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Abstract: Global warming is an important problem faced by mankind at present. The increase in greenhouse gas emissions

due to human activities is the main cause of global warming. The degraded agricultural land can reduce soil greenhouse gas
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emissions by improving the carbon sequestration capacity of ecosystems through vegetation restoration, but there is still
uncertainty how plant community characteristics affect ecosystem carbon stocks following vegetation restoration. This paper
selected a chronosequence of 0 (farmland) , 8, 15, 25 and 35 years of grassland restoration since farmlands abandonment.
We aimed to explore (1) how the plant community and ecosystem carbon stocks changed with the increase of restoration
age; and (2) how the composition of the plant communities affected the changes of the ecosystem carbon stocks. The results
showed that the community cover increased significantly with the increase of restoration age, and reached the maximum
value (64.0% ) in 35 years since farmlands abandonment. The advantage strains evolved from Lespedeza daurica, Leymus
secalinus , Artemisia capillaris, to Stipa bungeana, Artemisia sacrorum; grasses, perennial herbs and shrubs gradually
became the dominant species. The Shannon-Weiner index and the Patrick index both showed a trend of first increase and
then decrease, reaching their highest level in the farmland abandonment for 15 years. The carbon stocks of aboveground
vegetation and underground vegetation showed a linear increase during the restoration period. They both reached the
maximum value in 35 years, which were 0.83 and 1.49 Mg C/hm’, respectively. The carbon stocks of litters reached the
maximum value of 0.40 Mg C/hm’ in the 25 years. Soil carbon stocks and organic carbon content showed a trend of first
decline and then increase, reaching the lowest value in 8 years and returning to the same level with farmland in 35 years,
and soil carbon stocks accounted for 93.3%—99.6% of ecosystem carbon stocks in the grassland restoration ecosystems.
Ecosystem carbon stocks were in line with soil carbon stocks, with a minimum of 24.32 Mg C/hm’ in 8 years and 43.70 Mg
C/hm’ in 35 years. Community cover, above —ground biomass, litter, plant structure and function showed significantly
positive correlation between carbon stocks ( P<0.05), and the important values of forbs and annual herbs showed
significantly negative correlation with ecosystem carbon stocks (P<0.05). The study suggested that vegetation community
composition increased ecosystem carbon stocks by increasing vegetation and soil carbon stocks. The important values of
perennials, forbs and grasses and underground biomasses and litters are important vegetation factors to affect the carbon

stocks in the restoring grassland ecosystems.

Key Words: vegetation restoration; carbon stocks; biomass; carbon sequestration; plant diversity
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Table 1 Geographical characteristics of different recovery years

PRI AR W %73 AE i) Yef
Recovery years/a Slope/ (°) Elevation/m Bulk density/(g/cm®)  Aspect Slope positions
0 (4¢H Farmland) 19—24 1280.5+5.6 1.26+0.01ab M AR b R

8 15—32 1240.4+3.1 1.14+0.02¢ b e ¥k BT

15 14—30 1261.9+4.0 1.23+0.08b ZRJb e by

25 22—28 1150.5+5.4 1.29+0.06a [N ¥

35 14—29 1200.5+44.9 1.16+0.06¢ KA Ly
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Table 2 Plant community characteristics for different recovery years

BEEARE PR AEBR Recovery years/a

Biome character I 15 25 35

FEVE I Biome height/cm 64.14+4.17a 52.67+5.77ab 42.38+2.24b 53.33+7.18a
TV T2 Biome coverage/ % 30.5+2.20¢ 53.4+4.30ab 42.7+5.86bc 64.0+4.20a
Shannon-Weiner $§%% 1.69+0.15b 1.92+0.06a 1.73+0.13b 1.61+0.09b
Simpson 1531 0.76+0.04a 0.83+0.01a 0.79+0.03a 0.76+0.02a
Patrick 5%t 7.00+0.87ab 8.2220.40a 6.89+0.87ab 6.00+0.50b
Pielow 5%k 0.91+0.02a 0.91+0.01a 0.92+0.01a 0.92+0.01a
PR Dominant species Ls g HCE B SR BRI e s e Ko e

Shannon-Weiner; 7 R NG 4L ; Simpson : 3 FRFGEL; Patvick : “F & BEHEEL; Pielow . WA E; RNF/ING R RN RRIWKE 4R 2 A 477
I 322 5 (P<0.05)
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Fig.1 Changes in living patterns and functional groups in different recovery years since grassland restoration
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£3 TRGBEEREMENTH

Table 3 Changes in plant biomasses in different recovery years

R Mo 2B bR AE ) P& A ) i
Recovery years/a Aboveground biomass/ (g/m?*) Belowground biomass/ (g/m?) Litter biomass/ (g/m?)
0 30.3+3.33c¢ 7.0£0.01¢ -
8 92.3+7.21b 395.0+83.09ab 24.2+3.29h
15 147.7+14.65a 202.4+33.40bc 143.9+55.90a
25 154.6+15.03a 294.9+38.30ab 113.4£17.04a
35 196.8+23.42a 484.1+77.34a 114.0£28.34a

AIRING R R AR 2 47 BR 22 ) A f8 3% 25 57 (P<0.05)
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Biff) 7.5 71745 fif, M FHIBEOKGES 8 R 1S4 B2 10
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R 2) FER 8 15 4F 2 IITEAE i 5 25 7 (P<0.05) BRSLEFIR Recovery years/a

P15 FIE W EZER(P>0.05) . 5 15,2535 4R H2 REGEERERHER

Yttt o~ 0.37 Mg C/hm’ 0.40 Mg C/hm” ,0.35 Mg C/  Fig.2 Vegetation carbon stocks in different recovery years

hm? 73555 8 4E1Y 4.9 5.3 4.7 135, Hb - B fi% B Aboveground biomass carbon stocks; Hi1 T Bk i &
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carbon stocks; N[AI/ING FER: e om AN [Pk &2 4F BR 2 1] ££ 7 13 25
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PRS2 B S 3 R ) MR S g e (1R 3) , t
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7 11.89 g/kg 41.03 Mg C/hm? , AXTFA4 H A 34N T 27.3% 1 16.8%, 5 35 4F 0—30 cm 1 3R Aif 0
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0—10 cm [RAE &= AR H 5 815,25 555 35 194 )2 A B A7 7E .35 25 53 (P<0.05)  AH B IR
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187 j::]EO—IO(:m a ¢ a a
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Fig.3 Changes in soil carbon contents and stocks in different recovery years
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Fig.4 Changes in carbon stocks in ecosystems during different

recovery years
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Table 4 The relationships of plant community characteristics, diversity with ecosystem carbon stocks

GERSLUTAN

Vegetation

TP RE

e itk

Soil carbon stocks

ARGk it i

Ecosystem

Biome character

carbon stocks 0—10 em 20—30 ¢m carbon stocks
TV 21 Biome height 0.029 -0.064 -0.166 -0.130
HEVE ¥ Biome coverage 0.739** 0.493 ** 0.486 " 0.490** 0.586 "
F 5 BEHE AL Patrick -0.302 0.182 -0.152 0.004
FARBAIHEEL Shannon-Weiner -0.234 0.219 -0.093 0.064
- FRFE L Simpson -0.152 0.240 -0.023 0.119
)51 BEFE 4K Pielow 0.060 0.040 -0.024 0.012
Hii | 2B ¥4 Aboveground biomass 0.919 ** 0.203 0.190 0.317*
i1 A4 i belowground biomass 0.662 ** -0.237 -0.091 -0.117
JHTE Y A )i Litter biomass 0.323 0.454** 0.256 0.453 **
ZR KL Forbs -0.566 ** -0.274 -0.464** -0.425"" -0.432**
R Grasses 0.570"* 0.014 0.468 ** 0.490 ** 0.347"
ZF} Leguminous 0.284 0.496 ** 0.128 0.390
—AEA AR Annual herbs -0.591** -0.623** -0.612** -0.562** -0.695"*
LA R Perennial herbs 0.446** 0.810"* 0.671** 0.668 ** 0.819**
A Shrubs 0.346 " 0.028 0.087 0.114

* P<0.05; =% P<0.01

2.6 YA SRR A S AR TSGR

HOBCR L | MR e TS M L/ W M R L B S T8 (e 2
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Table 5 Multi-linear regression analysis of plant and soil carbon stocks and plant diversity

iR 2SR Tiefitt it FE e

Land use type Carbon stocks Equations

H AR it bk Y = 0.0074 + 0.002B + 0.002L - 2.913Z - 5.156G + 1.006S + 1.000 0.965*

Natural restoration glassland 0—10 cm 3 Y = 75.707P - 0.007B - 40.688 0.764*
10—20 em +-3 Y = 31.063P + 23.325H - 36.724G - 0.004B + 0.005L - 17.662 0.870"
20—30 em 13 Y = 34.578P + 23.627H - 12.903Z — 33.045 0.916"
EERY Y = 160.043P + 61.416H - 0.011B + 31.796Z + 0.016L - 125.597 0.887 "

A Hi - AEY)E Aboveground biomass; B: i T AE#iE Belowground biomass; L. JA7&#9) Y Litter biomass; Z: 2% Forbs; H: /R Grasses;
P. ZAEA:HHY) Perennial herbs; G: K Shrubs; S: 3 #RHEEL Simpson; * P<0.05; ** P<0.01
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