StE 71238k s]A], Al16d A|33.(2014) (pISSN 1229-5671, eISSN 2288-1859)
Korean Journal of Agricultural and Forest Meteorology, Vol. 16, No. 3, (2014), pp. 199~212
DOI: 10.5532/KJAFM.2014.16.3.199

© Author(s) 2014. CC Attribution 3.0 License.

A U 24E 0|88 7] & olLtElEA: s P
(=) AL == = =
L2t XHE S0l 0|Xl= SENE, d2lx Gg
BCI2' - BIZIS - U - EMAT - BOIT - QB - ZpA 1245

Ahgist Akt Al SRSV, ARt AR,

DTSk ST, LS EIHY SUr T

(014 89 27¢ ;20149 99 29Y 59; 2014 99 29 )

o% Oﬁ“
—] (
BN
Z
rl

of

Responses of Native Trees Species in Korea under Elevated Carbon
Dioxide Condition — Open Top Chamber Experiment

Daun Ryu', Jinho Bae', Juhan Park’, Sungsik Cho', Minkyu Moon?,
Chang-Young Oh* and Hyun Seok Kim"*>*
Department of Forest Sciences, Seoul National University, Seoul 151-921, Korea
’National Center for AgroMeteorology, Seoul National University, Seoul 151-744, Korea
3Korea Forest Research Institute, Suwon 441-350, Korea
YResearch Institute Jor Agriculture and Life Sciences, Seoul National University, Seoul 151-921, Korea
3 Interdisciplinary Program in Agricultural and Forest Meteorology, Seoul National University, Seoul 151-744, Korea
(Received August 27, 2014; Revised September 29, 2014; Accepted September 29, 2014)

ABSTRACT

The physiological responses of three common temperate species, Pinus densiflora, Fraxinus rhynchophylia,
Sorbus alnifolia to elevated CO, was investigated using open top chambers with different CO,
concentrations. Morphological (stomatal size, density and area) and physiological characteristics
(maximum rates of photosynthesis, carboxylation and electron transport) were compared among trees
grown under ambient, ambient x1.4 (~550 ppm) and ambient x1.8 (~700 ppm) CO, concentrations for
last four years. Morphological responses were different among species. F. rhiynchophyllar increased
their stomatal size and S. alnifolia had higher stomatal density under elevated CO, than ambient.
Stomatal area decreased in P. densiflora, whereas it increased in S. alnifolia. However, the maximum
photosynthesis rate increased in all species up to 43.5% by S. alnifolia under elevated CO, and the
enhancement increased with time. Even with four years of exposure to elevated CO,, there was no
sign of acclimation in the maximum carboxylation rate and the maximum electron transport rates in
all species. Especially, S. alnifolia even showed the temporary increase of photosynthetic capacities in
spring, when leaf nitrogen concentration was high with new leaf development. There was no
significant differences in diameter growth rate in any species due to high variation in their tree sizes,
however accumulated diameter and biomass for four years showed significantly increment in all
species under elevated CO,. For example, S. alnifolia showed 59% increase in diameter at the ambient
x1.8 (~700 ppm) compared to ambient.

Key words: Carbon dioxide enrichment, Climate change, Open top chamber, Photosynthesis, Stomata,
Growth
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Table 1. Species average (+ standard errors) of height and diameter at breast height of each treatment in april 2013

Species Chamber Height (m) Diameter (mm)

Control 1.27+£0.06 39.89+£2.69,

Pinus densiflora Chl (ambient) 1.86£0.01, 48424453,
Ch2 (~ 550 ppm) 1.79+0.06 , 56.39+0.88,

Ch3 (~ 700 ppm) 215+0.21, 60.46+5.53,

Control 1.53+£0.04 . 17.61£1.36,

Frainus riynchophylla Chl (ambient) 2.97+0.33,, 22.87+3.44,
Ch2 (~ 550 ppm) 2.88+£0.27, 32.11+437,

Ch3 (~ 700 ppm) 3.79+£0.16, 32.84+1.76,

Control 0.68+0.07 , 11.76 £ 1.78 4

Sorbus alnifolia Chl (ambient) 1.49+0.03 , 17.63+£1.57
Ch2 (~ 550 ppm) 1.68£0.12, 23.56+1.54 4

Ch3 (~ 700 ppm) 1.85+£0.18, 28.48+1.30,

Each characteristics in subscript represent the statistical differences at the level of p < .05
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Fig. 1. Daily environmental data a) Solar radiation, b) 7,:
Air temperature, ¢) 75 Soil temperature, d) P: Precipitation,
and e) SWC: Soil Water Content from April to September
2013. P was the daily total and the others are daily average
values. Solid circle (@), open circle (O), solid inverse
triangle (') and open triangle (A ) represent control, ambient
(~400 ppm), ambient x 1.4 (~550 ppm) and ambient x1.8
(~700 ppm) CO, concentrations, respectively.
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Table 2. The average (+standard errors) stomatal size, stomatal density and stomatal area per unit leaf area of individual

species in each treatment

Stomatal size

Stomatal density ~ Stomatal area per unit leaf

Species Chamber (um?) (No./mm?) area (um*/mm?)
Control 2594.07 + 122.56 s 40.26 £2.39 119851.05 + 4495.40,
. . Chl (ambient) 2483.89 + 124.69 41.10£3.11 4 103182.61 £ 9996.50

Pinus densiflora
Ch2 (~ 550 ppm) 2268.18 +126.19 30.53 +£3.40 4 70315.89 + 6938.48
Ch3 (~ 700 ppm) 220836+ 113.61 41104258, 90484.09 % 636333 4
Control 1319.26 + 38.75, 96.77 + 6.54 137070.20 + 8490.64

Fraxinus rhynchophylla Chl (ambient) 1592.54 + 114.81 4 104.28 + 6.49 142563.07 £ 11793.02
Ch2 (~ 550 ppm) 1512.22 £ 155.67 90.66 + 7.40 130516.00 + 8892.80 ,,
Ch3 (~ 700 ppm) 1901.35 + 66.90 , 87.84 +£5.75 1 184789.57 £ 13510.06
Control 1435.74 £ 112.83 46.19+£2.90 67629.56 = 7799.75 ,,

Sorbus alnifolia Chl (ambient) 1384.04 + 66.04 5026+ 6.15 75728.92 +11732.00 ,
Ch2 (~ 550 ppm) 1425.83 £ 62.09 63.88+3.33, 91842.31 £ 5245.18 4
Ch3 (~ 700 ppm) 1225.93 +38.40 84.55+4.76 , 103604.01 +5783.42 ,

Each characteristics in subscript represent the statistical differences at the level of p < .05

ns: non-significant

% ohlelets = i S YehlA] ke
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351 a)P. densiflora c) S. alnifolia 1

<30 « o —@— Control + Ch1 (ambient) <
4 —w¥— Ch2 (~550 ppm)

b) F. rhynchophylla

—A— Ch3 (~700 ppm)
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Fig. 2. Monthly average (+standard errors) maximum
photosynthesis rate of a) Pinus densiflora, b) Fraxinus
rhynchophylla and c) Sorbus alnifolia in each treatment.
Gray circle, solid inverse triangle and open triangle represent
control + ambient (~400 ppm), ambient x 1.4 (~550 ppm)
and ambient x 1.8 (~700 ppm) CO, concentrations, respectively.
* ** represent statistical differences at p < .05 and p < .01
level, respectively.
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Fig. 3. Monthly average (+ standard errors) maximum
carboxylation and electron transport rates of a), d) Pinus
densiflora, b), €) Fraxinus rhynchophylla and c), f) Sorbus
alnifolia in each treatment. Gray circle, open circle, solid
inverse triangle, open triangle and solid circle represent
control +ambient (~400 ppm), ambient (~400 ppm), ambient
x 1.4 (~550 ppm), ambient x 1.8 (~700 ppm) CO, concen-
trations and control, respectively. *, ** represent statistical
differences at p <.05 and p <.01 level, respectively.
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Fig. 4. Diameter growth and diameter of a), d) Pinus
densiflora, b), e) Fraxinus rhynchophylla and c), f) Sorbus
alnifolia in each treatment. Solid circle, open circle, solid
inverse triangle and open triangle represent control, ambient
(~400 ppm), ambient x 1.4 (~550 ppm) and ambient x 1.8
(~700 ppm) CO, concentrations, respectively.
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