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Effects of Elevated CO, Concentration and High Temperature on Growth and Yield of Rice II. The
effect on yield and its components of Akihikari rice : Han Yong KIM, Takeshi HORIE, Hiroshi NAKAGAWA and
Kuniyuki WADA (Faculty of Agriculture, Kyoto University, Sakyo-ku, Kyoto 606, Japan)
Abstract : Yield and its component organs of rice (cv. Akihikari) were examined for populations grown under
two different CO, concentrations (350 and 690 4 LL~') X four temperature regimes in temperature gradient
chambers (TGGCs) in two cropping seasons of 1991 and 1992. The temperature treatments ranged 27.2~31.1°C
in 1991 and 26.0~29.3°C in 1992 on average over the entire growth period. The relative yield increases by nearly
doubling the CO, concentration under the lowest temperature conditions were 409, and 229, in 1991 and 1992,
respectively. These yield increases were mainly attributable to the increased spikelet number per unit area by
elevated CO,, whereas the CO, effects on ripening percentage and weight of single grain mass were relatively
small. The difference in the CO, enhancement rate in the spikelet number and hence in the vield between the
two years was considered to reflect the difference in the nitrogen (N) application rate, as total amounts of N
applied were 24 g m~? in 1991 and 12 g m=2 in 1992.

With the increase in temperature, yields at ambient and elevated CO, concentrations decreased drastically with
a more pronounced reduction with elevated CO,, resulting in no CO, enrichment effect on rice yield at higher
temperatures. The yield decline at higher temperatures was primarily due to an increase in the number of sterile
spikelets and slightly due to the increase in imperfectly ripened grains. The spikelet sterility was most closely
related to the daily maximum temperature averaged over the flowering period.

Key words : Air temperature, CO, concentration, Rice, Spikelet number, Sterility, Temperature gradient
chamber, Yield.
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Table 1. Yield and its components of Akihikari rice grown at different temperature regimes under
ambient (350 xLL~!) and elevated (690 ¢LL™!) CO, concentrations.
Number of
Years CO, conc. Mean air Paddy yield mmmmmmmmesee P - Fertility 1000 grain HI
(«LL-Y)  temp.(C) (g m-2) panicles spikes . spikes panicle™ (%) weight (&) (%)
(m™?) (X10*m~2)
350 27.2 607 380 3.19 83.9 92.3 20.6 39.3
28.3 665 380 3.38 88.9 92.3 21.3 38.2
29.2 551 367 3.34 91.0 84.1 19.6 354
30.6 350 333 2.48 74.5 74.3 19.0 23.6
1991

690 27.6 882 418 4.29 102.6 94 .4 21.8 45.5
28.3 699 407 4.15 102.0 86.9 19.4 38.4
29.4 540 387 3.80 98.2 72.5 19.6 32.6
31.1 296 427 3.30 77.3 52.8 17.0 16.2
350 26.0 681 413 4.00 96.8 90.2 18.9 49.8
27.0 586 363 3.50 96.8 86.7 19.3 45.6
28.0 575 358 4.09 114.4 7.7 18.1 38.2
29.2 121 329 3.25 97.7 23.0 16.2 9.9

1992 '
690 26.1 818 446 4.49 100.7 91.1 20.0 47.0
26.9 458 400 4.23 105.8 55.5 19.5 29.5
27.8 99 383 4.10 ©108.7 14.0 17.2 9.2
29.3 11 429 4.39 102.6 2.7 9.3 2.0

That yield and 1000 grain weight are represented as dry weight.
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Fig. 1. Relationship between number of spike-
lets per unit area and average air tempera-
ture over the period from treatment initia-
tion to panicle initiation under ambient (350
xLL"Y, open symbols) and elevated (690
#LL7Y, closed symbols) CO, concentrations.
* : Statiscally significant at 59§ level.
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" Fig. 2. Percentage of fully developed (A), partially developed (B) and undevelopéd grain (C) as a
function of average temperature over 10 days after the full heading under ambient (left) and
elevated (right) CO, concentrations in 1992 experiment.
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Fig. 3. Percentage of fertility as a function of
daily maximum air temperature averaged
over flowering period for rice grown under
ambient (open symbols) and elevated (closed
symbols) CO, concentrations.
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Fig. 4. Paddy rice yield as a function of daily
maximum air temperature averaged over
flowering period for rice grown under ambi-
ent (open symbols) and elevated (closed
symbols) CO, concentrations.
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Fig. 5. Relative enhancement rate by nearly
doubled CO, (690 xLL-!) concentration in
paddy yield as a function of daily maximum
air temperature averaged over flowering
period.
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Fig. 6. Relative enhancement rate by doubled
CO, (690 L.L™Y) concentration in yield and
its components for rice grown under current
temperature conditions in 1991 and 1992.
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