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Response of Rice Growth under CO, Enrichment

Y()ung-Guk Kim', Jin-Chul Shin, Min-Gyu Choi, Bon-Cheul Koo, arid Seok-Dong Kim
National Institute of Crop Science, Suwon 441-857, Korea

ABSTRACT : The effects of CO, enrichment on growth of
rice (Oryza sativa L.) were examined. The plants were
grown in growth chambers with a 12-h photoperiod and a
day/night temperature of 28/21°C of the seedling stage and
30/23°C after the panicle initiation stage. The plants were
exposed to two elevated CO, of 500, 700 ppm and ambient
levels (350 ppm). At early growth stage of three varieties
(Ilpumbyeo, Chucheongbyeo, Hwaseongbyeo), the ele-
vated CO, increased plant height, tiller, leaf area and dry
weight. The photosynthetic rate was decreased at 24 days
after treatment (DAT) compared to 11 DAT. The elevated
CO, increased plant height and dry weight at panicle initi-
ation stage (PIS) and heading stage (HS) of three varieties
(Ilpumbyeo, Chucheongbyeo, Hwaseongbyeo). The photo-
synthetic rate, stomatal conductance, evapotranspiration
rate were decreased at the long days of treatment than
that of short days. At entire stages, the elevated CO,
increased the water use efficiency of rice plant because
evapotranspiration rate was lowered at the elevated CO,
than ambient levels.

Keywords: CO, enrichment, rice, photosynthetic rate, sto-
matal conductance, evapotranspiration rate, elevated CO;
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Table 1. Influence of CO, enrichment on the growth and photosynthetic factors at the seedling stage of rice plant.

Treatment CO, Plantheight Tillers Leafarea SPAD Dry weight Photosynthetic ~ Stomatal Evapotran
(ppm)  (cm/pl)  (No/pl) (cm’pl) value  (g/pl) rate T conductance T T spration rate T
0 day Control* 23.6 1.7 12.6 312 0.1 - - -
11 day Control 49.2 8.0 868 45.8 0.9 231 0202 2.69
500 53.0 1.1 123 1 47.9 1.3 32.0 0.150 2.26
700 55.0 11.9 130.6 478 1.4 41.0 0.139 225
Ilpum 18 day Control 550 100 1534 42.6 1.9 184 0.181 2.42
-byeo 500 55.7 13.0 2008 43.1 2.9 298 0.141 2.20
700 56.1 14.1 2039 43.0 2.8 324 0250 356
24 day Control 648 142 365.8 451 3.8 12.8 0.157 2.01
500 66.6 14.6 384.6 46.1 4.6 263 0.114 2.25
700 67.8 15.6 477.0 44.0 5.1 30.8 0.208 3.07
0 day Control* 31.7 4.7 24.5 40.3 0.2 - - -
11 day Control 54.7 9.3 1170 45.4 1.2 242 0.175 222
500 552 97 121.3 46.2 1.3 28.4 0.102 1.68
700 559 10.3 122.7 46.0 1.4 35.7 0.096 1.64
Chucheong 18 day Control 61.2 13.2 212.1 40.8 3.0 153 0.052 079
-byeo 500 64 1 151 235.9 42.0 34 223 0146 217
700 63.6 153 236.5 41.0 3.9 31.8 0.128 2.13
24 day Control 65.8 144 4074 432 43 18.6 0.284 324
500 674 153 430.7 434 4.7 21.2 0.112 1.84
700 67.6 16.2 4718 44.1 5.0 28.8 0.056 1.02
0 day Control* 344 3.8 22.8 40.1 0.2 - - -
11 day Control 57.2 7.3 107.3 46.6 1.0 19.7 0.116 1.57
500 57.3 8.1 111.4 483 1.3 21.4 0.070 1.18
700 57.6 9.0 1177 46.1 1.5 40.4 0.244 3.37
Hwaseong 18 day Control 61.9 93 128.6 40.5 2.3 13.3 0.064 0.89
-byeo 500 65.2 10.9 1802 43.1 32 269 0211 2.92
700 655 129 2243 42.5 3.8 38.0 0171 2.64
24 day Control 70.0 14.3 343.5 448 5.0 10.0 0.071 1.16
500 71.5 14.6 365.9 419 53 244 0.170 244
700 71.6 16.2 465.9 44.0 5.9 26.8 0.200 306

TPhotosynthetlc rate * pmol m=
T Stomatal conductance : mol m?
Evapotransplratlon rate . mmol H20 m2s’, *Control . 350 ppm
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Table 2. Influence of CO, enrichment on the growth and photosynthetic factors at the panicle mitiation stage of rice plant.

CO, Plantheight Tillers Leafarea SPAD Dry weight Photosynthetic

Stomatal Evapotran

Treatment
reatmen (ppm)  (em/pl) (NoJpl) (mpl) value  (g/pl) rate’  conductance T spiration rate
0day Control* 748 9.3 6840 416 7.7 59 0.012 023
6day Control 74.4 88 6683 417 8.8 12.0 0.201 292
500 74.1 9.8 6843 400 11.5 10.5 0.055 1.01
700 75.6 12.7 7952 403 11.0 5.1 0.026 0.52
Ilpum  14day Control 74.8 125 7522 333 122 32 0017 041
-byeo 500 75.4 123 7972 325 12.5 7.8 0.015 0.56
700 7717 12.3 8380 328 13.0 8.8 0.011 0.42
21day Control 80.7 113 7779  33.1 13.3 7.8 0.009 0.15
500 83.1 11.0 7949  33.1 15.0 53 0.006 0.11
700 813 11.7 8430 306 15.8 58 0.004 0.07
Oday Control*  72.1 10.7 6664  33.6 83 8.1 0.082 1.45
6day Control 76.7 11.8 7378  33.8 105 29 0046 0.73
500 76.0 13.5 7490 353 10.7 113 0.044 0.82
700 771 15.0 8249 339 12.8 254 0.010 178
Chucheong 14day Control 77.6 128 6937  31.8 13.3 6.5 0.012 0.43
-byeo 500 80.9 13.3 703.7  31.0 142 94 0.010 0.36
700 81.9 13.0 7457 288 14.3 10.0 0.003 0.51
21day Control 81.8 13.7 7758 29.0 15.3 101 0.010 0.18
500 83.4 14.5 7994 302 15.8 75 0.011 0.22
700 86.2 132 8757 273 16.3 9.02 0.009 021
Oday Control*  81.0 10.0 7041 389 90 12.3 0142 221
6day Control 81.3 100 768.5  40.5 117 9.4 0.132 2.14
500 79.4 12.3 7828 393 12.3 10.3 0.058 1.05
700 817 11.5 7743 387 12.0 4.1 0025 052
Hwaseong 14day Control 81.3 12.8 7803 326 13.3 0.9 0.001 0.02
-byeo 500 82.9 125 790.7 303 140 2.5 0.002 0.17
700 83.3 13.2 7966 320 14.5 75 0.007 028
21day Control 89.2 11.7 7234 329 15.5 6.1 0.003 0.04
500 88.7 113 7014 296 15.3 47 0.009 0.17
700 90.4 113 6912 307 15.8 9.0 0.004 007

T Photosynthetic rate . pmol m?s

1

T T Stomatal conductance : mol m?s™

T Evapotranspiration rate : mmol H,0 m?s™, *Control . 350 ppm
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Table 3. Influence of CO, enrichment on the growth and photosynthetic factors at the heading stage of rice plant.

Treatment CO, Heading  Leafarea  SPAD Dry weight Photosynthetic Stomatal Evapotran
(ppm) ratio (%)  (mstem)  value  (g/stem) rate ¥ conductance’ T spiration rate T
Oday  Control* 0 84.8 33.0 23 - - -
Sday  Control 35 83.8 25.7 22 6.0 0.040 0.43
500 63 1057 292 2.7 83 0.028 0.44
700 70 1211 312 2.7 13.5 0.041 0.60
12day  Control 79 94.1 34.6 33 8.7 0.062 0.84
0 500 73 71.7 33.1 25 102 0029 0.60
_lg‘,‘e‘g 700 78 76 4 311 2.5 116 0.028 0.64
19day  Control 85 71.0 31.8 28 0.6 0.020 0.35
500 88 69.4 326 35 81 0033 0.72
700 88 650 30.8 28 6.6 0.012 0.28
26day  Control 95 76.4 242 45 1.0 0.020 R
500 95 89.0 28.6 42 6.9 0036 0.72
700 90 60.6 168 29 6.3 0.019 0.40
0Oday  Control* 0 61.4 319 23 - - -
5day  Control 35 63.9 212 19 83 0037 0.52
500 38 91.6 23.7 22 103 0.020 0.33
700 49 88.1 233 1.9 9.8 0.007 0.12
12 day Control 79 62.2 27.0 24 9.1 0040 0.67
Chuch 500 69 65.4 26.3 23 8.5 0.006 013
f‘gy:(‘)’“g 700 76 66.5 26.1 22 9.9 0.008 0.19
19day  Control 90 752 26.4 2.7 2.7 0003 006
500 88 74.8 27.7 2.8 7.6 0.010 025
700 93 62.5 28.0 2.7 47 0.003 0.07
26day  Control 85 435 20.8 2.7 59 0.017 031
500 89 40.7 193 1.9 6.6 0.016 0.33
700 92 566 200 29 25 0.007 0.17
0Oday  Control* 50 80.4 34.6 2.0 - - -
5day  Control 81 79.8 28 2.7 9.9 0084 1.19
500 79 69.4 30.8 23 73 0.025 040
700 83 79.7 30 2.6 23.9 0.111 1.63
12day  Control 82 73.5 34.0 2.9 7.6 0 066 1.20
Hwaseon 500 85 770 319 3.0 1.7 0.052 1.10
_syeo & 700 88 65.5 29.8 3.2 13.6 0.050 1.08
19day  Control 83 66.2 282 33 1.7 0.003 0.06
500 84 461 265 34 5.2 0.011 0.26
700 86 51.7 27.8 2.8 49 0.003 0.07
26day  Control 86 2.1 15.5 22 7.5 0064 1.13
500 84 30.1 15.4 21 5.5 0.026 0.55
700 87 26.2 14.1 1.7 07 0.002 003

T Photosynthetic rate : pmol m? s’
T T Stomatal conductance : mol m?s’!
¥ Evapotranspiration rate + mmol H,O m?s!, *Control : 350 ppm

© AT BRG] Z/1HT A%o) FATe) YRY AP A0Z AZHAY. AR ABE §49
2 Zogol7lu}, A AR 2ol A7 AEAl B AYlelE CO, BE Ae)Iie] Aojd4E gulTeh & Ho)
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Table 4. Influence of CO, enrichment on the yield factors from the heading stage to the harvesting stage in rice plant.

Varteties CO, Panicles No. of gr‘aim Grains weight Hee}d rice Yield
(ppm) (No./pl.) (No./panicle) (g/stem) ratio (%) (g/pl.)
Hpum Control* 12.0 84.2 2.0 74 23.8
-byeo 500 ppm 143 73.2 2.0 83 28.4
700 ppm 12.3 89.3 22 78 27.0
Chucheong Control 19.3 55.2 1.4 89 26.6
-byeo 500 ppm 18.0 63.2 1.5 87 26.8
700 ppm 20.7 56.4 13 86 27.1
Hwaseong Control 153 771 1.9 83 29.1
“byco 500 ppm 18.7 70.1 1.6 82 30.4
70 Oppm 17.7 718 19 88 32.6
*Control : 350 ppm
7} gien giule) vis) AEA7} wsiEle Al & 7F CO, BE AHETAME F7He Fd o] SUbEE
F7loe Her|zke] AoFS4E CO, =/t 2 ATl P4 BE wavh ¢ Hlen s e 717ke] Ay 3
A 287t FA0s)0] Qo] WMAHT AEIRES WEATE  BUE Wtk siglch. aelT K547 R fo
Aol £ 247] o)Fd CO, TEE A & RS FEYS W 24YFRE I ‘iﬂa A2 A el
zpo]7h Ao A AL B Wl C 2% t =4 CO, F=AETET F7H CO, = Aol 682 Bt
A ZAE oiule) vjs] o] FrtEld ZAoE Azt kg AE oM o g £ES ISkt Aslel
ke sheAEs o 234 $7H €O, %E AT E TR
AFET F 16400 35| Hoy ATl 5
CO, =0 wWe et Stige| 2 o] 21%\+ A=t oj¢} ke A#AR 7] CO, =7}
CO, SEo] WE Y& FU489 BAS Yol @3 FhE A%l Ak v el O 2 7Y ok
23 13 2t AL er) STk AR SU1Ee), =g
CO, F=7) ¥e xaltntd 2o Aoy e FAEE
Z7lell W Fage] we Ao UeA tirlFd o, ¥ 2
27} EoW SR £io] ZojSe} R olgHAME TS
Holztal AzZtE| oA}, Widodo ef al (2003)% B9 & A5 7% €O, B5 S7l) W Ble] At Ag 9
713t &<t COEE 350 ppm¥ 700 ppmofiA] 8 & Sl FIHY B 9hES B Ade v 2t
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Fig. 1. Changes of photosynthetic rate and transpiration according
to the concentration of carbon dioxide
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