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Research paper

Carbon and Nitrogen Accumulation and Distribution

in Taiwania Plantations of the Liukuei Experimental Forest
Kuo-Chuan Lin,"¥  Chu-Mei Huang,” Chiao-Ping Wang,” Nan-Hang Chang”

[ Summary ]

Two Taiwania (Taiwania cryptomerioides Hayata) plantations aged 20 and 27 yr in the
Liukuei Experimental Forest were selected in order to estimate the biomass, carbon, and nitrogen
accumulation and distribution. According to the allometric equation established by data from 28
harvested sample trees, the biomass of each component and the total biomass of trees were highly
significantly related to the diameter at breast height (dbh). The estimated Taiwania biomass values
were 204 and 254 ton ha' for the 20- and 27-yr-old stands, respectively, which were higher than
values of the thinned stand at the same ages. The major biomass of the stand was in Taiwania.
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Carbon and nitrogen of the stand accumulated primarily in the soil, comprising 46~59% and
83~88% of the total amount, respectively. In soil the majority of the carbon and nitrogen was
stored in the first 0~15 cm of depth. The average conversion coefficient from timber volume to
biomass was 0.42 (Mg m™), while the average conversion coefficient from timber volume to
aboveground carbon storage was 0.22 (Mg m™).
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Table 1. Characteristics of 28 sampled trees from the Taiwania plantations

Item 20 yr old 27 yrold

Dbh (cm) 21.446.7" (12.9~31.5)” 28.2+11.0 (10.9~48.4)
Tree height (m) 15.4+2.7 (10.7~19.2) 18.24+3.9 (10.9~24.6)
Crown diameter (m) 3.0+1.2 (1.5~5.2) 3.1+1.4(1.4~6.2)
Crown length (m) 7.7£3.1 (1.5~13.3) 8.0£3.7 (2.7~14.8)
No. of trees 12 16

" Mean + standard deviation.
* Numbers in parentheses are the range.
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Table 2. Regression coefficients and statistics of allometric equations (InY = a + b In(dbh))
for predicting the aboveground biomass and height of trees

Y a b Adjusted R* SEE"
Leaves and twigs -7.3854 3.0665 0.85 0.513
Branches -7.9273 1.1791 0.92 0.374
Dead branches -4.3547 1.7466 0.54 0.625
Boles -2.6800 2.3517 0.98 0.142
Total biomass -2.7396 2.4254 0.97 0.160
Tree height 1.1327 0.5323 0.87 0.080

! Standard error of estimates.
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Table 3. Estimates of aboveground biomass (ton ha') among strata and litter layer for 2
Taiwania plantations

Stratum 20 yr old 27 yrold
Taiwania

Leaves and twigs 14.53+3.24"(7.1)? 20.61+2.15(8.1)

Branches 12.04.+£2.85 (5.9) 17.49£1.90 (6.9)

Dead branches 5.01+0.42 (2.5) 5.35+0.49 (2.1)

Boles 172.30+24.12 (84.5) 210.11£18.50 (82.9)
Total 203.88+30.40 (100) 253.56+22.66 (100)
Understory vegetation

Shrubs 0.37£0.43 (7.4) 0.3.710.20 (20.7)

Ground cover 4.62£3.28 (92.6) 1.421£0.75(79.3)
Total 4.99£3.71 (100) 1.79%0.63 (100)
Litter layer 9.00£2.11 8.18£3.77

Y Mean + standard deviation.
 Numbers in parentheses are the percentage of the total.

Table 4. Carbon and nitrogen concentration (%) among components of the sample trees,
understory vegetation, and litter layer

Component 20 yr old 27 yrold
C N C N
Taiwania
Leaves and twigs 50.28 +1.08" 1.73£0.16 49.88+0.80 1.95+0.24
Branches 50.80+0.69 0.73%+0.14 50.83+0.43 0.81£0.18
Dead branches 49.94+0.51 0.56+0.07 50.88+0.64 0.62%0.10
Boles 51.90+0.42 0.4540.06 52.334+0.72 0.48+0.06
Understory vegetation
Shrub
Leaves 50.54+1.70 2.53%0.16 4831£1.33 2.02%0.15
Branches 47.40+1.81 1.41%+0.49 47.29+0.82 1.23+0.22
Boles 47.73+£0.83 0.94+0.32 46.99+0.24 0.72%0.18
Ground cover 46.831£2.06 3.32%£0.31 4723+0.73 2.224+0.79
Litter layer 47.65+4.29 1.5240.05 45.96+1.00 1.431+0.14

Y Mean = standard deviation.
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Table 5. Bulk density (g cm™), total carbon, and nitrogen concentration (%) at various soil
depths

Age (yr) Depth (cm) Bulk density C N
20 0~15 0.37 7.42+5.61" 0.52+0.35
15~30 0.42 427+2.49 0.33+0.16
30~45 0.49 3.64+1.54 0.28+0.09
27 0~15 0.59 12.524+5.01 0.64+0.10
15~30 0.58 5.38+0.21 0.42+0.02
30~45 0.61 3.9240.19 0.3340.02

Y Mean = standard deviation.

Table 6. Estimates of carbon storage (ton ha") among components with respect to strata in
2 Taiwania plantations

Component 20 yrold 27 yrold
Taiwania
Leaves and twigs 7.30+1.63" (6.9)” 10.28+1.07 (7.8)
Branches 6.12+1.45(5.8) 8.8910.97 (6.7)
Dead branches 2.50£0.21 (2.4) 2.72£0.25(2.1)
Boles 84.94+12.52 (84.9) 109.96+9.68 (83.4)
Subtotal 105.35£15.69 (100) 131.85+11.78 (100)
(50.9)” (40.0)
Understory vegetation
Shrubs 0.18+0.21 (7.7) 0.18+0.09 (21.2)
Ground cover 2.17£1.54 (92.3) 0.671+0.35(78.8)
Subtotal 2.35£1.75 (100) 0.8540.29 (100)
(L1) 0.3)
Litter layer 4.25+0.81 3.73£1.65
(2.0) (L1)
Soil
0~15 cm 41.20 (43.4) 110.83 (57.3)
15~30 cm 26.92 (28.4) 46.81 (24.2)
30~45 cm 26.75(28.2) 35.84 (18.5)
Subtotal 94.88 (100) 193.48 (100)
(45.9) (38.6)
Total 206.83 (100) 329.91 (100)

Y Mean = standard deviation.

* Numbers in parentheses are the percentages of the subtotal.
¥ Underlined numbers in parentheses are the percentages of the total.
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Table 7. Estimates of nitrogen storage (kg ha') among components with respect to strata in

2 Taiwania plantations

Component 20 yr old 27 yrold
Taiwania
Leaves and twigs 252+56"(22.0)” 401 +56 (25.2)
Branches 88+21(7.7) 143+15(8.9)
Dead branches 28+2(2.4) 33+3(2.1)
Boles 776 107 (67.9) 1015489 (63.8)
Subtotal 1144 =186 (100) 1592 4146 (100)
(13.7)” (1L3)
Understory vegetation
Shrubs 5+6(3.8) 5+3(11.4)
Ground cover 128+91 (96.2) 39+21 (88.6)
Subtotal 133+97 (100) 44419 (100)
(L6) 0.3)
Litter layer 136+29 114147
(L.6) (0.8)
Soil
0~15cm 2886 (41.4) 5664 (45.8)
15~30 cm 2058 (29.6) 3680 (29.8)
30~45 cm 2021 (29.0) 3016 (24.4)
Subtotal 6965 (100) 12360 (100)
(83.1) (87.6)
Total 8378 (100) 14110 (100)

Y Mean =+ standard deviation.

 Numbers in parentheses are the percentages of the subtotal.
¥ Underline numbers in parentheses are the percentages of the total.
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