26 3 Vol. 26 No. 3
2011 3 JOURNAL OF NATURAL RESOURCES Mar. 2011
12 2 1
(1. 712100;
2. N 712100)
11 a . 4
N / >
> > ; 11 a N .0 ~100 cm
63.38 ~97.65 t * hm™> 49. 04 ~68. 80

tehm™ 52.33~62.11 t * hm™> 11.93 ~19.62 t * hm™;

4 230.287 7 Tg C.332.306 7 Tg C.484.0555 Tg C  113.856 3 Tg C;

573.10 Tg C 42.89 Tg C 7.48%;

80.40 Tg C 14.03%; 108.66 Tg C 18.96% ; 341.15 Tg C

59.53% .
:Q948. 15 DA : 1000 —3037(2011) 03 - 0401 — 11
20% 4 x10® hm®
40% ! 0.232 x 10* hm’
33% * . 20 60—70 ( 666.67 hm?)
236 N
666. 67 hm’ 30
65% - ( Stipa bungeana)
3
4
N Y C02
: 2010~ 06-08; © 2010-09-21.,
: (10502-78) ; ( KZCX2-YW-441.KZCX2-YW-
149) ; 973 (2007CB106803) ; (40730631) .
(1955-) o E-mail: gyzejm@ ms. iswe.

ac. cn



402 26

1
(35°127 ~39°38"N 106°21” ~113°36°E) SW - NE
SE - NW 3 \ 3 1250 ~2
650 m — — 220 ~ 630 mm
1 860 mm 5.8~13.5C( 1),
1
Table 1  Climate conditions and plant distribution of sampling points
=10C
/10*hm>  /m /mm /°C I(Ced) /% /( /m?) /( kg/m?)
- @ b aAD
4 20500 2200 30 58 7 1ooo3 o0 1RIER IV 03620110
L.5 85.2% 26.5+1.51"% 1,12 +0.23"?@
n =66
~ @© ab(@ aAD
6 55433 1560 sS40 135 >0 2259.7 35'6,,_\ M. 122 1‘ o 0. 36 0. 16,
2.5 82.5% 24.8+0.75"'%  1.02 £0.21"4?
n =66
@ abAD abA(D
7 845.90 1350 450 7.2 =07 agsop 2O 2LV 03802170
2.5 78.5% 18.3 +2. 1®AB2 0,98 +0. 1912
n =66
- @ abA®D abA®D
5 630.00 1250 220 65 07 26505 202 A0 0132004
3.0 51.6% 12.2£1.55"42 0,64 £0.11*4®
n =66
(P <0.05) (P<0.01): (D o) 11 a.
o . (' S. breviflora) ( S. grandis) .
( Aneurolepidium dasystachys) ( Bothriochloa ischemum) . ( Setaria viridis)

( Clinelymus nutans) . ( Poa sphondylodes) . ( Cleistogenes squar—
rosa) . ( Penniset umcentrasiaticum) . ( Phragmites communis) ( Calamagrostis
epigeios) . ( Artemisia sacrorum) . ( A. scoparis) . ( A. scoparia) . (A. frigi-
da) . ( Thymus mongolicus) ( Potentilla acaulis) . ( P. bifurca) .

( Salsola collina) . ( Heteropappus altaicus) ( Mellissit usrutheni—
cus) ( Lespedeza davurica) . ( Astragalus. melilotoides)
( Carex lanceolata) ( Caraga—
da microphylla)
2
2.1
1999 ( ) 2009 ( 11 a)
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Fig. 1 Sampling route for grassland survey on the Loess Plateau
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K,Cr, 0, .
2.5
5.
C, = C xR xD, (1)
' C, (t/hm?); C, i (%) ; R, i
( g/cm3) i D, (cm) o
2.6
6
AC =(C, -C,) xA (2)
tAC (Mg C); C, (Mg C/hm?) ;
C, t (Mg C/hm®) ; A (hm?) .
2.7
Excel SPSS 13.0 .
P=0.05 ( LSD)
3
3.1
79
1999
10 a
2009 .
Y 2
. 4 33.98 ~
42.69 t » hm™? 6 27.13 ~37.41 t * hm 2 7
25.27 ~35.68 t * hm > 5 6.17 ~11.39 t « hm 2. 3
10 . .
4 63.38 ~97.65t * hm 2
6 49.04 ~68.80 t * hm ™ 7 52.33~62.11 t * hm™?
5 11.93 ~19.62 t * hm > 101. 5% .82. 58% -
87.77% 79.73% . . 6.22.
6.08.6.29 2.46t*hm* * a. 4
> >
10 4 > > >
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0 ~20 cm
o 40 a 0~20 ecm
12.4% " .
2
Table 2 Carbon density of initial enclosed grassland ecosystem on the Loess Plateau
/(t*hm?)
0 ~100 cm 0 ~100 cm
I
I-1 1.31 £0.10®  0.35 +0.02" 2.42 £0.24" 29.90 +3.33" 33.98
12 1.36 £0.11®  0.34 +0.03" 2.20 £0. 13" 34.39 +4. 32" 38.29
13 1.20 £0.16®  0.29 +0. 03" 2.16 £0.22° 33.57 =1. 56" 37.22
[-4 1.34 £0.12%  0.24 0. 02" 2.27 +0.17" 38.84 £3. 12" 42. 69
I
n-s 1.20 £0.07%  0.28 +0.05" 2.54 £0.20" 23.11 £2.39" 27.13
n-6 1.17 £0.05%  0.27 £0. 05" 3.24 +0.08" 24.95 +1.928 29. 63
n-7 1.06 +0. 13 0.22+0.06%  2.22 +0. 16" 25.15 £1. 45" 28. 65
n-8 1.25£0.13%  0.20 0. 04" 2.49 £0.22"° 33.47 +4. 62" 37.41
n-9 1.21 £0.15%  0.24 +0. 08" 2.95+0.27" 28.66 2. 14" 33.06
I-10 0.90 +0.10%  0.12+0.04%  3.44 +0.35" 31.31 +1.99% 35.77
I
m-11 0.62 +0.08% 0.18 £0.02%  2.75+0. 15" 21.72 £2.50" 25.27
m-12 1 0.69 £0.12%  0.17 20.06™  2.40 +0.26" 23.38 +0.41° 26. 64
m-13 0.69 £0.19%  0.18 £0.06%  2.34 +0.14% 26.67 £3.95"% 29. 88
Im-14 0.72£0.07%  0.18 £0.24" 2.99 +0. 15" 31.79 =1. 12" 35.68
m-is 0.79 £0.06%  0.23 +0.02%>  3.03 +0.08" 30. 11 0. 675 34.16
m-16 0.78 £0.10%  0.15+0.04%  2.46 +0.23" 25.86 +2.49% 29.25
m-17 0.70 £0.06%  0.17 £0.04®>  2.56 +0. 26" 25.18 +1.41% 28. 61
Y
V-18 0.32£0.05%  0.24 £0.06" 1.26 £0.22" 9.57 £0.77" 11.39
V-19 0.25+0.04% 0.100.02%  0.93 +0.12" 4.89 +0.32"8 6.17
V20 0.23 £0.04%  0.12 +0.03% 1.23 0. 08" 8.34 +1.34% 9.92
V-21 0.16 £0.03%  0.11 £0.04%  1.49 +0.32" 8.18 £0.57% 9.94
V22 0.25+0.04%  0.15£0.09" 1.40 £0. 09" 5.98 0. 11% 7.78
: + (P <0.05)
(P<0.01), .
3.2
11 a
( 2 3)

( 4 4

27.1%;

23.252 3 x 10° hm?
60.22%:

6.300 x 10° hm?
2.950 x 10® hm?

14. 002 x 10° hm?

12.69%
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3 11 a
Table 3 Carbon density of 11 years enclosed grassland ecosystem on the Loess Plateau
/(tshm™?)
0 ~100 em 0 ~100 cm
I

I-1 3.96 +0. 56" 5.55 +0.02* 11.77 +0. 46* 59. 06 +2. 944 80. 34

12 3.87 +0. 16* 4.15 +0.08* 12.89 +0.55  76.74 £7.42* 97. 65

13 3.88 £0.31% 3.25+0.17% 12.99 +0. 88* 52.71 £2. 244 72. 83

14 4.41 £0. 344 4.60 +0. 334 12. 60 +0. 66* 41.77 3. 14* 63.38

I

n-5 3.22+0.18* 4,75 +0. 124 7.83 0. 664 45.76 +2. 89* 61.56

n-6 3.32 0. 18% 5.10 £0. 08* 9.03 £0.75% 38.26 +3.974 55.71

o7 3.53 £0.224 4.91 £0. 48 8.25 +0. 66* 43.22 +1.13* 59.91

n-8 4.08 £0. 124 4.05 +0. 06" 6.52 £0.19% 49.42 +2.05* 64.07

n-o 3.21 £0. 094 4.00+1.18* 6. 66 £0.25% 54.93 +1. 414 68. 80

m-10 2.85£0. 134 4.00 £0. 98" 6.55 0. 454 35.64 £1.52% 49. 04

]

m-11 2.02 +0.35% 3.20 £2. 13 6.12 +0.25% 49.56 2. 56 60. 90

m-12 2.07 £0.22% 2.10 £1. 18 7.84 0. 124 40.32 +1.23% 52.33

m-13 2.10 £0. 18* 4.30 £0. 447 7.45 £0. 384 41.01 x4, 92* 54. 86

m-14 2.38 £0.25% 4.80 +0. 96" 6. 60 £0.25%4 48.32 +3.48* 62.11

m-15 2.79 £0. 17* 4.00 £1.57% 7.81 £0.30% 46.70 +5. 69 61.30

m-16 2.88 +0. 09" 4.00 +0.91% 7.83 +0.79* 38.31 +1. 824 53.02

m-17 2.09 £0.07* 4.20 £0. 95 7.45 £0.77% 41.62 +0.91™ 55.36

v

IV-18 1.37 +0. 08" 3.30 £1.85" 3.70 £0.29* 11.22 +0. 89 19.59

V-9 1.54 £0. 104 1.50 £0. 844 3.16 0. 34* 5.73 £0.42% 11.93

V20 1. 89 £0. 204 1.70 =1. 004 3.63 +0.38% 12.40 +0. 784 19. 62

V-21 1.92 £0.20* 1.80 £0. 774 3.27 £0.52% 12. 44 +0. 15* 19. 43

V=22 1.56 0. 18 1.70 £0. 414 3.29 £0.33% 12. 16 +0. 34 18.71

4 11 a
Table 4 ~ Carbon storage between initial and 11 years enclosed grassland ecosystem on the Loess Plateau
/10%hm?* (15 Q)
0 ~100 c¢m 0 ~100 cm
I 2.950 0 3.871 69 0.924 7 21.1570 97.809 5 123.762 8
(4 11.936 32  14.177 8 36.244 6 167.929 0 230.287 7
II 5.543 3 6.359 39 1.3190 15. 648 3 147. 643 2 170. 969 8
(6 18.420 02 25.344 4 42.669 9 245.872 4 332.306 7
i} 8.459 0 6.034 50 2.1052 22.386 9 218.862 6 249.389 2
(7 20.062 7%  33.059 4 61.1220 369. 811 4 484.055 5
v 6.300 0 1.551 8@ 0.942 6 8.055 2 47.153 9 57.703 5
(5 10.298 62 13.1224 21.553 2 68.882 1 113.856 3
23.2523  17.8172% 5.2915 67.247 4 511.469 2 601.825 3
60.717 62 85.704 0 161.589 7 852.494 9 1 160. 506 2
He) 11 a.
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170.97 Tg C.249.39 Tg C

57.7 Tg C;
230. 288 Tg €.332.307 Tg C.484.056 Tg C

A N

123.76 Tg C(1 Tg = 10" g) .
10
113. 856 Tg C.

10
4.8TgC 21.16 TgC 10 26.114 Tg C
36.245 Tg C; 7.678 Tg C  15.648 Tg C 10
43.764 Tg C  42.670 Tg C; 8.140 Tg C  22.387 Tg C 10
53.122 Tg C  61.122 Tg C; 2.494 Tg C  8.060 Tg C
10 23.421 Tg ¢ 21.553 Tg C.
(0.232 x10° hm?) 601. 82
Tg C 0 ~100 c¢m 511.46 Tg C 85% .
15%; 20. 56%
28. 41% 41. 44% 9.6% o 10
1 160. 506 2 Tg C 0 ~ 100 cm 852.494 9 Tg C
73. 46% . 26.54%;
19. 8% 28.65% 41.72%
9.83% . 558.680 9 Tg C 50.79 Tg C/a.
3.3
11 a
o 0.232 x10°* hm’ . .
22 (9 11 a
573.10 Tg C 52.1 Tg C/a 24.7 t/hm*.
4
0. 0295 x 10° hm’ 11 a 120. 83 Tg C 10.98 Tg C/a
40.96 t/hm’ . 21.31 Tg C 17.64% 0 ~100
cm 29.40 TgC 24.33% 0 ~100 cm 70.12 Tg C
58.03%; 6 0.055 4 x 10* hm® 11 a
161.53 Tg C 14.68 Tg C/a 29. 16 t/hm’ .
36.08 Tg C 22.34% 0 ~100 cm 27.02 Tg C
16.73% 0 ~100cm 98.42 Tg C 60. 93% ;
7 0.084 6 x 10° hm® 11a 234.66 Tg C 21.33 Tg
Cla 27.74 t/hm’ . 44.98 Tg C
19.17% 0 ~100 cm 38.74 Tg C 16.5% 0 ~100 cm
150.95 Tg C 64.33%; 5 0.063 x 10° hm’ 11
a 56.08 Tg C 5.1 Tg C/a 8.9 t/hm’
. 20.93 Tg C 37.3% 0 ~100cm 13.50 Tg C
24.1% 0 ~100 cm 21.66 Tg C 38.6% . 10
2.1 ~6.4 0 ~100 cm
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1.7~2.6  0~100 cm 1.4-2.6 10 a
5a 21 3.3 " .
5 (Tg C)
Table 5 Carbon sequestration of the Loess Plateau grassland ecosystem ( TgC)
0 ~100 ¢m 0 ~100 cm
(14 ) 8.064 6 13.244 6 29.400 3 70.119 5 120.829 0
H(6 ) 12. 060 7 24.0213 27.0215 98.422 9 161.526 4
]]1( 7 ) 14.020 9 30.954 2 38.735 1 150.947 2 234. 657 4
(NS ) 8.746 9 12.179 3 13.498 1 21.656 7 56.081 0
42.893 1 80.399 4 108. 655 0 341. 146 3 573.093 8
4
12-14
15
50% ~75% 34% ~92%
68.5%; 40% ;
70%; 55.5% +2.8% (n =41)
19% ~92% v 0 ~100 cm
78.49% +3.3% ( n =66) .
85% o
4 x 10° hm’ 40%
90% * 13.5
17 79.03% ~87.10%
7.95 o 6
18 226.0 +13.3 Tg C+ v
; 274.0 Tg C
188.5 Tg C .
Co, .
Co,

41923
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6
Table 6 Vegetation carbon storage comparison for Loess Plateau grassland and Inner Mongolia temperate steppe
/10% hm? ITg C /Tg C /Tg C
17 87. 0 39. 4 234. 7 274. 0
5 70. 1 29. 3 159. 2 188. 5
18 58. 5 33. 2 193. 9 226. 0
23.25 42. 89 108. 66 151.55
(1) 10
2.2 14. 86 0 ~100 cm 4.37 0 ~100 cm 1.03
2.26 17.20 0 ~100 cm 1.63 0 ~100 cm
0.64 2.65 . 19. 87 0 ~100 em 1.59
0 ~100 em 0.56 ; 5.0 . 12.75 0 ~100 e¢m 1.44
0 ~100 cm 0.29 o
(2) . .
4 123.76.170.97.249.39  57.7 Tg C;
11 a 230. 287 7.332.306 7.484.055 5 113.856 3 Tg C
86.08% ~97.32% .
(3) 0.232 x 10* hm’ 4 22
N 573.10 Tg C 52.1 Tg C/a
24.7 t/hm’. 42.893 1 Tg C
7.48% ; 80.399 4 Tg C 14.03% ;0 ~100 cm 108. 655 Tg C 18.96%
0 ~100 cm 341.146 3 Tg C 59.53%
(4) 11 a . <0 ~100cm 0 ~100cm
> > > o

( References) :

Parton W] Schimel DS Cole CV et al. Analysis of factors controlling soil organic matter levels in Great Plains grassland

J . Soil Science Society of America Journal 1987 51(5): 1173-1179.

I 2003 22(4): 342-352.

QI Yu—¢hun DONG Yun-she GENG Yuan-bo et al. The progress in the carbon cycle researches in grassland ecosystem
in China. Progress in Geography 2003 22(4): 342-352.
Schlesinger W H. Evidence from chronosequence studies for a low carbon-storage potential of soils J . Nature 1990 348
(6298) : 232-234.

L. N ]

1998 15(2): 14-22. LI Ling-hao CHEN Zuo-zhong. The global carbon cycle in grassland ecosystems and its re—
sponses to global change I. Carbon flow compartment model input and storage. Chinese Bulletin of Botany 1998 15(2):
14-22.

J. 2004 28: 491-498.
PIAO Shidong FANG Jing-yun HE Jin-sheng et al. Spatial distribution of grassland biomass in China. Acta Phytoeco—
logica Sinica 2004 28: 491-498.



410 26

6 I 2008 32(4): 810-814. CHANG
Ruiying TANG Haiping. Sensitivity analysis on methods of estimating carbon sequestration in grassland ecosystem of In—
ner Mongolia China. Acta Phytoecologica Sinica 2008 32(4): 810-814.

7 I 2004 28(5): 692-703.  Lii Chao-qun
SUN Shu-cun. A review on the distribution patterns of carbon density in terrestrial ecosystems. Acta Phytoecologica Sinica
2004 28(5): 692-703.

8  NiJ. Carbon storage in terrestrial ecosystem of China: Estimates at different spatial resolutions and their responses to cli-
mate change ] . Climatic Change 2001 49: 339-358.

9 I 2005 22(1): 4-11. ZHONG
Hua-ping FAN Jiang-wen YU Gui—ui et al. The research progress of carbon storage in grassland ecosystem. Pratacultur—
al Science 2005 22(1): 4-11 .

10 Li L Chen Z. Changes in soil carbon storage due to over—grazing in Leymus chinensis steppe in the Xilin River basin of In—

ner Mongolia J . Journal of Environmental Science 1997 9: 486-490.
11 J. 2003 24(4): 23-28.
SU Yong—hong ZHAO Hadin. Influences of grazing and exclosure on carbon sequestration in degraded sandy grassland
Inner Mongolia. Environment Science 2003 24(4): 23-28.
12 Don A Schulze E D. Controls on fluxes and export of dissolved organic carbon in grasslands with contrasting soil type s
J . Biogeochemistry 2008 91(2/3): 117-131.

13 IPCC. Land-use Landuse Change and Forestry M . Cambridge and New York: Cambridge University Press 2000.

14 Scurlock J M O Hall D O. The global carbon sink: A grassland perspective J . Global Change Biology 1998 4: 229-
233.

15  Mokany K Raison R J Prokushkin A S. Critical analysis of root: Shoot ratios in terrestrial biomes J . Global Change
Biology 2005 11: 1-13.

16 M : 1990: 213-218. LI Bo YONG Shi-peng LI Yao
et al. Chinese Grassland. Beijing: Science Press 1990: 213-218.

17 J. : 2010 40(7): 566-
576. FANG Jingvun YANG Yuan-he MA Wen-hong et al. Ecosystem carbon stocks and their changes in China’ s
grasslands. Science in China: Life Science 2010 40(7) : 566-576.

18 J. 2006 20(3): 192-195. MA
Wen-hong HAN Mei LIN Xin et al. Carbon storage in vegetation of grasslands in Inner Mongolia. Journal of Arid Land
Resources and Environment 2006 20(3) : 192-195.

19 I 2002 17(5): 705-713.

PENG Shaodin LI Yuedin REN Hai et al. Progress in research on soil respiration under the global change. Advance
in Earth Sciences 2002 17(5): 705-713.

20  McGuire A D Melillo ] M Kicklighter D W et al. Equilibrium responses of soil carbon to climate change: Empirical
and process based estimates J . Journal of Biogeography 1995 22: 785-796.

21 . CO, I 2007 35(7): 64-3.

LI Yu-wen WANG Nan SUN Yue. Carbon circulation in forest soil under elevated CO, concentration. Journal of
Northeast Forestry University 2007 35(7): 64-73.

22 M . : 2002. CHENG Ji-min WAN
Hui-e. Vegetation Construction and Soil and Water Conservation in the Loess Plateau of China. Beijing: Chinese Forestry
Press  2002.

23 J . 2005 27(6): 1-8. HU Jianzhong. Car—

bon storage of artificial forests in rehabilitated lands in the upper reaches of the Yellow River. Journal of Beijing Forestry

University 2005 27(6): 1-8.



3 : 411

Grassland Vegetation and Soil Carbon Sequestration
in the Loess Plateau

CHENG Ji-min' > CHENG Jie® YANG Xiao-mei'
(1. College of Animal Sciences of Northwest A & F University Yangling 712100 China;
2. State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau Institute of Soil and Water Conservation of

Chinese Academy of Sciences and Ministry of Water Resources Yangling 712100 China)

Abstract: The features of biomass and carbon sequestration were studied based on multi-point
transect survey and combined with positioning monitoring methods for different type of grasslands
from southeast to northwest in the Loess Plateau. The data were obtained for the pre—and post—11-
year fencing. Results showed that carbon density and storage were decreased from southeast to
northwest with an exponentially trend among four-type grasslands. In each type of grassland
( aboveground living plants litter/underground of soil root and soil) the characteristics of distri—
bution of carbon density and storage presented a tendency: forest steppe > plateau steppe > hilly
steppe > desert steppe. Grassland carbon density and storage which included living plants lit—
ter 0 —100cm depth of soil root and soil were 63.38 =97. 65 t * hm > and 230.2877 Tg C for
forest steppe 49.04 —68.80 t * hm > and 332. 3067 Tg C for plateau steppe 52.33 —62. 11
t * hm* and 484.0555 Tg C for hilly steppe and 11.93 -=19.62 t * hm > and 113. 8563 Tg C for
desert steppe respectively after 11-year fencing. The total carbon sequestration of grasslands was
573.10 Tg C after 11-year fencing on the Loess Plateau. Among which living plant was 42. 89
Tg C (7.48% of the total carbon sequestration) litter was 80.40 Tg C ( 14.03%) living root
was 108.66 Tg C (18.96%) and soil was 341.15 Tg C (59.53%) . In conclusion our results
demonstrated that grassland fencing can not only restore vegetation and increase biomass but can
also significantly improve grassland carbon sequestration potential.

Key words: Loess Plateau; natural grassland; carbon sequestration; carbon density



