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with Two Restoration Approaches

SHI Zhisuan' BAI Yan-feng' SUN Rui' PENG Yang' JIANG Chun-gian' WANG Si-ong’

(1. Research Institute of Forestry Chinese Academy Forestry Beijing 100091 China;
2. Institute of Applied Ecology Chinese Academy of Sciences Shenyang 110016 Liaoning China)

Abstract Objective To explore the effect of restoration approach on carbon pool of forest ecosystem. Method

By positioning research the differences in carbon storage and its spatial distribution of Chinese fir plantations re—
stored 20 years ago with two restoration approaches ( natural restoration and artificial restoration) were compared in
Huitong Experimental Station of Forest Ecology Hu’ nan Province. Result (1) Compared with those treated by
artificial restoration the carbon storage treated by natural restoration was significantly higher in vegetation layer

specifically 22.56% higher in tree layer. Treated by natural restoration the distribution ratio of carbon storage in
each organ showed in an order of stem > branch > root > leaf > bark while that treated by artificial restoration
showed in an order of stem > root > branch > leaf > bark. The proportion of carbon storage of vegetation layer
under canopy and litter layer were very small. Still the carbon storages of shrub layer herb layer and litter layer by
natural restoration were 3.99 5.94 and 1. 14 times that by artificial restoration respectively. (2) The soil carbon

storage in a Chinese fir plantation ecosystem restored 20 years ago treated by natural restoration was lower than that
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by artificial restoration. The soil carbon content and carbon storage in the surface layer (0 — 10 e¢m) by the natural
restoration was higher than that by artificial restoration while the other layers were opposite. By both restoration
the soil carbon content and soil carbon storage in the same unit ( 10 cm per layer) were all decreased with the in—
crease of soil depth and the distribution ratio of each layer was significantly different in terms of soil carbon content
and soil carbon storage. (3) The carbon storage of the plantation ecosystem by natural restoration was in the order of
tree layer > soil layer > litter layer > shrub layer > herb layer and that under artificial restoration was in the or—
der of soil layer > tree layer > litter layer > shrub layer > herb layer. Conclusion The natural restoration ap—
proach is more conducive to the restoration of carbon storage in the vegetation layer while the artificial restoration
approach is more conducive to the restoration of soil carbon storage. From the whole forest ecosystem the carbon se—
questration capacity of Chinese fir plantation ecosystem restored 20 years ago by natural restoration was higher than
that by artificial restoration restoration approach also have some impact on the distribution of carbon storage in eco-
system components.

Keywords: Huitong County of Hu’ nan Province; Chinese fir plantation; natural restoration; artificial restoration;

carbon storage; carbon content
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( Pinus massoniana Lamb. )
( Quercus fabri Hance) .
( Liquedabar formosana Hance)
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Table 1 General situation of experimental plots

Mean Mean tree Mean .
Stand type Stand age/a altitude /m height/m DBH/em Stand characteristics
1995 .
20 o
( Cyclobalanopsis glauca
( Thunb.) Oerst.) . ( Machilus pauhoi Kanehira) . ( Melios—
The experimental 20 425 11.5 11.3 ma rigida Sieb. et Zucc.) ;
plot of natural ( Eurya japonica Thunb.) | ( Maesa japonica ( Thunb.)
restoration Moritzi. ) . ( ftea chinensis Hook. et Arn.) ( Wood—
wardia japonica ( L. f.) Sm.) | ( Alpinia japonica ( Thunb.) Miq.) .
( Cyperus iria L.) o
1989 2
2400 «hm™? 2
The experimental 20 521 19.3 22.9 20 N
plot of artificial ( Smilax china L.) ; ( Arthraxon hispidus
restoration ( Thunb.) Makino) . ( Lophatherum gracile Brongn. ) o
2 2 mm
2 o
2.1 2.1.2 2009 10
2.1.1 10 8 mx10m
2.1.1.1 2015 10 N
5 20m
x20 m N o
N ; 1 o
10 m x 10 m 2.2
N ; 2.2.1 N
75°C N
16
2.1.1.2
5 Ixlm N N
75°C
2.1.1.3 o
20 m x20 m S 5 0 /
10 10 20 20 40 40 60 cm 4
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2.2.2 —
. 13 (LSD)
a=0.05,
o 3.1
2.2.3 N N 2
~N 99. 21 te hm72 22. 56% o
17
S = (C, xd, xH)
=1 o
S (t+hm?) C,
i (%) d, i : .
(g*em™); H, i (m);n 2
2.3 62.30% 47.87%
Excel SPSS19.0 o
2 2
Table 2 The carbon storage and distribution of tree layer under two restoration approaches
Restoration
Index Stem Branch Bark Leaf Root Total
approaches
[P . 50.43 £3.95Aa  7.24 +0.58Bc  6.86 +0.53Ac 3.67 £0.29Bd 12.75+1.00Bb 80.95 +6.20B
Carbon storage  Artificial restoration
/(tshm™?
( m™) . 47.49 £10.92Aa 18.03 +4.96Ab  7.30 £0.94Ac  9.63 £1.29Ac 16.76 £4.90Ab 99.21 +20.74A
Natural restoration
[ . 62.30£0.36A  8.94 +0.11B 8.47 +0.34A 4.54 +£0.24B 15.75 +0. 10A 100
Distribution Artificial restoration
ratio/ %
. 47.87 +2.24B  18.17 £1.61A 7.36 £0.23B 9.71 £2.60A  16.89 £1.89A 100
Natural restoration
+ (P<0.05)
(P<0.05) o

Note: Mean =+ standard deviation is given in the table data different capital letters indicate the different restoration approach carbon stocks significant—

ly different( P <0.05) different lowercase letters indicate differences in carbon storage in different organs of the tree layer significantly( P <0.05) .

3.2
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o 20 a
3.99
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Table 3 The carbon storage and distribution of shrub layer under two restoration approaches

3 2

Index Restoration

approaches

Stem

Branch

Leaf

Root

Total

Carbon storage Artificial restoration

/(t*hm™2)

Natural restoration

0.090 +0.008Ba

0.339 £0.051Aa

0.058 +0.005Bb

0.183 +0.028Ab

0.049 +0.005Bc¢

0.161 +0.023Ab

0.052 +0.006Bbc

0.309 £0.031Aa

0.249 +0.022B

0.992 +0.102A

P . 36.15 £0.38A 23.29 £0.24A 19.68 +1.08A 20.88 +1.49B 100
Distribution Artificial restoration
ratio/ %
. 34.17 £3.04A 18.45 +1.35B 16.23 £1.74B 31.15 £2.75A 100
Natural restoration
+ (P <0.05)
(P<0.05) ,

Note: Mean =+ standard deviation is given in the table data different capital letters indicate the different restoration approach carbon stocks significant—

ly different( P <0.05) different lowercase letters indicate differences in carbon storage in different organs of the shrub layer significantly( P <0.05) .

Table 4 The carbon storage and distribution of herb layer under two restoration approaches

4 2

Index

Restoration approaches

Aboveground

Underground

Total

Carbon storage/( t * hm ~2)

Artificial restoration

Natural restoration

0.012 £0.006Ba
0.061 +0.015Aa

0.005 +0.001Ba
0.045 +0.023Aa

0.018 £0.006B
0.107 +0.035A

Distribution ratio/% Artificial restoration 70.59 £10. 10A 29.41 £10. 10A 100
Natural restoration 57.55 £7.73A 42.45 +7.73A 100
+ (P<0.05)

(P<0.05)
Note: Mean + standard deviation is given in the table data different capital letters indicate the different restoration approach carbon stocks significant—

ly different( P <0.05) different lowercase letters indicate differences in carbon storage in different organs of the herb layer significantly( P <0.05) .

3.4

2.78% o

5 2

Table 5 The carbon storage and distribution of litter layer under two restoration approaches

Index
Restoration approaches Deadwood Dead leaves Fallen fruit Total
Carbon storage/( t * hmfz) Artificial restoration 1.13 £0.15Ab 1.49 £0.17Ba 0.23 £0.07Ac 2.85+0.12A
Natural restoration 1.29 +0.24Ab 1.86 +£0.35Aa 0.09 £0.02Bc 3.24 £0.60A
Distribution ratio/% Artificial restoration 39.65 £4.60A 52.28 +5.64A 8.07 £2.62A 100
Natural restoration 39.81 £3.25A 57.41 £4.77A 2.78 £0.92B 100
+ (P<0.05)

(P<0.05)
Note: Mean + standard deviation is given in the table data different capital letters indicate the different restoration approach carbon stocks significant—

ly different( P <0.05) different lowercase letters indicate differences in carbon storage in different organs of the litter layer significantly( P <0.05) .
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41.44% 17. 18% - 2
25.26% 16.07%;, o
30.25% +20.25% 29.22%  20.28%
6 2

Table 6 The carbon storage and distribution of soil layer under two restoration approaches

Soil layer/cm

Index Restoration |
approaches 0~ 10 10 ~20 20 ~ 40 40 ~ 60 Tota
. R 24.91 £6.13A 16.68 £3.05A 24.06 £6.04A 16.70 £3.29A 82.36 £7.49A
Carbon storage / Artificial restoration
t* hm 2
( m™) . 30.44 £5.84A 12.60 £1.24B 18.53 +1.64A 11.79 £2. 11A 73.36 +5.69B
Natural restoration
. R 30.25 £6.89B 20.25 £3.65A 29.22 £5.19A 20.28 £5.28A 100
The distribution ratio of Artificial restoration
carbon storage /%
. 41.49 +4.84A 17.18 £1.48A 25.26 £2.43A 16.07 £3.36A 100
Natural restoration
10 em
. R 24.91 £6.13Aa  16.68 £3.05Ab  12.03 £3.02Ac 8.35 +£3.69Ac
Carbon storage per 10 cm/  Artificial restoration
(tehm2)
. 30.44 £5.84Aa 12.60 +1.24Bb 9.26 £0.82Abc  5.90 +1.06Ac
Natural restoration
. R 20.76 £5.12Aa  13.90 £2.55Ab  10.02 £2.52Ac¢ 6.85 £1.49Ac
Carbon content/ Artificial restoration
(g*ke™)
. 22.86 £4.07Aa 8.83 +0.67Bb 6.41 £0.62Bbc  4.16 £0.86Ac
Natural restoration
: + (P<0.05)
(P<0.05) .

Note: Mean + standard deviation is given in the table data different capital letters indicate the different restoration approach carbon stocks significant—

ly different( P <0.05) different lowercase letters indicate differences in levels of carbon storage in soil layers significantly( P <0.05) .

2 1.49.2.07 3.03 .
(0~10 cm) 3
o 2 3 2.59.3.57 5.50
3.6
20 ~40.40 ~60 cm 7
3 .
7 2

Table 7 The carbon storage and distribution of ecosystem under two restoration approaches

Index Restoration

Tree layer Shrub layer Herb layer Litter layer Soil layer Total

approaches

. . 80.95+6.20B 0.249 +0.022B 0.018 £0.006B  2.85 +0.12A  82.36 +7.49A 166.43 £10.11A
Carbon storage/ Anrtificial restoration
t*hm™?
( m™) . 99.21 £20.74A 0.993 £0.102A 0.107 +£0.035A 3.24 £0.60A  73.36 £5.69B 176.91 +23.52A
Natural restoration
o . 48. 64 0.15 0.01 1.71 49.49 100
Distribution Artificial restoration
ratio/ %
56.08 0.56 0.06 1.83 41.47 100

Natural restoration

N (P<0.05) .

Note: Mean + standard deviation is given in the table data different capital letters indicate the different restoration approach carbon stocks significant—

ly different( P <0.05) .
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