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Abstract: This study was conducted to determine the carbon (C) and nitrogen (N) distribution within tree components 
(i.e., stem, branches, leaves, and roots) of the Japanese larch (Larix kaempferi Carriere) plantation and natural oriental 
cork oak (Quercus variabilis Blume) stands. Fifteen Japanese larch and 15 oriental cork oak trees were destructively 
sampled to compare the C and N stocks in the components of the trees from three different regions—Hadong-gun, 
Hamyang-gun and Sancheong-gun—in Gyeongnam Province, South Korea. Species-specific allometric equations were 
developed to estimate the C and N contents in the tree components based on the diameter at breast height (DBH). 
There were differences in mean C and N concentrations between the Japanese larch and the oriental cork oak. The 
mean C concentrations of the tree componentswere significantly higher in Japanese larch than in oriental cork oak; 
whereas, the N concentration in the stems was significantly lower in Japanese larch than in oriental cork oak. The 
allometric equations developed for C and N content were significant (p < 0.05) with a coefficient of determination 
(R2) of 0.76 to 0.99. The C and N stocks in the tree components do not appear to be affected by the species such 
as Japanese larch plantations and oriental cork oak stands. This study emphasizes the importance of C and N 
concentrations to estimate the C and N distribution according to tree components in different tree species.

Key words: allometric equations, biomass, carbon and nitrogen stocks, Japanese larch, nutrient cycling, 
oriental cork oak

1)Introduction

Understanding of the carbon (C) and nitrogen (N) 

distribution in tree components is important on the 

evaluation of nutrient dynamics because this information 

provide insights of nutrient uptake with assessing potential 

impacts of tree harvesting in forest stands (Balboa-Murias 

et al., 2006; Augusto et al., 2008; Temesgen et al., 2015). 

However, the tree C and N distribution is likely to be 

quite variable with forest types because tree species have 

different nutrient requirements, nutrient conversion rates 

and carbon allocation mechanisms (Balboa-Murias et al., 

2006; Kim et al., 2017). 

The C and N concentrations of tree components are 

determined by factors such as site conditions and forest 
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management practices (Barron-Gafford et al., 2003; Tang 

et al., 2018), whereas the C and N contents of tree com-

ponents were related to the biomass based on diameter at 

breast height (Paré et al., 2013; Kim et al., 2017). Thus, 

most of tree C and N contents in forest ecosystems are 

commonly estimated by using allometric equations (Bouvet 

et al., 2013; Kim et al., 2017). However, there is an 

inherent difficulty in using allometric equations to estimate 

the tree C and N content of forests because the C and N 

concentrations of tree components are closely related to 

the species differences (Paré et al., 2013; Kim et al., 201

7). Therefore, it is needed to develop the species-specific 

equations based on the C and N concentration of tree 

components. 

Oriental cork oak (Quercus variabilis Blume) is one of 

the most naturally distributed deciduous hardwood species 

on Korean forest lands. Japanese larch (Larix kaempferi 
Carriere) is an important coniferous planting species with 

good growth characteristics throughout the country. Although 
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there have been many studies to evaluate the C and N 

stocks of biomass components in Korea (Kim, 1999; Lee 

et al., 2009; Noh et al., 2013; Kim et al., 2017), no 

studies are available to predict tree C and N stocks in 

Japanese larch plantations and oriental oak stands. This 

study was aimed to compare the C and N distribution of 

different tree components of Japanese larch and oriental 

oak stands in Gyeongnam Province.

Materials and Methods

1. Study site

The study was conducted in three Japanese larch 

plantations in two regions [Hamyang (HY1, HY2) and 

Sancheong (SC)] and natural oriental cork oak stands in 

two regions [Hadong (HD) and Sancheong (SC1, SC2)], 

located in the south-central part of Korea (Figure 1). The 

annual average precipitation and temperature are highest 

in HD, followed by SC and HY in the study area (Table 

1). The soils in the study site are well-drained, brown 

forest soils (mostly Inceptisols or Alfisols, USDA Soil 

Taxonomy) originating from granite or granite gneiss with 

a loamy texture. The experimental design consisted of a 

20 m × 20 m plot within each site. The stand density for 

Japanese larch plantations ranged from 225 to 1,025 trees 

ha-1, whereas those for oriental cork oak ranged from 325 

to 850 trees ha-1 (Table 1). The mean stand density was 

slightly higher for oriental cork oak (608 tree ha-1) than 

Tree 
species

Region Location
Annual

precipitation
(mm)

Annual
temperature

(℃)
Aspect

Elevation
(m)

Slope
(°)

Parent
rock

Stand
density

(Trees ha-1)

Basal
area

(m2 ha-1)

Japanese 
larch

Hamyang1
(HY1)

35°27'30"N 
127°38'18"E

1178 11.4 NE 623 15-20 Gneiss 500 28.4

Hamyang2
(HY2)

35°27'26"N 
127°58'28"E

1178 11.4 Nw 668 10-15 Gneiss 225 17.2

Sancheong
(SC)

34°24'15"N 
127°48'46"E

1485 12.7 N 311 15-20 Gneiss 1025 24.8

Oriental 
cork oak

Hadong
(HD)

35°13'13"N 
127°44'06"E

1794 14.2 Nw 627 20-25 Granite 325 19.3

Sancheong1 
(SC1)

35°22'29"N 
127°51'11"E

1485 12.7 Nw 471 25-30 Granite 650 21.4

Sancheong2
(SC2)

35°22'27"N 
127°51'12"E

1485 12.7 Nw 454 10-15 Granite 850 28.2

Table 1. General site and stand characteristics of Japanese larch plantations and oriental cork oak stands.

South Korea

Sancheong (SC)

Hadong (HD)

Hamyang (HY)
Larix kaempferi Carriere

Quercus variabilis Blume 

Figure 1. Location of the study site (Japanese larch, HY: Hamyang, SC: Sancheong; 
oriental cork oak, HD: Hadong, SC: Sancheong).
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for Japanese larch (583 tree ha-1) stands. The mean tree 

age of Japanese larch (36 years) was slightly lower than 

for oriental cork oak (40 years) stands (Table 2).

2. Carbon and nitrogen of tree components 

A complete tree inventory was carried out for each plot. 

Five sample trees based on the diameter at breast height 

(DBH) ranges in each plot were randomly chosen and were 

destructively sampled in August 2008. The sample trees are 

separated into components (i.e., leaves, branches and stems). 

The coarse roots (> 5 mm diameter) of two sampled trees 

within each plot were excavated using a machine. The fresh 

biomass for each tree component was determined in the field 

using portable electronic balances. Sub-samples from each 

tree component were taken to determine the fresh-to-oven- 

dried biomass ratio. All the investigations were carried out 

in accordance with technical standards formulated by the 

Korea Forest Research Institute (2010). The samples of each 

tree component were oven-dried at 85°C for one week, and 

the dried samples were ground in a Wiley mill. C and N 

concentrations from the ground materials were determined 

using an elemental analyzer (Thermo Scientific Flash 2000, 

Italy). The C and N contents of the tree components (stem, 

branches, leaf and roots) were calculated from C and N 

concentration and the biomass of each tree component.

The allometric equations [log10y = a + b × log10(DBH, 

cm)] were developed for each tree component (stem, branch, 

leaf, roots): where y is the C or N content (kg) of the tree 

components, and a and b are regression coefficients. The 

accuracy of the allometric equations was evaluated by the 

coefficient of determination (R2) and root mean square error 

(RMSE) (Socha and Wezyk, 2007). Bias correction factors 

(CF) in the logarithmic transformation were calculated using 

the standard error of the estimate (Garcia Villacorta et al., 

2015). The C and N distribution (concentrations and stocks) 

of each tree component in both tree species was compared 

at p < 0.05 using the PROC T-test procedure of SAS (SAS 

Institute, 2003).

Results and Discussion

1. Carbon and N concentrations among tree 

components

The C concentration among tree components was not 

correlated with DBH (p > 0.05), except for the C concentra-

tion in the branches of Japanese larch (Figure 2) which was 

positively correlated with DBH (r = 0.65, p < 0.05). Similarly, 

previous studies found that C concentrations in tree 

components showed no patterns with increasing DBH of 

coniferous tree species (Lamlom and Savidge, 2006; Kim 

et al., 2017) because interspecific variations in the C 

concentration in tree components were attributed to 

differences in nutrient concentration (Kim et al., 2017), 

polyphenolic compounds, cellulose, sugar and starch 

Tree species Region
Tree age

(yrs)
DBH
(cm)

Height
(m)

Stem density
(g cm-3)

Aboveground
BEF

Total
BEF

Japanese 
larch 

Hamyang1
(HY1)

33 (0.3)
[32-34]

24.2 (2.4)
[18.2-30.8]

19.0 (0.3)
[18.3-19.8]

0.45 (0.01)
[0.43-0.50]

1.27 (0.06)
[1.14-1.50]

1.72 (0.02)
[1.70-1.74]

Hamyang2
(HY2)

45 (1.2)
[41-48]

30.6 (2.4)
[23.7-37.6]

22.2 (1.3)
[17.8-24.8]

0.47 (0.02)
[0.41-0.53]

1.22 (0.03)
[1.09-1.29]

1.62 (0.03)
[1.59-1.65]

Sancheong
(SC)

30 (1.5)
[24-32]

16.2 (2.3)
[9.3-22.5]

15.5 (1.5)
[10.5-18.5]

0.43 (0.01)
[0.40-0.46]

1.18 (0.03)
[1.11-1.24]

1.41 (0.08)
[1.33-1.49]

Mean
36 (1.9)
[24-48]

23.7 (2.0)
[9.3-37.6]

18.9 (1.0)
[10.5-24.8]

0.45 (0.01)
[0.40-0.53]

1.22 (0.45)
[1.09-1.50]

1.58 (0.06)
[1.33-1.74]

Oriental 
cork oak 

Hadong
(HD)

41 (3.2)
[30-48]

26.5 (3.0)
[17.6-36.4]

16.9 (1.6)
[13.0-21.8]

0.66 (0.03)
[0.53-0.72]

1.30 (0.06)
[1.07-1.38]

1.92 (0.24)
[1.68-2.16]

Sancheong1 
(SC1)

39 (2.0)
[35-46]

20.2 (2.3)
[13.9-26.6]

13.9 (0.9)
[12.5-17.0]

0.56 (0.02)
[0.53-0.62]

1.29 (0.03)
[1.21-1.41]

1.63 (0.06)
[1.58-1.70]

Sancheong2
(SC2)

39 (1.4)
[36-44]

20.2 (3.6)
[11.4-30.8]

12.7 (1.5)
[8.7-16.40]

0.67 (0.02)
[0.63-0.73]

1.23 (0.04)
[1.09-1.37]]

1.63 (0.14)
[1.50-1.77]

Mean
40 (1.3)
[30-48]

22.3 (1.8)
[11.4-36.4]

14.5 (0.9)
[8.7-21.8]

0.63 (0.02)
[0.53-0.73]

1.27 (0.03)
[1.08-1.41]

1.73 (0.09)
[1.50-2.16]

Values in parentheses are standard error. Values followed by brackets indicate range from maximum and minimum. DBH: diameter 
at breast height (1.2 m). Stem density: stem biomass/stem volumes. BEF: biomass/stem biomass.

Table 2. General characteristics of sampled trees in Japanese larch and oriental cork oak.
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concentrations (Martin and Thomas, 2013), rather than 

difference in tree size (DBH). In addition, the C concentration 

of stem in Sequoiaderon giganteum (Lamlom and Savidge, 

2006) and Pinus thunbergii (Kim et al., 2017) was unaffected 

by the diameter growth rates. The reasons for the positive 

correlation between branches of the Japanese larch and DBH 

are not clear, but branches may contain abundant starch in 

the inner bark for the development of new shoots with 

increased DBH (Martin and Thomas, 2013). Similarly, branch 

C concentration in red pine was also correlated with growth 

factors (r = 0.40) such as DBH (Kim et al., 2017).

There were species-specific differences in mean C con-

centrations between Japanese larch and oriental cork oak 

(Table 3). The high C concentration in Japanese larch could 

be due to the intra-specific variation of the C concentration 

in the tree species determined by genetic factors (Bert and 

Danjon, 2006; Thomas and Martin, 2012; Martin et al., 

2015). For example, C concentrations among tree com-

ponents in both tree species could be attributed to the 

proportion of lignified wood tissues among tree species 

(Bert and Danjon, 2006). Chong and Park (2008) reported 

that the lignin concentration in stems was higher for 
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Figure 2. Correlation between carbon concentration, nitrogen concentration or C/N ratio and diameter at 
breast height (DBH) of tree components (stem: a, b, c; branches: d, e, f; leaf: g, h, i; roots: j, k, l) in 
Japanese larch plantations and oriental cork oak stands.

Nutrient Tree species
Tree component

Stem Branches Leaf Roots

Carbon
Japanese larch 474(1.87) 479(2.11) 491(1.34) 471(2.14)
Oriental cork oak 460(1.51) 466(2.2) 478(1.2) 445(3.3)
p-value <0.001 <0.001 <0.001 <0.001

Nitrogen
Japanese larch 0.72 (0.04) 4.51 (0.32) 23.3 (0.53) 2.99 (0.38)
Oriental cork oak 1.22 (0.13) 3.71 (0.25) 22.0 (0.58) 4.61 (0.69)
p-value 0.002 0.06 0.12 0.07

C/N ratio
Japanese larch 680(32) 112(6.5) 21(0.5) 173(24)
Oriental cork oak 440(47) 140(17) 22(0.5) 109(19)
p-value <0.001 0.14 0.40 0.07

Values in parentheses are standard error.

Table 3. Mean values of carbon and nitrogen concentration (mg g-1) and C/N ratio for tree components in Japanese larch and 
oriental cork oak.
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Japanese larch (28.58 %) than for oriental cork oak 

(23.10%). In this study, the mean C concentrations in stems 

were 474 mg kg-1 for Japanese larch and 460 mg g-1 for 

oriental cork oak. The values of Japanese larch were similar 

to a global mean value of 475±5 mg g-1 for wood C 

concentration (Thomas and Malczewski, 2007), whereas the 

C concentration in oriental cork oak was slightly lower than 

the global mean value. In addition, the C concentrations 

of stem, branch, leaf and root in both species were lower 

than the fixed C conversion factor (500 mg g-1) used for 

the C content of tree biomass (Hunt et al., 2010). 

There was no clear influence of DBH on the N 

concentrations of tree components in both species (Figure 

2). The N concentration in tree components could be 

attributed to different site conditions on wide regional 

scales (Kim et al., 2017). Martin and Thomas (2013) 

reported that N concentration of tree components showed 

unimodal patterns with increasing DBH, not linear 

patterns. In contrast to this result, there was a negative 

relationship between N concentration and increasing DBH 

in tree stems because of an increased proportion of dead 

parts in trees with larger DBH (Augusto et al., 2008; 

Bouvet et al., 2013). 

The mean N concentrations of tree components in 

Japanese larch were not significantly different for the 

respective components in oriental cork oak, except for 

stems (Japanese larch: 0.72 mg g-1; oriental cork oak: 1.72 

mg g-1). The low N concentration in stems of Japanese 

larch could be due to the proportion of living parenchyma 

cells, which is lower in coniferous stems compared to 

hardwood tree species (Meerts, 2002). In contrast to the N 

concentration of stems, the N concentration in leaves did 

not differ between both tree species (Japanese larch: 23.3 

mg g-1; oriental cork oak: 22.0 mg g-1). This result could 

be associated with deciduous coniferous characteristics in 

Japanese larch, not evergreen coniferous species. Generally, 

the N concentration in leaves is lower in evergreen coni-

ferous species compared with hardwood species because 

coniferous species often occupy nutrient-poor sites (Meerts, 

2002). 

2. Allometric equations to estimate C and N content

The allometric equations to estimate C and N content for 

tree components were highly significant (p < 0.001). The 

allometric equations provided better fits of aboveground C 

and N content, ranging from 91 to 99% of the variation 
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Figure 3. Scatter plots among dry weight, carbon or nitrogen content of tree components (stem: a, b, c;
branches: d, e, f; leaf: g, h, i; roots: j, k, l) in Japanese larch plantations and oriental cork oak stands.
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compared with those of other tree components. However, 

the low values (0.84-0.88) of R2 for C and N content of 

leaves could be due to the large scattering of leaf biomass 

(Figure 3) by different stand densities (Table 1). The slope 

values (b) of the allometric equations for C content of 

aboveground were similar between Japanese larch (2.6816) 

and oriental cork oak (2.6961). Although the physical 

differences in both tree species were apparent, the allometric 

coefficients (b) for C content of aboveground tree components 

was little influenced by both tree species. However, the slope 

values (b) of the allometric equations for N contents of tree 

components were generally higher in Japanese larch than 

in oriental cork oak, except for the branches (Table 4). This 

result indicated that the N content of tree components with 

similar DBH was higher in Japanese larch than in oriental 

cork oak.

3. Carbon and N stocks

Carbon and N stocks among tree components were not 

affected by tree species such as Japanese larch plantations 

and natural oriental cork oak stands (Table 5), although 

the N stocks in roots were marginally significantly higher 

(p = 0.05) in the oriental cork oak stand than in the 

Japanese larch plantation. Considerable differences in C 

stocks of stems were expected due to the difference in 

stem density (Japanese larch: 0.45 g cm-3; oriental cork oak: 

0.63 g cm-3) in both tree species. However, significant 

changes in the total C and N stocks did not occur with 

both tree species because of the high C concentration of 

tree components in Japanese larch compared with oriental 

cork oak. 

The mean value of aboveground C stocks was 62.97 Mg 

C ha-1 for Japanese larch plantations and 60.40 Mg C ha-1 

for oriental cork oak stands and falls within the range 

established for a temperate forest in Korea. For example, 

the aboveground C stocks in Korea were 43.6 Mg C ha-1 

for 31-year-old Japanese larch (Kim, 1999) and 69.1 Mg 

C ha-1 for a 50-year-old Quercus spp. (Lee et al., 2009). 

Nutrient
Tree 

species
Tree component (y)

Regression coefficient
R2 RMSE p-value CF

a b

Carbon

Japanese 
larch

Stem (kg) -1.6021 2.5883 0.99 0.0440 <0.0001 1.002
Branches (kg) -3.0419 3.1033 0.90 0.1769 <0.0001 1.037
Leaf (kg) -3.4926 2.8382 0.84 0.2124 <0.0001 1.053
Aboveground (kg) -1.6403 2.6816 0.99 0.0497 <0.0001 1.003
Roots (kg) -2.3620 2.8025 0.94 0.1151 <0.0001 1.015
Total -1.4406 2.6076 0.99 0.0505 <0.0001 1.003

Oriental 
cork oak 

Stem (kg) -1.6238 2.5921 0.94 0.0958 <0.0001 1.011
Branches (kg) -3.2045 3.2975 0.81 0.2367 <0.0001 1.067
Leaf (kg) -3.4065 2.7357 0.88 0.1498 <0.0001 1.026
Aboveground (kg) -1.6561 2.6961 0.95 0.0953 <0.0001 1.011
Roots (kg) -1.0774 1.9160 0.79 0.1298 <0.0001 1.020
Total -1.0242 2.3488 0.98 0.0410 <0.0001 1.002

Nitrogen

Japanese 
larch

Stem (kg) -4.6512 2.7550 0.97 0.078 <0.0001 1.007
Branches (kg) -5.2102 3.1990 0.87 0.2052 <0.0001 1.050
Leaf (kg) -4.8961 2.8953 0.85 0.2083 <0.0001 1.051
Aboveground (kg) -4.4589 2.9750 0.95 0.1141 <0.0001 1.015
Roots (kg) -4.6667 2.8671 0.95 0.1036 <0.0001 1.012
Total -4.4240 3.0648 0.98 0.0707 <0.0001 1.006

Oriental 
cork oak 

Stem kg) -4.0275 2.4371 0.76 0.0440 <0.0001 1.049
Branches (kg) -5.5675 3.5632 0.84 0.2314 <0.0001 1.064
Leaf (kg) -4.7920 2.7705 0.86 0.1693 <0.0001 1.034
Aboveground (kg) -4.2157 2.8552 0.91 0.1296 <0.0001 1.020
Roots (kg) -3.7112 2.3843 0.77 0.1743 <0.0001 1.036
Total -3.9147 2.8407 0.93 0.1038 <0.0001 1.012

Allometric equation form is log10y = a + b × log10(DBH). The R2 is the coefficient of determination. p-values represent the 
significance of the equations. RMSE: root means squared error. CF: correction factor.

Table 4. Allometric equations for carbon and nitrogen content in tree components in Japanese larch and oriental cork oak.
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The mean value (0.253 Mg N ha-1) of N stocks in this 

study is similar to the value of 0.226 Mg N ha-1 for a 

31-year-old Japanese larch plantation in Gyeonggi-do 

(Kim, 1999). 

Conclusions

The C and N content of tree components in Japanese 

larch and oriental cork oak can be predicted by allometric 

equations using DBH as an independent variable. Although 

the C and N concentrations of tree components vary 

between both tree species, significant changes in the C 

and N stocks of tree components did not occur between 

Japanese larch plantations and oriental cork oak stands. 

Additional researches of intraspecific variation in C and N 

stocks are needed to be further investigated in order to 

yield the distribution patterns of nutrient stocks between 

coniferous plantations and natural hardwood stands. The 

results indicate that the measurement of C and N 

concentrations per tree components has been required for 

the C and N distribution in different tree species.
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