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Abstract Aims Carbon density net production and carbon stock were estimated using data from natural

spruce forests of Northwest Subalpine Sichuan.

Methods We harvested biomass litter and soil carbon and calculated net production by dividing biomass by

forest age.

Important findings The mean biomass of spruce forest is 230.37 x 10° kg hm~2 with the tree layer ac-

counting for 212.77 x 10* kg hm=2 92.36% . The percentage of carbon density in tree organs are stem

57.85% bark 47.12% branch 51.22% leaf 48.27% and root 52.39% . The percentage of carbon den-

sity in different strata are shrub 49.91% herb 46.34% duff 43.21% litter 39.44% and soil 1.41% .

Carbon density declines with increased soil depth. The carbon stock is 273.79 x 10° kg hm™2 divided among

the tree layer with 109.30 x 10° kg hm~2 39.92%  shrub 5.69 x 10* kg hm™2 2.08%  herb 1.26 x
10° kg hm™? 0.46%  duff 0.60 x 10° kg hm~2 0.22% litter 0.83 x 10* kg hm™2 0.30%  and soil
0-100 cm 156.11 x 10° kg hm~2 57.01% . Therefore the carbon stocks are ordered soil 0 — 100

em > tree layer > shrub > herb > litter > duff. Mean net production is 6 838.5 kg hm™* a~' with

the tree layer accounting for 4 676 kg hm™* a~' 68.38% . Mean annual carbon sequestration is 3 584.98

kg hm=2 a=' with the tree layer accounting for 2 552.99 kg hm=% a=' 71.21% .

Key words spruce forests carbon density net primary production carbon stock

2006-03-06 2006-06-27
« " 03~ 06
" 2002CB111504

* Author for correspondence  E-mail  jianghong@nju. edu. cn



306

31

2006
86% Woodwell et al. 1978 Houghton et al.
1999 73% Post et al. 1982
CO,
i 1
Jiang et al . 1999 20 90
1.1
Fang et al. 1998 2001
Jiang et al. 1999 103°18" ~ 104°14" E 31°55' ~
CO, 33°15' N
Jiang et al. 2002 2 400 ~ 3 500 m
2004 2003 60 ~ 100 cm
2004 Cinaamomum campho-
ra Pinus massoniana Phyllastachys
pubescens
5.8~9.1C
33C -21<C 65 %
Picea asperata 556.6~836.8 mm =10 C 1312.9 ~
3882.2C 3% ~
5% 210 300
1200 m’
20
80 1986 2006
1986 1
1
Table 1~ The characteristics of spruce stand sampling plots
Statistical value
Stand variables Minimum Maximum Average Standard derivation
Age 27 150 59.35 38.96
Average diameter breast height cm 9.0 23.2 18.92 4.17
Average height m 6.1 20.6 14.53 3.62
Timber stocking per hectare - hm™2 325 4 500 1 096 568
Timber stocking per hectare m? hm=2 32.66 898.06 180.1 112.26
Stand closure P 0.4 0.9 0.68 0.10
1.2 D H D H 2~3
2m

40 m x 30 m
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2 Picea asperata
Table 2 The biomass and allocation percentage of organs in spruce stand tree layer x 10°* kg hm~2
Organ Trunk Bark Branch Leaf Root Total
Biomass 147.91 6.75 26.34 5.28 26.49 212.77
% 69.52 3.18 12.38 2.49 12.45 100.00
3 Picea asperata
Table 3 The biomass and allocation percentage of spruce stand ~ x 10° kg hm~?2
Component Tree Shrub Herb Duff layer Litter Foresty
Biomass 212.77 11.40 2.71 1.38 2.11 230.37
% 92.36 4.95 1.18 0.60 0.91 100.00
4 Picea asperata
Table 4 The carbon density in different organs of spruce tree %
Organ Trunk Branch Leaf Bark Root Average
Carbon density 57.85 51.22 48.27 47.12 52.39 51.37
Variation coefficient % 7.64 8.75 10.12 6.31 7.24
2.2.2 39.44%
5
49.91% 46.34% 6
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CO,
39.44%
5 Picea asperata
Table 5 The carbon density of understore in spruce stand %
Ttems Shrub Herb Duff
Average 49.91 46.34 43.21
6 Picea asperata

Table 6 The carbon density of litter and soil in spruce stands

Layers Component Carbon density %
Under composed litter 48.34
Litter Semi decomposed litter 45.26
Decomposed litter 24.69
Average 39.44
0~20 cm 2.69
Soil 20 ~ 40 em 1.47
layer 40~ 60 em 112
60 ~ 80 cm 0.94
80 ~ 100 cm 0.83
Average 1.41
2.3
2.3.1
7
7 85.57x 10° kg
hm~? 72.11%
13.88 x 10°  13.49 x 10° kg
hm~? 11.70%  11.37%

3.18 x 10° kg hm~?
2.68%

2.55x 10° kg hm™?
2.15%
2.3.2

2.3.3
- - 4
9
2.4
2.4.1
CO,
AP,
h~b Y,
AL, AG, 3
AP, =Y, + AL, +AG, AG,
Qw
4
10 4
10 11
10 11
6 838.5 kg hm=% a~!
4676 kg hm=> a~!
2.4.2
12
12
3584.98 kg hm~% a~!
2552.99 kg hm~> a~! 71.21%
568.97 kg hm~>* a~!
15.87% 313.95 kg
hm=% a~!'  8.76% 149.07
kg hm=2 a~! 4.16%
- - 4
13
13 -
7 515.65 kg
hm=* a~' 3779.54 kg hm™>* a~!
- 7125.75kg hm~* a~! 3 591.71
kg hm=> a~! - 6 517.0
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kg hm™% a=' 3272.37 kg hm™= a™! -
3300 ~ 3 600
3672.75kg hm™* a~' 1829.46 kg hm™= a~! m
3000 m
7 Picea asperata
Table 7 The carbon stock of each organs in spruce tree layer x 10° kg hm~2
Organ Trunk Bark Branch Leaf Root Total
Carbon stock 85.57 3.18 13.49 2.55 13.88 118.67
% 72.11 2.68 11.37 2.15 11.70 100.00

8

Picea asperata

Table 8 The distribution of carbon stock in spruce stand

Biomass Carbon stock
Component x 10° kg hm~?2 Carbon density % x 10° kg hm~?2 Percentage of carbon stock %
Arborous layer 212.77 57.85~47.12 51.37 118.67 41.91
Shrub layer 11.40 49.91 5.69 2.01
Herb layer 2.71 46.34 1.26 0.44
Ground cover layer 1.38 43.21 0.60 0.21
Litter layer 2.11 48.38~24.69 39.44 0.83 0.29
Soil layer
0~20 cm 2 046 2.69 55.04 19.44
20 ~ 40 cm 2137 1.47 31.41 11.10
40 ~ 60 cm 2 350 1.12 26.32 9.30
60 ~ 80 cm 2413 0.94 22.68 8.00
80 ~ 100 cm 2489 0.83 20.66 7.30
Total 283.16 100.00
9 Picea asperata 4
Table 9 Carbon stock of four typical communities in natural spruce forest x 10° kg hm~2
Carbon stock
Community type . Total
Arborous Shrub Herb Duff Litter
- Dry shrub- Picea asperata 160.39 6.60 1.13 0.66 0.17 168.95
- Medium tagesia bamboo- Picea asperata 219.69 6.83 0.87 0.54 0.12 228.05
- Dry herb- Picea asperata 85.53 2.84 1.76 0.42 0.19 90.74
- Humid moss- Picea asperata 59.49 2.28 0.63 0.72 0.10 63.22
10 Picea asperata
Table 10 Average net production of spruce tree layers kg hm=% a~!
Items Trunk Bark Branch Leaf Root Total
. 2507 233 616 344 976 4 676
Average net production
53.62 4.99 13.18 7.36 20.88 100.00

Percentage of tree layer %
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11 Picea asperata

Table 11 Average net production of spruce stand kg hm=% a~!

Ttems Tree Shrub Herb Duff layer Total
Average net production 4 676 1140 677.5 345.0 6 838.5
Percentage % 68.38 16.67 9.90 5.05 100.00
12 Picea asperata
Table 12 Net production and carbon sequestration of each component in spruce stand
Net production o Net sequestration
Component ke hm-? a-! Percentage of stand % ke G hm~? a-! Percentage of stand %
Trunk 2 507 36.66 1 450.30 40.45
Bark 233 3.4 109.79 3.06
Branch 616 9.00 315.52 8.80
Leaf 344 5.03 166.05 4.63
Root 976 14.27 511.33 14.26
Arborous layer 4 676 68.38 2552.99 71.21
Shrub layer 1 140 16.67 568.97 15.87
Herb layer 677.5 9.90 313.95 8.76
Ground cover layer 345.0 5.05 149.07 4.16
Total 6 838.5 100.00 3584.98 100.00
13 Picea asperata
Table 13 The net production and carbon sequestration in different spruce stands kg hm=% a~!
Net production Annual net carbon sequestration
. Density Age
Community type “ . .
* hm a  Tree Shrub Herb Duff Total Tree  Shrub Herb Duff Total
Dry shrub- 1025 60 5204 1322.4 609.75 379.5 7515.65 2673 660.00 282.56  163.98 3779.54
Picea asperata
Medium tagesia bamboo- 1 083 8 4973 1368 474.25 310.5 7125.75 2555 682.77 219.77 134.17 3591.71
Picea asperata
Dry herb- 1167 35 4757 570 948.50 241.5 6517.0 2444 284.49 493.53  104.35 3272.37
Picea asperata
Humid moss- 933 47 2464 456 338.75 414.0 3672.75 1266 227.59 156.98  178.89 1 .829.46
Picea asperata
43.21%
3
1 230.37 x 10° kg 1.41%
hm ~2 212.77 x 10° kg hm~? 0~ 100 cm
92.36% 2.69% ~0.83%
2 3 85.57 x 10° kg
47.12% ~ 57.85% > > hm~? 72.11%

> >
51.37% 49.91% 46.34%
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68. 36%
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2552.99 kg hm=2 a~! 71.21%
5473 kg
hm=2 a~! 1982 Cunninghamia
lanceolata 8 300 kg
hm=2% a~! 1982 Michelia mac-
cluret 27 590 kg hm~* a~!
1983 Larix kaempfert
3 810 kg hm™%* a~!
1984 Robinia pseudoaccacia
1 550 kg hm~=* a~! 1986
Quercus variabilis 2
060 kg hm™> a~! 1984 Cinnamo-

mum camphora 12 100 kg hm=2
ca! 9 550 kg hm=* a~!

2003

7515.65 3779.54 kg hm™2 a~!

- 7 125.75 3 591.71 kg hm~>*
a™! - 6517.0 3 272.
37 kg hm™% a™! -

3672.75 1829.46

kg hm==% a~!
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