saturation, sum of the saturation of potassium, lime and magnesia, were measured as exerting positive
effect to paddy yields.
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Amylose Contents in Good Eating Quality Rice Under

different Nitrogen Rates and Sowing Dates
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Semi glutinous japonica rice is also known as low amylose content japonica rice. Its amylose content is
controlled by the major gene locus Wx mutation gene (such as Wx-mgq). Semi glutinous japonica rice is
called good taste japonica rice because of its surface gloss translucent and excellent palatability of cooked
rice for the combination of the glutinous rice softness and elasticity of japonica rice. The new japonica rice
varieties of Nanjing 46, Naning 5055 and Naning 9108 which have been bred by using Wx-mq gene have
been widely popularized in Jiangsu Province because of their good eating quality. However, in the case of
low amylose content gene Wx-mgq, the variation of amylose content could be up to 5.40%~11.85%, even
among different strains derived from the same cross combination. In order to clarify the cause of amylose
content difference among different lines in the background of low amylose content gene Wx-mg, it is
necessary to explore the two aspects of heredity and environment. In this study, the amylose contents in
good eating quality rice were investigated under four nitrogen application levels including high(450
kg/hm?), medium(300 kg/hm®), low(150 kg/hm?) and zero(CK) levels, three sowing date and short daylight
treatment by using the semi glutinous new japonica rice varieties (strains) with different amylose content in
2013 and 2014. The results showed that the amount of nitrogen fertilizer has significant effect on amylose
content of good eating quality japonica rice. Amylose content was decreased with the increase level of
nitrogen fertilizer. The amylose content under the high nitrogen level was the lowest in the two years.
Sowing date has a significant influence on amylose content of good eating quality japonica rice. The
amylose content was decreased with the sowing date postponed. The effect of sowing date on amylose
content was related to the temperature during 6-15 days after heading, and high temperature resulted in the
increase of amylose content. This was also confirmed under the short daylight treatment. The amylose
content in the different parts of the panicle was significantly different, the amylose content in the upper
branches was the highest, and the lowest in the lower branches. The amylose content in delayed harvest
increased, but the difference was not significant. The results of this study have guiding significance for
good quality japonica rice cultivation.

Key words: nitrogen application level; sowing date; good eating quality japonica rice; amylose content



Analysis of Physiology and Gene Expression Controlling
Rice Eating and Cooking Qualities in japonica Cultivars

with Different Amylose Contents

Zhang Yadong, Gu Mingchao, Zhao Chunfang, Zhao Lin, Zhou Lihui, Yao Shu, Chen Tao, Zhao
Qingyong, Wang Cailin
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*Corresponding Author: Tel:(+86) 2584390307; E-mail: clwang@jaas.ac.cn

Eating and cooking qualities (ECQs) of rice is mainly determined by the starch properties in grain, and
rice cultivars with different amylose contents often have different ECQs. To elucidate the physiologic and
genetic characters influencing ECQs in a similar environmental condition, three japonica rice cultivars with
similar growth period duration, non-glutinous cultivar WYJ23, semi-glutinous cultivar NJ5055 and
glutinous cultivar ZN19, were chosen and the differences in ECQs parameters, the physiologic process of
starch synthesis and the expression patterns of starch synthesis related genes were focused on. ECQs
parameters in NJ5055, ZN19 and WYJ23 were significant differences. WYJ23 had the highest amylose
content, peak viscosity, trough viscosity, final viscosity, setback and peak time, while ZN19 had the highest
gel consistence, gelatinization temperature and break down. Almost every parameter of NJ5055 were
between the other cultivars and more close to WYJ23. During grain development, the enzyme activities of
AGPase and SBE showed similar trends in NJ5055 and ZN19. But for GBSSI and SSS, there was an
opposite trend; the peak activity of GBSSI in WYJ23 was higher than NJ5055 and ZN19 had almost no
activities during grain filling stage. ZN19 had a higher peak value of SSS activities than NJ5055, while
WYJ23 had the lowest value. Consistent with enzyme activities, the key genes expression patterns of
ADP-glucose synthesis and amylopectin synthesis were similar in NJ5055 and ZN19 (Figl). However, the
expression patterns of Wx mature mRNA among three rice cultivars were different; NJ5055 and WYJ23
had a similar expression profile, while ZN19 barely expressed in the whole grain development period.
Therefore, NJ5055 was more close with ZN19 in the process of ADP-glucose synthesis and amylopectin
synthesis. This result indicated that the normally expressed of Wx and the remained GBSSI activity might
play a more important role in the formation of semi-glutinous rice ECQs.

Keywords: GBSSI; eating and cooking qualities; enzyme activity; gene expression; rice



Approaches to Improve the Eating Quality of japonica Rice

in the Middle and Lower Reaches of the Yangtze River
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Rice is the most important food crop in our country. Improving rice yield and quality are important
measures to guarantee the absolute supply of food and improve people's living standard in China. Grain is the
core of food security, the focus of grain rations is rice, and the key to rice is japonica rice. The area of japonica
rice in China is 10 million hectares, with a total yield of 75 million tons, accounting for 1/3 of the national rice
area and 37.5% of the total rice production in china. Among them, the japonica rice in the middle and lower
reaches of the Yangtze River covers an area of 3.3 million hectares, with a total yield of 30 million tons.
Japonica rice in Jiangsu province covers an area of nearly 2 million hectares, with a total yield of 17 million tons,
accounting for 23% and 25% of the country's japonica rice area and total output, respectively. It plays an
important role in ensuring food security in Jiangsu and even in the whole country. Therefore, the main goal of
rice breeding in Jiangsu province has always focused on the high yield for a long time.

However, after entering twenty-first Century, with the improvement of living standards, the quality of
rice is more and more attention of consumers, the implementation of the strategic adjustment of rice industry to
the development of high quality, quality has become a prime target for rice breeding in Jiangsu province. The
outbreak of stripe disease began to occur in Jiangsu japonica rice area, which posed a serious challenge to
Japonica rice breeding in Jiangsu. At that time, the japonica rice varieties which were popularized in large scale
in Jiangsu rice production were often high yield but not excellent in quality, and those rice varieties were
excellent in quality but not resistant to stripe disease. The eating quality of Japanese varieties "Koshihikari" is
known as a unique. The "Daohuaxiang No. 2" produced in Wuchang, Heilongjiang in China also have high
popularity. But the rice varieties of Japan and Northeast China are early mature japonica rice varieties, not
resistant to stripe disease, and the yield is low, not suitable for planting in large area in Jiangsu. Therefore, high
quality breeding of japonica rice in Jiangsu must be based on

Rice quality includes processing quality, appearance quality, eating quality and nutritional quality.
Eating quality refers to the physical, chemical and sensory characteristics of rice during cooking and eating, and
it is the core of rice quality. However, what factors are related to eating quality? China is vast and there exist
various types of rice varieties. The requirements on rice quality for peoples in different areas are different.
Jiangsu as the main japonica rice planting area of South China, how to choose the path to improve the eating
quality? Although studies have shown that the eating quality depends mainly on the content of amylose, protein
and moisture in rice, amylose content is the key. However, the eating quality depends on artificial taste, breeding
is difficult. How much amylose content is good? How to choose the genotypes with good eating quality, disease
resistance and high yield? All these are lack of theoretical guidance.

In view of this situation, we carried out a systematic study on the breeding approaches of japonica rice
varieties with good quality, disease resistance and high yield in Jiangsu province. Firstly, the relationship
between cooking quality, nutritional quality, plant morphological traits and eating quality of rice was studied,
and the amylose content was the key character affecting the eating quality. If the amylose content of rice is low,
the cooked rice will be good palatability with oily, viscous soft, appearance luster characteristics, and the rice is
still soft when it is cold. On the contrary, the cooked rice is hard, stickiness, fluffy dry and poor luster. Low
amylose content rice is called soft rice, its amylose content is between 5%~15%, it is an intermediate type



between the general rice and glutinous rice. So it is also known as semi glutinous rice. Its endosperm appearance
is cloudy, milky, slightly poor transparency. Cooked rice surface is gloss translucent, soft, elastic, soft and
glutinous with elasticity, cold rice is not hard, with good eating quality. Further studies showed that although the
eating quality of semi glutinous japonica rice was generally good, the amylose content of semi glutinous
Japonica rice was not the lower, the better. If amylose content is too low (less than 8%), rice will become opaque,
appearance quality is poor, the taste is too soft, lack of flexibility. While the amylose content reached 10-14%,
not only the cooked rice is crystal, elastic, cold rice is not hard, eating quality is excellent, it is well meet with the
characteristics of the Yangtze River Delta region people eating soft rice taste demand, but also the appearance
quality will become excellent. From the 14 mutants with low amylose content genes reported, we selected the
semi glutinous japonica variety "Kanto 194" as the core germplasm for improving eating quality. Kanto 194 is a
translucent endosperm mutant with low amylose content gene Wx-mgq (hereinafter referred to as semi glutinous
gene). Its amylose content is about 10%. The tetra-primer amplification refractory mutation system PCR for the
fast and accurate identification of Wx-mg genotypes was developed. Combining with the molecular markers
closely linked to the resistance and yield related traits we started the breeding program for development of
Japonica rice varieties with good eating quality, disease resistance, high yield and obtained the ideal results. The
Japanese high-quality japonica Rice Variety “Kanto 194” containing the Wx-mgq gene was crossed with Jiangsu
high yield japonica varieties “Wuxiangjing 14” and “Wujing 13”. After several generations of segregations,
appearance and taste quality screening and molecular marker assisted selection, Wx-mq gene and stripe disease
resistance gene Stv-b' were introduced into J iangsu high yielding japonica rice varieties, new varieties “Nanjing
46”, “Nanjing 5055 and “Nanjing 9108” were bred and approved by the Crop Variety Approval Committee of
Jiangsu Province. These varieties are of good eating quality, high yield and resistance to stripe disease, and
suitable for different rice planting areas Jiangsu Province. They were popularized in large-scale in production.
For many years, they was listed as the main varieties in Jiangsu province. Nanjing 5055 and Nanjing 9108 has
been identified as super rice varieties by the Ministry of Agriculture in 2015 and 2016, respectively. Nan Jing
9108 was listed as the dominant variety in the Yangtze River area by MOA. With excellent palatability
characteristics of these varieties and the “enterprise + varieties” brand strategy, high quality rice brand of
“Nanjing 467, “Nanjing 5055, “Nanjing 9108 were successfully created, filling the gaps of lacking independent
R & D variety brand of good quality rice in Jiangsu province. The high quality rice developed got people’s good
reputation and market response, and won the national and provincial gold medal of “golden rice”, “good eating
quality rice” and other honorary titles for more than 20 times. In March 2016, Nanjing 46 won the “Best Prize”
in Japan competing with new Japanese good eating quality rice variety “Koshihikari”. At present, good eating
quality rice variety Nanjing 46, Nanjing 5055 and Nanjing 9108 has become panic buying grains of the rice
processing enterprises and the food sector in Jiangsu, Zhejiang, Anhui and Shanghai. To 2016, Nanjing 46,
Nanjing 5055 and Nanjing 9108 has accumulated planting about 200 million hectares, effectively promoted the
development of high quality rice industry in Jiangsu province and surrounding areas, as the supply side of rice
industry structure adjustment, quality and efficiency, make an important contribution to food security.

Key words: rice; good eating quality; amylose content; breeding
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Correlation between palatability evaluation in the sensory test and physicochemical properties
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In Japan, palatable rice lines were selected based on physicochemical properties in the early to middle
generations of breeding with many breeding materials, and based on sensory tests and physicochemical
properties in the late generations. Many high quality rice varieties were successfully bred. The
introduction of Japan's approach to advance China's high quality rice varieties breeding is of great
significance. Therefore, it is necessary to accurately grasp the relationship between physicochemical
properties and sensory test for palatability. In the study, the relationships between physicochemical
properties and sensory test by the Chinese panel were analyzed.

Materials and Methods

Materials: 28 varieties of rice and lines (simply called “varieties”) were used in the experiment, which
produced in different areas of China. They were cultivated using the customary method in each area.

Measuring methods: The sensory test and physicochemical properties were carried out using the
regular methods and instruments of the China-Japan Joint Research Center on Palatability and Quality
of Rice. The amylose and protein contents were measured with an auto-analyzer AA-3. The
amylographic characteristics were measured by using a Rapid Visco Analyzer RVA-4. The textural
characteristics of cooked rice were measured with a Rice Hardness-Viscosity Meter RHS1A. In sensory
test, the panel consisted of 18 staff members.

Results

1) In the sensory test results, the score of overall eating quality varied from +1.78 to -2.24, the standard
deviation was 1.10; that of appearance varied from +2.19 to -2.63, the standard deviation was 1.36; that
of aroma varied from +1.65 to -1.36, the standard deviation was 0.64; that of taste varied from +1.40 to
-1.78, the standard deviation was 0.87; that of stickiness varied from +1.28 to -1.39, the standard
deviation was 0.76; that of hardness varied from +0.97 to -0.39, the standard deviation was 0.34. A
varietal difference was large in overall eating quality and appearance, and small in hardness.

2) In physicochemical properties, amylose content varied from 19.4% to 15.7%, the mean value was
17.4%; protein content varied from 12.5% to 5.5%, the mean value was 7.6%; maximum viscosity value
varied from 230RVU to 125RUYV, the mean value was 187RVU; breakdown value varied from 103RUV
to 56RVU, the mean value was 79RVU; hardness/adhesion ratio varied from 16.7 to 5.9, the mean value
was 9.6. Coefficient of variation was small in amylose content.

3) Analyzing the correlation physicochemical properties with evaluation items in the sensory test, the
results showed that amylose content did not significantly correlate with any evaluation items; protein
content showed significant negative correlations with evaluation items excepting hardness; maximum
viscosity and breakdown value demonstrated significant positive correlations with overall eating quality,
appearance, aroma, taste and stickiness. Maximum viscosity also had a significant negative correlation
with hardness. Hardness/adhesion ratio showed significant negative correlations with overall eating
quality, appearance, aroma, taste and stickiness and a significant positive correlation with hardness.

4) The varietal differences of evaluation items were 30-50% explained by protein content, maximum
viscosity and hardness/adhesion ratio. The contribution ratios of protein content, maximum viscosity and
hardness/adhesion ratio were 36%, 38% and 26% in overall eating quality; 36%, 43% and 21% in
appearance; 29%, 15% and 56% in aroma; 37%, 25% and 38% in taste; 23%, 30% and 47% in stickiness;
and 25%, 54% and 21% in hardness, respectively.



Table 1: Variation of evaluation scores of each item in the sensory test in the 28 varieties.

Minimum Maximum Mean Standard

value value value  deviation
Overall eating quality -2.24 1.78 -0.06 1.10
Appearance -2.63 2.19 -0.15 1.36
Aroma -1.36 1.65 0.17 0.64
Taste -1.78 1.40 0.06 0.87
Stickiness -1.39 1.28 -0.05 0.76
Hardness -0.39 0.97 0.24 0.34

Table 2: Variation of physicochemical properties in the 28 varieties.

Minimum Maximum Mean  Standard Coefficient of
value value value  deviation variation (%)
Amylose content (%) 15.7 19.4 17.4 0.9 5.1
Protein content (%) 5.5 12.5 7.6 1.4 18.9
Maximum viscosity(RVU) 125 230 187 21.8 11.7
Breakdown value(RVU) 56 103 79 14.1 17.8
Hardness/adhesion ratio 5.9 16.7 9.6 2.8 29.6

Table 3: Correlation coefficient between physicochemical properties and evaluation items.

Amylose Protein Maximum Breakdown Hardness/

content content viscosity value adhesion ratio
Overall eating quality -0.060 -0.530™ 0.571" 0.499%* -0.597"
Appearance -0.060 -0.487" 0.538™ 0.451° -0.536"
Aroma 0.138 -0.431° 0.422" 0.404" -0.550™
Taste -0.008 -0.557" 0.538™ 0.503* -0.632""
Stickiness -0.127 -0.514™ 0.606™" 0.581™ -0.694™

Hardness 0.202 0.048 -0.615™" -0.341 0.451°

® kk ok

, , . Significant at 5%, 1%, 0.1% levels, respectively.
Table 4: Standard partial regression coefficient of physicochemical properties with each evaluation item.

Multiple Coefficient Standard partial regression coefficient (ratio)
correlation of Protein Maximum Hardness/
coefficient determination content viscosity adhesion ratio

Overall eating quality 0.688"" 0.473 -0.300(36) 0.317(38) -0.224(26)
Appearance 0.636™" 0.404 -0.284(36) 0.331(43) -0.163(21)
Aroma 0.578™ 0.334 -0.194(29) 0.103(15) -0.377(56)

Taste 0.701%" 0.491 -0.310(37) 0.217(25) -0.320(38)
Stickiness 0.740™" 0.548 -0.203(23) 0.262(30) -0.410(47)
Hardness 0.657"" 0.432 -0.265(25)  -0.561(54) 0.220(21)

Hk ok
5 .

Significant at 1% and 0.1% levels, respectively.
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Effect of Non-Topdressing on Palatability Evaluation and Rice Properties of Rice Cultivar “Koshihikari”
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Effects of the quantity of basal fertilizer and dressing period on the growth, yields, and grain quality of the
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An example of physico-chemical measurement of palatability of Japonica rice grown in China.

Ken’ichi OHTSUBO", Sumiko NAKAMURAY |, Taku INAGAWA", Keisuke TSUYUKI"
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Consideration of Factors Influencing Appearance Quality of Brown Rice in Shiga Prefecture.
shigeyasu SASAKI
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Genetic analysis of Apg1 gene, providing tolerance to high-temperature during ripening stage in rice.
Kotaro MIURA'*, Kana TAKEHARA', Kazumasa MURATA? - Takuya YAMAGUCHI” -
Takeshi EBITANI® + Hitoshi Ogiwara® « Yukimoto IWASAKI'
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Structural features of cooked rice of new paddy rice cultivar "Yukiwakamaru".
Hajime GOTO'*, Youji NITTA* Masaru CHUBA'
(" Yamagata Integrated Agricultural Research Center * “The College of Agriculture, Ibaraki University)
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Ultra-fine Structures of Cooked Rice by Layers of Milled Rice Sold in Shanghai, China
Toyoko Sato">*, Youji Nitta', Naomi Asagi' and Fumitaka Shiotsu®
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High yielding rice production of good taste cultivar in early season culture in Miyazaki prefecture
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