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Table 1. Panicle harvesting dates, temperatures at picking time, and the highest temperatures on that day for 5 rice
varieties (lines) grown in 2 consecutive cropping seasons in a heated greenhouse.

Second cropping season, 2020

First cropping season, 2021

Temperature at ~ Highest temperature Temperature at ~ Highest temperature
Panicle har- harvesting in harvesting day Panicle har- harvesting in harvesting day
Cultivar vesting dates () (©) vesting dates (©) ()
‘N22° 10/14 39.7 42.5 4/28 39.2 38.6
PA164 10/16 38.8 42.6 5/19 42.1 444
‘Tainan 11° 10/20 39.2 42.0 524 42.1 41.1
‘Taiken 9° 10/21 39.4 40.2 5/21 42.6 45.6
PA163 10/22 38.1 39.6 5/20 424 44.0
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Fig. 1. Mean daily temperature curves of the field and the heating greenhouse in (A) the second cropping season of
2020 and (B) the first cropping season of 2021.
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Table 2. The mean temperatures of the field and the heating greenhouse in the heated and unheated periods in 2
consecutive cropping seasons of this study.

Mean temperature ('C) Mean temperature (C)
v 08/03-09/20, 2020 09/21-11/30, 2020
ear-crop-
ping season Treatment 00:00-24:00 08:00-15:00 15:00-08:00 00:00-24:00 08:00-15:00  15:00-08:00
2020-2 Field 28.2 315 27.0 24.8 28.3 23.4
Heating greenhouse 32.8 36.0 31.5 31.1 37.0 28.6
Difference 4.6 4.5 4.5 6.3 8.7 52
2021-1 03/07-04/20, 2021 04/21-06/20, 2021
Field 223 25.6 19.9 27.5 30.4 25.6
Heating greenhouse 27.0 31.1 242 33.8 40.4 29.6
Difference 4.7 5.5 42 6.3 10.0 4.0
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Table 3. Pollen viability and spikelet fertility of 5 rice cultivars (lines) planted in the field or in a heating green-

house in the second cropping season of 2020.

Pollen viability (%) Spikelet fertility (%)
Cultivar/line Heat nursery Heat nursery Field
‘N22° 693+7.6a" B’ 63.1+63a C 91.8+44a A 927+15a A
PA163 795+35a A 777+3.6a A 81.7+39a A 82.0+62a B
PA164 778+57a A 745+63a AB 813+75a A 829+53a AB
‘Tainan 11° 729+69a AB 71.5+6.5a ABC 86.7+6.5a A 842+54a AB
‘Taiken 9° 698+43a B 654+11.5a BC 863+48a A 919+1.7a AB

“Means with different letters (in small letter) in the same cultivar (lines) in the same character are significantly different (P < 0.05)

by r-test.

’ Means with different letters (in capital letter) in the same column are significantly different (P < 0.05) by least significant differ-

ence (LSD) test.
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Effects of High Temperature after Heading Stage on
Rice Pollen Viability and Fertility

Chi-Ni Hsia', Charng-Pei Li’, Wei-Ting Tsai’, Yi-Heng Tsai*, Pei-Ying Huang®, Ching Chuang’, and
Shuen-Chi You™

Abstract

Hsia, C. N., C. P. Li, W. T. Tsai, Y. H. Tsai, P. Y. Huang, C. Chuang, and S. C. You. 2024.
Effects of high temperature after heading stage on rice pollen viability and fertility. J.
Taiwan Agric. Res. 73(4):281-291.

This study conducted heating treatment beginning from rice heading to grain maturity in a green-
house to investigate the effects of high temperature on pollen viability and spikelet fertility. Rice materi-
als including heat-resistant early-maturing indica upland rice ‘Nagina 22’ (‘N22”), medium-late-matur-
ing japonica rice ‘Tainan 117 (‘TN11”) and ‘Taiken 9’ (‘TK9’), as well as PA163 and PA164, the BC,F;
lines bred by ‘TK9’ with ‘N22” heat-resistant gene, were planted in the second cropping season of 2020
(2020-2) and the first cropping season of 2021 (2021-1), respectively, using paddy field cultivation meth-
ods in field and plastic greenhouse. The greenhouse was heated with a diesel heater from 08:00 to 15:00
every day after ‘N22’ heading to grain maturity, with a set temperature of 38°C; in the 2021-1 cropping
season, the set temperature during the day is 39°C and at night heating treatment was performed from
20:00 to 06:00 the next day with a set temperature of 28°C. The plants were tagged on the heading day
and the ears were picked 2 d later. The pollen from the spikelet that was about to open on the day of ear
picking was used to test the pollen viability using impedance flow cytometry (IFC). The results of the
2020-2 cropping season showed that there was no significant difference in pollen viability or spikelet
fertility between the field and the heated greenhouse in the same variety. The results of the 2021-1 crop-
ping season showed that 3 of the 5 varieties had significant differences in pollen viability between the
field and the heated greenhouse, namely, PA164, “TN11° and ‘TK9’. In addition to the above 3 vari-
eties, there was another line, PA163, that showed a significant difference in spikelet fertility. Mean-
while, in the 2021-1 cropping season, the field pollen of 5 varieties (lines) was collected and treated in
the range of 25-45°C, and the changes in pollen viability were tested. The pollen viability measured
at various temperature treatments was compared with the pollen viability of the 25°C treatment (the highest
value) as the relative pollen viability. The degree of influence of temperature on the relative pollen viability
was sorted from small to large, which were ‘N22°, “TN11°, PA164, PA163, and ‘“TK9’, respectively. The
results of this study showed that both pollen viability and spikelet fertility were affected by high tempera-
tures. However, using greenhouse heating treatment was costly, with less flexibility on temperature settings
compared to the treatment using pollen collected from the field with various temperatures and testing
changes of its viability, which has the advantages of simplicity, ease of implementation, and high efficien-
cy. Therefore, it is recommended that the impact of high temperature on pollen viability be used as a rapid
or primary screening method for heat-resistant rice evaluation.

Key words: Oryza sativa L., Spikelet fertility, Pollen viability, Impedance flow cytometry.
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