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ABSTRACT

Evaluation of tree responses to temperature elevation is critical for a development of forest
management techniques coping with climate change. We conducted a study on the growth responses
of Betula costata, Fraxinus rhynchophylla, and Quercus variabilis seedlings to open-field artificial
warming. Artificial warming set-up using infra-red heater was built in 2012 and the temperature in
warmed plots was regulated to be consistently 3°C higher than that of control plots. The seeds of three
species were sown, and the responses of growth, biomass allocation, and net photosynthetic rate of
newly-germinated seedlings on the open-field artificial warming were determined. As a result, the
growth responses of the seedlings differed with the species. B. costata showed decreases in the height
to diameter ratio (H/D ratio), biomass, root weight to shoot weight ratio, and net photosynthetic rate.
However, root collar diameter (RCD), height, biomass, and net photosynthetic rate of Q. variabilis
were increased, while the response of F. rhynchophylla was rather obscure. There was no significant
difference between warmed and control plots in seedling growth for 3 species in July, whereas, RCD,
height, and H/D ratio of Q. variabilis were increased and H/D ratio of B. costata was decreased in
November under warming. Species-specific growth responses to warming were similar to the species-
specific responses of net photosynthetic rate and biomass allocation; therefore, net photosynthetic rate
and biomass allocation might attribute to growth responses to warming. Besides, a relatively obvious
response in autumn compared to summer might be affected by the phenological change following
artificial warming. Species-specific responses of three deciduous species to warming in this study
could be applied to the development of adaptive forest management policies to climate change.
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Fig. 1. Seedling height, root collar diameter, and height to diameter (H/D) ratio of Betula costata, Fraxinus rhiynchophylla, and
Quercus variabilis seedlings in control and warmed plots. Error bars indicate standard errors of the mean. Asterisks show a

statistical significance (P < 0.05).
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Fig. 2. Net photosynthetic rate of Betula costata, Fraxinus
rhynchophylla, and Quercus variabilis seedlings in control
and warmed plots. Error bars indicate standard errors of the
mean. Asterisks show a statistical significance (P < 0.05).
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