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Abstract: The objective of this study was to establish an open-field experimental warming treatment and precipitation
manipulation system to simulate climate change impact for Pinus densiflora seedlings based on a climate change
scenario in Korea. Two-year-old seedlings were planted in a nursery in April, 2013. The air temperature of warmed
plots (W) was set to increase by 3.0°C compared to control plots (C) using infrared lamps from May, 2013. The three
precipitation manipulation consisted of precipitation decrease using transparent panel (-30%; P~), precipitation increase
using pump and drip-irrigation (+30%; P*) and precipitation control (0%; P°). Initially, the air temperature was 2.2°C
higher in warmed plots than in control plots and later air temperature was maintained close to the target temperature of
3.0°C. The average soil temperature was 3.1°C higher in warmed plots than in control plots. Also the average soil
moisture content after the precipitation manipulation increased by 13.9% in P*W and decreased by 10.0% in P"W
compared to P’W, and increased by 23.7% in P'C and decreased by 7.6% in PC compared to P’C. It was confirmed
that the open-field experimental warming and precipitation manipulation system was properly designed and operating.

Key words: air temperature, climate change, Pinus densiflora, precipitation, soil moisture content, soil temperature,
warming
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Figure 1. Open-field experimental warming and precipitation
manipulation system.
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Figure 2. Mean monthly air temperature. P°W (precipitation
control and warmed plots), P"'W (precipitation decreased and
warmed plots), P'W (precipitation increased and warmed
plots), P°C (precipitation control and temperature control
plots), P~C (precipitation decreased and temperature control
plots), and P"C (precipitation increased and temperature
control plots).

Table 1. Mean air temperature, soil temperature, and soil
moisture content for warming and precipitation manipulation
treatments from May to November, 2013.

Air temperature  Soil temperature  Soil moisture

Treatment °C) °C) content (%)
PW 24.0(04)a 245(0.5)a 6.9(02)c
P'W 22.4(0.5)b 23.7(0.5)a 7.702)cd
PW 22.3(0.5)b 24.1(0.5)a 8.8(02)b
pC 20.1(0.5)c 21.2(0.5)b 7.5(02)d
e 20.0(0.5)c 21.0(0.5)b 8.1002)c
PC 20.0(0.5)c 2100056  10.102)a

*Abbreviations of the treatments are as in Figure 2. Values with
different letters indicate significant differences among six
treatments at P<0.05. The values in parentheses are standard
errors.
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Table 2. Two-way analysis of variance on the effect of warming and precipitation manipulation on air temperature, soil

temperature, and soil moisture content.

Parameter Source df SS F P
Air temperature Warming (W) 1 1600.6299 31.34 <0.0001
Precipitation (P) 2 451.0142 442 0.0123
W x P 2 94.6604 0.93 0.3961
Soil temperature Warming (W) 1 2945.5886 63.47 <0.0001
Precipitation (P) 2 46.1815 0.50 0.6082
W xP 2 19.2388 0.21 0.8128
Soil moisture content Warming (W) 1 191.8117 25.67 <0.0001
Precipitation (P) 2 1073.8330 71.86 <0.0001
W x P 2 45.1901 3.02 0.0489
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Figure 3. Mean monthly soil temperature. Abbreviations of
the treatments are as in Figure 2.
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Figure 4. Mean monthly soil moisture content. Abbreviations
of the treatments are as in Figure 2.
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