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Abstract

This study investigated the effects of nutrient solution electrical conductivity (EC) on the soil environment, survival, and
growth of Larix kaempferi, Pinus densiflora, and Betula platyphylla seedlings. Seedlings were cultivated under six EC
treatments (0, 1, 2, 3, 4, and 5 dS/m) for nine weeks under controlled greenhouse conditions. Soil water content and EC were
measured weekly. Survival was monitored via Kaplan-Meier analysis and final height and root length were recorded. The
results showed that EC significantly influenced all measured variables. Optimal performance for all species occurred at 1-2
dS/m, with stable soil conditions, the highest survival rates, and the greatest growth. EC levels >4 dS/m led to rapid soil
salinity accumulation, increased soil moisture, and substantial declines in survival and growth. This is, likely due to osmotic
stress, ion imbalance, reduced photosynthetic efficiency, and altered carbon—nutrient allocation. L. kaempferi exhibited higher
tolerance to elevated EC, whereas P. densiflorawas more sensitive. These findings suggest that maintaining EC at 1-2 dS/m
during nursery production optimizes seedling quality and survival, with adjustments based on species-specific tolerance.
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Fig. 2. Mean soil EC and soil water under different irrigation (nutrient solution) EC levels; (A) Mean soil electrical
conductivity (EC) under different irrigation (nutrient solution) EC levels, (B) Mean soil water content under
different irrigation (nutrient solution) EC levels. Two-way ANOVA showed significant differences between all EC

levels (p€0.001).
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Fig. 3. Weekly changes in soil EC and soil water under different irrigation (nutrient solution) EC levels; (A) Weekly changes
in soil electrical conductivity (EC) under different irrigation (nutrient solution) EC levels, (B) Weekly changes in soil
water content under different irrigation (nutrient solution) EC levels. Two-way ANOVA showed significant
differences among EC levels over time (p<0.001), with a significant interaction effect.
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Fig. 4. Survival analysis results of seedlings under different nutrient solution EC treatments: (A) Kaplan-Meier survival
curves, (B) hazard ratios from Cox proportional hazards model for EC treatments, (C) hazard ratios for interactions
between species and EC treatments, (D) number-at-risk table for EC treatment groups over the study period, and
(E) cumulative censoring curves for EC treatment groups.
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Table 1. Final seedling growth of Zarix kaempferi, Pinus densiflora, and Betula platyphylla under different nutrient

solution EC levels

EC level (dS/m)

Species Part (cm) 5 ) > 3 1 : F p-value
Larix Height 10.8b 11.8a 9.2¢ 9.6¢ 7.6d 6.4e 28.42 (ool
kaempferi Root length 7.8b 9.8a 6.7c 6.1c 4.9d 3.7e 35.17 (oo1
Pinus Height 6.1c 7.4a 7.1a 6.5b 6.1bc 5.4d 19.56 001
densiflora Root length 5.1b 4.8b 5.3a 4.1c 3.4d 3.1d 24.83 (001
Betula Height 36.1a 36.8a 30.7b 27.8¢ 31.2b 31.4b 41.72 oo1
platyphylla Root length 15.8b 21.8a 22.2a 14.6¢ 11.6d 12.4d 38.95 (ool

Values represent mean height and root length at the end of the experiment. Different letters within a column indicate significant
differences among EC treatments according to Duncan’s multiple range test (p € 0.05). Statistical results from one-way ANOVA (F-and

p -values) are presented in the last row.
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