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Abstract: This study was conducted to provide basic information for the development of silvicultural guidelines and
manuals. This was achieved through analysis of tree and stand characteristics according to the first and second thinning
in Korean white pine plantations. Data were collected from permanent plots installed at Korean white pine plantations
according to thinning intensity, and residual tree and stand variables, including diameter at breast height (DBH), volume,
and mortality at age 19-43, were analyzed using data repeatedly collected in 4-5 measurements by experiments. According
to one-way variance of analysis, tree DBH and volume were significantly different according to thinning intensity
(»<0.05). DBH distribution was skewed to the left side over time as thinning intensity was heavier. Thus, tree DBH
values were larger in heavy thinning plots with increased age. The periodic annual increment (PAI) of DBH was higher
with heavier thinning intensity and fewer years after thinning. The PAI range by thinning intensity was 0.48-0.95
cm/year at age 19-24. In addition, the PAI increased in heavy thinning plots after the second thinning; The PAI range
by thinning intensity was 0.29-0.67 cm/year after the second thinning at age 37-42. The PAI of tree volume differed
according to thinning intensity, and the PAI value did not decrease obviously, in contrast to the pattern of the DBH
PAI. Stand volume was generally higher in high-density stands, and the PAI of stand volume was high in unthinned
and light thinning plots. Mortality was highest in unthinned plots, and the differences in mortality according to thinning
intensity increased over time. Consequently, the growth of DBH and tree volume was lower as stand density increased,
but this growth was facilitated with appropriate first and second thinning operations.

Key words: Pinus koraiensis Siebold & Zucc., diameter at breast height (DBH), volume, periodic annual increment,
thinning intensity, mortality
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A E(Pinus koraiensis Siebold & Zucc.)= Zx] U =
AL To 2 BEEHE 2 BAeFeR s Y
2 WA 2,319,832 ha®] 7.3%¢%] 151,946 hao] Al A
Z}A|8kal QleH(Korea Forest Research Institute, 2012a;
Korea Forest Service, 2021a). T3k, A }Ee i Eo] ¢]
sHoR TAE] glom, T Sl AFt 27HA
= 409 hazZH QlFH o] a&4Ql 47 go] a5l
9lth(Korea Forest Service, 2021a). o] ]} thakst A
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2o g 7hHo] AAE] 1 9IciKorea Forest Research
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A7 = Ao g A ¢ltiRantala, 2011; Choi et al.,
2014a; Korea Forest Research Institute, 2015). &3], L)
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2015).

A JAFAAR] Y, 2T R 2R
) 7ML F 57k AR 78446 hao] AHYw A A
3

Z] 1 tHKorea Forest Service, 2021a). T35t AF1A 2021
A AlEoAF & 33,0659 Y = 7.5%¢21 1,8842] of i
SHe o4k WAISto] ARl T ALYl Hopm b 2
=9o] x&F o F ujA T3l ¢lti(Korea Forest Service,
2021b). oA Y W 77| WA} A &Aooz B
SFaL o} A 7}A] 7hdHo| i3t AF el gIit= e o R

[

%43 59
GBS B Sk Aol
3 7kdo] AW F F7hH 0= AW 23 w%

o] W= JEAA 3yt FHElTL th(Knoebel et al.,
1986; Hynynen et al., 2002; Amateis and Burkhart, 2005;
2008; Bergh et al., 2014; Rytter and
Stener, 2014; Hynynen et al., 2019). £3|, 54 7|7+ Y
_B_J__FGZ]_L]- xH;Q }\HXI-.Q. 5_;( o]-o:] J,] = _,__1 1\] 01:11_,]

oarTi A WA $Iak At BuE Wasn oo
(Hynynen, 1995; Amateis, 2000; Huuskonen and Hynynen
2006; Pfister et al., 2007; Wallentin and Nilsson, 2011;

2014; Niemisto et al., 2018).
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Figure 1. Map of the study area in research forest of Kangwon
National University, Chuncheon-si, Gangwon-do, South Korea.
The plot (a) presents the location of research forest, and plot
(b) displays the location of thinning experimental sites for
Korean white pine plantation in the research forest.
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=50l A Fslti(Choi, 2003). 71730l A gt =3 3. EARRIX} & SFurH
A1 7hA 1991~2020 30E7F AHF AR SA ) w=H 7 el whE Ao IS £45
7|2 11.4°C, 231 17.4°C, A 6.3°C, 7447 1,341. o] v xAb= Al He whet 4~53] AASHITh Xﬂl
mmo] I thKorea Meteorological Administration, 2021). 27E AR E L 12} 7o AA|E 1996F 9 12} o &
/\}*g— AlZFS 2 2001, 2008, 2014 (22} 7HH), 201913
3 5519 BmaAE AXRT, ABFEARDL 13}
[@ge & 3Aeoln,  zhHo] AAIE 199U 13} BEAAE AZHO 2 20104,
T AA 20163823} 7Hd), 20219 F 4319 vlE=AME AAISHA
tHChoi et al., 1996; 1999; 2001; 2010; 2014b; 2016; 2019
2021). @A ZF IPHAA E AAR T ey
183te] maEs T glow], e whE AT
= gloto] A&HoR PHT 9t}
F117, 53, A3
, TAjojse} 2
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2. LEAERNE] H BEX| AA|
B oo A} £ s 7
ZF A AR, SR, of =k,

of met 47§} AlFF= 4= o] AtKTable 1). A1, 27t
HAF YL 1996d0] 20 m x 20 m AW F7]0] 2|

7 A E ]—Oloﬂ =31 A% ¢l o w(Choi et al., 1996),
APBZPHAIEH2 19999 30 m x 30 m AYE IV|2 & '

AL dSAGe aLsto] 47h9] A7 A E e (Figure 2).

(Choi et al., 1999). 71 & A1, 27tHAIE L 1996 = ZF FFA 9] =49l
1994 W) EEAZE AR 12 o], o] 2014 I, $E, 793 Ul
3794w 22k 7hdo] AAIEQCKChoi et al, 2014b; 2 Tlke hmelakel HAk 9 AbE
2019). ABZPEARYL 19999 2194 W) 13} 7ol 4B Sskich I F & o] o8
ol 20161 38WAY W) 2%} thHo] MAHYUTHChoi et A T 7L Daaped o] §5to] Ak $1EoA
1., 2021). A 12 m E0]9] AL &A1, 4-31= HaglofAf
7t Al ) 13 7k 23} 7P Al SRR Vertax-IVE Ed| JEo] 2EH7X| 9] RolE 24519
A o] EAE 4= =S A& AR, ¥ EKChOI et al, 2009; 2010; 2014; 2015). A} B APHRYRF
59 B4 9 AgE gt shggH o] AAE e Choi < SuuntoAl Z2] =1 E|(Clinometer)E ©]-8-310] AR
et al., 1996; 1999; 2019; 2021). £3] 2x} 7HHA|FL 12} Hlako]| whe} =X}
el et Rl W ARTel FER WY A
AFHEZ A QK Table 2). 234 ZHHol A AL, 271 4, AR EUER R
AP BPEE RAE o, APEAEY S B £ AT e R E Y oL 9
a7 makste] Aol AWEITE A A Lol ntek AR $ETelo] glof P AN B
IS AR ot A/ A AA d=e] Ht HE= d5S AlA7]1aAL sk oS fsl AL, 23t
FaLA 4 S 2 Use H|(Thinning quotient) 2 4HH 2 Z 1}, HAIE EEA9 B9 G2 AT 27], d=As4
I3} 718 4] 0.66-0.88, 221 2P A 0.70-0.879) W9IZ B, £XE 2EUB4E Tefste] A@uit Abs}ap
AFEE tK(Table 2). o= 1.00H0F B2 224 214 %2 m¥ §Fto] A E T wEba] ZF AR A
3 stzxidol AaE Aoz BAH Rol $1X)g QJBEo] AelHglon], 2 &0 16 m
x 16 m W ZE= AFS ez HFEAS AYS
Table 1. General description and site characteristics for thinning experimental sites of Korean white pine plantation.
Thinning ' . . Stand age (year)  Annual Annual ' . Site
experimental Experiment Established  pjp¢ Last mean mean- Spll Soil Aslzect Slc;pe Elevatlon1 dex”  Location
site area (ha) (ha) year  measure measure temp::rature precipitation moisture texture  (°) ©) (m) (m)
ment  ment ‘O (mm)
Site 1 0.16 0.04 1996 19 42 213~232 18~28 622~630 14 é\l 13277004570%52’,,
Site 2 016 004 1996 19 42 (6.31:‘;. 4 13415 Moderate Loam 233-260 1226 645-661 14 g 1327745702073
Site 3 036 009 1999 21 8 194256 26-28 600~612 16 é" 13277‘220274
9 Site index of Korean white pine plantations was computed based on base age and dominant height according to the site index table provided by Korea
Forest Research Institute (2012b).
® The coordinate system of location is WGS 84 Web Mercator
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A1 A1Z (2022)

SAthlung, 2022). HEH o2 BAo] ALgH 22 7hd &
AL = AMAFY 11498, ARAIEF 18-3620]3lct.
ABAFES AA] FA] FE2ATE o] 7-40 mE
ZAR] whel, B4 Al F7HA S AR o
ek webA 30 m x 30 me] A W AA| 2o s}
of 240 Ao, 23 b & ARE Y& =
50~74E 0]t

2 AFE S8l @Rl FHE SAAdAE TRte =
A5E 9 AR Y FrhpE] AEE I Fadd
Z(BA) ot 4] 13} o] AbEstalon, A Y&
AA(V) Lee et al(2017b)2] At 4] HaLgl o] |
24 5 Aol 7H e mdo| mlet|EE 48510
2] 29} Zro] AdsiQich AbEd ¥ F EeAY gL
oA gl QA 22 JEALS AFEs] flske] &

FEA W 23 g2 hag A2 FAEE QUL

aotem) (5] ®

F-

BA=mXx (
V' = 0.01097 +0.00003772D*H )
BA: Tree basal area (nm?), D: Tree diameter at breast height (cm),

7 mathematical constant approximately equal to 3.14159,

V: Tree volume (m?), A: Tree height (m).

AAT, 7| BFAATE AEHS o 83le] ZAA7] Aol
of AL okl 4] 33t ol 2 g-AFZ kel chBurkhart

PAI= Y 3
=7 3)

PAI = Periodic annual increment of DBH (cm/year), tree

volume (m*/year), or stand volume (m*ha’-year")

Y, = DBH, tree volume, or stand volume at end of growth
period

Y, = DBH, tree volume, or stand volume at start of growth
period

7" = number of years in growth period

2 Aol TS e Fng7 9 ALe) %
o AgERE daos 4

ANOVA) 9 Duncan®] thH] 17 & (alpha=0.05) -
AHgste] AETRE oI HR) Aol S BBl 4
Aol AgeE 24 A ol

thR Core Team, 2019).
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(Mékinen and Isoméki, 2004a; 2004b; Lee and
Choi, 2019; 2020). & AL9] Z|F 2AA]7] & Q=2
= sturE ANAEAL 657~2,035 E/ha, AR2AIHA]
758~1,347 E/ha, ABAIHA] 618~915 E/hao = 7‘}%47(}
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A3} th(National Institute of Forest Science, 2021). t}HE,
B AP 7L AT Aol vl feld 2AYL
- 31810](Choi, 2003), F&ATFAAE cheyat Aoz
R HATE BAst] B 71, YA 2
o EXo] 1 ALA AL npFof 3 Aoz AlaE
CHHynynen et al., 2002; Mikinen and Isomiki, 2004b; Lee
and Choi, 2014).
AR e
Wyt 258 37 T;L
igure 3). A1, 27HEA l%‘%‘gl T
7+ ARz Zol7} gl 37
A7) elglo] Z71Ete]| upel 71T AGEEO)
#po|7t ZAfBksct. 22k 21 Al71ell Plot D7} R-7paT
1.0

FE th(Mikinen and Isomiki, 2004a; 2004b). 7} & |4
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Figure 3. DBH distribution by thinning intensity over measurement instances in each experimental site of Korean
white pine plantation. DBH class was 2 cm of bandwidth. Each experimental site and plot was thinned as shown
in the legend from heavy thinning treatment to light thinning treatment based on first and second thinning intensity.
Specific thinning treatments were performed according to Table 2.
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Figure 4. Growth change of average DBH by thinning
intensity in each experimental site of Korean white pine
plantation. Thinning represents the thinning intensity from
first thinning to second thinning. The thinning symbols are
the acronyms for thinning intensity; H is heavy thinning,
M is moderate thinning, L is light thinning, U is un-thinning.
Specific thinning treatments were performed according to
Table 2. Significant differences between thinning treatments
at the final measurement are indicated by different letters
based on Duncan’s multiple range test (alpha=0.05).
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(Hynynen et al., 2002; Makinen, 2004a; 2004b; Bae et al.,
2010; Choi et al., 2014a; Bergh et al., 2014; Rytter and
Stener, 2014; Niemisto et al., 2018; Fahlvik et al., 2021).
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Figure S. Box and whiskers plot for the periodic annual
increment of DBH by thinning intensity in each experimental
site of Korean white pine plantation. Thinning represents the
thinning intensity from first thinning to second thinning. The
thinning symbols are the acronym for thinning intensity; H
is heavy thinning, M is moderate thinning, L is light thinning,
U is un-thinning. Specific thinning treatments were performed
according to Table 2. Significant differences between thinning
treatments at each measurement are indicated by different
letters based on Duncan’s multiple range test (alpha=0.05).
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Figure 7. Growth change of average tree volume by thinning
intensity in each experimental site of Korean white pine
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first thinning to second thinning. The thinning symbols are
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Specific thinning treatments were performed according to
Table 2. Significant differences between thinning treatments
at the final measurement are indicated by different letters
based on Duncan’s multiple range test (alpha=0.05).
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intensity from first thinning to second thinning. The thinning
symbols are the acronym for thinning intensity; H is heavy
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according to Table 2. Significant differences between thinning
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based on Duncan’s multiple range test (alpha=0.05).
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Figure 9. Growth change of stand volume per ha by thinning
intensity in each experimental site of Korean white pine
plantation. Thinning represents the thinning intensity from
first thinning to second thinning. The thinning symbols are
the acronyms for thinning intensity; H is heavy thinning,
M is moderate thinning, L is light thinning, U is un-thinning.
Specific thinning treatments were performed according to
Table 2.
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