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ABSTRACT

This study was conducted to investigate the effects of elevated air temperature and atmospheric CO»
concentration on the growth and physiological characteristics of two-year-old seedlings of three representative
species (Abies koreana, Pinus densiflora, and Quercus serrata) in Korea based on a climate change scenario. Our study
used a temperature gradient chamber (TGC; aC-eT) and CO»-temperature gradient chamber (CTGC; eC-eT) to
simulate climate change conditions under ambient and elevated CO, concentration and air temperature. Net
photosynthetic rate (P,) and biomass were measured and carboxylation efficiency (CE) and biomass allocation were
calculated to examine the physiological responses of the seedlings. A. koreana and P. densiflora were negatively
impacted by warming but P, and CE increased under the eC-eT condition while Q. serrata showed decreased P,
and CE during the second year. There were significant differences in total biomass in P. densiflora, but showed no
differences in Q. serrata. Shoot/root ratio in Q. serrata showed a significant increase under the aC-eT condition. Our

results highlight that further investigation of species-specific physiological responses and carbon allocation under
artificial climate conditions is needed.
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Table 1. Summary of the TGC & CTGC
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Variable Description
» Exhaust ventilators were installed in one side of the chambers to produce a temperature gradient within
the chambers
* The exhaust rates of the ventilators were controlled by a computer
Temperature * When the solar radiation was high, the following temperature gradient was maintained: +3°C and +5°C

at the entrance relative to 15 and 25 m from the entrance, respectively
* When solar radiation was low, heated air was supplied to the chambers through long ventilation pipes
in order to maintain the same gradient

* Continuous airflow creates a gradient of CO, gradient as well as a temperature gradient
* Pure gaseous CO; (from liquid CO,) was metered using an electronic mass flow controller and injected

Atmospheric CO, into an intake of a blower

* COs concentrations were continuously monitored using CO, gas analysers, and the mass flow controller
was automatically controlled by the computer to maintain the desired gradient

Relative humidi
clative humidity by a computer system

* Relative humidity levels inside and outside the chambers were continuously monitored and controlled

* Theses chambers were covered with fully transparent agricultural polyvinyl chloride sheet. Solar

Solar radiation and

Photosynthetic Photon system

radiation inside and outside the chambers were continuously monitored and controlled by a computer

Flux Density (PPFD) + PPFD was about 80% ~ 85% of full sunlight
* PPFDs inside and outside the chamber were monitored
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Fig. 1. Net photosynthetic rate (P,) in (a) A. koreana, (b) P. densiflora and (c) Q. serrata grown in ambient
(aC-aT), ambient CO, & warmed treatment (aC-eT), elevated CO, & warmed treatment (eC-eT) in 2016,

2017 and 2018. Values are the means *

SE (n=3 for each treatment). Different letters within a subpanel

represent statistical differences (p <.05) based on the Duncan test. Units were differed as each calculation
methodology; ‘umolg’'s™ for A.koreana and P.densiflora and ‘umolm™s™ for Q.serrata. Error bar indicates

standard error.
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Fig. 2. Changes in species-specific carboxylation efficiency response to each treatment: ambient (aC-aT), ambient
CO, & warmed treatment (aC-eT), elevated CO, & warmed treatment (eC-eT) over three seasons. (a) A.

koreana, (b) P. densiflora and (c) Q. serrata
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Fig. 3. Mean %

SE of (a), (c) P. densiflora and (b), (d) Q. serrata dry mass for each treatment: ambient (aC-aT),

ambient CO, & warmed treatment (aC-eT), elevated CO, & warmed treatment (eC-eT) measured at the
time of harvest in 2018. (a), (b) Aboveground and Belowground biomass. (c), (d) Total tree biomass and
T/R (Aboveground/ Belowground) ratio. Different letters within a subpanel represent statistical differences
(p<.05) based on the Duncan test. Error bar indicates standard error.
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