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Abstract: This study was conducted to understand the long-term changes in soil physiochemical properties and
seedling growth in Larix kaempferi (larch) stands planted in clear-cut larch and Pinus rigida (pine) forest soils over
an 11-year period after reforestation. Two-year-old bare-root larch seedlings were planted in 2009-2010 at a density
of 3,000 seedlings ha' in clear-cut areas that harvested larch (Chuncheon and Gimcheon) and pine (Wonju and
Gapyeong) stands. We analyzed the physiochemical properties of the mineral soils sampled at 0-20 cm soil depths
in the planting year, and the 3", 7"and 11" years after planting, and we measured seedling height and root collar
diameter in those years. We found significant differences in soil silt and clay content, total carbon and nitrogen
concentration, available phosphorus, and cation exchangeable capacity between the two stands; however, seedling
growth did not differ. The mineral soil was more fertile in Gimcheon than in the other plantations, while early
seedling growth was greatest in Gapyeong. The seedling height and diameter at 11 years after planting were largest
in Wonju (1,028 tree ha™) and Chuncheon (1,359 tree ha™) due to decreases in stand density after tending the young
trees. The soil properties in all plantations were similar 11 years after larch planting. In particular, the high sand
content and high available phosphorus levels (caused by soil disturbance during clear-cutting and planting) showed
marked decreases, potentially due to soil organic matter input and nutrient uptake, respectively. Thus, early reforestation
after clear-cutting could limit nutrient leaching and contribute to soil stabilization. These results provide useful infor-
mation for nutrient management of larch plantations.
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Table 1. Site characteristics of four Larix kaempferi plantations.

A2 A435 (2023)

Study site Chuncheon (CC) Gimcheon (GC) Gapyeong (GP) Wonju (WJ)
Location (N, E) 37°058'%3.81"',' 35"?0’4}3.16"3' 37"?3‘%7.78":‘ 37°g3'%7.21"','
127°5025.31 128°03'05.39 127°33'27.28 127°48'06.71

Elevation (m a.s.l.) 420-438 712-872 128 200
Slope () 21-25 25-28 27 31
Aspect () N, SE S, NW NW NE
Mean annual temperature ("C) 10.0t 11.0F 11.7 12.5
Mean annual precipitation (mm yr™) 1101 1310 1357 1228
Management records

Planting year 2010 2009 2010 2010

Planting density (trees ha™) 3,000

Seedling type 1-1 bare root seedling

Year of forest tending work 2017 2016 none 2017

Stand density (trees ha™) in 2021° 1,359+175 1,873+£104 2,770+246 1,028+207
Stand properties before harvesting

Species Larix kaempferi Pinus rigida

Age class VIII VIII \Y% VI

Mean DBH (cm) 18 21 16 10

Mean height (m) 28 32 17 16

"The data from Mountain Meteorology Observation System (location n0.2036 for CC, n0.7913 for CG).

! meantstandard deviation.

3. EQF ZA}

BEoF ARl 27 gajdz=el 201083} 20134, 2017,
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4 0-20 em ZioJol 4 A Thn=9-15). T EoF
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HSD-testZ =33} tHp<0.05). EoF EA Qx5 7
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=

EX4L& R AZEYo]E A EHR software, 2017).
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Figure 1(a)]. Z2iu} 2% 10W A2 & 2021d 73 24}
Ao AL wa FeFo] 4783% 2 sk, 1Ak
Frego] 43+1%2 Z7lote] FEE Uehgkon], o 2o
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Table 2. The results of two-way ANOVA of the year, site, former stand and their interaction effects on the variables of growth

and soil property.

Variables Year (Y) Site (S) Former stand (F) Y xS Y x F
Growth
Root collar diameter <0.001 <0.001 n.s. <0.001 0.014
Height <0.001 <0.001 ns. <0.001 0.006
Soil
Sand <0.001 0.016 n.s. 0.019 0.106
Silt <0.001 0.007 0.027 n.s. ns.
Clay 0.008 <0.001 <0.001 0.010 0.007
pH n.s. <0.001 n.s. n.s. n.s.
Total carbon <0.001 <0.001 <0.001 <0.001 n.s.
Total nitrogen 0.083 <0.001 <0.001 n.s. <0.001
P,Os <0.001 0.006 0.042 0.006 <0.001
C.E.C. 0.002 <0.001 <0.001 n.s. n.s.
K <0.001 <0.001 0.004 0.002 ns.
Na* n.s. n.s. n.s. 0.006 <0.001
Ca*' n.s. <0.001 ns. <0.001 0.010
Mg* <0.001 <0.001 0.006 <0.001 <0.001
Site = cC GC A 6P <+ W 7] TAoA BESF I W Aok = 14y 59 uTho|
(a) = WAEE 4= Q) © w(Siebers and Kruse, 2019; Nazari et al.,
80{ o a 2023), B F9 EEo] v]Edt eyt Ao A &
il R 3} oA EoF WetoR HA|REST 24 W
g AZo] E3F E AAE v me Fero] YAHOR B
i VR = ik e Alzto] bl et o) ¢
%)

Silt + clay (%)

T T T T

4 6 8 10
Year after planting

Figure 1. Temporal changes in sand content (a), silt plus clay
contents (b) over 11 years after planting Larix kaempferi trees
in harvested L. kaempferi (yellow) and Pinus rigida (green)
plantations. CC: Chuncheon, GC: Gimcheon, GP: Gapyeong,
WJ: Wonju. Vertical bars indicate standard deviation of the
mean (n=9~15). Asterisks indicate significant differences in
the variables between the study sites by ANOVA (p < 0.05).
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Figure 2. Temporal changes in soil pH (a), total carbon (b), total nitrogen (c), and available phosphorous (P,Os)
over 11 years after planting Larix kaempferi trees in harvested L. kaempferi (yellow) and Pinus rigida (green) plantations.
CC: Chuncheon, GC: Gimcheon, GP: Gapyeong, WJ: Wonju. Vertical bars indicate standard deviation of the mean
(n=9~15). Asterisks indicate significant differences in the variables between the study sites by ANOVA (p < 0.05).
A Rtk B3 B C obmsa YA Q] AL [p<0.001, Figure 2(b), Table S2]. BHA HEl m=u)|y|
© HLFH7)7F B5E(0-5 em)ol M o] =9F pHE ol 8 5 =9 27]0 7P #UAL 20131, 201797HA] &
2 2771 23E YERYtHFarahnak et al., 2022). 0]

rmozrE FREE oA

vlEME) 52 271 o] 2-2] Frtel ZlQlgttkal W ais}
S tH(Farahnak et al., 2022). 3t ZHE3} 3152400 9]
g Aok By 9 BERbgsl f71EY §4 5o
Al HAF Ao 4 vk 22y A9 P sylvestris 2t
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Figure 3. Relationships between total soil carbon and total nitrogen (a), cation exchangeable capacity (b), and available
phosphorus (mg P,Os™ kg') across the study sites over 11 years after planting. The correlation coefficients (R) and
p-values are shown in the figures. The non-linear lines with 95% confidence intervals were fitted to the data.
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Figure 4. Temporal changes in soil pH (a), total carbon (b),
total nitrogen (c), and available phosphorous (P,Os) over 11
years after planting Larix kaempferi trees in harvested L.
kaempferi (yellow) and Pinus rigida (green) plantations. CC:
Chuncheon, GC: Gimcheon, GP: Gapyeong, WJ: Wonju.
Vertical bars indicate standard deviation of the mean (n=9~15).
Asterisks indicate significant differences in the variables
between the study sites by ANOVA (p < 0.05).

EAS A 7)12(60-200 mg kg2 Tt off, 2 Lo

A 9hE AH2EAY Ql 7ML 21 275 E A&4

o7 Yo s Btk b & Aol 2-A=

Qlo] A AlgkelAtz 288 4= glo] BoF Q19 He&

ol 2= RS FANE o S Aer Heln
25(CEC)

20104 H# JOIL A H-g-Femole kg HlE A
B ZH(39.1£0.7)T F7(33.4£1.5) ZAA| 7} 27| cka

A2 A435 (2023)

U A QI E 9135(21.8+0.9), 7}H(22.0+1.0) ZARA] o] H]
3 =A YEFGTHp<0.001, Figure 4(a)]. Yang et al.(2017)
o] o8t iAo A= CEC7} 23 T 3¢t AR
FAI} AR S Helokal Hagk up glo, & 4
A 1197 mUE ™ Axf 5_“‘@. T A3 A7t whek
CECE= A& o8 st AFS EoH[p=0.002,
Figure 4(a), Table 2], 2% 10 A3} & 2021d ZAA]|
b Apols 29 2719 fFASHA YT 2 ATRellA
ZAA] 7F CECO] ol EQF FHA, & EY §7]18
Sheful QAR AFS 2.9 oM [Figure 3(b)], o]2]3t A3k
S A AsolA F AR 1 S sEReet

(Johnson et al., 1997; Ranger et al., 2008) S AzF =7
o
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Figure 5. The root collar diameter (mm) (a), height (cm) (b)
of Larix kaempferi trees planted in harvested L. kaempferi
(yellow) and Pinus rigida (green) plantations over 11 years
after planting. CC: Chuncheon, GC: Gimcheon, GP: Gapyeong,
WJ: Wonju. Vertical bars indicate standard deviation of the
mean (n=90). Asterisks indicate significant differences in the
variables between the treatments by ANOVA (p < 0.001).
Vertical line indicates the year of forest tending work.
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Figure S1. Heat map for the correlations between the soil properties. The correlation coefficients between the
variables were shown in each cell. The map was produced by using ‘ggcorrplot’ package in R.
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Figure S2. Stem biomass carbon per tree (a) and stem biomass carbon per hectare (b) estimated in 2021 for Larix kaempferi
plantations. CC: Chuncheon, GC: Gimcheon, GP: Gapyeong, WJ: Wonju. The number in the parenthesis indicates percentage
decrease in stem number by forest tending works. Vertical bars indicate standard deviation of the mean (n=3). Different letter
indicates significant differences in the variables between the treatments by ANOVA (p < 0.05).
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