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Abstract: Grassland is an important and terrestrial ecosystem and one of the most widely distributed ecosystems in the
world. In the context of climate change grassland has a significant impact on global carbon source /sink dynamics and
carbon cycling. The focus of the present study was the grassland vegetation of the Loess Plateau. We analyzed the effects of
natural and degraded grassland grazing pre—and post-prohibition to combine the policy of returning farmland to forest or
grassland and grazing prohibition. Using multipoint transect surveys and long-term fixed monitoring sites plant
distribution leaf litter and distribution and zonation of below ground carbon density of different types of grassland in the

Loess Plateau were recorded. The temporal-spatial variability of biomass and carbon density with respect to the altitudinal
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and precipitation gradient was studied in several degraded grasslands and an enclosed grassland. The main driving factors of
carbon density change and mechanisms underlying the distribution pattern of carbon density were also analyzed. The results
indicated that the biomass and carbon density showed a tendency to exponentially increase with precipitation amount and
also significantly decrease with altitude from northwest to southeast in the degraded grassland early enclosed grassland and
enclosed grassland for 11 years among four types of grasslands. There was a significant linear relationship between biomass
and carbon density. In each type of grassland the amount of biomass of above ground and below ground carbon density was
present in the following order: desert steppe< hills typical steppe < plateau steppe < meadow steppe. Carbon density of
plants leaf litter and roots in grassland where grazing has been prohibited for 11 years was 7. 066 t/hm’ for desert steppe

8.080 t/hm’ for hilly steppe 15.319 t/hm’ for plateau steppe and 20.982 t/hm’ for meadow steppe which were 14. 8
times 8.33 times 6.5 times and 15. 88 times higher than degraded grassland respectively. Our results demonstrated
that grazing prohibition can not only restore vegetation and increase biomass in the grassland but also significantly improve
grassland productivity and the potential for carbon sequestration. The arid climate and grassland degradation are critical
factors that influence the biomass and carbon density of grassland. Study of biomass and carbon density change following
grazing prohibition can make an important contribution towards the analysis of the effects of global climate change on

grassland in the Loess Plateau.

Key Words: the Loess Plateau; natural grassland; carbon density; climate; response

Co, .
Co, o
co, ' C “«o oo >
24x10*hm’ 1/5 15%x10*hm’
9%10%hm” o WBGU 1200
PgC. 110 PgC 1100 PgC *
4x10*hm’ 40% !
16.7% ° - 0.6x10° hm’ 85% 15%
32.6% ° . /
7 o
5 10
~ N ?
0 10 ~ 12 ~ 13-16 o
17-18

(35°12—39°38"N 106°21—113°36°E)
3 N 3 1250—2650 m -
- 220—630 mm 1860 mm 5.8—13.5 C

hitp: //www. ecologica. cn



32

( Stipa bungeana) .

(' S. breviflora) .

( S. grandis) .

( Aneurolepidium dasystachys) .

( Bothriochloa ischemum) .

( Setaria vi ridis ) .

( Clinelymus nutans) .

umcentrasiaticum) .

( Poa sphondylodes) .

( Phragmites communis)

( Calamagrostis epigeios) .

( Cleistogenes squarrosa) .

( Penniset

( Artemisia sacrorum) .

( Artemisia scoparis)

( Artemisia scoparia )

( Artemisia frigida) |

( Thymus mongolicus) .

( Potentilla acaulis)
( Heteropappus altaicus)
( Astragalus melilotoides) .

( Caragada microphylla )

1

( P. bifurca) .

( Mellissit usruthenicus ) .

( Carex lanceolata) 1

( Salsola collina) .

( Lespedeza davurica) .

Table 1 Sampling distribution of climate and plants

Area

Altitude

Rainfall

Mean

Grassland types Aridi
rassland fypes /( 10*hm?) /m /mm temperature / C naity
I  Desert grassland 630.00 1250 220 6.5 2.5—3.0
Il Hilly typical steppe 845.90 1350 450 7.2 2.0—2.5
Il Plateau typical steppe 554.33 1560 540 13.5 2.0—2.5
IV Meadow steppe 295.00 2200 630 5.8 1.0—1.5
=10C
. Cumulative Cover Plant density Biomass
Grassland types 2 2
temperature /% /( /m7) /( kg/m?)
I 2650. 5 26.27 (D4.3£0.85abA D0. 15+0. 04abA
Desert grassland ' 51.6% 12.2+1.55abAB (20.64+0. 11aA
I} 2850.2 32.5 9.2+1.6abA 0.38+0.21abA
Hilly typical steppe ' 78.5 18.3+2. labAB 0.98+0. 19aA
I 2259 7 35.6 11.1+2. 1ab 0.36+0. 16aA
Plateau typical steppe ’ 82.5 24.8+0.75abA 1.02+£0.21abA
v 1900. 3 37.5 13.4+1.6ab 0.36+0. 11aA
Meadow steppe ' 85.2 26.5+1.51aA 1.12+0.23abA
( P<0.05) . (P<0.01); D (@) 1la; 1:5 N=66; 1I: 7
N=66; II: 6 N=66;V:4 N=66
2.1
(1999 5 ) 1la (2009 9 )
3 . 2 3 (1) . .
4
3 22
3 hm? 6 Ilmx1m 132
10 220 6 132 484
2.2
4 I mxIm
9 cm 10 c¢m 100 cmo
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Table 2 Vegetation carbon storage changes among different types of grassland

Carbon storage/( kg/hm?)

Mean carbon

Experiment
Grassland types storage
treatments Living plants Litter Roots Sum /( kgehm™a™")
130.2 20.4 303.2 453.8 453.8
Desert grassland 246.3 149.6 1278.6 1674.5 558.2
11a 1634.7 2082.9 3431.1 7148.7 714.9
269.7 43.9 662.0 975.6 975.6
Hilly typical steppe 713.4 248.9 2646. 5 3608. 8 1202.9
11a 2371.8 3908.2 7225.7 13505.7 1350.6
401.3 43.3 693.3 1137.9 1137.9
Plateau typical steppe 1147.2 330.8 1018.9 2496.9 379.3
11a 3322.9 4571.3 7697.6 15591.8 1559.2
475.9 87.4 794.0 1357.3 1357.3
Meadow steppe 1312.4 312.9 2320.1 3945.4 1315.1
11a 4046.2 4803.2 12286.3 21135.7 2113.6
2 11a >
> o 4 > > >
2122
3.2
N 11a
( 2
. 4 Y=31.0"""" R*=0.931 N=66;
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Fig.2 Spatial distribution of above-ground biomass and rainfall among different type of gassland
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g/m’ (220.71+54.5) g/m’ Ila (456.57+72.6) g/m’ 1.87
3.86 (182.33+26.3) g/m’ (311.83+46.1) g/m’ 11a
(628.50+36.6) g/m’ 1.7 3.45 (198.25+34.3) g/
m’ (399.0+36.2) g/m’ 1la (875.55+44.3) g/m’ 2.01 4.42
o 4 < <
< °
N 11a
( 3).4
Y=133. 4" R*=0.772 N =66; Y =258. 6" """ R* =
0. 822 N=66; 1la Y=449.2¢""* R*=0.973 N=66.
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Fig. 3 Spatial distribution of root biomass (0—100cm) and rainfall

(197.4£26.2) g/m’ Ila (399.20+79.1)
g/m*  (904.80+67.3) g/m’ 2.02 4.58 (400. 0+
62.1) g/m’ 1la  (792.29%72.25) g/m*> (1799.2%200.1) g/m’ 1.98
4.5 (377.0+52.3) g/m’ 1la  (809.83+79.23) g/m’
(2279.0+£139.1) g/m’ 2.15 6.05 (409.5+34.3) g/m’;
1la  (848.0+56.2) g/m*> (2988.25+167.2) g/m’ 2.1 7.3 4
3.3
4 o
1la 1 Y=-0.126x+4.219 R*=0.7763; Y=
—0.0583x+1.498 R*=0.8861. 1la 1.92 t/hm’
6 12 2.88 t/hm*> 3.2 10.29 ; 4.08
t/hm’>  3.26 8.5 4.41 t/hm*  3.24 8.65
5 o 11a
1 Y=-0.4084x+12. 117 R*=0.7544 : Y=-0.0522x+2.9081 R’=
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Table 3 Litter carbon density of different grassland vegetation types/( t/hm?)
11a
Grassland t Row of Degeneration Initial enclosed Enclosed 11a
srassiand fypes grassland types grassland grassland grassland
0.00 0.24x0. 06" 3.30+1.85%
Desert grassland 0.04+0.01% 0.10+0. 025 1.50+0. 841
0.05+0.00% 0.12x0. 035 1.70£1.00%
0.03+0.01% 0.11x0. 045 1.80+0. 774
0.00 0.15+0.09" 1.70+0. 414
0.04+0.02% 0.18x0. 025 3.20+2. 13
Hilly typical steppe 1 0.04+0.01% 0.1720.06" 2.10+1.18*
0.05+0.015% 0.18+0. 06" 4.30+0. 4442
0.00 0.18%0.24"° 4.80+0.96"
0.03+0.01% 0.23+0. 025 4.00+1.574
0.06+0.02"" 0.1520.04" 4.00+0.914
0.05+0.02% 0.17£0. 045 4.20+0. 954
0.06+0.02°¢ 0.28+0.05" 4.75+0. 124
Plateau typical steppe 0.08+0.03¢ 0.27+0.05" 5.10+0.08%
0.05+0.02% 0.22+0.06" 4.91+0. 48
0.03+0.01¢ 0.20+0. 04" 4.05+0. 06"
0.00 0.24+0.08" 4.00+1.18%*
0.03+0.00% 0.12£0. 045 4.00+0. 984
0.11+0.02°¢ 0.35+0.02"° 5.55+0.02"
Mountain meadow steppe 0.10+0.02°¢ 0.340.03" 4.15+0.08*
0.06+0.01¢ 0.29+0.03" 3.25+0.17%
0.05+0.02°¢ 0.24+0.02"° 4.60+0.334

( P<0.05)

( P<0.01)
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Table 4 Total carbon density of different types of grassland vegetations

Mean carbon density /( t/hm?)

Experiment Mean carbon density
Grassland types o
treatment Living plants litter Roots Sum /(tehm™a™)
I 0.131+0.03% 0.040+0.01% 0.306+0.05" 0.477 0.477
Desert grassland I 0.242+0.03"% 0.144+0.03% 1.262+0.07" 1.648 0.549
I 1.656=0. 12* 2.000+0. 06" 3.410£0.37* 7.066 0.707
I 0.270+0.02¢ 0.045+0.02% 0.65420. 114 0.969 0.969
Hilly typical steppe II 0.71320.07" 0.180+0. 06" 2.647+0.21" 3.540 0.885
I 2.333+0.15% 3.800+0. 1942 7.300+0. 334 8.080 0. 808
I 0.408+0.05° 0.050+0.01° 1.947+0.04* 2.355 2.355
Plateau typical steppe I 1.132+0.13" 0.222+0.06" 2.813+0.26" 4.167 1.389
| 3.368+0.22* 4.468+0. 06" 7.483+0. 65 15.319 1.532
1 0.473+0.05° 0.080+0.01¢ 0.768+0.05" 1.321 1.321
Mountain meadow steppe I 1.303+0.11"% 0.305+0.03" 2.218+0.27" 3.826 1.913
| 4.031+0.18% 4.388+0.26" 12.5630. 86 20.982 2.100
I: I ;I 1la
5
(n N N 11a
36. 71.45.66.62. 85.87. 56 g-m’2°a’] 90. 48.179. 92.227.90.298. 83
-2, -1
g°m *a o
(2) lla 0.192 t*hm >a™ 6
0.288 t*hm >a™ 3.2 0.408 t*hma™
3.26 0.441 t*hm>a™ 3.24 .
(3) 11a 0.330 t*hm™a™’ 65
0.480 t*hm >a”' 79 0.510 t*hm™a™
62.75 0.555 t*hm™a™ 49
(4) 11a . 0—100 cm : >
> > o
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