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Abstract: The Loess Plateau covers 640000 square kilometers in Northwest China and much of the Plateau’s terrain is
hilly. Though the Plateau was a cradle of early civilization its primary vegetation has been severely degraded in modern
times. In response beginning in the 1970s several National Ecology Restoration Projects have focused on restoring the
region’s ecological health. Among them are the Three-North Shelterbelt Project the Grain for Green Project and the

Natural Forest Protection Project. These projects have played an important role in soil and water conservation in some
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cases reversing ecological destruction. In the future these and other projects will play an important role in the carbon
cycle. In this paper we assessed the carbon storage and carbon sequestration potential of Chinese pine ( Pinus tabulaeformis
Carr.) and Black locust ( Robinia pseudoacacia 1.) planted forest on the hilly Loess Plateau. For our study we
established 28 plots and collected 516 soil samples to measure biomass carbon density of trees shrubs and herbaceous
plants as well as carbon storage in litter and soil. The plots contained 6 types of Chinese pine forests planted between the
1940s and 1990s 4 types of black locust forests planted between the 1950s and the 2000s and 4 farmland plots which
served for comparison. The results showed that following the afforestation carbon storage increased gradually in
vegetation leaf litter and soil for Chinese pine and black locust ecosystems in the absence of human disturbance. The
carbon storage was 70.76 143.43 167.30 and 271.23-—332.26 Mg/hm’ for the 19— 27— 36-and 86-year-old Chinese
pine ecosystems and 80. 37 94. 08 and 140. 77 Mg/hm’ for the 8- 17— and 39-year-old black locust ecosystems

respectively. Compared with the forest that in the absence of human disturbance the 45— and 52-year-old Chinese pine
ecosystems which are recovering from thinning had carbon storage of 136.42 and 168. 56 Mg/hm® pose significant
decline of vegetation carbon storage and the soil organic carbon storage keep stable or even increased and the 71-year-old
Chinese pine ecosystem and the 56-year-old black locust ecosystem which had suffered significant timber poaching had
carbon storage of 118.87 and 76.99 Mg/hm’ pose significant decline both of vegetation carbon and soil organic carbon.
We take the carbon stock of cropland as the baseline and take the forest plantation ecosystem which in the absence of
human disturbance as the potential carbon storage. The carbon sequestration potential is 211. 61—272. 64 Mg/hm’ for
planting Chinese pine on farmland in 86 years and 81.15 Mg/hm’ for planting black locust in 39 years. Thus planting
Chinese pine and black locust and weaken the human disturbance could both increase ecosystem carbon sequestration.

With such an approach the Loess Plateau will act as a significant carbon sink in the coming decades.

Key Words: hilly Loess Plateau; ecosystem carbon stock; carbon sequestration potential; Chinese pine ( Pinus

tabulaeformis Carr.) ; Black locust ( Robinia pseudoacacia L..)
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1
Table 1 Information of sample plots in the hilly Loess Plateau

N E
Forest type County Stand age Latitude Longitude Altitude Aspect Slope Plot .Human

/a 1(°) 1(°) /m 1(°) number disturbance

- 71 36.08 111.06 1456 E 27 1

- 52 37.32 111.22 1219 N 27 1
45 36.11 110. 81 1351 NW15° 30 3 3
36 36.19 110.60 1490 WS23° 9 3 -
27 36.26 110. 86 1205 NW20° 32 3 —
19 36.27 110.76 1122 WN30° 29 3 —
56 37.01 109. 36 1185 EN25° 33 1
39 35.13 107.83 1040 EN30° 12 3
17 36.28 110.74 1144 SW25° 23 3 —
8 36.27 110.76 1094 SE34° 22 3 —
— 36.27 110.77 940 — 0 1 —
- 36.97 109.29 1074 — 0 1 -
— 36.74 109.25 1258 E 15 1 —
- 35.13 107. 68 980 — 0 1 —

“x 72007
1.2.2
0 >4 cm 0
( Leica Disto D5 Heerbrugg Switzerland 2009) o
3% (1 g) .
2 .

Table 2 Organ biomass allometric equations with variances of diameter at breast height (D) and height (H) of Chinese pine and black locust

Tree species Organ Biomass allometric equation R Reference
B =0. 02059 x ( D*H) *%% 0.99 25
B =0.00169 x ( D*H) 122 0.97 25
B =0. 00486 x ( D> H) %12 0.90 25
=0. 00602 x ( D*H) 8% 0.97 25
B =0. 0086 x ( D*H) ® 92 0.96 25
=0. 02583 x ( D*H) * 945 0.98 26
=0. 00464 x ( D) >21307 0.95 26
=0. 02340 x ( D) "-92768 0.96 26
=0. 00763 x ( D*H) *-%4™ 0.91 26
=0.01779 x ( D) > 6480 0.88 26
1.2.3 N
27 . 17 24
28 .
1) N N
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CSP ( Carbon Sequestration Potential ) Mg/hm*; CSr( Carbon Stock of referred
Ecosystem) Mg/hm’
CCC( Carbon Carrying Capacity) * ; CS( Carbon Stock) Mg/hm’ .
( Y A}

. ( 3).

(85.17%—100%) o 0—0. 11 Mg/hm*.
0.12—0.67 Mg/hm’.
>

. 36 67.47 Mg/hm* 39 49.51 Mg/hm’,
19.27.36.
45.52.71 11.97.59.90.67.47.43. 86.47. 50.26. 50 Mg/hm*; 8.17.39.56
25.08.35.68.49.51.11.97 Mg/hm’,

3

Table 3 Vegetation carbon stock in different types of ecosystem

C stock in arbor /( Mg/hm?)

Stand C stock in shrub  C stock in grass C stock in vegetation
Forest type /a /( Mg/hm?) /( Mg/hm?) /( Mg/hm?)
age /¢
# Total Stem Branch Leaf Root 8 8 &
71 26.50 15.79 3.46 2.18 5.09 — — 26.50
52 47.50 28.71 6.14 3.94 8.71 — — 47.50
45 43.44 25.60 5.06 3.79 8.99 0.34 0.08 43.86
36 67.45 39.19 7.59 6.03 14.64 0.01 0.01 67.47
27 58.23 31.00 5.78 5.13 13.11 1.67 0.00 59.90
19 10.23 5.70 1.05 0.97 2.51 1.63 0.11 11.97
56 11.37 9.06 2.04 0.26 2.47 1.31 0.67 13.35
39 49.01 30.24 7.27 1.32 10.19 0.21 0.29 49.51
17 35.45 21.80 5.29 0.93 7.43 0.11 0.12 35.68
8 23.52 13.19 3.49 0.92 5.91 1.35 0.21 25.08
2.2
( 4 o
2.07—5.47 Mg/hm* 2.75—15.91 Mg/hm’ ;
1.38—2. 14 Mg/hm’ 2.59—6.72 Mg/hm’ o
30%  ( 27.36.45 )
15%  ( 17.39 ) .
2.3
o 36
39 79.86.82.04 Mg/hm® 19 17

53.97.53.99 Mg/hm’.

http: //www. ecologica. cn



15 : 4283

; 0 52
108.58 Mg/hm’; 39 82.04 Mg/hm’ 71 56
79.89.58.65 Mg/hm’.
45 3 36
36 o
;71 56 0
2.4
. 36
39 167.30 Mg/hm*  140.77 Mg/hm’.
19.27.36.45 70.76.143.43.167.30.136.42 Mg/hm’ 8.17.39.56
80.37.94.08.140.77.76.99 Mg/hm2 :
2.5
( ) - ( 4
(5.
86a 211.61 Mg/hm®(
36—=86a 86 332.26 Mg/hm’
272.64 Mg/hm’) ; 39a 81.15 Mg/hm’.
4
Table 4 Carbon stock in litter and soil for different ecosystem types
P C stock in litter /( Mg/hm?) Soil organic Ecosystem carbon stock /( Mg/hm?)
Ecosystem type Stand age /a vegetation ) carbon stock
/( Mg/hm?) Little - Most - /( Mg/hm?) mean sD
decomposition decomposition
71 28.20 — — 79.89 — —
52 50.55 — — 108. 58 — —
45 43.86 3.82 8.66 80. 08 136.42 4.57
36 67.47 5.47 14.50 79. 86 167.30 9.65
27 59.9 3.56 15.91 64.06 143.43 28.61
19 11.97 2.07 2.75 53.97 70.76 16.08
56 13.35 1.38 3.61 58.65 76.99 —
39 49.51 2.14 6.72 82.40 140.77 25.34
17 35.68 1.82 2.59 53.99 94.08 2.29
8 25.08 1.56 3.87 49.86 80.37 18.78
— — — — 59.62 59.62 17.16
5

Table 5 The potential carbon stock of ecosystem and its component and the ecosystem carbon sequestration potential of the afforestation for

different forest types on the hilly Loess Plateau

Potential carbon stock /( Mg/hm?)

Original Original ecosystem Reference Ecosystem carbon
vegetation type carbon stock vegetation ) . . sequestration potential
/( Mg/hm?) Vegetation Litter Soil Ecosystem /( Mg/hm?)
59.62 86 142.68" % 19.97 108. 58 271.23 211.61
59.62 39 49.51 8.86 82.4 140.77 81.15
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167. 30.140. 77 Mg/hm’;
107. 68 Mg/hm®  81.15 Mg/hm’; 67.47.49.51 Mg/hm’;
20.24.22.78 Mg/hm’; 19.97 Mg/hm*  8.86 Mg/hm’.
(8—35 a) s
(33 33 187.26.178. 58 Mg/
hm?) ' . 36 1.89 Mg /( hm™a)
1.43 Mg /( hm’™a) ° 39 1.26 Mg /( hm™a)
3.2 ( )
o 3 .45 36
30.88 Mg/hm’; 71 40.95 Mg/hm’,
36
56 .39 60.08 Mg/hm’.
- David Brill N N N N N
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