23 9 Vol. 23,No. 9

2008 9 ACTA ECOLOGICA SINICA Sep. ,2003
° | b b
( s 526070)
3 ( N
) s
5 (D ( 72. 0% ~
94.5%), ) , > > , ,

. (2 o \ :143.5
t/hm?.270.1 t/hm? 407.8 t/hm?*, ( :
2.8%. 19.3%. 57.0% .  20.9%). 4.23~14.10 t/hm?, 1.0%
~9.8%, . (3) s o

, ) . (D3

135.8 t/hm?,215. 1 t/hm*  259. 7t/hm?, , .
67.6%.30.2% 2.2%, ,
(0~20cm) . (5)
. ) 79. 3 t/hm?*,
123.9 t/hm?, (67.0~69.5%). ,

0.83~7.37 t/(hm?* « a), 2.48 t/(hm?* « a),
Role of forest succession on carbon sequestration of forest
ecosystems in lower subtropical China

FANG Yun—Ting, M() Jiang—Ming * PENG ShaO—Lin, I4I De—JUn (South China Institute of
Botany, Chinese Academy of Science, Zhaoqing » Guangdong 526070, China) . Acta Ecologica Sinica,2003,23(9) :1685~
1694.

(30270283) 5 ;
5 (021524)
:2003-03-253 :2003-07-10
(1976~), s C.N .
* Author for correspondence, E-mail: mojm@scib. ac. cn

Foundation item: National Natural Science Foundation of China (No. 30270283); Director Foundation of South China
Institute of Botany, CAS; Field Frontiers Project of CAS Knowledge Innovation Program; and the Provincial Natural
Science Foundation of Guangdong, China (No. 021524)

Received date:2003-03-25;Accepted date:2003-07-10

Biography : FANG Yun-Ting, Ph. D. candidate, Research field: carbon and nitrogen cycling in forest ecosystems and their

relationships with global changes.



1686 23

Abstract : There is the potential to reduce carbon sources and increase carbon sinks from management of the
world’s forests. Carbon emissions from forests can be reduced by protecting and conserving the carbon
pools in existing forests. Carbon sinks can be created by expanding carbon storage capacities through
increasing the area and/or carbon density of native forests, plantations and agroforests. With the
implement of Natural Forest Protection Program and Forest Reservation Project in the near future. it can
be predicted that Chinese forest ecosystems will act as a huge carbon sink. However. there is little
information available about carbon sequestration on forest ecosystems, especially on forest ecosystems of
subtropical China.

This research was conducted in Dinghushan Biosphere Reserve (DHSBR), which is located in lower
subtropical China. There are mainly three types of forest, including Pine Forest (PF). Pine and Broadleaf
Mixed Forest (PBMF), and Monsoon Evergreen Broadleaf Forest (MEBF), which represent three stages
of a series of forest succession. The carbon storage and its distribution pattern in these forest ecosystems
were studied, and the potential, rate and allocation of carbon sequestrated by forest ecosystems based on
this study were also discussed in this paper. Results showed as follows:

(1) The mean carbon concentrations of vegetation decreased with the development of PF ecosystem.
Carbon concentrations for plant organs except for leaves were generally 20 percent higher in PF than those
in MEBF. Both PF and MEBF, carbon concentrations were significantly higher in tree layer than those in
other layers comparing with different layers, and generally highest in root or branches comparing with
different organs.

(2) Biomass of trees in the studied forests increased with development of forest succession, and was
estimated to be: 143.5t/hm?* (PF), 270. 1t/hm* (PBMF) and 407. 8t/hm* (MEBF). This biomass was
mostly distributed in the component of stem and bark. The percentages of different organs accounted for
tree biomass were: 57.0% stem and bark, 20.9% root, 19.3% branch, 2.8% leaves, respectively.
Biomass of understory plant was 4. 23~ 14.10t/hm*, decreasing with development of forest succession.
Similar to biomass of understory, standing stock of litters on the forest floor decreased with development
of forest succession, ranging from 3. 92 to 10. 91t/hm?.

(3) Soil bulk density was 0. 86~1.54g/cm®, and increased generally with depths (1.07g/cm?®, 1.25
g/cm?, 1.30g/cm® and 1.30g/cm® for 0~ 10cm, 10 ~ 20cm, 20 ~ 40cm and 40 ~ 60cm soil depth,
respectively) in all forests. Soil bulk density in all levels of soil depths in PF were similar to those in
PBMF ., however, in both forests they were higher than those in MEBF. Soil carbon concentrations in all
forests decreased with soil depths (2.23%, 1.13%, 0.71% and 0.49% for 0~10cm, 10~ 20cm, 20~
40cm and 40~ 60cm soil depth. respectively) and exhibited in the following order: MEBF > PBMF >
PF.

(4) The total carbon storage of three forest ecosystems was estimated to be: 135.8t/hm?* (PF),
215. 1t/hm* (PBMF) and 259.7 t/hm* (MEBF), of which 67.6 percent was contributed by vegetation,
30. 2 percent by soil, and only 2.2 percent by standing litters on the floor. Comparing with other similar
forests, the carbon storage in vegetation was relatively higher in the studied forests, the carbon storage in
soils, however, was relatively lower in the studied forests. The ratio of vegetation carbon to soil carbon in
these forests was very high (2. 24), comparing with the average value for Global forest and Chinese forest
(0. 46 and 0. 36, respectively). In addition, the proportion of carbon storage in the upper 20cm soil to that
in the whole soil in the studied forests was also higher, comparing with the average value for Global forest
and Chinese forest.

(5) The carbon sequestration increased significantly with development of forest succession in lower
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subtropical China. Carbon storage would increase by 58 percent (from 135. 8t/hm’ to 215. 1t/hm?), if PF
developed to PBMF through succession, and would increase by 91 percent (from 135.8t/hm?* to 259.7
t/hm?®), if developed to MEBF. In Dinghushan forests, the rate of carbon sequestration increment was
estimated ranging from 0. 83 t/(hm?® + a) to 7.37 t/(hm* + a), with a mean value of 2.48 t/(hm* + a),
during the period from PF to PBMF through succession.

Key words :forest succession; carbon storage; carbon sequestration; lower subtropical China
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Table 1 Indices of the structure of Pine Forest and Mixed Forest in DHSBR

Age (a) DHB (cm) Height (m) Stem density
(tree/hm?)
Plot Species
Range Mean S.E. Range Mean S.E. Range Mean S, E. Mean
. * 13~75 39 1.43 5.5~35.1 18 0.66 4.2~16.2 8.6 0.3 515
Pine Forest
) *30~79 61 4.4 17.0~37.1 28.3 2.09 11.5~19.5 14.4 0.93 125
Mixed
Forest o 2.2~24.8 8.7 0.76 2.6~16.5 7.0 0. 47 725

2000m?  800m? Area of plot in Pine Forest and Mixed Forest was 2000 and

800m?, respectively; % Pinus massoniana, * % Schima superba. S.E. Standard error
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Fig. 1 Carbon concentration of plants in Pine Forest and Monsoon Evergreen Broad-leaved Forest (MEBF) in

Dinghushan Biosphere Reserve (DHSBR)
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Table 2 Plant carbon concentration, biomass and carbon storage in DHSBR forests
Carbon concentration Carbon storage
iomass hm?
o6 Biomass (t/hm?) (t/hm?)
Pine Mixed  Broad-leaved  Pine Mixed Broad-leaved — Pine Mixed Broad-leaved
forest forest forest forest forest forest forest forest forest
Tree layer
Leaves 44.6(1.92) 43.4(0.96) 42.2(0.91)  3.46 10. 80 8.70 1.54 4. 69 3. 67
Branches 54.000.56) 49.1(0.60) 44.2(0.63) 24.84 52.48 88.55 13.40 25.76 39.14
Stem 60.8(0.58) 52.3(0.60) 43.8(0.58) 81.90  143.79 209.12 49. 80 75. 20 91.59
Bark 53.9(5.22) 47.5(3.15) 41.2(1.09)  8.93 12.09 4. 81 5.75
Root (59.12.03) 51.4(1.15) 43.7(1.92) 24.40 57.24 101. 46 14. 43 29.43 44. 34
Subtotal 143.53  276.40 407. 82 83.98  140.82 178. 74
Understory layer
Aboveground 44.4(3.74) 43.7(2.66) 43.0(1.77) 8. 94 4.78 3.97 2.09
Underground 40.8(1.79) 40.9(1.78) 41.0(1.58)  5.16 2.76 2.10 1.13
Subtotal 14.10 7.54 4.23 6. 08 3.22 1.78
Total 157.63  283.94 412.05 90.06  144.04 180. 52
* [14~150 Data of biomass for Broad-leaved forest from references4~157;
Standard error in parenthesis
4.23~7.54 t/hm?, 1.0%~9.8%, o
3.1.3 3 s (178.74 t/hm?),
2.2 1.3 C 2, , 1.8%~3.3%, 2.4%;  16.0%~
21.9%, 18. 7% ; 51. 2% ~65. 0%, 57.9%; 17.2%~24.8%, 21.0%. )

90. 06~180. 52 t/hm?,

3.2

91.0%~99.0%,

(

2.3,

41.58% ~57.78%,

o

1.0%~9.0%,
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Table 3 Carbon concentration, standing stock, and carbon storage of litters on the forest floor in DHSBR
Carbon concentration (%) Standing stock (t/hm?) Carbon storage (t/hm?)

Pine Mixed Broad-leaved Pine Mixed Broad-leaved Pine Mixed Broad-leaved

forest forest forest forest forest forest forest forest forest
Fresh 57.78  48.70 39. 62 1.86 4.48 1. 35 2. 81 2.18 0.53
Decomposing  51.02  46. 30 41.58 6. 05 2.59 2.57 3.09 1. 20 1.07
Total 10. 91 7.07 3.92 5. 89 3.38 1. 60
3.3 N
3.3.1 3 0.86~1.54g/cm’, 0~10cm,10~20cm,20~40cm 40~
60cm 4 1.07 g/em®,1. 25 g/em®,1. 30 g/cm®, 1. 30 g/cm?, 1.23 g/cm?, ,
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ration(b)and carbon storage (¢)for four depth layers in
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