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ABSTRACT

This study was carried out to evaluate the weight loss rates, carbon and nitrogen dynamics
of wood stakes following soil amendment treatments (CLB: compound fertilizer + lime +
biochar; LB: lime + biochar) in a post-fire restoration area, Ulsan Metropolitan city, southern
Korea. Soil amendments in the fire-disturbed area were applied to two-times (Mar. and Jun.
2015, 2016) during the study period. Wood stakes on Mar. 2015 were buried at a top 15cm
of mineral soil in two soil amendment and control treatments of Liriodendron tulipifera,
Prunus yedoensis, Quercus acutissima, Pinus thunbergii plantations and an unplanted area in
the post-fire restoration area. Wood stakes were collected at Oct. 2015, Mar. 2016 and Oct.
2016 to measure weight loss rates, organic carbon and nitrogen concentrations. Weight loss
rates of wood stakes were not significantly affected by soil amendment treatments. However,
remaining carbon of wood stakes were lowest in the control treatment (43.7%), followed by
the CLB (71.3%) and the LB (71.6%) treatments. Remaining nitrogen of wood stakes was
less in the control treatment (29.7%) compared with the LB treatment (52.6%). The results
indicate that carbon and nitrogen mineralization of wood stakes in post-fire restoration area
were delayed by soil amendment treatments.
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Fig. 1. Location of the study site in a post-fire restoration area of Mt.
Bongdaesan (a: Unplanted area; b: Prunus yedoensis plantation; c: Quercus
acutissima plantation; d: Pinus thunbergii plantation; e: Liriodendron
tulipifera plantation; f: wood stakes after seven month’s incubation at top

15cm soil).
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Table 1. Stand characteristics in soil amendment
treatment plots of a post-fire restoration area

Tree density DBH" Height
(trees ha')  (cm) (m)

1,650 6.09 441
(124) (0.78) (0.47)
Compound fertilizers + 1,200 7.76  4.95
Lime + Biochar (CLB) (140) (0.80) (0.61)
1,700 6.50 4.44
(100) (0.61) (0.39)

'DBH: diameter at breast height (1.2m). Standard
errors in parentheses.

Treatment

Control (C)

Lime + Biochar (LB)
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Table 2. P-value of soil property changes following soil amendment treatments in a post-fire restoration area

Sampling time

Variable
Oct. 2015 Mar. 2016 Oct. 2016 Mean
Soil temperature 0.4355 0.0675 0.2963 0.9973
Soil water content 0.1982 0.1254 0.8586 0.1025
Soil pH 0.0182 0.6379 0.1468 0.0140
Soil EC 0.0027 0.0003 0.0016 0.0001
Organic carbon 0.7783 0.1499 0.9874 0.4124
Total nitrogen 0.3637 0.1137 0.7083 0.2520
Available phosphorus <0.0001 <0.0001 0.0035 <0.0001
Soil CO, efflux rates 0.0527 0.1400 0.2136 0.2513
30 30
9 (a) mC mcLB oL8 [ (b) mC mB oL
g 24 4 . . , . &.4_: 24 4 2 aa a a a
qg- 18 | a a a 2 a 2, 2 % 18 | aa a
g 12 4 ﬂé_ 12 4 a a a
2 | 2 4]
E 0 A 3 0
6.0 300
() mC mCcLB [T (d) mC mas oL
5.5 A a
T
o
—= 50
]
4.5 A
4.0 +
4.0 0.25
(e) mC mCLB oLB f) mc mcB [=]1:]
§ 3.2 A g
~ 24 4 c
c Q
-.g_ 16 - ?
S £
0.8 - z
0.0 -
160 T 24
:.; 9) mC mCLB oLs % (h) mC mCLB oL
o 120 : g 18 T
£ % a
; 80 - a % 12 2 2 a
3 a 5 b a a
-§_ 40 | a E” 06
3 Y I Py B S -
£ ola ER
Oct. 2015  Mar. 2016  Oct. 2016  Mean Oct. 2015  Mar. 2016  Oct. 2016 ~ Mean
Months Months

Fig. 2. Soil property changes (a: soil water content; b: soil temperature; c: soil pH;
d: soil EC; e: organic carbon; f: total nitrogen; g: available phosphorus; h: soil CO,
efflux rates) following soil amendment treatments (C: Control, CLB: Compound fertilizers
+ Lime + Biochar, LB: Lime + Biochar) in a post-fire restoration area. Vertical bars
represent one standard error. The same letters among treatments in each sampling time
indicate no significant difference at P < 0.05.



362 Korean Journal of Agricultural and Forest Meteorology, Vol. 20, No. 4

U LBAJ2}5(1.0g CO» m? ol wls) fejzlom
& BFES nYlo AL 5% W Y 5F
ao] Z9(Fig. 2h) EP A Hel ok i Aol
o Zol(P > 0.05) §SATKFig. 2). Aol Al
He) F 2 TFAFL BAu|Tol s A
WS} gl 5 Tl Au} BaEa 9lomJeong
et al, 2016), & 17 AThE A Aol AR
< 915 Mt BatR 5o A2l B9 g
u)AE Aol A ek

3.2. Wood stakes?| 235l&

Wood stakes T4 oF 19711 3420161 109) ZA}
¥ ZAELS(Fig. 3a) thETH44.9%), CLBA 2|+
(72.2%), LBA|2]7465.5%) <22 Y2171 B
A A=te] vlsf Ealeo] ko 1222l o]

AATHP > 0.05). EoF=of ujd= wood stakes
W&ol A9 EF L, B 48, B 09
ON} HAL B3} re HER Rolmyk ofel Eop
AyEa} npdEe] FRE 2 48 2l S ol
FEFS W= Ao 7 UdA QJri(Weedon et al., 2009;
Finér et al., 2016; Wu et al., 2018). 124} wood
stakes@] E3fof] 7HY 71AET) =2 ES SR80S
Eof 2 W B9k 4B Zo|mH(Jurgensen et al,
2006), EOF 227} =11 AAS B 8 A 54
+ wood stakes®] B35 Fxlsh= 7HY F43 34
Q9lo & oFH# QJU(Finér er al, 2016). 2 ATLo||A]
wood stakes E3flof| 7MY A 7T EQF 45 U
EoF 20| A9 XA Bt He 7 fejHel
zlo|7F YERGR] QroKFig. 2a and Fig. 2b), wood
stakes JEofi&of A2|Zt 104 Zpol7t gl Anpet

A5k Qe

40 Ar rfr

3.3. Wood stakes@| EtA 2 ZEIA =Ef

HHES7 EAREAof 213 wood stakes©] 7] &F
2x(Fig. 3b) 9 A2 H%(Fig. 3¢)@} C/N&(Fig. 3d)2]
785 BEYNEA Aot izt Aleloll 5921 2¢
o|(P > 0.05)7} QISItE EYS W HEF 3] A5
wa7h AYEe wek =9F, Iehd st
(fragmentation) 7} A5l §olut T 5o &Jgt
I7]SHmineralization) &2 57}2 2l3}o] 77] B4
U ] W] 7 Ui o 9elA
Ut Chao et al., 2017). £ Ao A= wood stakes

O AHAAZTE 7] B 2 Al 59 HEo] A7
7F 2A Jehda gloy, 2016 109e] #2E CLB
A2t LBA - W wood stakes®] =2 7] B
FEoF Yo A FEE wood stakes] FEgo] Ef
Aelate] Blg] =7 R E AlRE. 2 At
A YERE wood stakes®] E3ll2Hg Bt 7] B4
9 A 5= AT wood stakes FHEEIFO] TAl=
)= glthAUE 2 X]2] wood residue(Ulyshen et
al., 20174 549 Aga=doll wjdH wood stakes
9] B4 (Jurgensen et al., 2006)9| A YERS A1}
o} FAFSFITE

Wood stakes E3ll &3} FE5EE o830 A4t
=l wood stakes WA oF 19711 2(2016d 10%) H++
{7 B JEES hx9443.7%), CLBAHZF
(71.3%), LB 2| 7471.6%) &0 7}t S-ol4
o7 Fon(Fig. 3e), Hat A4 HEEO HeE thx
S429.7%), CLBH] 2] 7448.8%), LB 2]74(52.6%) 2
S 2(Fig. 3f) A] 7+ F2JA1 ZJol(P < 0.05)7}F 23
th ZAPZIZE &9 wood stake E3f&0] HWH =4F
NFA A279] wood stakes= =2 7] a4 ¥
A AEES BT, =8 wood stake w382
¢ s B2 7] oA 9 AL IEES Bl
Aol ogt BRG] Aa ko] F7k= 2lad &
off a4 S At IR Eele s =
Aol= AoR UdHA QOH(Tu ef al, 2014), 2 A
TolME Aad Hg7) BYEE CLBA G W
=2 wood stakes ZFEE9] Ao} UX|gict A
7k &<t wood stakes®] 7] B4 W A 2O
745w 27] gholl Hlal W& gk Holal §lojA]
ol st Seolu FrIsL Wsk: AoR
Ebytch ®=3F 20161 10€9] 38t wood stakes 2]
71 e 9 AL ZREEE EYUNEA A2t o
Ztof mlsf ZF 27%00 4 18% = eol Bk HeFA
Z2]= wood stakes?] §-7] A W AL BYFE
AAA 7= AR AtRE) o]= izt g B
FNEA A2l wood stakes©] W2 e 9 W
Aaseot 22 §7] syt B3Fog 7|ofst
= Zo= AlmdEch

v.g

Wood stakes®] Ha &3} Ealgol 7|olshz 20
3 $17919] B Lo} BoF ke Eoplel



Park et al.: Carbon and Nitrogen Dynamics of Wood Stakes as Affected by Soil Amendment Treatments... 363

N
@
=]

) P =0.054
§ (a)
= 120
=
=l
© 9%
H
=]
£ 604
£
g 30 4
& ——C —B-CLB ——1LB
0
1.0
© P=0237
. 08
g
c 06
@
<
g o0a
=
4
02 |
——C —B-ClB ——18
0.0
150
© P =0.020
& 1204
o
> 9 1
£
c
£ 60
£
LR
——C —8-CLB —A—LB
0

Mar. 2015 Oct. 2015 Mar. 2016  Oct. 2016
Months

52

(b) P=0.554
50

Carbon (%)

——C —8-ClB ——LB

a0
1000
) P=0199
800 |
o
= 600
©
[
Z 00
(8]
200 1
——C—8-CLB—4—LB
0
120
) P=0024

Remaining N (%)
m
o

—o—C —8-CLB ——LB

Mar. 2015 Oct. 2015 Mar. 2016 Oct. 2016
Months

Fig. 3. Remaining weight (a), carbon (b) and nitrogen (c) concentration, C/N ratio
(d), remaining carbon (e) and nitrogen (f) of wood stakes following soil amendment
treatments (C: Control, CLB: Compound fertilizers + Lime + Biochar, LB: Lime
+ Biochar) in a post-fire restoration area. Vertical bars represent one standard error.
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