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Abstract

This study analyzed the key environmental factors affecting the summer survival rate of Zarix kaempferi grafted seedlings
to inform seed orchard establishment and management. Based on an 80% survival rate, we selected a superior region
(Chuncheon, Gangwon Province) and an inferior region (Cheongju, Chungcheongbuk Province) and measured the
environmental factors, including air and soil temperature, humidity, and wind speed, from July to September. Simultaneously,
we analyzed the physical and chemical properties of the soil in both regions. Statistical analyses, including t-tests,
correlation analyses, and mediation analyses, revealed that soil temperature, wind speed, and soil hardness had significant
negative effects on the survival rate of Zarix kaempferi grafted seedlings. Soil temperature was identified as a direct negative
factor, while wind speed and soil hardness were indirect negative factors on the survival rate. The Chuncheon site,
characterized by relatively lower temperatures, higher humidity, softer soils, and better nutrient conditions, was more
conducive to seedling survival. In contrast, the Cheongju site is characterized by hot and dry conditions, leading to harder soil,
which hindered seedling establishment. These findings suggest that lowering soil temperature, effectively mitigating strong
winds, and improving soil physical properties are crucial strategies for enhancing the summer survival of Larix kaempferi
grafted seedlings. Furthermore, a comprehensive consideration of various environmental factors will help develop efficient
establishment and management approaches for Larix kaempteri seed orchards.
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Table 1. Comparative analysis of the location environment and soil characteristics of the study area

Area

Article P?
Chuncheon Cheongju
Atmosphere temperature (C) 22.61b 26.32a ok
ggﬁjﬁ:}zﬁ Atmospheric humidity (%) 61.21a 44.41b ook
Wind (m/s) 0.76b 1.43a ok
Soil temperature (C) 21.05b 29.14a ko
Soil humidity (%) 0.33a 0.22b ok
Depth (cm) 68.14a 66.53a NS
Hardness (kg/cm?) 1.11b 3.24a ek
pH (1:5) 4.81a 5.01a NS
charai?élristics Organic matter (g/kg) 48.43a 7.52b ok
Available-P (mg/kg) 8.73a 4.00b skl
Total-N (%) 0.22a 0.03b b
CEC (coml+/kg) 21.85a 16.28b ok
EC (dS/m) 0.33a 0.11b
Bulk density (g/cm’) 0.93b 1.52a ok
Pi* p<0.05,*: p<0.01, ** p{0.001 and NS (non-significance)= p ) 0.05
“; Levene's test is significant (p € 0.05), suggesting a violation of the equal variance assumption
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Table 2. Correlation analysis between survival and the location environment and soil characteristics

Article

Survival

Directionality

Correlation coefficient (r)

Atmosphere temperature (C)
Atmospheric humidity (%)
Wind (m/s)

Soil temperature (C)
Soil Humidity (%)
Depth (cm)
Hardness (kg/cm?
pH (1:5)

Organic matter (g/kg)
Available-P (mg/kg)
Total-N (%)

CEC (coml+/kg)

EC (dS/m)

Bulk density (g/cm’)

Negative
Positive
Negative
Negative
Positive
Positive
Negative
Positive
Positive
Positive
Positive
Positive
Positive

Negative

B

> W w o w00 > >

B

At strong linear relationship (| r| ) 0.7), B: moderate linear relationship (0.3 ¢ | r | < 0.7), C: weak or no linear relationship (| r | < 0.3)
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Table 3. The mediating effects of wind and hardnesson the relationship between soil temperature and survival

Wind Hardness
Effects Estimate Effects Estimate
Direct Soil temperature — Survival -0.062*** Soil temperature — Survival -0.030™**
Indirect Soil temperature — Wind — Survival -0.169*** Soil temperature — Hardness — Survival -0.078""*
Total Soil temperature — Survival -0.2371%* Soil temperature — Survival -0.108"**

Delta method standard errors, normal theory confidence intervals, ML estimator
P *p<0.05, **:p<0.01, **:p<0.001 and NS (non-significance) = p» 0.05
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