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Effects of elevated atmospheric CO, concentration and shading on
leaf light utilization and yield of wheat

YU Xian-Feng', ZHANG Xu-Cheng'?

(1. Key Laboratory of Northwest Crop Drought-resistant Farming, Ministry of Agriculture; Gansu Academy of Agriculture Sciences,
Lanzhou 730070, China; 2. College of Resources and Environment, China Agricultural University, Beijing 100094, China)

Abstract CO, and light energy are dynamic substrates of plant photosynthesis. Changes in CO, concentration and light energy
intensity lead to corresponding changes in the characteristics of plant photosynthesis and growth. It was therefore critical to study the
effect of atmospheric CO, concentration and light intensity on plant photosynthesis which could foster further understanding of the
response of terrestrial ecosystem to global climate change. This study analyzed the elevated atmospheric CO, concentration (760
pmol-mol™") and shading effects on wheat light utilization and yield. In the study, CO, concentrations and light intensity were set up
and measures were taken on photosynthetic gas exchange parameters, light-photosynthetic response curves and yield. The
relationship between light intensity and light use efficiency was analyzed and then elevated atmospheric CO, concentration (760
pmol-mol™) and shading effects on wheat photosynthesis and yield determined. Result showed that compared with normal CO,
concentration, net photosynthetic rate (P,), maximum net photosynthetic rate (Pp.), light saturation point (LSP) and light
compensation point (LCP) of wheat leaves increased significantly under elevated atmospheric CO, concentration. However, under

shading conditions, Py, LSP and LCP decreased. Under normal and elevated atmospheric CO, concentrations, dark respiration rate
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(R4) of wheat leaves decreased significantly. However, shading and elevated atmospheric CO, concentration had no significant effect
on Ry. Apparent quantum yield (4Q0Y) of wheat leaves increased significantly with increasing atmospheric CO, concentration.
Conversely, the effect of shading on AQY changed with changes in atmospheric CO, concentration. While shading significantly
increased AQY under elevated atmospheric CO, concentration, it significantly decreased AQY under normal CO, concentration.
While plant height and spike length increased significantly under elevated atmospheric CO, concentration and shading, grain number,
grain weight per spike and 1000-grain weight decreased significantly. Because of changes in photosynthetic characteristics and
limitations in light intensity, wheat leaf respiration increased under elevated atmospheric CO, concentration and shading conditions.
This resulted in the decline of P,,, which limited dry mass accumulation and grain yield formation.

Key words Wheat, Flag leaf , Elevated CO, concentration, Shading condition, Photosynthesis, Yield and its component
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Table 1 Design of experimental treatments
Treatment
Name of treatment
ETS CO, (760 pmol-mol ™), Elevated atmospheric CO, concentration (760 pmol-mol™) and 100% natural sunlight
ETC CO, (760 pmol-mol™), Elevated atmospheric CO, concentration (760 pmol-mol™") and 60% natural sunlight
ATS CO, (400 pmol-mol ™), Ambient atmospheric CO, concentration (400 pmol'mol™) and 100% natural sunlight

ATC CO, (400 pmol-mol ™), Ambient atmospheric CO, concentration (400 umol'mol™) and 60% natural sunlight
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Fig. 1 Response curves of PAR-P,and PAR-LUE of wheat leaves under elevated atmospheric CO, concentration and shading
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Table 2 Effects of elevated atmospheric CO, concentration and shading on Pymax, LSP, LCP, R4, AQY of wheat leaves
Prmas LSP LCP R AQY
Treatment [umol(CO,)'m2s™] (umol-m2s7") (umol-m2s7") [umol(CO,)'m2s™] (umol-mol™)
ETS 37.04+£0.969a 2028+157.513a 28.07+1.076a 1.49+0.215b 0.074+0.003b
ATS 25.49+0.960c 1327+48.912¢ 23.06+0.626b 2.29+0.036a 0.071%0.002b
ETC 31.48+1.046b 1 524+8.591b 20.44+1.536¢ 1.82+0.0019ab 0.089+0.003a
ATC 19.19+0.356d 965+20.154d 14.10+2.015d 1.26+0.0454ab 0.06120.002¢

Anova results tested by LSD.

5%

s Data with different letters are significantly different at 0.05 level according to
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Table 3  Effects of elevated atmospheric CO, concentration and shading on plant dry mass, plant height and yield component of wheat

Plant height Dry weight Spike length Grain number Grain weight 1000-grain weight
Treatment -1 =
(cm) (g-plant™) (cm) per ear (g-plant™) (g2)
ETS 61.0+0.739b 2.92+0.161a 9.6+0.198a 30.2+2.588a 1.2+0.151a 41.164+0.963a
ATS 63.8+1.769b 2.07+0.132b 9.7+0.399a 29.6+1.602a 1.0+0.058b 39.384+0.981a
ETC 70.5+2.919a 1.66+0.035¢ 10.3+0.536a 27.4+3.204b 0.9+1.288¢c 30.997+0.614b
ATC 66.4+1.963a 1.34+0.057d 9.6+0.232a 25.242.338b 0.8+0.124¢ 28.483+0.757b
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