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Carbon Stocks in Tree Biomass and Soils of Quercus acutissima,
Q. mongolica, Q. serrata, and Q. variabilis stands
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SHEAFE R 5 AUy, VS, AU, EUE ) 52 EH* ° 2 9% Hio
2 AP vlwstsith 2016 -FE 2021L4 Aol At AAE GR] o] faxst= Ay 110714,
AU 177744, 2R 9674, U 148704 5 & 5317148 gz 8 dA3FS 2 }6}1 EoF AZ3 BZ
o] & FEE HA5ITE Y Hho] QUi AS) Bhas AVERE Wk AR STEA AU @ —EO] 144.9 Mg C ha', 43
WAl U 918 1237 Mg C ha', 43dA48Q] U 9J& 120.1 Mg C ha'', 36482l Abg=ejub Q& 113.2 Mg
C ha'! 40|t} E% Eka s xygu}% QJHO] AZo0] 431 mg C g'8 ZFUE 95 31. o mg C g, ZFUR g8
253 mg C g, ApEubt %‘E‘— 244 mg C g'of| ¥l3| foH o A7 vepth B gt AR AL 9
116.8 Mg C ha'& g} FJHE A Bo| vlaf 7} &1, Akge|uL 982 493 Mg C ha'2 7} e 718 19l
EbA ARV AZFUE 98 262 Mg C ha'!, £33 ¢JE 218 Mg C ha'! %ﬂb}—t} & 211 Mg C ha', P—’Fﬂ
Q% 163 Mg C ha' <=o9lom sdtar, 919, Bt F3LA4, B4 1L, %1‘& o] F7hetol whet was A= F
she AE Btk 2AM 41 =59 & o A Faddada) sl 22 A HEE o83 o I ndd

of sl §o141(P<0.05) o] THs3hAT.
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Abstract: We compared carbon stocks in tree biomass and soils of Quercus acutissima, Q. mongolica, Q. serrata,
and Q. variabilis stands. A total of 531 plots (Q. acutissima: 110 plots, Q. mongolica: 177 plots, Q. serrata: 96 plots,
Q. variabilis: 148 plots) were examined between 2016 and 2021 to determine the tree biomass and soil carbon stocks
throughout the country. The carbon stocks of tree biomass were significantly higher in Q. mongolica (mean stand
age, 57 years, 144.9 Mg C ha) than in Q. variabilis (mean stand age, 43 years, 123.7 Mg C ha™), Q. serrata (mean
stand age, 43 years, 120.1 Mg C ha), and Q. acutissima (mean stand age, 36 years, 113.2 Mg C ha) stands. The
soil carbon concentration was significantly higher in Q. mongolica (A: 43.1 mg C g") than in Q. serrata (31.0 mg
C g, 0. variabilis (2531 mg C g"), and Q. acutissima (244 mg C g"') stands. The soil carbon stocks were
significantly higher in Q. mongolica (116.8 Mg C ha™) than in Q. acutissima (49.3 Mg C ha™) stands. Total carbon
stocks of tree biomass and soil were highest in Q. mongolica (262 Mg C ha™), followed by O. serrata (218 Mg
C ha), Q. variabilis 211 Mg C ha™), and Q. acutissima (163 Mg C ha) stands. Multiple linear regressions were
performed to estimate the total carbon stocks of the four Quercus spp., and results showed that total carbon stocks
increased with increasing elevation, mean diameter at breast height, and basal areas. Basal area and elevation of Quercus
spp. stands were important explanatory variables based on multiple linear regressions for estimating carbon stocks.
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Al 2 A 4 HdE AAEA AL QU
B AT Selue gEd GAndsEe Aee

7o) olbSlRAE B AT 4 BES A R SR AZUR, SRR JRS diem 9
AP A o) e AT S dEolu B da Hpo] euj A 9l E ko] A4 whas AR Blastal, s
A4 5 AL SIek b0l AR Sglel Fat o] W 99, BE U474, FUUUA e 94 @ 9
£ ZH=ti(Bispo et al., 2017; Wellbrock et al., 2017; Lee &L 0] 83l A XA =2 mdo] JYAE BHo R
et al., 2018; Kasper et al., 2021). YHFA O &2 Q&= o] x]AF sl 9lct
39 ASR B AREE Qo] 43, 47HAs B
4 aepu] 24 29 E5) AAETYue e al, 2018). 18] 2 L g
U Qo) okt Sbslo] e w1 g3} sllo] Was)
7 gl el A7k QEe) FuAA, 1 EUE R QTS 9% 2A7E 4AY S49NE FHoE
2] H| &, Hpo|euj A A4 & o] 85k &Y A/ =(1:5,000)2 GIS At= 9 7|&E #dARE S8l &
AAHR 2 A5 g RS 2SR Stk Wellbrock W) F8 BE AL molsla, 5 Aeule
ot al, 2017; Lee of al, 2018), 5 0 € AAFE AW, 7% o AR IF L YA Telste] A oA
LI ANE U 5 YA S SRR 718 A Ao iedol 0217 R 2
S0 97180 BBk B4 5 AV BRo mel WolS  MEAE Al 110714, AU 177704, S
E‘ﬂt}(Ll et al., 2010). Bulop]a}, EoF ElA AA o L9674, AL 14874 & & 531714 fow, 107)
7BV ok 2 ek, 44 443 A BAS 4 olsbh AAE wavheh 2RUTE E4olA Al
olgat 2ol Aol PE vhe AT 2N e STk 2ATE W 113 me] € R A0 m)
A% k¥l SlthMerabtene et al., 2021), £ A A ) 5e Tefelo] Fsigon, A3

2015 o] 2ARE A6} AmArHAARAL Aato]] whE AF, AAL A9, BEF 53 dHEF, FLA%, +aL
W geluel ARA 617%ha & B4 Qe WAL 58 ZASIch A4 UE Hlol enj Ak QBT
203%Hao]|H, o] & AU, F2UR, SR A1 A HE o]&3}Fo](Korea Forest Service and National Institute
U 7Fe 2R = o]H O 77uiha 2 A A Fg4F o) of Forest Science, 2021), Z} AL Y& &S AALSH
oF 38%2 2}A|5}al Q= Ao A A rHLee et al., S 7t 247k A B ATE|(Greenhouse Gas Inventory and

2018). otH -y} AUEE 79 & njojeuA g Research Center of Korea, 2016)¢]] 55% LULUCF Hof
A ARl T AR BIEE QRO AR A A AL, AU, LU, SR 24 7%
252 90.3 Mg C ha'(Son et al., 2012), AU ¢JE9) YL, vpo] Quf A SPA|S, AR eL x]ohE Bie] vlE
AAFR} 2|5} B RS 138 Mg C ha'(Lee ctal, A4S ol 85}0l(Table 1) Q1% uho] on|A8 Akkalolc.
2019) So] WaLEl w} olek. EoF thh A P APR % vo]enjio) Banke evjg ABo) Bha S b
LA RS ghoR 243 0-50em Zo]e] EOFE  BE g 0472 ol &5RI(IPCC, 2006) FALERT

2 AR AUt AZUE 9JEo] 64 Mg C ha', B o AR AR FA FHEel 7F= 80 cm,
R 952 570 Mg C ha' = rHLee et al., 2018). A2 80 cmo]l A Zlo|7kx| EoF thHS A&sl AZ
eyt At At e APl Rk v 4 I B3 e ¥ 7 39 2ol W 9 AR AAst
e YA i &4 A9 23kskar QA gk, B At B g £48 93 AR 24 SR 5E 500 g

Table 1. Carbon emission factors of four different oak species reported in Greenhouse Gas Inventory and Research Center in Korea
(Greenhouse Gas Inventory and Research Center of Korea, 2016).

Species Basic wood density Biomass expansion Ratio of root biomass to
P (Mg m™) factors aboveground biomass
Q. acutissima 0.72 1.45 0.31
. mongolica 0.66 1.60 0.39
Q. mong
Q. serrata 0.66 1.55 0.43

Q. variabilis 0.72 1.34 0.32
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Table 2. General stand attributes in four different oak stands.
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Stand No. of Elevation Slope Stand age Stand density DBH Height Basal area ~ Volume
plot (m) ©) (yrs) (tree ha™) (cm) (m) (m* ha’) (M ha)
O. acutissima 110 166+8¢c  24.840.7b  36*l.lc 766+31a  19.82+0.45b 13.7+0.2ab 24.7+0.8b  176+6.2b
27~43D)*  (8~39) (12~82) (250~2,000) (8.8~33.8) (8.9~21.0) (7.6~53.0) (19.4~333)
Q. mongolica 177  667+21la  29.1+0.5a 57+1.2a 819+22a  21.31+0.37b 13.3£0.2b  30.0+0.7a  210+5.7a
(91~1,268) (13~42) (28~92) (225~2,150) (9.3~36.6) (8.0~17.6) (10.5~60.7) (65.2~431)
0. serrata 96 317420b  26.1+£0.8b  43+1.0b 527422b  24.74+0.75a 14.4+02a 26.2+1.1b  174+7.4b
(13~807) (4~41) (19~80) (250~1,400) (11.6~47.6) (9.5~20.5) (10.4~69.9) (58.6~455)
Q. variabilis 148  340+14b  30.4+0.3a 43+0.8b 852+33a  20.35+0.39a 13.3£0.2b  27.2+0.7b  207+8.5a
(28~890)  (4~49) (21~77) (175~2,166) (9.6~322) (6.6~18.9) (62~52.1) (21.2~497)
Mean 41112 28.0+0.3 46+0.6 765+15 21.3+0.24 13.5+0.1 27.3+0.4 195£3.6
(13~1,268) (4~49) (12~92) (175~2,166) (9~48) (7~21) (6~70) (19~497)

*Meantstandard error (min~max).

Different letters among stands represent a significant difference at P<0.05.
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Table 3. Soil depth, bulk density, coarse fraction, sand content, and soil organic matter of A and B horizons in four different oak
stands.

Soil depth Bulk density Coarse fraction Sand content Soil organic matter
(cm) (g cm™) (%) (%) (%)
Stand
A B A B A B A B A B
horizon  horizon horizon horizon horizon horizon  horizon horizon  horizon horizon

O. acutissima  6x2c*  45+1.7ab 1.01£0.003a 1.01+0.004a 7+0.3b 21+1.3b 57.3+1.9a 57.9+1.9a 4.26:0.2b 1.97+0.2c
Q. mongolica 15+1b  43£1.5b 0.97+0.005b 0.97+0.005b 9+0.4b 23+1.1b 49.6+1.3b 51.4+1.2b 7.48+0.4a 3.97+0.2a
0. serrata 20£la  41+1.5b 1.02+0.001a 1.02+0.001a 15+1.3a 25+1.8ab 50.5+1.3b 50.4£1.3b 5.36+0.3b 2.93+0.2b
Q. variabilis  14+x1b  48+1.7a 0.99+0.005a 0.97+£0.006a 15+1.0a 29+1.3a 50.5+1.5b 48.7+1.4b 4.55+0.2b 3.41+0.2ab

*Meantstandard error. Different letters among stands represent a significant difference at P<0.05.
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Figure 1. Organic carbon stocks of aboveground and root = azp . O A horizon
biomass in four oak stands (QA: Q. acutissima, QM: Q. 5 ° O B horizon
mongolica, QS: Q. serrata, QV: Q. variabilis). The box g, 300 "
represents the median and the 25™ and 75™ percentiles, x %— 250 . °
represents the arithmetic mean, the solid lines extend to 1.5 § 200 o g s g
of the interquartile range and the values outside this range are = 150 ¢ g
indicated by circles. Different small and capital letters on the £ 100 5 a & 8 e | AB
bar represent a significant difference in aboveground and root g 50| . %B é b
biomass, respectively, among four different oak stands at g % .
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—‘,j— -E‘ 043 Mg C ha'& Ar4=g] U2 Q& 86.5 Mg and B horizons in four different oak stands (QA: Q. acufissima,
=3 O] 84.1 Mg C hal B ool o= QM: Q. mongolica, QS: Q. serrata, QV: Q. variabilis). The
ha'ut & Cieh 8 B ol e o1 box represents the median and the 25 and 75" percentiles,
l‘ﬂ] UEP S thFigure 1). 1eu; X|5HR Hle) ghas A 4eF X represents the arithmetic mean, the solid lines extend to 1.5
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bar represent a significant difference in A and B horizons,

0]
=
of v]3j respectively, among four different oak stands at P < 0.05.

30 Mg C ha'o]u} Ak=g|ub 9)E 26.8 Mg C ha'o]
oA o R =& FE HUtKFigure 1).

EoF BbA B rl AZFJE QJHo] AZo] 43.]1 mg C 33.8 Mg ha'ub Abg=g]U 2 ¢]E0] 147 Mg C ha'e] H]&)
gl BZOI 228 mg C g'2 AZS S ¢+ 31.0 mg oA o R =9Ith B9 A= AU il 67.2
Cg!, ZFUT A& 253 mg C g, AU I 244 Mg C ha'2 Z3UHE E 49.6 Mg C ha'u} A<pe]upst
mg C g'ou}, B2 23R & 170 mg C g'a} A=) QE 36.7 Mg C ha'o] B3l §-2]% 02 EQttk(Figure 2).

5 %z‘ﬂ 114 mg C g'o] H]3} 59202 L 9frhFigure QI upo] Q2 0f X Ae} e o] gha AP A
2). BOF th ARTFE Thh HEk SARE S Bol TR o] 1449 Mg C ha'2 FFUHT QR 1237
AZL AR Qo] 579 Mg C ha'® FF 91&e] Mg C ha', S3HE 9 1201 Mg C ha'!, A2t
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Total organic carbon stocks of stand biomass and soils at A and B horizons in four different oak stands (QA: Q.

acutissima, QM: Q. mongolica, QS: Q. serrata, QV: Q. variabilis). The box represents the median and the 25" and 75" percentiles,
X represents the arithmetic mean, the solid lines extend to 1.5 of the interquartile range and the values outside this range are
indicated by circles. Different small and capital letters on the bar represent a significant difference in stand biomass and soil,
respectively,
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among four different oak stands at P < 0.05.
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Figure 4. Relationships between total organic carbon stocks and stand parameters in four different oak stands (QA: Q. acutissima,
QM: Q. mongolica, QS: Q. serrata, QV: Q. variabilis). ***: P<0.001, ns: non-significant.
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Table 4. Multiple regression equations to estimate total organic carbon stocks (tree biomass and soil carbon stocks) of four different

oak stands.

Stand Regression coefficient R? P-value
Q. acutissima Total organic C stocks = -108.02+0.9975x%(elevation, m)+1.0067 0.58 <0.0001
(n=82) x(stand age, yrs)+9.7136x(mean height, m)+3.4359x(basal area, m> ha™)
Q. mongolica Total organic C stocks = -54.80+0.1523x(elevation, m)+7.2014x(mean height, 0.50 <0.0001
(n=175) m)+3.9931x(basal area, m*> ha™)
Q. serrata Total organic C stocks = 91.0428+0.08034x(elevation, m)+3.8991 0.40 <0.0001
(n=96) x(basal area, m? ha™)
Q. variabilis Total organic C stocks = 74.4868+4.5632x(mean height, m)+2.8800 0.13 <0.0001
(n=139) x(basal area, m® ha™)
Total Total organic C stocks = -16.2337+0.1308%(elevation, m)+6.4144 0.45 <0.0001
(n=495) x(mean height, m)+3.5033x(basal area, m* ha™)

QA 1132 Mg C ha'of] H]3j $-9]2 02 t=9tch(Figure
3). B4 AST B9 ©a AR AU Yol
116.8 Mg C ha'& ZFZ = & 98.3 Mg C ha'¢} 89
29l Aol Yot A4 Ut & 493 Mg C ha'o]
vl f-o]2 o g A vUebith(Figure 3). Y& Bio] 2nj
20} BEF v AERS TRE T o AR Al
SlE 262 Mg C ha'!, ZFU5 A& 218 Mg C ha', 2%}
TLolE 211 Mg C ha', 442U 9 163 Mg C ha'
o] thFigure 3).

AL 47l F 0] FaeH A, s, gt FalA

=

o
AgHeE o835t teelH 24 2 9

<9

o =
frel/del AR EUH(P<0.05), FoHQl T T A%
& F40] 7he et AL R YeERdth(Figure 4). T2 714
o) A AUt 0582 7R = veERd o,
=R 01328 7P Wolth 2ARE 47 =3 AA|
£ E3ohs & g AGE 49| AYY2 04524
SHU dEold =y i) oFE 4o A
FEET w9 THTable 4). 2ARE 470 252] Q5 whol e
iAok BQFe] & T AR AL, OF, 9 Uk
Bk FA, Bat 3L, A FadEEe] #AE =
Aret Aah, FaduA, sidan, A% 5o Sl whet
T oo ARFE AY S7F BEE ATk Figure 4).
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2 IVEae Ardui, vaas S3vru =23
2ol vig] =47 ez Aled
SO A &

QU2 gha AAFFE R ] FrkeF DA W] Sl
Aog HIE v} QJthYue et al., 2018). $FH, AlZLE
QJHE o] oJB 222 210 m’ ha' & FUE RO =7
207 m® ha'T} = 2}o]7} Qo) A& ulo]QuAo| o
o i AR FoAR ZolE Bk o= & At
oA ¢J& Hio]Qu A eha ARFEF FAH o] AREE 2
712 Aw 7t FFE 0.72 g em®, A2 0.66 g cm?”,
Hpol emj 2 SHAl = AU 1.60, =3 1.34¢)
= 1T 1 7 Y Alo] Y Bio|emfj o) Ot vhas

AFFS BA 712 U= Hrhs vlo] euf A SA7t
Zlofehal Ql= AR yEbdth B Ao AE o= vt
olems Bhh AR HA) 7] Wiy vlo] euj 2t

A S(Kang et al., 2015; Lee et al., 2019), ZFHo|L} 714
A7) e ARA, 1, A 2 X 84 29l 5o
wtet cheFet HolE Kol Z o & HilE T 9Tk Yue et
al. 2018; Pandey et al., 2019). & AL A ZAME Aot
T A2 Y Hpol el wha AL Al6x; =7kt
HARIEAR2011 ~2014) 25 dojzl Aldi d29
ek #%2F 138.88 Mg C ha''(Lee et al.,, 2019)7} 2 2}o]
7F ol o S o] AR B AR
1202 Mg C ha'!, R QR A4 g AA=F
93.7 Mg C ha & e Q1704 ZAR FFHR VAT
Q& wol@mzo] o3k ThA AT 1258 Mg C ha'
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