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Abstract: This study was carried out to suitable plantation site from comparison and analysis of regional early growth
characteristics of planted Larix kaempferi trees in harvested L. kaempferi plantations. Two-year-old bare-root seedlings
of L. kaempferi were planted with the density of 3000 seedlings ha” at four sites (Yeongju, Gimcheon, Chuncheon,
and Inje). All sites were established with three plots (400 m? per plot) in 2010. We analyzed soil physical and
chemical properties in October 2010 and 2013. We measured root collar diameter (RCD) and height of trees in
October from 2010 to 2014, and then calculated H/D ratio and stem volume. Soil pH was significantly increased and
available P was significantly decreased 3 years after planting. Annual mean RCD, height, and stem volume of 5-to
7-year-old in the Chuncheon site were significantly higher than those in the other sites, however them in the Yeongju
site were the lowest. It is related to the fact that total nitrogen, available phosphorus, and organic matter
concentrations in the Yeongju site were relatively lower than those in the other sites. As a results of this study, we
could confirm the correlation between soil properties of L. kaempferi plantations and growth of L. kaempferi trees.
We could suggest values of soil properties for reforestation of L. kaempferi.
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1981; Jin et al.,, 1994; Kim et al., 2013; NIFoS, 2015).
xRG0) AR BEE 4 AE AEle 297, >
, /D& 50] ¢t Curtis, 1955; Blair and Cech, 1974).
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A= 7 Y] &) SeE AR Fol s B 54 AAE Zpolef AZE Aol whE E9F B4 WIS uhep
o] MelE= Ao HilE QO (Fyles and Coté, 1994), skal, 2) 2ARAE U 2R 94 1 AR
olZo] #F & YA ST L HE ARl 9T = Ssto] 2R A HEkE vl 2 245kl
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g 2HOoR AN U= die 245k dloll alof v 1. S X R =BF Ay
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sh= Zlo] B8sp7] miEo]th(Chung et al, 1980; Chung, el AT =frdoln, Y& 542 Table 13} L.
Table 1. Site characteristics of Larix kaempferi plantations.
Region Yeongju Gimcheon Chuncheon Inje
Elevation (m) 295-320 712-872 420-438 685-705
Slope (°) 18-33 25-28 21-25 19-24
Aspect S, W S, NW N, SE NE, SE
Available soil depth (cm) 40 >60 >60 50
Average air temperature 2010° -3.9 2.8 -7.3 -6.4
in January (C) 2013 -4.2 32 -6.4 -6.8
Average air temperature 2010 26.7 275 25.8 252
in August (C) 2013 25.5 26.1 26.4 255
Annual precipitation 2010 1,236 1,491 1,662 1,170
(mm) 2013 1,181 1,086 1,734 1,349
Location 36°57'19.9"N, 35°50'43.16"N, 37°58"23.81"N, 37°58'31.49"N,
128°38'15.76"E 128°03'05.39"E 127°5025.31"E 128°15'3851"E
i DBH (cm) 16 21 18 15
Before harvesting .
Height (m) 18 32 28 22
Age class before harvesting v VI VI v
Site index” 18 16 18 16
Harvesting year 2007 2008 2009 2009
Planting year 2008 2009 2010 2010

72010 and 2013 were collection period of the soil sampling.

™ Site index was calculated by height of trees before harvesting.



12 HEBMEREEE A 1067 A1E (2017)

do

gz ZAA]E= 20084 39 T 3 ha, WA FAMR|E= 2009
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20109 E9F W 2= 63.8~77.8%, H[A= 17.5~28.7%,
HEL 47-105%2 UERITHTable 2). &t} 399 4]
o] At & ok U] Rl 46.4~64.5%, WA= 21.6~
44.6%, AE= 7.0~13.9%= ZAE Qo guvar AH
EFY B gEolH, vleS 2 37%, AL 45%,
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Ao ok 9thUin et al, 1994). 1L} 2 ATof A]
= HA & ARE Aol wet AH 2ARA] B W 2
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HA 2 2o g g BEGF wet 9 g b w0
9= Aoz wetEchBurke et al., 1988; Vesterdal et al.,
1995).

2) E9F A= (pH)

20109 4 pHE= 4.58~5.319] HYYE Hon, 4+
of A ZARXA 714 We pHE HTHTable 2)
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AR AR 040 AT 2718 o, 2013Wo)= 7]
A 2AAE AT He AR A 5.20 o] Fo® 1t
Ebgith AJZE Aatel] whE pHe &3 Al AR
ARt S92 B4tk Giardina and Rhoades (2001)=
logdgepole pine (Pinus contorta) Y504 B2 Ax} &
o pHe HlSRt &2 FAISHAAL, Park et al.(2004)2-
e)7lcarge] WAl 1§ pHi Wabh glglon)
Ko et al.(2012):= Y% b 3 10| 3t v pH
L Ws) gl A0E B ek 233 QA 2
AAIE Al LJRE YA AR oA AR A 3to] whe} pH
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Table 2. Soil properties at 0-20 cm depth in Larix kaempferi plantations.

13

Sand  Silt  Clay Total  Available Organic CEC. Exchangeable cations (cmolc kg™)

Year Region %) %) %) Texture pH nitrogen phosphorus matter (emolc k ,1) - " - "

v %) (mgkgh) (%) £) c Mgm K Na

2010 Yeongju 66.5b 23.0a 10.5ab Sandy loam 4.58b 0.12d 4.05¢ 3.36d 15.86d 1.32¢  0.57b  0.18bc  0.02c

(3.0) (25 (1.3) 0.07) (0.01)  (0.59)  (022)  (0.91) (0.14)  (0.05) (0.01)  (0.00)

Gimcheon 77.8a° 17.5a 4.7c Loamy sand 4.58b 0.53a  32.09a°  1587a  39.15a 1.0lc  026c  0.13c  0.04bc

(7.5) (7.9 (1.3) 0.09) (0.02)  (638)  (0.78)  (0.65) (0.13)  (0.04) (0.01) (0.01)

Chuncheon 63.8b 28.7a 7.4bc Sandy loam 5.04a  0.38b  10.93b~  10.51b  33.41b 556a  0.79a 022ab  0.06a

(14)  (22) (LD (0.10) (0.03)  (0.81)  (0.64)  (1.51) (0.62)  (0.10) (0.02) (0.01)

Inje  64.7b 24.8a 10.5ab Sandy loam 5.3la” 024c  691c 728  20.83c 2776 0.50b  0.26a  0.05ab

(3.5 (3.6 (L5 0.08) (0.02)  (1.10)  (0.51)  (0.98) (0.34)  (0.05)  (0.03) (0.01)

2013 Yeongju 64.5a 21.6c 13.9ab Sandy loam 5.24c 0.11d 6.26a 3.94d 16.65d 1.68c  0.63a  0.2lc  0.15a

(2.6 (15 (1.2) (0.04) (0.01) (029  (030)  (0.73) (020)  (0.09) (0.01) (0.00)

Gimcheon 46.4c 44.6a" 9.1de Loam 4.96d 0.46a 6.39a 14.14a 37.92a 0.82d  0.21b  0.14c 0.15a

23) (2.0 (0.5 (0.03) (0.03) (0.38) (0.61) (1.99) (0.08) (0.02) (0.01) (0.00)

Chuncheon 50.2bc 42.8a 7.0e Loam 5.51b  0.34b 5.84a 10.20b 31.69b 447a  0.69a 030a  0.11b

2.1) (19 (0.6) (0.02) (0.03) (0.43) (0.53) (1.91) (0.43)  (0.08) (0.01) (0.00)

Inje 53.5bc 35.7b° 10.8cd Sandy loam 5.63a 0.18c 5.74a 6.34c 20.83c 258 048 0.24b  0.11b

22 (1.8) (0.5 0.03) (0.01)  (0.25)  (043)  (0.75) (0.14)  (0.03) (0.01)  (0.00)
The values in parentheses are standard errors of mean. Small letters indicate significant dlfferences among reglons in the same
year (P<0.05). Asterisks show significant differences between 2010 and 2013 within the same region (P<0 05, "P<0.01, ™ P<0. 001).
3 QA 2AONA pHAF F7ket A Gl WA & 2) w39 A ATk el B RAAL E(mg
=2 Mo o8t oFol & 7hAR ESF pHYF 278t Ao kg 5.74~6.399] W92 2AE QT UH, 2, QA
&2 XoltiHwang and Son, 2006; Binkley and Fisher ZAA] Q] §EQAF B oF 0.8~5H Fo] o5
2013). r4-35FA ) Pennock and van Kessel (1997)2 £a3 W
A F 59 AZE Ao wEh FREQNE FEe WEE 8l
3) AAA ot ® 318} 31, Hwang and Son (2006)2 9345
20109 BF AY4 FECOHE 0120539 WAS B ¥ F 1WA F3e] wet $AA BEE 715
Rom, I AR A 0.122 FoJsHA| 7 @A 4 Rohal 2Hagk up Qe G5 2ARRE AlQRt Be =4
A ZAAONA 05302 $ol5) 714 BoTHTable 2).  AollA $EA FEIF AT AL AAE zUEo|
T3 3d9] A7 Aato] wet B AAA BEC)E  FoE AT o] Y Aolth e 1A 2|9}
0.11-0469] 912 A4 FAIRTE F2otAAT FAL ol WA F AZH Aol 2 FAE B o] E
oz= A Ay o Zol7t gi%lek. Chen and Xu o] ™ olfol Hsir= SEolut T £ dde
(2005)<= slash pine (Pinus elliotti) B3 ¥ FL +F= T4 4 ek T pHEF At s HEUAE
AL 61 Al Aol nfet AL SEL WAl KT s ACE FefA YU et al, 1994; Binkley
o5t PAF 9] HEEO| o3t HejZ F74ehctal ®ust  and Fisher, 2013), 2 ¢15to) A& pH7L F71skE AR &
At} Y Pennock and van Kessel (1997)2 Za3 ¥ A4 s = A4S w9 AskS Bt o]= W
A5 A o] ek 4Ae SEE B9 AUl A F) A2 RS Bel ol Siska gue Y
o3 WER PaSHATta Rustgov], Hwang and  43to] B ) fEIAN] F5EE Al S2Ed of
Son (20062 14 T T 14 A7H ATfo] teh A faelAl sl skl Anf Pelo] Qi Aoz g

A FEe W7 Ilvkar Hagk vp Qo e th(Stark, 1979).

4) GEQIA
20108 FF GESA HE(mg kg')= 4.05~32.099]
HE Yol A vtk om, o ZAX| oA F-23HA| 4.05
2 7P g, 3 2ARR oA 32,092 7HE &9kt Table

5) f+71=
20109 Ha 4718 FE(%)= 3.36~15.8729 #9 Ui

oA thekit

2‘@9 —%—

23, A AR A 15.872 71

ZAMA A 33602 F2J5HA 7}
=St tH(Table 2).
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EZE 3AY AZE Aol wEt Hit fUE FE (%)=
3.94~14.149] 9= A A9} H=3t oS AT
Ak "R A= Aol ofsff WA FEEST
A 9A " AEY] Aol STl ek f71E F
=7} E7Ve= Aoz deA ¢JthHwang and Son, 2006;
Nilsen and Strand, 2008; Kim et al., 2009; Tian et al.,
2010). L2t 2 A Aif BE AR OA A 5 A
b A E f71E = W3k gl8lth Masyagina
et al. (2006} G5 Hd & 19 AXF Ao whak
7' FEe WIE fISlvkal 2askqlch o9 =
Pennock and van Kessel(1997)2 g ZofjA HAY 3 593
o] Bifgt Aol B} V& w=7F SUFSHAT AL B
135G o™, Chen and Xu(2005)% slash pine (Pinus
elliotti) 27| WA F 6Wle] A7k Aol ulel &
718 SE7t Z7eheicka gk vk gk B el
HA FA Z}”‘EO] AAE F718 F=ol FFS +
P Aoem FAEH

6) Fol2A2-52(C.E.C.)

20109 B3t ool 2|38 2K emole kg')L 15.86-39.15
o] H¢] WollA uetuton, g A ofA] 158602
P w2, - 2ARR] oA 39.152 7 =9kt Table 2).
g 399 ARb Aol uwhEh gt folA|ehg
(cmolc kg )2 16.65~37.922] HY = A7 FA|Q} G-AF
3t &S J-A5FHE Chen and Xu(2005)+= slash pine
(Pinus elliotti) 2R A W3] T 6d9] A7+ ATl u}
o Qfol LA TR e HUel o7 VB2 Aol
ohn mag ok ook g =9 i $71% FEAL S
42 JoleATETE £ AoR FeiA AerlUin
et al,, 1994), & A Ao M e f7l1E =7t 7S =
& 1A 2AROIA ol LA TET0] A1 £ Rom

et

H:‘\l

o O T
20109 Hd 23 Ca¥'7 Mg™ B =(cmole kg')=
561} 0.26~0.799] H 9] WollA vrefstom, 3
do] A7 Ao uebAs 242} 0.82~4.473F 0.21~0.69
o HAZ AA FAeE FARE S HITHTable 2).
E3H 2$Y K7 Na' 55 GA] E3) 5 A7 3to] uf
£ ApolE HolA] ggkon, vl=dt &S FAISHIT
st dulr oz Atg EoFo| A 23HA oFo] Lo Ca’t >
Mg > K" > Na" 02 el Aoz g4 et
(Jin et al., 1994; Hwang and Son, 2006), & 15 AI}=
o|¢t o &0 7 vbebydth Hwang and Son(2006)-2
d49 7 1@ 3 T4 Ca”, Mg, K, Na’ 5= =

7) Aol e

27+ 1.01~5

= A067 A1E (2017)

ol A
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H3l7F 919137, Kim et al.(2015) H3F
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bals glos mast uh glom, 2 d

=
, &, A 2AA W HHE 2E-EY 5
! + Figure 2¢] AA5}FIch
5o TUAL 5~6 Y W I - RARA

g

90
B5-yearold B@6-year-old O7-year-old
80 j"
= b
E 7] i
é 70
- ] a Cc
g 60 . = C
g 50 | :
S a b
a
g 40 d
e
© 30 4 b
8 e
? 207
4
10
0 T T
Yeongju Gimcheon Chuncheon Inje
Region

Figure 1. Root collar diameter of Larix kaempferi trees with
regions. Small letters indicate significant differences among
regions within the same age (P<0.05). The vertical bars
represent standard error of the means.
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Figure 2. Height of Larix kaempferi trees with regions. Small
letters indicate significant differences among regions within
the same age (P<0.05). The vertical bars represent standard
error of the means.
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Table 3. H/D ratio and stem volume of Larix kaempferi trees with regions.
. H/D ratio Stem volume (cm’ tree’)
Region
S-year-old 6-year-old 7-year-old S-year-old 6-year-old 7-year-old
Yeongju 83.4(2.1)a 76.5(1.6)a 74.9(1.5)a 702.6(48.1)b 1317.4(83.9)d 2009.8(159.8)d
Gimcheon 62.3(1.4)c 62.9(1.1)c 65.1(1.2)b 1921.3(144.8)a  5335.7(428.0)b 12148.6(822.9)b
Chuncheon 66.0(1.7)c 71.2(1.6)b 71.3(2.0)a 2272.1(226.3)a  6873.0(679.5)a 17813.0(1681.5)a
Inje 70.6(1.5)b 63.5(1.3)c 66.4(1.3)b 820.8(82.0)b 3069.9(347.2)c 7337.2(889.2)c

The values in parentheses are standard errors of mean. Stem volumes are the average value of the individual tree. Small letters
indicate significant differences among regions in the same age (P<0.05).
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