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Optimum Grain Filling Temperature for Yield Improvement of Rice Varieties Originated
from High—Altitude Areas
Woonho Yang"', Shingu Kang? Jong-Seo Choi?, Jeong-Hwa Park?, and Sukjin Kim®

ABSTRACT A field test and a phytotron study were performed over two years to examine whether rice varieties originated from
higher altitude areas have lower optimum grain filling temperatures for yield improvement than the varieties from South Korea.
Three varieties originated from North Korea and three varieties from northern China were compared to the same number of
varieties from South Korea. In a field study, the optimum grain filling temperatures over 40 days after heading were 22.6 —23.0°C,
21.5-22.3°C, and 21.5 - 23.6°C for the varieties from North Korea, northern China, and South Korea, respectively, resulting in
no significant difference among varietal groups. Meanwhile, the heading dates of the early maturing varieties from North Korea
and China were 7 - 12 days earlier than that of the early maturing Odae variety from South Korea during the first transplant of 2017.
The phytotron study, in which different temperature regimes were imposed from flowering/fertilization to harvest with constant
daily mean temperatures, revealed that milled rice weight did not decrease under low temperatures, even at 16°C, compared to that
at 22°C. At the fourth transplant in the field study, mean temperature lower than 10°C appeared before rice grains were fully
developed, resulting in yield reductions. It was concluded that rice varieties adaptable to high-altitude areas do not have lower
optimum grain filling temperatures but, instead, possess shorter growth durations. It was further suggested that the optimum grain
filling temperature of rice observed under natural conditions could be attributed to the lowering temperature at the late filling stage
under temperate climatic conditions.
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Table 1. Heading date and the mean daily temperature over 40 days after heading (DAH) for each rice variety transplanted four
times in 2016 and 2017.

. 2016_Transplants 2017 _Transplants .
Variety Difference
Ist 2nd 3rd 4th Ist 2nd 3rd 4th
Heading date (m.dd) (days)
Odae 8.11 8.23 9.04 9.12 8.15 8.28 9.08 9.16 36
Haiami 8.11 8.24 9.07 9.12 8.10 8.28 9.13 9.16 37
Samkwang 8.12 8.22 8.31 9.08 8.14 8.29 9.08 9.17 36
Onpol 8.08 8.19 9.03 9.10 8.11 8.23 9.04 9.15 38
Giljul 8.08 8.18 9.02 9.14 8.08 8.23 9.02 9.14 37
Pyongyang21 8.12 8.21 9.07 9.20 8.15 8.24 9.12 9.21 40
Jijing-88 - - - - 8.03 8.13 8.23 8.30 27
Wuyoudao - - - - 8.07 8.18 8.30 9.08 32
Longdao5 - - - - 8.05 8.18 8.27 9.04 30
Mean daily temperature over 40 DAH (°C) (°O)
Odae 25.3 22.7 20.7 19.3 22.5 20.7 19.1 17.6 7.7
Haiami 25.3 22.5 20.2 19.3 23.1 20.7 18.3 17.6 7.7
Samkwang 25.1 229 21.7 20.0 22.5 20.7 19.1 17.5 7.6
Onpol 25.9 23.7 21.0 19.7 22.9 21.4 19.7 17.8 8.1
Giljul 25.9 23.9 21.2 18.9 23.3 21.4 20.3 18.1 7.8
Pyongyang21 25.1 23.2 20.2 17.3 22.5 21.1 18.5 16.5 8.5
Jijing-88 - - - - 243 22.5 21.4 20.7 3.5
Wuyoudao - - - - 23.4 223 20.7 19.1 43

Longdao5 - - - - 23.8 223 20.7 19.7 4.1
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Table 2. Milled rice weight for each variety at the four annual transplant times.

Variet 2016_Transplants 2017_Transplants 2-Year Mean
aney 1st 2nd 3rd 4th Ist 2nd 3rd 4th Ist 2nd 3rd 4th
(g m?)
Odae 417°  544°  538° 393" 586  590°  507°  337° 501° 567 522%  365°¢
Haiami 502°  561°  394¢  375°¢ 596°  545%® 493  351°¢ 549° 553 443° 363 °
Samkwang 380°  518% 4987 409" 690°  725°  539°  314° 535° 622 518°  361°
Onpol 401° 447 449 402° 421°  517°  397° 293¢ 411° 482 423"  348°
Giljul 481° 513 494 363° 550° 579% 534 448"  515°  546°  514° 405"
Pyongyang21 580°  655°  474° 307¢ 535% 5333 497°  205° 537% 644  485°  256¢
Jijing-88 - - - - 352°¢ 450 424*  391° 352¢ 450 424°  391°
Wuyoudao - - - - 429°  539° 519 389° 429°  539° 519  389°
Longdao5 - - - - 422°  497°  447°  347° 422° 497 447  347°

"In each year and 2-year mean columns, the same superscript letters following each variety indicate no significant difference

according to LSD (P = 0.05).
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Fig. 2. Relationship between mean daily temperature over 40 days after heading and milled rice weight in field-grown rice plants.
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years and those for the lower three varieties were taken in 2017. Arrows and their adjacent data in each panel represent
the temperature at which the highest weight was attained. * and **: significant at P < 0.05 and 0.01, respectively.
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in the phytotron study. Data for the upper six varieties are the means of two experimental years and those for the lower
three varieties are from 2017. The same letters within a panel indicate no significant difference according to LSD (P
= 0.05). ns: not significant.
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variety. Data for the upper six varieties were taken in two experimental years and those for the lower three varieties

RS

we} o

were taken in 2017.

7 2FashA) QAL 2ha
29l ehFig. 5).

A7} E

A NA

Q174 AFelA Yend ol2g Auh
EEEE!

A T W7 22°CHT} 12°Co)| A 5437

AUAIE

|



30

D= XY Iuf B S352 =82 24 189
Odae | —1stT = 2nd T\ Haiami Samkwang

25

Onpo1 Gilju1

Pyongyang21

________________

Daily mean temperature (°C)

Wuyoudao

Longdao5

404244 46485052 5456 586062644042444648 5052 5456586062644042444648505254565860 626466

Days after heading
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Data for the upper six varieties are the means of two experimental years and those for the lower three varieties are
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