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Abstract: This study was conducted to estimate the carbon (C) contents in pure and mixed stands of pine (Pinus
densiflora) and oak (Quercus spp.) trees for establishing the C inventory of forest ecosystems. A total of fifteen
20 mx20 m pure and mixed stands of pine and oak trees were chosen in natural forests in Hoengseong,
Kangwon based on the basal area of all trees > 5 cm DBH: three of 95% of pine and 5% oak trees [pine
stand], three of 100% of oak trees [oak stand], and nine of 20 to 70% of pine and 80 to 30% of oak trees
[mixed stand]. To estimate C contents in the study stands, biomass in vegetation, forest floor and coarse woody
debris (CWD) were calculated and C concentrations in vegetation, forest floor, CWD and soil (0-30 cm) were
analyzed. There was no significant difference in vegetation C contents among the stands; 147.6 Mg C/ha for
the oak stand, 141.4 Mg C/ha for the pine stand and 115.8 Mg C/ha for the mixed stand. Forest floor C
contents were significantly different among the stands (p<0.05); 12.7 Mg/ha for the pine stand, 9.9 Mg/ha for
the oak stand, and 8.4 Mg/ha for the mixed stand. However, CWD C contents were not significantly different
among the stands (p>0.05); 2.2 Mg/ha for the mixed stand, 1.7 Mg/ha for the oak stand, and 1.1 Mg/ha for
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the pine stand. Soil C contents up to 30 cm depth were not significantly different among the study stands; 44.4
Mg C/ha for the pine stand, 41.6 Mg C/ha for the mixed stand, and 33.3 Mg C/ha for the oak stand. Total
ecosystem C contents were lower in the mixed stand than those in the pure stands, because vegetation C
contents which occupied almost total ecosystem C contents were lower in the mixed stand than those in the
pure stands; 199.6 Mg C/ha for the pine stand, 192.5 Mg C/ha for the oak stand and 169.1 Mg C/ha for the
mixed stand. Lower vegetation C contents in the mixed stand might be influenced by interspecific competition
between pine and oak trees and intraspecific competition among the oak trees resulted from high stand density.
We suggest that forest management such as thinning to enhance C storage is indispensible for minimizing the

competition in forest ecosystems.
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Table 1. Characteristics of study stands. Numbers in parentheses denote the standard error of mean.

Stand type Dominant species Algrirtgde Sl((:§) © l\gig:ge :{%%’I‘ Béi%hla;)e a 822/5;%
Pine stand P, densiflora 70 23 66 33.4(4.10) 534 533
Q. mongolica 44 8.7(0.64) 3.6 575
Oak stand Q. mongolica 833 34 45 13.7(1.20) 21.8 1000
P, densiflora 64 35.6(2.22) 152 139
Mixed stand Q. serrata 719-723 20-23 m 11.500.87) 142 1128

Q. mongolica
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pine (Pinus densiflora) a »
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Figure 1. Study site in Hoengseong, Kangwon; a map of Korea (i), a satellite imagery around the study area (ii), and an image of
the canopy species composition based on the supervised classification using ERDAS Imagine 9.0 and the fifteen squares of the

study stands (iii).
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Table 2. Biomass (Mg/ha) of vegetation (over- and understory),
forest floor and CWD in the study stands. Numbers in
parentheses denote the standard error of mean. Means
followed by the different letters are significantly different
among the study stands at the p = 0.05 level.
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Components Pine stand Oak stand Mixed stand
Vegetation
Overstory
Pine (P. densiflora)
Stemwood 138.1(36.2) - 40.0(7.3)
Stembark 15.3(4.1) - 4.3(0.8)
Branch 44.3(11.4) - 13.12.4)
Foliage 14.1(3.8) - 4.0(0.7)
Root 43.3(11.7) - 12.5(2.3)
Subtotal biomass 239.8(67.1) - 73.9(13.5)
Oak (Quercus spp.)
Stemwood 14.4(7.1)  149.8(19.8) 71.9(11.1)
Stembark 3.9(1.7) 24.6(3.2) 14.8(1.9)
Branch 4.8(1.9) 48.4(5.8) 12232
Foliage 0.2(0.1) 2.7(0.5) 1.2(0.2)
Root 6.5(2.6) 69.4(84)  30.8(5.0)
Subtotal biomass 29.8(9.8)  294.9(36.5) 130.9(21.2)
Understory
Shrub
Aboveground 0.01(0.00) 0.00(0.00) 0.80(0.01)
Belowground 0.22(0.09) 0.21(0.12)  0.29(0.09)
Herb
Aboveground 0.01(0.01) 0.06(0.03) 0.14(0.06)
Belowground 0.01(0.01) 0.17(0.03) 0.12(0.05)
Understory total biomass 0.25 0.44 1.35
Vegetation total biomass ~ 269.9 2953 206.2
Forest floor 26.3(04)a 24.6(3.0)ab 17.4(0.7)b
CWD 2.2(0.9) 3.5(0.0) 432.2)
Ecosystem total biomass ~ 298.1 3234 2279
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Figure 2. Relationships between the mean DBH of oak trees
(cm) and stand density (tree/ha) of the study stands (white
dot: oak stand, black dot: mixed stand). Vertical bars
indicate the standard error.
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Table 3. C concentrations (%) of understory vegetation and
litter in the study stands. Numbers in parentheses denote the
standard error of mean. Means followed by the different
letters are significnatly different among the study stands at
the p = 0.05 level.

Pine stand Oak stand  Mixed stand

Understory
Shrub

Aboveground 41.82(2.94)  41.18(0.00)  44.12(0.78)

Belowground 4537(1.86)  47.66(1.68)  48.48(0.46)
Herb

Aboveground 39.70(1.98)  42.30(1.15)  38.89(1.33)

Belowground 46.12(0.58)  48.45(0.68)  47.54(0.46)
Forest floor 48.40(0.44)a 38.19(1.20)b 47.83(0.37)a
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Figure 3. Total ecosystem C contents (Mg/ha) (a) and proportions
of ecosystem components to total ecosystem C contents (b) in
the study stands.
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Table 4. Soil C concentration (%) and content (Mg/ha) in the study stands. Numbers in parentheses denote the standard error of
mean. Means followed by the different letters are significantly different among soil depths within the same stand at the p = 0.05

level.
Pine stand Oak stand Mixed stand
Denth Conc. Cont. Conc. Cont. Conc. Cont.
P (%) (Mg/ha) (%) (Mg/ha) (%) (Mg/ha)
0-10cm 344a 17.7a 6.11a 15.2a 427a 16.9a
(0.39) (1.46) (1.38) (4.03) (0.29) (0.66)
10-20em 1.90b 17.6a 2.14a 14.6a 2.13b 17.7a
021 (1.92) (0.62) (4.30) (0.25) (241)
20300m 1.04b 9.1b 1.40a 3.5a 1.10¢ 7.0b
(0.42) (4.05) 0.17) (0.79) (0.23) (1.83)
444 333 416
Total 2.82) 841) (3.78)
A 22.2%, TGN 17.3% 5o 2, IEF ol 7} AU} 12-16%0 Al o] it 5498 vlasl] Bk
F ey, EAYON e RS Rtk B YASS 1 chFHEAE A, 2009). SR Svel A9y
AHEO] F BhA A A A= H[E2 AU " 659X AUFEe] P FrAAY JdE dee 77
A 6.5%F 0.6%, FUHF-F =HANA 5.1%2F 0.9%, &4 29.6-38.5 cm2} 495-699-/ha, 45 A4 A2 g o] Hi

HollA 5.0%%} 1.3% 2% Ve THFigure 3b).
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