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Photosynthetic Characteristics and Cellular Tissue of Chinese Cabbage

are Affected by Temperature and CO, Concentration
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Abstract. Numerous studies have presented evidence that global atmospheric carbon dioxide (CO,) con-
centration and temperature is increasing every year. Both of the CO, and temperature are important compo-
nents for photosynthesis activity of plants and thusgrowth and yield. However, little information is available
in terms of the reaction of vegetable plants to increased CO, concentration and temperature, and also the
reaction to a complex condition of both increased CO, concentration and temperature. The aim of this
research was therefore to investigate changes in growth, photosynthetic activity and ultra-cellular structure
of leaf tissue of Chinese cabbage. Plants were grown under either of elevated CO, concentration (elevated
CO,, 2-fold higher than atmospheric CO,) or elevated temperature (elevated temp, 4°C higher than atmo-
spheric temperature), under both of elevated CO, concentration and elevated temperature (elevated
temp+CO,), and under atmospheric CO, concentration and temperature (control). The treatment of ‘ele-
vated temp’ negatively affected leaf area, fresh weight, chlorophyll and starch content. However, when the
treatment of ‘elevated temp’ was applied coincidently with the treatment of ‘elevated CO,’, growth and pho-
tosynthetic performance of plants were as good as those in the treatment of ‘elevated CO,’. Microscopic
study resulted that the highest starch content and density of cells were observed in the leaf tissue grown at
the treatment of ‘elevated CO,’, whereas the lowest ones were observed in the leaf tissue grown at the treat-
ment of ‘elevated temp’. These results suggest that when Chinese cabbage grows under a high-temperature
condition, supplement of CO, would improve the growth and yield. In our knowledge, it is the first time to
determine the effect of a complex relationship between the increased CO, concentration and temperature on
the growth of Chinese cabbage.
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Table 1. Effect of temperatures and CO, concentrations on the growth of chinese cabbage.

No. of Leaf length Leaf area Chlorophyll Fresh wt.
Treatments leaves (cm) (cm¥/pl.) (SPAD) (@/pl)
Control 38.5a* 348a 10,324 a 349a 1,259 a
Elevated CO, 425a 363a 6,625 a 31.7 ab 931 ab
Elevated temp. 545a 357a 4,744 3 259 ab 440 b
Elevated temp.+Elevated CO, 555a 368a 8,740 a 213b 971 ab

“Mean separation within by Ducan's multiple range test at p=0.05.
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Table 2. Effect of temperatures and CO, concentrations on the photosynthesis of chinese cabbage.

Treatments Pn Stomatal cond. Transpiratin rate
(umolCO, - m2-s7) (molH,0, - m2 - s7h (molH,0, - m™2 - s
Control 129v* 0.363 a 5.2ab
Elevated CO, 225a 0.656 a 42b
Elevated temp. 13.6b 0.475 a 6.1a
Elevated temp.+Elevated CO, 214a 0.848 a 4.6 ab
*Mean separation within by Ducan’s multiple range test at p=0.05.
Table 3. Effect of temperatures and CO, concentrations on the mineral contents of chinese cabbage.
Content (%)
Treatments
K Ca Mg P T-N
Control 497 a* 2.86¢ 0.50b 1.67a 3.34ab
Elevated CO, 442 a 2.65¢ 044 b 1.61a 2.68b
Elevated temp. 444a 3.88a 0.49b 1.75a 346a
Elevated temp.+Elevated CO, S5.11a 3220 0.59a 1.70 a 3.08 ab

“Mean separation within by Ducan’s multiple range test at p=0.05.
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Fig. 1. Effect of temperatures and CO, concentrations on the cellular tissue of chinese cabbage.
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