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Heading Ecology of Rice Varieties Adaptable to the Temperature and Day-Length
Conditions in North Korean Regions
Woonho Yang"', Shingu Kang?, Dae-Woo Lee?, and Mi=jin Chae?

ABSTRACT We investigated the basic vegetative phase (BVP), photoperiod-sensitivity (PS), and thermo-sensitivity (TS) of 40
rice varieties to characterize their heading ecology that is adaptable to North Korean rice production areas. The ranges were 12 -
43 days for BVP, 0 - 74 days for PS, and 15 - 33 days for TS, depending on the variety. The number of days from transplanting
to the heading stage (DTH) was significantly correlated with PS in the 13 major rice production regions where all 40 varieties
(including early-, middle-, and mid-late-maturing varieties) were tested. DTH was significantly correlated with BVP and TS but
not with PS in the 10 low-temperature regions where only 28 early-maturing varieties were tested. The heading ecology of the
adaptable varieties for each region could be characterized by an exponential equation between the BVP and PS of varieties that
headed at the border of the safe marginal heading date (SMHD) for each of the seven regional environments (Kaesong, Haeju,
Yongyon, Singye, Sariwon, Nampo, and Pyongyang). A PS of 25 - 30 days or less was an additional adaptive trait in the Sariwon
and Pyongyang environments. The varieties that reached the heading stage not later than the SMHD in six regional environments
(Anju, Kusong, Sinuiju, Changjon, Wonsan, and Supung) and those that reached the heading stage not later than the late marginal
heading date (LMHD) in four regional environments (Hamhung, Pyonggang, Huichon, and Kanggye) had both a PS of 26 days or
less and a BVP of 25 - 28 days or less. In the Yangdok, Sinpo, and Chunggang environments, varieties that reached the heading
stage not later than the LMHD for each region had a BVP of 15 - 20 days or less. The results suggested that a shortened BVP trait
should be introduced to existing early-maturing rice varieties to reduce the duration of growth period to reach the heading stage.
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Table 1. Seed origin, maturity type, and abbreviation (Abb.) of the rice varieties tested in this study, along with the days to
heading (DTH) of these varieties under North Korean environmental conditions as per Yang et al. (2021, 2022).

o ) Variety s
Seed origin No. Maturity type DTH
Name Abb.

1 Early Jinbuol JBO 84 (78 - 91)
2 Early Baegilmi BIM 87 (82 - 94)
3 Early Joun JU 80 (76 - 85)
4 Early Jopum JPu 84 (78 - 93)
5 Early Jinok JO 82 (77 - 88)
6 Early Jopyeong JPy 85 (80 - 92)
7 Early Jinbu JB 84 (80 - 91)
8 Early Sanhomi SHM 86 (82 - 90)
9 Early Odae oD 91 (86 - 105)
10 Early Haedeul HD 97 (91 - 113)
11 Early Ungwang UG 88 (82 - 100)
12 Early Asemi ASM 99 (89 - 120)

South Korea 13 Early Josaengheugchal JSHC 97 (91 - 120)
14 Early Jinmi M 102 (93 - 116)
15 Middle Cheonga CA 95 (92 - 98)
16 Middle Cheongpum CP 103 (00 - 111)
17 Middle Haiami HIAM 101 (95 - 105)
18 Middle Daebo DB 97 (92 - 103)
19 Middle Seonpum SP 92 (85 - 100)
20 Middle Sinbo SiB 105 (98 - 113)
21 Middle Alchanmi ACM 103 (96 - 109)
22 Mid-late Sobi SoB 93 (84 - 98)
23 Mid-late Samkwang SK 102 (98 - 108)
24 Mid-late Hopum HP 100 (97 - 106)
25 Mid-late Saenuri SNR 101 (93 - 109)
26 Early Olbyeol OBI 79 (74 - 85)
27 Early Olbyeo2 OB2 79 (73 - 85)
28 Early Sonbong9 SB9 80 (75 - 89)
29 Early Onpol OP1 83 (76 - 91)
30 Early Wonsan69 WS69 82 (76 - 90)

North Korea L
31 Early Giljul GJ1 87 (81 - 99)
32 Early Pyongdo5 PD5 101 (90 - 120)
33 Early Pyongdol5 PDI15 105 (92 - 120)
34 Early Pyongyang43 PY43 106 (95 - 120)
35 Middle Pyongyang21 PY21 99 (94 - 105)
36 Early Kenjiandao3 KJD3 78 (71 - 83)
37 Early Nongdae3 ND3 78 (70 - 88)

Northern China 38 Early Jijing88 1188 83 (76 - 93)
39 Early Longdao5 LDS5 87 (80 - 96)
40 Early Wuyoudao WYD 84 (80 - 90)

"Mean DTH values of the tested regions with the range in parenthesis
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South Korea (S. Korea), North Korea (N. Korea), and northern China (N. China). White, gray, and black bars represent

Fig. 1. (A) Basic vegetative phase (BVP), (B) photoperiod-sensitivity (PS), and (C) thermo-sensitivity (TS) of rice varieties from
early-, middle-, and mid-late-maturing varieties, respectively, as per the South Korean environment.
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Table 2. Correlation of the basic vegetative phase (BVP), photoperiod-sensitivity (PS), and thermo-sensitivity (TS) with the
number of days to the heading stage (DTH) of rice varieties under North Korean environmental conditions.

+

Correlation between heading ecotypes and DTH

Region n
BVP (d) PS (d) TS (d)
Kaesong 40 0378 ° 0.561 " 0312°
Haeju 40 0.418 0.508 0.424
Yongyon 40 0512 0.428 0.405
Singye 40 0.334 " 0.590 ™ 0277 ™
Sariwon 40 0.269 ™ 0.640 0.267 ™
Nampo 40 0328 " 0.607 ™ 0315"
Pyongyang 40 0.116 ™ 0721 " 0216 "™
Anju 40 0.084 ™ 0.752 0.152 ™
Kusong 40 0.191 ™ 0.647 0.190 ™
Sinuiju 40 0.076 ™ 0.747 " 0.132™
Changjon 40 0.200 ™ 0.621 " 0.337 "
Wonsan 40 0.279 ™ 0.600 0334 °
Supung 40 0.092 ™ 0.765 ™ 0.196 ™
Hamhung 28 0.694 ™ 0.258 ™ 0479 ™
Pyonggang 28 0.799 ™ 0.167 ™ 0511 "
Yangdok 28 0.767 0.153 ™ 0.452°
Huichon 28 0.746 0223 ™ 0.481 "
Sinpo 28 0.823 0.097 ™ 0.419 "
Kimchaek 28 0.793 ™ 0.140 ™ 0.433 "
Chongjin 28 0.829 ™ 0.129 ™ 0.509 ™
Sonbong 28 0.847 0.073 ™ 0.484 ™
Kanggye 28 0.796 ™ 0.147 ™ 0.440 "
Chunggang 28 0.764 0.298 ™ 0.399

"n: Number of rice varieties. The regions tested with 40 varieties included early-, middle- and mid-late-maturing varieties whereas
those tested with 28 varieties included only early-maturing varieties.

ok

, , and ™: Statistically significant at P < 0.05, at P < 0.01, and not significant, respectively.
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Fig. 3. Distribution of basic vegetative phase and photoperiod-sensitivity of the rice varieties. In panels of (A) - (M), varieties
either reached the heading stage not later than the safe marginal heading date (SMHD) (red font) or after the SMHD
(black font). In panels of (N) - (T), varieties reached the heading stage not later than the SMHD (red font), between
the SMHD and the late marginal heading date (LMHD) (blue font), and after the LMHD (black font). The red lines
in (A) - (M) and blue lines in (N) - (T) demarcate varieties that reached the heading stage before and after the
SMHD, and before and after the LMHD, respectively. Names of varieties were abbreviated as per definitions provided
in Table 1.
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Fig. 4. Distribution of basic vegetative phase and thermo-sensitivity of the investigated rice varieties in the four regions tested
with early-maturing varieties. In each region, varieties reached the heading stage not later than the safe marginal heading
date (SMHD) (red font), between the SMHD and the late marginal heading date (LMHD) (blue font), or after the LMHD
(black font). Names of varieties were abbreviated as per the definitions shown in Table 1.
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