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Effects of Elevated CO, Concentration and High Temperature on Growth and Yield of Rice I. The
effect on development, dry matter production and some growth characteristics : HanYong KiM, Takeshi HORIE,
Hiroshi NAKAGAWA and Kuniyuki WADA (Faculty of Agriculture, Kyoto University, Sakyo-ku, Kyoto 606, Japan)
Abstract : Phenological development, biomass production and the related growth characteristics of rice (cv
Akihikari) in canopy were measured over the entire growth period under different CO, concentrations and air
temperature regimes in temperature gradient chambers (TGCs), in order to clarify the effects of anticipated
global climate change on rice production. The TGC is a plastic tunne] with the dimensions of 26m in length, 2.
05m in width and 1.7m in height in which air was ventilated at varying rates to created a 4°C temperature
gradient along its longitudinal axis. Two TGCs were used for this experiment ; one was kept at ambient CO,
(2350 xLL') concentration and the other at 690 yLL~* throughout the entire growth period. CO, X tempera-
ture treatmets were applied to potted rice plants displaced in TGC at the density of 20 hills m~2 in 1991, and on
transplanted plants on soil bed in TGC at 25 hills m~2 in 1992. In both years, a sufficient amount of nutrition
was applied in split. The nearly doubled CO, concentration (690 4LL~!) accelerated phenological development
of rice toward heading with more pronounced effects at higher temperatures. The number of days to heading of
elevated CO, plants at 30°C was 119 less than that of ambient CO, plants. The elevated CO, concentration
remarkably promoted both total and productive tiller numbers, whereas it gave a negligibly small effect on plant
height. Also, the elevated CO, concentration gave minor effects on leaf area index except at the initial growth
stage, coinciding with the previous workers’ results. The elevated CO, concentration markedly promoted crop dry
matter production, on which temperature appeared to give negligibly small effects. The relative enhancement rate
by the doubled CO, on crop dry weight at maturity was estimated to be 249, as average over the entire tempera-
ture range (26~30°C) in both years. The insensitive temperature response in the enhancement rate was contrary
to previous workers’ results. This is considered to be due to previous workers’ results being based on largely
isolated plants where radiation might less limit the growth than in the present experiment in the canopy condition.
Eey words: Air temperature, Biomass production, CO, concentration, Global climate change, Growth and
development, Rice, Root development, Temperature gradient chamber.
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Fig. 1. Phenological development described as

relative days to heading of rice cultivar
Akihikari as a function of average air tem-
perature over the period form treatment ini-
tiation to heading under ambient (=350
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symbols) CO, concentrations.
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air temperature over the entire growth period under ambient and elevated CO, concentrations.

Vertical bars indicate standard errors.
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Fig. 4. Leaf area index as a function of average air temperature over the period from treatment
initiation to each development stage under ambient (open symbols) and elevated (closed symbols)

CO, concentrations.
Vertical bars are the same as those in Fig.3.
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Fig. 5. Relationship between crop dry weight

and LAI at panicle initiation under ambient
(open symbols) and elevated (closed symbols)
CO, concentrations.
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cement rate by nearly doubled CO, con-
centration in crop dry weight of rice grown
under pot (open symbol) and field-like
(closed symbol) conditions.

Vertical bars indicate standard deviations.
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initiation to.each development stage under ambient (open symbols) and elevated (closed symbols)

CO, concentrations.

Vertical bars are the same as those in Fig.3
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Table 1. Effects of CO, concentration, temperature and cultivation conditions on root growth in rice.

Pot condition in 1991

Field condition in 1992

CO, conc. Mean air Days after treatment

(«LL)  temp.(C) 17(PI) 51(H) 84(M)

CO, conc. Mean air Days after treatment
(uLL-Y) temp.(CC) 30(PI) 60(H) 90(M)

Root dry weight (gm™2)

350 27.2 28.3 62.2 61.1
28.3 30.7  61.7 62.7
29.2 21.4 62.2 60.4
30.6 27.1 64.1 78.9
690 27.6 38.0 81.4 73.7
28.3 30.8 78.1 94.5
29.4 40.1 83.1 105.4
31.0 33.6 87.8 116.2

Root dry weight/Total dry weight (%)

350 27.2 12.9 6.3 3.9
28.3 12.5 5.9 3.5
29.2 10.4 6.2 3.6
30.6 11.6 6.9 4.9
690 27.6 12.9 6.6 3.5
28.3 11.8 6.8 4.9
29.4 14.2 6.5 4.9
31.0 12.0 5.2 5.3

350 26.0 65.2 54.6 52.3
27.0 50.0 57.4 44.8
28.0 68.1 65.7 72.1
29.2 54.3 57.7 88.3
690 26.1 65.2 78.9 89.6
26.9 66.2 66.0 74.8
27.8 62.1 81.0 104.4
29.3 71.9 72.1  142.7
350 26.0 20.2 6.3 3.8
27.0 15.1 6.6 3.5
28.0 21.4 6.4 4.8
29.2 16.4 7.0 6.8
690 26.1 16.3 7.3 5.1
26.9 14.9 5.9 4.8
27.8 16.4 6.2 6.2
29.3 14.9 6.0 7.7

The PI, H and M denote panicle initiation, heading and maturity stages, respectively.

1.8
] Imai et al.(1985)
O Ziska et al.(1992)
1.6 7| A Bakeretal.(1990)

[} Kyoto univ. 1991 O
e

@ Kyoto univ. 1992 -

Relative enhancement in dry weight
(Elevated CQ2/Ambient CO2)

24 26 28 30 32

Mean air temperature (°C)

Fig. 8 Relative enhancement rate by nearly
doubled CC, concentration in total rice crop
dry weight at maturity as a function of
average air temperature over the entire
growth period.

This figure was constructed by plotting the
present experimental results together with
those from Imai et al. (1985)%, Ziska and
Teramura (1992) ¥ and Baker et al. (1990) 2.

BIF U BEEREDOKREZ AW/ Baker 52 @D
R HES, r=0.361) KX{—HLTw3, Z
et L, AR O KRG 2 RICHRE L 7z Imai
59 ¥ Ziska & Teramura® OERE2EHLETH S
(BE#R, r=0.972%) &, ZOHEMRIFHKED
24.5C~29.5CCE 22 CRELRECONTEE
WRELS Ko7z, IhoEXDOHFRICIIHARED
HMOFRBEREORBOVEFELET 570, —HcHf> C
R TIRD B, CO, BEMELE I X 5K
FREZYIAEE D BEMER O RE R I FEE ST 1L
BRI WREFTE TIEREL 2 Z EWRB I Lk,
FORRAELT, BRTEEST 2 HIZHEMNT 2
(B3IH) DD, HERET CTIRAEIFHIRER &
% %7253 ORINIHEE I RIE N VLD
XU, HOZEESEET TIREEIRRT W DIz Fh
DEYEMz OB sZLe8EzZoNS, Zhi
D, ¥BEEOHIBER L U IERT 2 BEL
BT T CO, BERIMN & 28 EERERIIR
ETIREOEER, BEOREHETCR/NEWEE
Zohd,
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