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ABSTRACT

Effects of elevated CO, on leaf phenology of Quercus acutissima were examined using open-top
chambers, which had ambient and elevated CO, concentrations (ambient x 1.4, ambient x 1.8). To
analyze the effect of chamber, non-treatment block was established near outside of the chambers. In
2013, budburst, leaf unfolding, coloring, and shedding were surveyed, and spring phenology was
surveyed in 2014. Thermal sum (base temperature +5°C) of each phenological event occurred was
recorded. In addition, bud samples were collected and analyzed for carbohydrate contents in March
2014. Elevated CO, concentration advanced budburst and leaf unfolding, and delayed shedding in
2013. However, in 2014, the temperature of the spring season was high, and there was no significant
effect of elevated CO, concentration on spring phenology. Carbohydrates content, such as starch, total
non-structural carbohydrate and total soluble sugar, were significantly increased in response to
elevated CO, concentration. It has been proposed that elevated CO, concentration could extend the
growing season of temperate species with increased possibility of frost damage due to early bud opening and
leaf unfolding. However, our analysis showed that the increased carbohydrate concentration in bud under
elevated CO, would reduce the possibility of early spring frost damage by acting as cryoprotectant.
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Table 1. Average day of year and p-values, determined by ANOVA, of each leaf phenological characteristics

2013 2014
Budburst Unfolding Coloring Shedding Budburst Unfolding
OTCl1 112.542.1a 120.5+0.7a 286.0+4.2a 294.0+4.2a 104.0+0.0 104.5+£0.7
OTC2 109.0+1.4ab 116.5+0.7b 291.0+1.4ab 296.0+2.8a 93.0£1.4 104.5+0.7
OTC3 107.3+1.2b 114.7+1.5b 293.7+1.5b 303.0+1.1b 94.3+5.9 103.0£3.6
P 0.0490 0.0146 0.0668 0.0390 0.1019 0.7656
NOTC 114.7+4.0 121.0+1.0 275.0£2.0 287.0+3.0 103.0+1.7 105.0+1.0
P* 0.5484 0.5908 0.0264 0.1137 0.4226 0.5908

Mean values followed by different letters represent significant differences among treatments within each column (Duncan’s

multiple range test, p<0.05)
*The p-value from t-test between NOTC and OTCI.

Table 2. Means of temperature sum (°C; base temperature +5°C) of the date (the average day of year) when the leaf

phonological event occurred

2013 2014
Budburst Unfolding Coloring Shedding Budburst Unfolding
OTCl1 302.5+23.8a 399.9+9.0a 4188.1£63.6 4299.6+61.5 363.2+0.0a 369.148.5
OTC2 269.8+11.6ab 346.0+8.2b 4255.9+17.3 4325.6+38.1 247.3+11.2b 369.6+8.5
OTC3 244.3+15.3b 316.5+16.8b 4241.8+23.4 4346.5+£9.7 253.4+55.2b 344.0+46.9
P 0.0497 0.0062 0.2583 0.4523 0.0657 0.6466
NOTC 278.5+39.0 352.7+11.6 3808.7+35.6 4022.4+40.4 321.3423.2 346.6+12.3
pP* 0.5031 0.0174 0.0030 0.0082 0.0892 0.0959

Mean values followed by different letters represent significant differences among treatments within each column (Duncan’s

multiple range test, p<0.05)
*The p-value from t-test between NOTC and OTC1.
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Table 3. Means of carbohydrates content (mg/g) in bud which collected in March 2014

Glucose Sucrose Starch TNC TSS
OTCl1 0.17+0.02 0.21+0.25 0.13+0.00a 0.52+0.22a 0.40+0.22a
OTC2 0.23+0.17 0.31+0.02 0.16+0.04a 0.70+0.19a 0.54+0.15a
OTC3 0.46+0.23 0.53+0.19 0.25+0.00b 1.23+£0.04b 0.99+0.03b
P 0.1234 0.2461 0.0017 0.0224 0.0394
NOTC 0.23+0.06 0.38+0.10 0.12+0.04 0.73+0.10 0.62+0.07
pP* 0.3348 0.3607 0.6810 0.2920 0.2464

TNC: Total non-structural carbohydrate, TSS: Total soluble sugar
Mean values followed by different letters represent significant differences among treatments within each column

(Duncan’s multiple range test, p<0.05)
*The p-value from t-test between NOTC and OTCI.
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