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Variation in Grain Quality and Yield of Black—colored Rice Affected by the

Transplanting Time and Temperature during Ripening Stage
Hyun Kyung Bae"', Jong Ho Seo', Jung Dong Hwang', and Sang Yeol Kim?

ABSTRACT Black-colored rice contains anthocyanin, which has an antioxidant function on the seed coat. Anthocyanin content
is greatly affected by the cultivation environment, especially the average temperature during the ripening stage. Generally, low
temperatures during the ripening stage increase anthocyanin content. To control the average temperature during ripening stage in
the field, transplanting time has to be regulated. In this study, anthocyanin content variation was examined in relation to the
transplanting time and the average temperature during the ripening stage. For the study, fourteen black-colored rice cultivars with
different maturity types (four of early-maturing, five of medium-maturing, and five of medium-late maturing) were selected. The
transplanting times used were May 20, June 5, June 20, and June 30. The field experiment was conducted in the Miryang,
Kyoungsangnamdo province, Korea from 2014 to 2017. The anthocyanin content in all cultivars was higher when the
transplanting time was delayed, and the highest anthocyanin content was observed in the transplanting on June 30. Variation in
anthocyanin content according to the change in transplanting time is the greatest in the early maturing cultivars. The least change
was observed in medium maturing cultivars. Regression analysis showed a significant correlation between temperature and
anthocyanin content, but the degree of correlation was very low in the medium maturing cultivar. As a result, the optimal average
temperature during the grain filling stage for increasing the anthocyanin content of black colored rice was 22~23°C. The rice yield
increased in plants transplanted until June 20 and decreased thereafter owing to low temperature during the grain filling stage. The
anthocyanin content increased with delaying the transplanting time up to June 30 but the rice yield decreased after June 20.
Nevertheless, the rate of increase in anthocyanin content was higher than the rate of decrease in rice yield. As a result, the optimum
transplanting time and an average temperature of grain filling stage for black-colored rice variety were June 30 and 23~24°C
considering both anthocyanin content and rice yield.
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Table 1. Average temperature for 30 days after heading of black-colored rice cultivars.

Transplanting time

Average temperature for 30 days after heading (°C)

Cultivar May 20" June 5™ June 20" June 30"
Heugjinju 28.5 28.6 26.2 24.6
Early Nunkeunkeugchalilho 28.9 27.5 254 23.5
maturing Joeunheugmi 28.9 27.5 25.7 23.5
Josaengheugchal 27.8 27.0 24.6 22.5
Heuggwang 27.5 26.6 24.7 23.2
) Heugseol 26.8 25.1 23.5 22.5
X:t‘lil‘r‘;:lg Heugnam 27.5 25.1 23.8 22.7
Heugjinmi 26.8 25.4 23.8 22.4
Boseogheugchal 27.0 25.7 23.8 22.7
Sinmyeongheugchal 26.6 25.1 23.5 22.5
) Sinnongheugchal 26.4 24.0 22.7 22.6
x:tﬁgz‘g']ate Sintoheugmi 254 23.8 22.4 222
Cheongpungheugchal 25.4 23.8 22.5 22.2
Heughyang 25.1 23.8 22.5 222
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Table 2. Heading date, yield, anthocyanin content, and anthocyanin production of early maturing black-colored rice cultivars
with different transplanting times.

. Transplanting time Heading date Yield Anthocyanin Anthocy?nm
Cultivar (m.dd) (m.dd) (ke/10a) content production
(mg/100g) (g/10a)
5.20 7.19 259¢ 28.4° 75.5°
Heugjinju 6.5 7.28 323° 48.0° 168.5°
6.20 8.11 397° 116.2° 459.0°
6.30 8.18 428° 132.2° 562.8°
5.20 7.25 396° 8.0° 29.7°
Nunkeunheugchalilho 6.5 8.3 a1 17.4° 69.1°
6.20 8.14 480° 67.8° 327.4°
6.30 8.22 419° 80.7° 341.2°
5.20 7.24 452° 19.6° 87.8¢
Jocunheugmi 6.5 8.2 439° 30.4; 147.8:
6.20 8.13 471° 76.3 385.4
6.30 8.22 442° 116.3° 520.0°
5.20 731 471 20.1° 88.6°
Josaengheugchal 6.5 8.6 457° 28.7; 134.5°
6.20 8.18 527° 82.8 449.1°
6.30 8.27 453° 107.7° 482.7°

*Values with the same letters in a column are not significantly different at the 5% level as determined using DMRT.

Table 3. Heading date, yield, anthocyanin content, and anthocyanin production of medium maturing black-colored rice cultivars
with different transplanting times.

. Transplanting time Heading date Yield Anthocyanin Anthocya_lnln
Cultivar (m.dd) (m.dd) (ke/10a) content production
(mg/100g) (g/10a)
5.20 8.3 454° 11.3° 52.0°
6.5 8.9 443° 11.4° 52.2°
Heuggwang
6.20 8.17 470° 23.0° 111.7°
6.30 8.23 392° 24.7° 100.5°
5.20 8.7 319° 37.6° 133.1°
Heugseol 6.5 8.15 431° 69.4° 305.1°
6.20 8.22 410° 70.8° 300.5°
6.30 8.27 340° 88.1° 302.5°
5.20 8.2 468° 7.8° 39.8°
Heugnam 6.5 8.15 526 11.4¢ 61.3°
6.20 8.21 554° 21.3° 124.1*
6.30 8.25 513% 29.0° 146.2°
5.20 8.7 468™ 9.2¢ 41.3¢
Heugiinmi 6.5 8.14 511*‘b 28.6° 148.1°
6.20 8.21 472" 46.2° 218.0°
6.30 8.28 437° 61.0° 261.5°
5.20 8.6 410° 11.7° 49.1°
6.5 8.13 444° 31.8%® 150.7*
Boseogheugchal . b b
6.20 8.21 411 22.0 91.0
6.30 8.25 408° 44.0° 171.9*

*Values with the same letters in a column are not significantly different at the 5% level as determined using DMRT.
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Fig. 1. Variation in anthocyanin content with change in trans-
planting time in black-colored rice cultivars. Values
with the same letters in a column are not significantly
different at the 5% level as determined using DMRT.
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Table 4. Heading date, yield, anthocyanin content, and anthocyanin production of medium-late maturing black-colored rice

cultivars with different transplanting times.

. Transplanting time Heading date Yield Anthocyanin Anthocy'flnm
Cultivar (m. dd) (m. dd) (ke/10a) content production
: : & (mg/100g) (2/10a)
5.20 8.9 440° 9.9 46.8°
. 6.5 8.15 502° 20.7° 105.1°
Sinmyeongheugchal
6.20 8.22 504° 29.0° 147.9°
6.30 8.26 454 28.6° 130.7°
5.20 8.10 451° 29.6° 144.1°
, 6.5 8.20 521° 39.9° 211.8°
Sinnongheugchal R
6.20 8.25 514° 65.6 343.5°
6.30 8.30 484 88.2° 431.2°
5.20 8.14 466° 54.4° 266.0°
. , 6.5 8.21 530° 74.0% 398.4%
Sintoheugmi b b
6.20 8.28 525° 91.3 482.6
6.30 9.3 515° 138.8° 708.1°
5.20 8.14 553° 21.5° 120.8"
6.5 8.21 584° 38.9 223.2°
Cheongpungheugchal N
6.20 8.27 591° 60.7° 369.2°
6.30 9.5 562° 84.0° 457.7°
5.20 8.15 513° 10.7¢ 57.4°
Heush 6.5 8.21 535° 16.1% 85.7°
cu an
ghyang 6.20 827 547° 21.9° 121.4°
6.30 9.3 521° 42.6° 228.2°

*Values with the same letters in a column are not significantly different at the 5% level as determined using DMRT.
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Fig. 2. Correlation analysis between anthocyanin content and
average temperature for 30 days after heading in black-
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Fig. 3. Variation in anthocyanin production with changes in
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with the same letters in a column are not significantly
different at the 5% level as determined using DMRT.
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