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Optimal Transplanting Date for Rice Flour Cultivars to Avoid Occurrence of
Pre—harvest Sprouting in Gangwon Province
Ji-Woo Lee"", Youn-Sang Cho', Yong-Bok Kim?, Jung-Su Jung?, and Young-Pyeong Jeong®

ABSTRACT Rice is one of the three major grains globally, and has been used as a staple food in Asian countries for a long time.
In recent years, with the increase in the use of processed rice, the development and distribution of rice flour varieties have become
a research focus. However, rice flour varieties are susceptible to pre-harvest sprouting (PHS). In this study, the optimal
transplanting date for rice flour varieties for maximum yield production with PHS avoidance was examined. Four rice flour
varieties with different maturity types (early maturing type, Garumi2 and medium-late maturing type, Seolgaeng, Hangaru, and
Singil) were selected. The field experiment was conducted in Chuncheon (Central Plain area) and Cheorwon (Northern Plain
area), Gangwon Province, Republic of Korea, from 2017 to 2019. The transplanting dates used were May 10, May 20, May 30,
June 10, and June 20 in Chuncheon and April 30, May 10, May 20, May 30, and June 10 in Cheorwon. In Chuncheon, late
transplantation decreased PHS in Garumi2. In Cheorwon, PHS in Garumi2 decreased with transplantation dates after May 20. The
PHS decreased in Seolgaeng, Hangaru, and Singil with late transplantation in Chuncheon and Cheorwon. The optimal
transplanting date for maximum yield production while avoiding PHS for Garumi2 was estimated to be June 10 in Chuncheon and
May 25 in Cheorwon; for Seolgaeng, the optimal transplanting dates were May 20 in Chuncheon and May 15 in Cheorwon; for
Hangaru, it was estimated to be May 30 in Chuncheon and May 15 in Cheorwon; and for Singil, the optimal dates were May 25
in Chuncheon and May 15 in Cheorwon.
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Table 1. Effect of different transplanting dates on the growth characteristics and yield components of four rice cultivars in the

Chuncheon region.

Eﬁ?i: Heading Culm No. of No. of f?lrl?rin 1000 grain  Milled rice
Cultivar p date & date length panicles spikelets rateg weight yield
(m.dd) (m.dd) (cm) /hill /panicle %) (2) (kg/10a)
5.10 8.19 70b" 13a 108a 82.1ab 21.2a 562a
5.20 8.24 66a 13a 121a 87.8b 21.3a 531a
Seolgaeng 5.30 8.28 67a 13a 116a 82.8ab 21.6a 561a
6.10 9.2 66a 14a 112a 76.8a 21.6a 531a
6.20 9.6 66a lla 126a 86.3b 23.6b 515a
5.10 8.9 62a 10a 80a 78.0a 33.5a 450a
5.20 8.15 63a 11a 86a 85.5ab 33.1a 479ab
Hangaru 5.30 8.19 64a 11a 77a 83.9ab 34.3a 514b
6.10 8.26 65a 10a 78a 83.1ab 34.0a 493ab
6.20 9.1 64a 9a 85a 90.5b 34.7a 447a
5.10 8.3 66a 12a 145a 84.3b 20.9a 676b
5.20 8.10 64a 12a 156a 81.9ab 20.9a 666b
Singil 5.30 8.15 67a 12a 155a 81.1ab 21.6ab 682b
6.10 8.21 66a 13a 153a 74.4a 22.0ab 653b
6.20 8.30 60a 11a 166a 78.7ab 22.8b 539a
5.10 7.21 64a 11a 119a 78.6a 18.3a 417a
5.20 7.27 66a 10a 128a 94.0b 19.3ab 446ab
Garumi2? 5.30 7.31 73b lla 120a 94.6b 20.1ab 535bc
6.10 8.7 77b Ila 131a 89.0b 21.3ab 557¢
6.20 8.15 76b 9a 137a 90.6b 22.4b 473abc

U Different letters in the same column represent significant differences by analysis of variance and Duncan’s test, p<0.05
? Garumi2, the early maturing type, was examined in 2018 and 2019
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Table 2. Effect of different transplanting dates on the growth characteristics and yield components of four rice cultivars in the
Cheorwon region.

ng?i: Heading Culm No. of No. of f?lrl?rin 1000 grain  Milled rice
Cultivar P g date length panicles spikelets g weight yield
date (m.dd) (cm) /hill /panicle rate (@) (kg/102)
(mdd) : p (%) g g
4.30 8.16 76ab" 16a 103bc 92.0a 20.7a 507a
5.10 8.14 77b 17a 9la 90.0a 21.0a 558a
Seolgaeng 5.20 8.18 73ab 17a 94ab 89.5a 21.5b 524a
5.30 8.24 71ab 14a 105bc 90.0a 21.8b 504a
6.10 8.29 67a 14a 109¢ 89.5a 20.6a 437a
4.30 8.15 79b 12a 64a 91.3a 33.6a 513b
5.10 8.13 75b 13a 66a 88.1a 33.9a 527b
Hangaru 5.20 8.16 76b 14a 73ab 89.1a 34.2a 535b
5.30 8.21 74b 12a 80b 89.9a 33.9a 514b
6.10 8.26 67a 12a 76ab 90.8a 32.9a 407a
4.30 8.2 68a 16a 137a 88.6a 22.1a 723bc
5.10 8.7 72a 16a 121a 88.7a 22.4a 757¢c
Singil 5.20 8.11 73a 15a 116a 89.2a 22.2a 701bc
5.30 8.16 69a 13a 125a 86.5a 21.9a 670b
6.10 8.24 63a 15a 126a 86.0a 22.3a 523a
4.30 7.24 68a Ila 132b 90.1a 18.8a 479a
5.10 7.25 75ab 13a I11a 95.4a 19.8ab 543ab
Garumi2? 5.20 7.29 77ab 16a 110a 90.3a 20.0ab 667c
5.30 8.3 79ab 15a I11a 95.0a 20.7ab 632bc
6.10 8.11 81b 15a 107a 90.6a 21.2b 546ab

U Different letters in the same column represent significant differences by analysis of variance and Duncan’s test, p<0.05
? Garumi2, the early maturing type, was examined in 2018 and 2019
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Fig. 1. Correlation between transplanting date and milled rice yield of mid-late and early maturing cultivar in Chuncheon (A-B)
and Cheorwon (C-D). The mid-late varieties are Seolgaeng, Hangaru and Singil, and the early variety is Garumi2. The
milled rice yield in panel A and C is the average from 2017 to 2019. The milled rice yield in panel B and D is the

average from 2018 to 2019.
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Fig. 2. Daily mean temperature and rainfall during the rice ripening periods by region and year (A-F). The panels show the
weather during the ripening periods in Chuncheon (A-C) and Cheorwon (D-F), respectively. The daily mean temperature
of each year is shown repeatedly as a solid line. The daily mean temperature of the 30 years is shown as a dotted

line.

ol A& Wl o] YA7|7F Zol AR Eolee Y
& BFrHTable 3). 24 A|ofold FWAE £ A
OFA7| 7k 2o WS B4 T 3 ol A% %

NS 0087 Fastenh 24F EFL 5Y 209
ol iE] 69 109 o] 153]0)4] 69 20 o] A|
1032 4350k 59 109 ol 4] 39 o4 2§ W=
= 103y 557 Hat7]&o] 27.7°CE $=Tofof| F
ofeh o g wotEch HY A oA FEFE FF9
a5 T 39 ol A HlEE olYA7I7E Rojd s

1.0~2.08]9 4 0.03]2 Zastglon, §57] a7l
20°C ofgf = Wezith 24F #5254 200‘ oj ¢
64 10 o]Y7HA] 153 = tha #3te 7] Hat7)
20] 24.8°Cof|A] 21.9°C7HA] A} wolAlet. weha] o]¢f
AM7I17F =295, 29al SIS 3905 55717
T A E Ropx|a - B 39 ol A&H T
G Nl Folj5o] polgo] Habe A Hel A
o7 yokEoh E341 HY A9 pdokes AT 4
I, EH AQofA] ARrHom 22 pHlopso] BEES]
=8 ol HY A9y} vluste] ddFor w2 Fal7]
2 22 R QI3 Aow Holth E3F HY A9
THEE 59 o5 371 BA7|=0] Ho A4k
1,100°Ce]| =23}7] HMof 4=8sto] HASHA Ho=n 4=
Trolgo] YA B7HEAS 7Hedol Atk

2% FEA 1029 F9, 23 AGeIA oAl
7 %ol A4 Sutolgo] gashs AYL Bk 59 10

Uit 59 20 oSS A9 22 10.83%2} 12.38%9] 4=
o

MobgS Uehiow ofF rastel 68 209 olaf A
237%% Uiehyirk Wil B9 Aol 59 209 o]

ey in= A e 71—/\0}0:1}_-_1:]
20 oS Hol-&-2 9.64% S
o] 69 109 o] A 3.36%= UrEP“E}
Hat7]&o] ot A er AL o= *‘*0}
Aol Atk upehy 2AYF WIIE EFQ
ZAT YA BT o]ofr|7]7
S g 5 e oz wEg
FRE F52 A%, b 9 A1 A2,
oAl o]GAI7I7F oA gE kol o] =
Bk A7 A9 59 10 o]of A] obE2 4.61%E
Uehilon ol x&zos bé’c‘ﬂ@% 64 10
1.95%% et 7hRo] 49 59 10Y ©f
oF&L 331%2 YEhyon OIOW 7N7h meeE A
O fasto] 64 10Y o] A] 0.91%E UERh
7R B 69 209 o] Al golgo] tha 57}ﬂ
=, o] 20184 10Y A<= 7% 2 20199 Ej5 v]E
o] o3t Ao @ TrEhFig, 2). A4S 59 10 o]
S B9 7.64%2] FHoES Vel on o] o]ghA]7]
7} Lol A4 7haEo] 69 202 o9 A] 0.40%2 LFERY
o} "9 x| oA A78Le 59 10 o]ok 2 2.28%
o] olgS yehllon o]: raste] 64 109 o]
A 021%E Yebdch 6}7}T§ 59 209 o] Al 1.74%

f

_t,_]‘

=

3 offf 3

ANE A



L HIEH 0[YAI7|E +&0t 23

o =

Table 3. Climate during the rice ripening periods and pre-harvest sprouting (PHS) rate according to transplanting dates in the
Chuncheon and Cheorwon regions.

. . Transplanting ATDAH" ARDAL? FRDALY Pre-harvest .
Region Cultivar date ©C) (days) (days) sprouting rate
(m.dd) (%)
5.10 20.6 13.5 0.5 4.6a
5.20 20.2 14.0 0.7 3.6a
Seolgaeng 5.30 19.4 13.7 0.3 2.3a
6.10 18.2 12.7 0.3 2.0a
6.20 18.7 11.0 0.0 3.0a
5.10 22.4 18.5 1.0 3.3b
5.20 21.9 15.7 0.7 3.2b
Hangaru 5.30 21.1 14.3 0.3 1.5a
6.10 19.6 13.0 0.3 0.9a
6.20 19.7 14.0 0.0 1.3a
Chuncheon 5.10 238 17.5 0.5 7.6
5.20 22.7 16.7 0.7 5.7bc
Singil 5.30 21.8 16.0 0.7 4.1abc
6.10 20.6 15.3 0.3 1.7ab
6.20 20.0 14.0 0.0 0.4a
5.10 27.7 13.0 1.0 10.8¢
5.20 26.3 17.5 1.5 12.4d
Garumi2 5.30 25.5 17.0 1.5 7.7b
6.10 24.0 18.0 1.5 3.1a
6.20 22.5 16.0 1.0 2.4a
4.30 20.7 16.0 1.0 1.0ab
5.10 20.7 15.7 1.0 2.3¢
Seolgaeng 5.20 20.3 14.7 0.7 1.4bc
5.30 19.0 13.3 0.3 0.6ab
6.10 18.4 9.5 0.0 0.2a
4.30 21.0 16.0 1.0 0.3a
5.10 21.1 16.0 1.0 1.4bc
Hangaru 5.20 20.5 14.7 1.0 1.7¢
5.30 19.8 13.3 0.7 0.6ab
Cheorwon 6.10 18.8 11.0 0.0 0.5ab
4.30 243 14.0 2.0 7.5d
5.10 22.4 16.3 1.3 4.9¢c
Silgil 5.20 21.6 16.7 1.3 3.6bc
5.30 20.8 15.0 0.7 2.1ab
6.10 19.3 13.0 0.0 I.1a
4.30 26.1 14.0 1.0 6.7a
5.10 253 17.5 2.0 8.1b
Garumi2 5.20 24.8 17.0 1.5 9.6b
5.30 23.9 15.5 1.5 6.8a
6.10 21.9 16.0 1.5 3.4a

D Average temperature during 45 days after heading

? Average rainy days during 45 days after heading

» Frequency of rainfall for more than 3 days during 25 days from 20th day after heading

Y Different letters in the same column represent significant differences by analysis of variance and Duncan’s test, p<0.05
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Fig. 3. Correlation between transplanting date and milled rice yield with pre-harvest sprouting (PHS) avoidance in Chuncheon
(A-D) and Cheorwon (E-H). The rice flour varieties are Seolgaeng (A, E), Hangaru (B, F), Singil (C, G) and Garumi2
(D, H). The solid line represents the milled rice yield of flour cultivars and the dotted line represents the milled rice
yield of rice that has not germinated. The milled rice yield of mid-late cultivars (A-C and E-G) is the average from
2017 to 2019. The milled rice yield of Garumi2 (D, H) is the average from 2018 to 2019.
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