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Contribution to Environmental Biology
- Controlled stand density can protect forest ecosystems by preventing forest fires and reducing large forest fires.

*Corresponding author Abstract: This study was conducted to analyze the effects of stand density on fire
Hyun-Jun Kim fuel (FF) changes in a Chamaecyparis obtusa forest. The study site was located in Mt.
Tel. 062-530-2082 Munsu in Jeollabuk-do and consisted of a control, 30% thinning treatment (LT), and 50%
E-mail. hjkim0837 @jnu.ac.kr thinning treatment (HT). Three-year-old seedlings were planted at a density of 3,000 trees
ha™" in 1976, and thinning was carried out in 2000. FF production was measured every 2
Received: 28 August 2023 months by installing 3 circular litter traps 1.2 m above the ground. Litter bags containing
First revised: 13 November 2023 5g of each leaf and branch were made and buried in the organic layer to investigate the
Second revised: 15 November 2023 FF decomposition rate. The decay constant was calculated after 18 months. FF accumula-
Revision accepted: 27 November 2023 tion was measured by collecting dry-weight organic matter from each plot using a square
frame (0.09 m?) in September 2018. The FF production in LT and HT was significantly
lower than that of the control (P<0.001). The leaf decay constant for HT was significantly
lower than that of the control (P<0.05). The FF accumulation in HT was significantly
lower than that of the control (P<0.01), but LT was not significantly different from the
control. The results of this study showed that thinning decreased FF production.
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1M 2 2013978 20229714] 1093 AFt 537719] o]
AL, AWt 3,560 hal At o] i‘éﬂ ATh(Korea

A2 B, AR, ti7loll of ke nlA A A EHA Forest Service 2022). AH=22] ¥Rl 2= QJAkat A3} =
9] 715= e B9k op e} QIZke] S Adsh = W= A7 A7) A7 e AsH AR A o
St} (Reid et al. 2016; Ambrey et al. 2017). U= o] Baht S 709 o]Ato] 2192l 4 910]Ath (Korea
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Forest Service 2022). Q1914 22 TAYSl= AHE-2 =%
2| Rdof| Agaglo] WSt = AHEo] Q19122
o7} E7Fs ottt 1B g AbEo] IS o AHE
o] /e ¢stol] wolE X Aslohe Aol A o
A A Bo SHolA Fasttt
A9 glo= o HAsH= AHE-S tiFE 2| &3}
(surface fire)E /\]ﬂg‘:} A 337} A& 4ol 7
oA vl HA AaEE= o] ol Eol ;AR
T35} (crown fire) 2 O]OV] Al %D}(Rothermel 1991). =&
Sh= 215 9 Higtol] ofof] whE £ 2 o] 55 tiaditE
& olojAl= 797t Bk whebA Ao mslE 2| A-slst
7] fleliM= A Eee] A= s Wi suetE FAR =
A& Aot Zlo] aaAo|th A3 dATtolA hde A
Algh A7 27 9 ALY (prescribed fire)< 4
ARh A2 E ok AHE 0] AZFE7} B BA] LT (Pollet
and Omi 2002). 12|13 7HH0o] 1Heo] SME& L of
£ dAlot= &3t iokal B B Qlth(Finney et al.
2007). °|AH 7P 4RO AR E RFL SMiEL =
=5 dl vl aapFolrh, oA £7Ht7] A9
ol o2 /‘}EﬁdE H| WRA T} 7M7) Aol —1-‘/}
T sHARe] 2%, A4 7HsA dE Sl vA
= IF 5 Z_]'HJHL AHE S| A O tieE A7F 53 = Tk
(Lee and Lee 2007; Kim et al. 2011). =5HAHH W A==
EA5I] AR LB &Sk, 4HE A e 24
O] AT +PEATH(Lim and Chae 2022). 13U J&
Ue 24 Fofl 2[3zEHof el AHE0] Aol ofEA
HS}et=2]of] Tt 21 2Q1 7= v|u| ek Aol
H (Chamaecyparis obtusa (Siebold & Zucc.) Endl.)<
tehul=r i 2H-Fo R 2T 7|FHE fF 1]
) AR 2 AALE 0 2 AR Qo (Korea Forest
Service 2022). Rt Wl W7 o] 2 GHRZF AR
ZREUAT 2T 27 7Fs A o] EAdste] 7“12‘?7‘4 °
-1 ]—_9_,}1;]15]31 9\)\ : ﬁ%ﬂﬁ_(_ﬂ ZB]H] o
o] 20%E HE T2 AT T M ‘a-,
%37 QI (Korea Forest Service 2021). HY
oAl A ZEE] “wood that makes fire’ 2 S2|H &
a2 ]IH }J\/\]7H Oﬂo]—.Q o]—U]—.EL %oﬂ ZF E]'JE ,1*(:)_ ]
(Wehmeyer 1999). &°] & &= HH A 41hEo] TAY
ShhH AbEo] wh2A] WA 2 nsiE & 2ol 29
o] Z7Fste BHE 7]Ee] Hlol A ek St
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Foz, 2o 7l§ﬂ1 1, B2 WA boltt. tid=l
= 22 13.2°C, AP 117

2 18.6°C, ¥+ 2|A 71% 8.6°C, JaL AYT FrFS
1,225.5 mm©]T}H(Korea Meterological Association 2022).
2] A 271 2.5haola, HEe] 371 2t
0.5 haolq A2]+= HE+ (non-thinning, Control), ¢F
{P8 (light thinning, LT), 7Y =7P8 (heavy thinning,
HT)E Aeste] A5 ZIaYsHlTh 19760l 31348 Hf
HBES 7 ATEE 3,000 ha S Aol 7HE-
A9 271391 200080 FA T dFETE VIELR
FLPET= 30%, FEPETE 50%E AAISHH 20
mx20m 7|8 ZARLE tiEFols 2704, LTS HTO
© 47 37l skt ZF A= dEE, F
o §21 27 (diameter at breast height, DBH) <} B+ &
T A2 Table 17} .

Bl ol 1]

i 7 Aol e HEA A2 (Type LCAY;



Changes in fire fuel under different stand density
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Fig. 1. (a) Location of the study site, (b) location and size of the control, light thinning (LH), and heavy thinning (HT) treatments, and (c) col-
lection location of fire fuel (FF) production, decomposition, and FF accumulation in the treatment area.

Table 1. Characteristics of the control, light thinning (LT), and heavy thinning (HT) treatments in the Chamaecyparis obtusa stand in 2018

Control (0%) LT (30%) HT (50%)
Trees per ha(N ha™") 2900£43 1858+ 134 1458 +42
Light intensity (umol m?s™") 205+ 80° 355+34° 649+43°
Mean DBH (cm) 18.65+0.28° 20.42+0.14° 23.11+£0.459
Mean BA(m? ha™) 66.91+1.50° 61.14+1.42% 56.69+3.26°

DBH: diameter at breast height, BA: basal area

Values with different letters indicate significant differences among the three thinning intensities (P< 0.05).

ADC, Hoddesdon, UK)= AHg&sto] S745H9Itt 20184 1
HEE 129€704] wid AA 9] H2 ' sFFE A g5t
Q7 8AIRE 5 6A7H2] 107 1HH 0= Z75e]rh

222 AEAHR YA

2 AFolAs 99, 71, TAE AEdR ARoeR 1t
Foto] AHEdAR RS A5 el 2 Agd
FYA] AEFS S0kt ZF AR 3704 A4S
214l =4HA 0.25 m*et =0 1.2 m2] ¥ littter trap
< A5k 20199 4€HH 20209 128744 2704 714
o= YAYAE AT AHE AMee AFHE 2
disto] 9, 7HA], SR 5T e, Ax7]9A 65°C
2 NARAZ 3 FAE SA5Hh

A JEute] Yol YadurE 11]7{1'6‘]—
3704 20199 29 §71E50l
= 20209 g€l At AR
AzSH 5 A3} 7] ZHz AZETFS %146]-011:} FZEAH O

2 A" AR AFFE 71502 th39] Eq. 12 °18
Shof 1k 742 o] Foll g4 (decay constant)E AFHESHATH
(Olson 1963). Ead4-E 9] A|7to] el wzr]E
et A4eelth

Decay constant (k) = —1n (R¢/ Ro) (Eq. 1)

olnfl, Rpr= H 2 AT, Ra= t2h= ARPe] TE 1

QA = B8l A7HE Lepdic,

L ERL
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Fig. 2. (a) The annual fire fuel (FF) production in control, light thinning (LT), and heavy thinning (HT) treatments and (b) the relationship be-
tween the basal area and annual FF production in the Chamaecyparis obtusa forest. Values with different letters indicate significant differ

ences among the three thinning intensities (P<0.05).

o BPPEL olgote] /1B AWstch AL
2

7114 65°CE 724

o
Rea
Zal

D AEQR QAT T A -7 -2 Hlg, g 4
= A, ol AMEd R SE8% 59 A
FolE 2445171 215 one-way ANOVA (analysis of
ARSI TR o)/ o] itk wtE =
a=0.05°14 Duncan’s multiple range
A 2] 7] Ha-S W] W SFITH(P<0.05).
had FUHHAT} AHEAR A A B2 16)
A Pearson J A4S AAlsto] R gha 4SSl
+= Hlo]El+= Levene’s testE A5t Control (25H=) 2}
LT, HT (3%F=) 2] H| 17} P>0.05%0 Ao =2 ERIE|o] 5
= Fstelnt B EA0l= SAS 9.4 softwareE AHS-
SFATH(SAS Institute Inc., USA).

3.1. ZH&ofl o3t AHEA R Y| e

AR w o] AF St (8.49 Mg ha™' year™)
Ko} LT (light thinning) (4.70 Mg ha™ year™)2} HT (heavy
thinning) (4.46 Mg ha™ year™) A 2|Lof| A §-2]obA] Wk
C}(Fig. 2a; P<0.001). 4213/8Q1 Hullof|A] 7Hdof w}a}
AR AL, A0 A FEE HWEE oA 2 A
Tot FAsHA ThEA ol whet Yy Aito] A
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Table 2. The proportion of leaves, branches, and seeds in the fire
fuel of control, light thinning (LT), and heavy thinning (HT) treat-
ments in the Chamaecyparis obtusa forest. Values with different
letters indicate significant differences among the three thinning
intensities (P< 0.05)

Control LT HT
Leaf 69.78%° 70.42%° 73.34%°
Branch 13.00%° 9.33%° 6.58%°
Seed 1721%*? 20.24%° 20.06%°
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(Turnbull and Madden 1983; Hennessey et al. 1992; Berg
and Meentemeyer 2001). {HH-& Fol JELE7} FAE

a5 Zke] AL ksl A& 7] Bl &
HA vt 7Ex] o] prgo] STl At E Aol 4t
At WEITH(Lee ef al. 2023). kA 7HE-L JEH
€ #AaNA 2Rl AdFe avEos AT
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HAEAE S QA9 Hle2 P Eol wet
2tol7b QAT AT 7t SIVeES TR 9]
& %Th(Table 2). 7P 742 ¢] AAHES
Z 0] °H|-&-2 =ol= a7} QI (Siemon

et al. 1976). 8 W=7 0T Sk 8P A WS



o] ¥rz] Zof] Ftd agol faste] 2= gEotA =
T}H(Siemon et al. 1976). WEhA i XA = &bl
72| 9] efo] wol AHEAR AJiteFe] FAdu]&ofA 7R
9] Hl-go] th& A= Hlof F-2JoHA =okvhal et
Hct 2 3He)] ozl 7= AR SHitof] 34| 7]ofs}
7] 2ol Aol S-S of|Sot= o] 438 4TS gt
(Rothermel 1972). whebA] ZHE-S Foff 2|3 Ho| 92| 4
ARFS Eole AL 4HEo] EAU-E o = =9
O 2K 4R SAhS BA] S 4= Qoo

201295 E 2021714 1097 AHE0] AEEH A%

A

hI = (e}
S A HE Fo dojd AHEo] Hot 2787102 58%E
Z}A| gt} (Korea Forest Service 2022). B2 7AZXSH G4
o} AZHE FAH dgIA I AHEARR 28517 o

=
o)1k (Fig. 3). 591, 1299] AHEA= A4k LT HT
ATt BF 2T tiH] 50% ©|st2 H A5 TH(Table
3). oA Y THHL AEART) 7P wo] AatE= 1299
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= A7 7| o Sl
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Fig. 3. Monthly fire fuel (FF) production in control, light thinning
(LT), and heavy thinning (HT) treatments in the Chamaecyparis ob-
tusa forest. Values with different letters indicate significant differ-
ences among three thinning intensities (P< 0.05).
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3.2, 70| G2 MEAE Rafo] vzt

Aa wiE & 18709 AlFolA Qo] Zolld<= HTel
A 1.35% t2(0.93) tiH] 25k =] Vet A T
LTE= 1.072 27l §-2J3t Zfol7h glSith (Fig. 4). 7t
e Yl FEFS TVHA EY 255 ASA71aL A
FEE daAA aAZ|F 9 ] 215 HIAIX]
(Kunhamu et al. 2009; Bravo-Oviedo et al. 2017).
ToANE dELUET AAT5 AU F=Fo] F7kst
CH(Table 1). P2 QI9h FFo] S7tet T= QI &
29| A5 25 EY nAEY &2 A
(Castin-Buchet and Andre 1998). w2hA] 7HHo]| 9]t
7A7e] ¥k B nAES E5S SXAA HY
NG ETE kR = U9l o s -8Rtk

o, 7HA 9] Fall = tiETollA 0.33, LTolA 031,
HToA 0.36 0= A 2]7 {27t ZFo]7} gl Tt (Fig. 4).
YgH21] Bofl = G FolEA] g o A&
He 2y kel osf ZA o (Berg 2000; Bravo-
Oviedo et al. 2017). 7}A| 9] 73-¢- QH o} 2=k W,
2199 FF2 =7 wol BellErt b Aed
FoJRt Atol7t glis Ao 2 e nh webA 71]= Bl
A FollE et Lo Rg Ao Fot AolE B 9

rh

0% ¥ g L &
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Fig. 4. Decay constant of control, light thinning (LT), and heavy
thinning (HT) in the Chamaecyparis obtusa forest. Values with
different letters indicate significant differences among the three
thinning intensities (P< 0.05).

Table 3. Fire fuel (FF) rates in light thinning (LT) and heavy thinning (HT) compared to the control

Fed. Apr. Jun. Aug. Oct. Dec.
LT 59.36% 54.31% 65.75% 66.57% 58.41% 49.03%
HT 65.09% 4796% 60.85% 59.61% 43.13% 49.35%
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T7lE SAE2 e I A der A8 daed
= A5t HiZel Aol Fa7t dd2 At (Lee
934, 94, F4

et al. 2020). At o] AEAT ZH#HS
FHAE 502 o]Fo]A] Itk (Xu and Hirata 2002). 7Hd
7o i AHE AR SHRL 2T olA 17.9 Mg ha™,
LTOlA] 15.7 Mg ha™', HT®I4] 9.9 Mg ha™' 2 YERLlTH
(Fig. 5). HT+= T2 AeHHT $AXH R FoJsiA &
UThH(P<0.01). A2 R FHFL wjd FFEE= A4t
ol Al Eoliwo] wha] dEstal Sl R71ES9] wtelth
(Keane 2008). &= @A-ollA] A2 LTS HTZF iR+
Bt fofohA WA, 4] HollE ke HT7F =
TRt FolshA Wt (Figs. 2a, 4). 1283 LT2F HT A
2] B Ggyz] W 7HA] Hl-g-2 iAol Hlsf 2ot
Al 2Skth(Table 2). b4 HT= tHE A2+&3 vl
ol 7 A2 g s st 2ot =9 719 vl
(Control: 13%, LT: 9.33%, HT: 6.58%)°] Z1., 7} w2
O] FolEER Qo Eof=lo] AUy Gl 7t
W2 oz pekEc Eok Ba7h w2 A Y= HA]
BHO| FE T3 2 EE 5o w2 A doju} E9F 1]
E9 852 A1 Ao 2 wETH(Kunhamu et al.
2009).

A8 Aol A= 50% o1 7t 2ol A 4HE <
=27} Al7to] S5l wet 7P gol EolE= At U

flo
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P<0.01
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Fig. 5. Fire fuel (FF) accumulation in control, light thinning (LT),
and heavy thinning (HT) treatments in the Chamaecyparis obtusa
forest. Values with different letters indicate significant differences
among the three thinning intensities (P<0.05).
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EF T} (Johnston et al. 2021). ©]+&= & AFo|A 509% 7+
W AAGHES o) Zajepo] Foloh Avtel ARl
t}. Johnston et al. (2021)2 YA AT} U Eoll&e
Ztz g AEY F42 7
o] Zag d<lolgty Hugry & AL o|ef mpxtrt
A2 g el gast I Beael Fh2

V& K 1% It (Agee and Skinner 2005; Crecente-Campo
et al. 2009). TebA] THES S AHEA R SAFY] Hae
AEAES] oA BHE VIHE 4 9leH, Ao r o
@ AR fxE A A H 2 HsiE 2L 4 Sk

IPHEA 2] (light thinning, LT), 50% 7t
thinning, HT) & ©]F0]4 itk 19760l 384 HES
3,000+ ha™' 7] o2 AAIskel o, 2000 7HES A
Aottt AFE R S WO 2= RE 1.2m E0]9
A littertrap= A A7 3704 d2|5to] 2019 495
B 2020 129717 270 1A 02 YPHAFE 54
Sttt AR EollskS doti ] flaiA gzt 9
£ 5g4 Y2 ST AAste] R85 22 1

4 gof At Bl 45 ot AAEdE SAF
< AHFE(0.09 m?)= ]85t 20181 9L Ald+E
3R 0 2 A §71E9) AFHS SASIH AEA
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_>‘~1_|‘
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2 AR LTS HT A8+ 5% g2 EHT SAZC
2 Fort 0 2 THASHITHP<0.001). HTS & &5l
AeE g2 E f-o05H WA YEeRSThH(P<0.05). LT
o] AFEdn FHFL g2t 25t ZfolE Holz] ¢
UATE HTO] At dw SAF2 tl2T ot folstA W
ATHP<0.01). £ A9 AE TEH o2 AHHA A4
2aAgare 7o) osf 7HAasialrt whetA 7hEe 53t
A E Foll daBdoe] gARH AR Aot o
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