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Genotype—by—Environment Interaction for Stickiness of Rice Cakes Using Glutinous

Rice Cultivars in Different Environments

Mi-Ra Yoon"', Jeong—Heui Lee', Jun-Hyun Cho', Chang—-Ihn Yang', Jeom-Sig Lee', Jieun Kwak', Eok-Keun Ahn',

Mi-Jung Kim', and Sun—Lim Kim'

ABSTRACT The purpose of this study was to provide basic data on the genetic and environmental effects of stickiness in
glutinous rice varieties. In our study, we analyzed the genotype-by-environment (G x E) interactions of the stickiness using six
glutinous rice varieties under six environmental conditions. AMMI (Additive Main Effects and Multiplicative Interaction)
analysis results showed that genotype (variety, G), environment (cultivation region, E) and G X E interaction were highly
significant (P <0.001). Among all the variations of stickiness for glutinous rice varieties, the environmental effect was 24.5%, the
genetic effect was 37.1%, and the G x E interaction effect was 28.9%. From the AMMI analysis, the IPCA1 scores of
Aranghangchal (G6, IPCA1: 3.85) and Hwaseonchal (G4, IPCA1: -5.24) was lower than other varieties. On the other hand, the
Sangjuchal (G1, IPCA1: -61.23) and Boseogchal (G2, [IPCA1: 41.21) were highly affected by environmental effects. In this study,
there were large differences in stickiness according to region of cultivation. In the future, it is considered that a precise study should
be carried out on the environmental factors that may increase the stickiness of glutinous rice varieties.

Keywords : genotype-by-environment (G X E) interaction, glutinous rice, stickiness, rice cake
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Table 1. Geographic and climatic information of six tested environments.

Environment . Geographic- position Rainfall Temperature (C)*
code Location Year Latitude Longitude Altitude (mm)* Min. Max. Aver.
El Cheolweon 2014 38°15'(N) 127°15'(E) 192 m 521.9 16.0 27.0 21.2
E2 " 2015 " " 746.7 15.5 27.5 21.2
E3 Suweon 2014 37°16'(N) 126°59'(E) 37 m 779.4 18.4 27.9 22.6
E4 " 2015 " " 366.5 18.4 28.6 23.0
E5 Milyang 2014 35°30'(N) 128°45'(E) 12 m 855.2 17.8 29.0 22.8
E6 " 2015 " " 568.5 17.8 28.6 22.7

* Rainfall: The sum value for May to September in 2014 and 2015, respectively.
* Temperature: mean value for May to September in 2014 and 2015, respectively.
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Table 2. Heading data and milled yield of the six cultivars at three locations in 2014 and 2015.
Genotype . Maturing Heading data Milled yield (kg/10a)
code Cultivar group Cheolweon Suweon Milyang Cheolweon Suweon Milyang
Gl Sangjuchal Early 7.27+0.03 8.02+0.05  8.02+0.05 530+33.9 428+00.0  424425.5
G2 Boseogchal Medium 8.07+0.09 8.16+£0.01  8.14+0.04 531+50.2 480+15.6  480+0.70
G3 Hangangchal 1 Medium 8.14+0.01 8.13+£0.05  8.13+0.02 488+65.1 5934523 625426.9
G4 Hwaseonchal Medium 8.09+0.03 8.11+£0.05  8.11+0.02 467+81.3 477+29.7  485+5.70
G5 Seolhyangchal Medium 8.07+0.03 8.10£0.04  8.08+0.02 508+82.7 514+£26.2  480+24.0
G6 Aranghangchal ~Medium-late 8.13+0.02 8.18£0.03  8.15+0.03 499+18.4 524+17.0  514+4.20
Average - - 8.07 8.11 8.10 504 503 501
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Table 3. Amylose and protein content of the six cultivars at three locations in 2014 and 2015.
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Genotype Cultivar Amylose (%) Protein (%)
code Cheolweon Suweon Milyang Cheolweon Suweon Milyang
Gl Sangjuchal 5.0+£0.21 5.6+£0.00 5.2+0.14 6.4+0.14 7.5+0.71 8.4+0.49
G2 Boseogchal 5.0+£0.28 5.5+0.14 5.0+£0.14 5.1+0.07 6.3+0.35 7.1+£0.57
G3 Hangangchal 1 5.1£0.28 5.9+0.78 5.3+0.35 5.84+0.07 7.0+£0.71 7.4+0.07
G4 Hwaseonchal 5.140.35 5.540.07 5.0+0.21 5.3+0.28 6.6£0.71  7.3+0.42
G5 Seolhyangchal 4.7+£0.21 5.3+0.28 4.9+0.07 4.9+0.21 6.2+0.71 6.8+0.49
G6 Aranghangchal 4.5+0.07 5.5+0.49 4.8+0.35 4.8+0.14 5.94+0.35 6.5+0.49
Average 4.9 5.5 5.0 54 6.6 7.2
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Fig. 1. Box-plot of hardness of rice cakes in different environ-

ments.
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Table 4. Hardness of rice cakes of different genotypes in different environments.

Hardness of rice cake (g)

G-code Cultivar Mean
*E] E2 E3 E4 E5 E6
Gl Sangjuchal 31,948V 32,605 33,912° 27,150¢ 35,326° 26,792" 31,289°
G2 Boseogchal 33,115° 32,305° 39,129° 34,049° 38,133° 37,158° 35,649°
G3 Hangangchal 1 32,669 33,7651° 33,037° 31,753° 31,842° 30,579¢ 32,2934
G4 Hwaseonchal 31,277° 32,343° 35,832° 30,291¢ 35,502° 31,754¢ 32,834¢
G5 Seolhyangchal 32,014 30,921¢ 36,496" 34,881° 34,329° 33,197° 33,640
G6 Aranghangchal 28,662° 29,693¢ 29,838¢ 30,306° 32,417¢ 28,944¢ 29,977
Mean 316142 319398 347074 313938 345914 314048

*E-code: Environment code (El: Cheolweon 2014, E2: Cheolweon 2015, E3: Suweon 2014, E4: Suweon 2015, ES5: Milyang
2014, E6: Milyang 2015).

UDifferent lower case letters within the column indicate significant difference at p<0.05.

IDifferent capital letters indicate significant differences in different environments at p<0.05.

Table 5. Combined ANOVA and AMMI analysis of variance for hardness of six genotypes in six environments.

Source df S8 GO-A])E 0SfS MS F ::te(r)ict(i}or?( S]g
Total 178 1547319137 100.0
Treatment 35 1398990452 90.4
Environment (E) 5 378424759 24.5 75684952 73.8%*
Genotype (G) 5 573854599 37.1 114770920 111.9%*
E x G 25 446711094 28.9 17868444 17.4%%*
IPCI 9 254768758 16.5 28307640 30.09%** 57.4
IPC2 7 136653627 8.8 19521947 20.75%* 30.8
Residuals 9 52707231 3.4 12967792
Error 143 146677155 9.5 1025714

**Significant at P < 0.01
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Fig. 2. AMMI biplot of the first interaction principal component axis (IPCA-1) versus the mean hardness of the rice cakes using

six genotypes in the six environments.

*E-code: Environment code (E1: Cheolweon 2014, E2: Cheolweon 2015, E3: Suweon 2014, E4: Suweon 2015, ES: Milyang 2014, E6:
Milyang 2015). The name of the code shows the genotype in Table 1 and environment in Table 2.
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