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Growth Response and CO, Biomass of Chinese Cabbage and
Radish under High Temperature and CO, Concentration
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Abstract. This experiment was carried out to figure out the CO, biomass and the growth response of Chi-
nese cabbage and radish grown under the condition of high temperature and high CO, concentration to pro-
vide the information for the coming climatic change. Chinese cabbage and radish were cultivated in spring
and autumn seasons under 4 treatments, ‘ambient temp.+ambient CO, conc.’, ‘ambient temp. +elevated
CO; conc.’, ‘elevated temp.+ambient CO, conc.’, and ‘elevated temp. +elevated CO, conc.’. The ‘elevated
temp.” plot was maintained at 5 higher than ‘ambient temp. (outside temperature)’ and the ‘elevated CO,
conc.’ plot was done in 650 ppm CO,. The growth of spring-sown Chinese cabbage was worse than autumn-
sown one, and was affected more by high temperature than high CO,. concentration. The CO, biomass of
Chinese cabbage was lower as 25.1-39.1 g/plant in spring-sown one than 54.8-63.4 g/plant of autumn-sown
one. Daily CO, fixation ability was not significantly different between spring- and autumn-sown Chinese
cabbage as 1.9-2.9, 2.7-3.1 kg/10a/day, respectively. The CO, biomass of radish were 87.4-104.6 g/plant in
spring-sown one and 51.3~76.4 g/plant in autumn-sown one. Daily CO, fixation ability of radish were 6.2-
10.1 kg/10a/day in spring-sown one and 4.6-6.9 kg/10a/day in autumn-sown one.
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Table 1. Effect of air temperatures and CO, concentrations on the growth® of spring- and autumn-sown Chinese cabbage.

. Treatment” Head Head Leaf No. of leaves Dry wt. of leaves(g)
Cropping . length width area
season Air temp. CO; conc. (cm) (cm) (cm?) Inner Outer Inner Outer
Ambient Ambient 16.9ab* 12.9b 8,846 70.0 14.5ab 24.0 64.2
. Ambient Elevated 22.2a 14.8a 9,979 73.6 11.2b 22.3 55.0
fgft‘l’ﬁr SOWIL - Elevated Ambient  162b  13.1b 9,011 698 12.0ab 154 56.5
Elevated Elevated 19.3a 15.3a 9,420 71.7 15.0a 20.0 543
Significant level * ns ns * ns ns
Ambient Ambient 39.7b 26.0a 14,382a 67.4 18.8ab 38.9 49.0ab
Ambient Elevated 34.3d 21.8b 11,234b 68.3 15.0b 38.1 34.3b
’Ctl‘ig‘v‘;‘r“‘“w“ Elevated ~ Ambient  41.6a  262a 155032 624  238a 336 61.9a
Elevated Elevated 37.2¢ 24.8ab  12,411b 64.2 20.8a 37.7 51.6ab
Significant level * * ns *K ns *

“Spring-sown cultivar was harvested 50 days and autumn-sown was done 75 days after transplanting.
YElevated temperature and elevated CO, concentration treatments were maintained 5°C higher than ambient temperature and

650 ppm CO; conc., respectively.

*Mean separation within by Duncan's multiple range test at p=0.05.
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Fig. 1. Growth responses of spring- (left) and autumn-sown (right) Chinese cabbage cultivars in different air temperatures

and CO, concentrations.
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Table 2. CO, biomass of spring- and autumn-sown Chinese cabbage in different air temperatures and CO, concentrations.

Cropping Treatment® Dry wt. of leaves(g) CO, g/plant’ CO, kg/10a* CO, kg/10a/day
season Air temp. CO,conc. Inner Outer Fixed Absorbing Fixed Absorbing Fixed Absorbing
Ambient Ambient 24.0 64.2 39.1 104.6 145 387 2.9 7.7
Spring-sown Ambient Elevated 22.3 55.0 36.3 89.7 134 332 2.7 6.6
cultivar Elevated Ambient 154 56.5 25.1 92.1 93 341 1.9 6.8
Elevated® Elevated* 20.0 54.3 32,6 88.5 121 327 24 6.5
Ambient Ambient 389 49.0 63.4 79.9 234 296 3.1 4.0
Autumn-sown Ambient Elevated 38.1 343 62.1 55.9 230 207 3.1 2.7
cultivar Elevated Ambient 33.6 61.9 54.8 100.9 203 373 2.7 5.0
Elevated Elevated 37.7 51.6 61.5 100.2 228 371 3.0 42

“Elevated temperature and elevated CO, concentration treatment were maintained at 5°C higher than ambient temperature and

650 ppm CO, conc., respectively.

YThe CO, biomass of approximate was multiplied 1.63 by average of dry weight following photosynthesis.

*The planting density was 3,700 plants/10a.
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Table 3. Effect of air temperatures and CO, concentrations on the growth® of spring- and autumn-sown radish.

. Treatment” Leaf Root Dry weight(g)
Cropping . No. of area Length  Widih
season Airtemp. CO,conc.  leaves (cm?) (cm) (cm) Shoot Root
Ambient Ambient 35.3b 9,583a 30.8b 8.7a 49.0 53.6a
) Ambient Elevated 35.8b 6,852b 37.3a 8.9a 41.8 64.2a
f&rtﬁ;sown Elevated ~ Ambient  36.8b 8682a 279 6.9b 435 39.5b
Elevated Elevated 41.8a 6,009b 35.3a 8.4a 429 57.8b
Significant level * * * *k ns *
Ambient Ambient 24.0ab 4,496 28.2 7.9 31.1ab 40.2ab
Ambient Elevated 25.0a 4,609 29.1 7.9 32.4a 46.9a
21‘;21/‘:;"50“’“ Elevated ~ Ambient  22.4b 4,532 27.3 7.4 27.3b 31.5b
Elevated Elevated 24.8a 4,332 29.3 7.6 33.9a 41.6b
Significant level * ns ns ns * *

*Spring-sown cultivar was harvested 65 days and autumn-sown one was done 70 days after sowing.
YElevated temperature and elevated CO, concentration treatment were maintained at 5°C higher than ambient temperature and
650 ppm CO, concentration, respectively.

Table 4. CO, biomass of spring- and autumn-sown radish in different air temperatures and CO, concentrations.

Cropping Treatment* Dry wt. of leaves(g) CO; g/plant’ CO, kg/10a* CO; kg/10a/day

season Air temp. CO, conc. Root Shoot Fixed Absorbing Fixed Absorbing Fixed Absorbing
Ambient Ambient 53.6 49.0 87.4 79.9 5504  503.2 8.5 7.7

Spring-sown  Ambient Elevated 642 418 1046 68.1 6593 4292  10.] 6.6

cultivar Elevated Ambient 395 435 64.4 90.9 405.6  446.7 6.2 6.9
Elevated Elevated 57.8 429 94.2 69.9 593.6  593.6 9.1 6.8
Ambient Ambient 40.2 31.1 65.5 50.7 412.8 3193 59 4.6

Autumn-sown Ambient Elevated 469 324 764 528 4816 3327 6.9 48

cultivar Elevated Ambient 315 273 513 445 3236 2803 4.6 4.0
Elevated Elevated 41.6 33.9 67.8 55.3 4272 3481 6.1 5.0

“Elevated temperature and elevated CO, concentration treatment were maintained.5°C higher than ambient temperature and
650 ppm CO; concentration, respectively.

*The CO, biomass of approximate was multiplied 1.63 by average of dry weight following photosynthesis.

*The planting density was 6,300 plants/10a.

Table 5. Effect of temeperatures and CO, concentrations on the photosynthetic characteristic of autumn-sown Chinese cab-
bage and radish

Treatment” Chinese cabbage Radish

Air co Pn Stomatal Transpiratin Pn Stomatal Transpiratin
tem con02 (umol COy»  conductance rate (umol COy  conductance rate

p- : m>s")  (mol ,Om2s™") (mol HOm™2s™)  m2s™)  (mol HyO,m™?s™) (mol H,Om™2s™)
Ambient Ambient 8.5b 0.097ab 1.85ab 11.7ab 0.06b 1.39%
Ambient Elevated 11.2a 0.101a 2.13a 11.3b 0.10a 1.94a
Elevated Ambient 6.7c 0.039¢ 0.99¢ 9.7b 0.05b 1.10b
Elevated Elevated - 7.5c 0.048bc 1.21bc 15.2a 0.04b 0.97b

“Elevated temperature and elevated CO, concentration treatment were maintained at 5°C higher than ambient temperature and
650 ppm CO, concentration, respectively.
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