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Abstract

This study investigated the protective effects of shade nets on Abies koreana seedlings subjected to high temperature and
luminosity stress, which are pertinent for plant survival in climate change scenarios. This study, conducted at Konkuk
University, compared the growth, survival, and soil conditions of 3-year-old specimens across natural, greenhouse, and
shaded settingsfrom July to September 2022. Our findings demonstrated that shade nets significantly enhanced seedling
survival by moderating soil temperature and moisture. This is particularly evident in high-temperature conditions, where
shade nets mitigate stress on seedlings and safeguard them from excessive sunlight exposure. Proper net installation height
and location are crucial for optimal temperature and humidity control, suggesting broader applicability for various species and
offering strategies to combat the ecological impacts of climate change.
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Fig. 1. Experiment block schematic.
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Fig. 2. Compare daily and total average PAR across experimental sites. Levene's test was used to test for equality of error
term variances. The null hypothesis that the variances of the error terms are equal was rejected, so the corrected
Welch method was applied. For post-hoc analysis, the Games-Howell method was applied to correct for unequal

variances of the error terms.
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Table 1. Comparison of average air temperature and humidity due to shading by high temperature and hight conditions

Shade Shade / Greenhouse Shade / Height(10cm/100cm)
Marginal ) X 0/0 X/O0 0/10 0/100 X/10 X/100
Air temperature (C) ~ Mean 25.9 267 269 28.4 25.6 26.1 26.8 266
P . . .
Marginal 0 X 0/0 X/0 0/10 0O/100 X/10 X/100
Air Humidity (%) Mean 91.3 91.4 94.4 94.1 93.2 89.4 92.0 90.8
P NS NS ok

1) Levene's test was used to test for equality of error term variances.

2) The null hypothesis that the variances of the error terms are equal was rejected, so the corrected Welch method was applied.
3) For post-hoc analysis, the Games-Howell method was applied to correct for unequal variances of the error terms.

4) Nonsignigicant(NS) of significant at p < 0.05, respectively.

5) ¥ p<0.001, **: p<0.01, *: p<0.05
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Fig. 3. Average change in air temperature(C) and humidity(%) due to shading by high temperature and height conditions.
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Table 2. Comparison of average soil temperature and humidity due to shading by high temperature and deep conditions

Shade Shade / Greenhouse Shade / Deep(10cm/100cm)
Marginal 0 X 0/0 X/0 0/10 0O/100 X/10 X/100
Soil temperature (C) Mean 26.0 27.1 26.2 28.1 25.9 26.1 27.0 27.2
P ok ok .
Marginal 0 X 0/0 X/0 0/10 0O/100 X/10 X/100
Soil Humidity (%) Mean 0.26 0.29 0.27 0.30 0.26 0.27 0.27 0.30
P . . .

1) Levene's test was used to test for equality of error term variances.

2) The null hypothesis that the variances of the error terms are equal was rejected, so the corrected Welch method was applied.
3) For post-hoc analysis, the Games-Howell method was applied to correct for unequal variances of the error terms.

4) Nonsignigicant(NS) of significant at p < 0.05, respectively.

5) ***: p(0.001, **: p€0.01, *: p<0.05
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Fig. 4. Average change in soil temperature(C) and humidity(%) due to shading by high temperature and deep conditions.
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Survival curves for type
Based on Kaplan-Meier estimates
1.001 .
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Fig. 5. Survival analysis for 60 day by experimental block. EX.L.PAR; Open ground + no shading, G.L.PAR; Greenhouse +
no shading, G.L.PAR; Greenhouse + shading, S.L.PAR; Open ground + shading.
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Table 3. Comparison of Korean fir height and root collar diameter in response to shading in high temperature and high light

environments.
Cases Apply Mean Difference SE t P
Shade 0 X -0.032 0.023 -1.376 NS
Greenhouse ) X -0.045 0.023 -1.955 NS
0/0 X/0 -0.023 0.033 -0.717 NS
o/X -0.053 0.033 -1.638 NS
Height

Shade / X/X -0.013 0.033 -0.410 NS
Greenhouse X/0 o/X -0.077 0.033 -2.355 NS
X/X -0.037 0.033 -1.126 NS
o/X X/X -0.040 0.033 -1.229 NS

Shade 0 X -0.068 0.019 -3.589 *
Greenhouse O X -0.031 0.019 -1.639 NS

0/0 X/0 -0.093 0.027 -3.509 *
Root collar 0/X -0.005 0.027 -0.188 NS
diameter Shade / X/X -0.037 0.027 -1.379 NS
Greenhouse X/0 0/X -0.098 0.027 -3.697 *
X/X -0.057 0.027 -2.130 NS
0/X X/X -0.042 0.027 -1.566 NS

1) Levene's test was used to test for equality of error term variances.
2) The null hypothesis that the variances of the error terms are equal was rejected, so the corrected Welch method was applied.
3) For post-hoc analysis, the Games-Howell method was applied to correct for unequal variances of the error terms.

4) Nonsignigicant(NS) of significant at p < 0.05, respectively.
5) ¥ n(0.001, **: p<0.01, *: p<0.05
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Fig. 6. Changes of Korean fir height and root collar diameter in response to shading in high temperature and high light

environments.
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