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Effect of Light on the Growth Responses
of Quercus serrata and Q. aliena to Elevated CO, and Temperature
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Abstract : This study was conducted in order to determine changes in the growth responses of Quercus serrata and Q. aliena
which are potential natural vegetation of riverine in Korea under four light gradients within ambient and elevated CO,
concentration and temperature levels. As a result, growth responses of two species were affected by light factor. Aboveground,
belowground, plant biomass and root:shoot ratio of two species grown under the control and treatment were increased in the
highest light level. Plant biomass and root:shoot ratio of two oak species were not significantly affected by elevated CO, and
temperature, while aboveground biomass of them was lower in the treatment than control. Belowground biomass of Q. serrata
was lower in the treatment than control under the gradients that are more than 70% of light level. As light intensity increases,
elevated CO, and temperature promoted root growth of two oak species but had a negative effect on aboveground growth.
According to the principal component analysis(PCA), two oak species were discriminatively arranged based on factor 1 and 2.
Also, the reactions towards the ambient and elevated CO, and temperature were slightly different. It is clearly visible that all
features relied on axis 1 and axis Il are highly correlated with most variables except for stem and shoot length.
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Fig. 1.

Average monthly CO. concentration and temperature in control(AC—-AT, ambient

CO.—ambient temperature) and treatment(EC—ET, elevated CO.—elevated temperature).
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Table 1. Results of MANOVA in effects of shoot biomass, root biomass, total biomass and
root:shoot ratio of Quercus serrata and Q. aliena by elevated CO,+T, light and their
interactions. Probabilities less than 0.05 are statistically significant.

Factors Shoot biomass Root biomass Plant biomass R'S ratio

F P F P F P F P

Q serrata

COz+ T(O) 35.319 < 0.000 8.524 < 0.005 3.555 ns 0.237 ns

Light(L) 11.104 < 0.000 24.419 < 0.000 25.789 < 0.000 12.109 < 0.000

CxL 3.125 < 0.034 4.401 < 0.008 3.986 < 0.013 0.575 ns

@ aliena

CO+T(C) 38.530 < 0.000 4.024 ns 3.242 ns 60.688 < 0.000

Light(L) 8.634 < 0.000 47.570 < 0.000 43.409 < 0.000 36.198 < 0.000

CxLL 1.800 ns 0.820 ns 0.727 ns 8.926 < 0.000
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conditions.

Alphabets on the bars mean significantly different between light gradients and star(*)
mean significantly different between AC-AT and EC-ET(Fisher's least significant difference,

p<0.05).
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Table 2. Results of MANOVA in effects of shoot biomass, root biomass, total biomass and
root:shoot ratio of Quercus serrata and Q. aliena by elevated CO-+T, light, species and their
interactions. Probabilities less than 0.05 are statistically significant.

Shoot biomass Root biomass Plant biomass R:S ratio
Factors

F P F P F P F P
CO+T(C) 80.384 < 0.000 0.041 ns 0.158 ns 37.566 < 0.000
Light(L) 19.188 < 0.000 73.689 < 0.000 73.310 < 0.000 45.521 < 0.000
Species(S) 61.653 < 0.000 12.096 < 0.001 17.804 < 0.000 0.659 ns
CxXL 4.096 < 0.009 0.837 ns 0.651 ns 3.262 < 0.026
C xS 7.531 < 0.007 11.666 < 0.001 6.961 < 0.010 30.218 < 0.000
L XS 2.148 ns 6.618 < 0.000 7.056 < 0.000 5.441 < 0.002
C XL XS 0.778 ns 3.487 < 0.019 3.107 < 0.031 7.236 < 0.000
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Fig. 3. PCA ordination of 18 individuals of Quercus serrata and Q. aliena using 15 variables under
AC-AT(ambient CO,—ambient temperature) and EC-ET(elevated CO,—elevated temperature) conditions.

Table 3. Correlation matrix of 15 variables with FADN Aol =
the first two principal component
scores of PCA analysis.
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