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Responses of ecosystem CO, exchange to clipping in a semi-arid typical grassland

on the Loess Plateau
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Abstract: Grassland ecosystem plays an important role in global climate change. Clipping is an effective management
practices to realize the rational utilization of grassland resources. However the responses of grassland ecosystem CO, flux to
clipping remain unknown. Here we conducted a 3-year field experiment in a semi-arid typical grassland on the Loess
Plateau to examine the effect of clipping on CO, flux. Ecosystem carbon dioxide flux components were measured as well as
soil temperature and moisture at the depth of 0—10 cm. The results showed that the seasonal dynamics of CO, flux presented
a single peak pattern with the highest values in summer and the lowest values in spring and autumn. There was a slight
difference in the timing of CO, flux peak. During across experimental period clipping significantly increased soil respiration
(Rs) by 17% but had no significant effects on the gross primary productivity ( GEP) ecosystem respiration ( Re) and
net ecosystem carbon absorption ( NEE) . The GEP Re and NEE in normal rainfall year ( 2014) were higher than those in
dry year ( 2015) . The response of the GEP and the NEE to clipping depended on rainfall type. There was a significant
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increase of the GEP and the NEE in dry year after clipping while an opposite trend was found in normal rainfall year. These
results suggested that CO,flux were mainly determined by the inter-annual rainfall in the semi-arid grassland ecosystems

and clipping could increase the soil CO, emission.

Key Words: clipping; grassland; soil respiration; carbon flux; Loess Plateau
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Table 1 A two-ANOVA results of clipping and year effects on soil temperature soil moisture and ecosystem CO, flux components

Time Factors i T M Rs GEP Re NEE
2013—2015 CL 1 0.2329 0.0954 0.0022 0.0613 0.0337 0.2661
Y 1 0.2317 <0.0001 0.4198 <0.0001 0.0005 <0.0001
2014—2015 CL 1 0.3281 0.9772 0.0015 0.7563 0.0886 0.0692
Yx CL 1 0.1245 0.2859 0.0878 0.0052 0.3878 0.0006
CL: Clipping; T" Soil temperature; M: Contents of volumetric moisture; Rs: Soil respiration; GEP:
Gross primary productivity; NEE: CO, ( CO,) Net primary productivity; Re: Ecosystem respiration;
Y: Year
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Table 2 Average value of soil moisture and temperature ecosystem CO, flux under different treatments
Ttems Treatments Mean 2013 2014 2015
CK 15.548+0.41a 18.719+0.66a 14.508+0.71Aa 14.312+0.52Aa
r/C CL 16.199+0.41a 19.297+0.69a 14.85+£0.66Aa 15.359+0.59Aa
CK 14.934+0.47a 14.997+0.36b 17.495+0.78 Aa 12.071+0.77Ba
M/ % CL 16.137+0.53a 19.411+0.71a 17.884+0.78 Aa 11.760+0.73Ba
CK 2.395+0.10b 2.970+0.16b 1.993+0.19Ab 2.405+0.12Ab
Rs/( pmol m2s™) CL 2.817+0.09a 3.109+0.13a 2.784+0.19Aa 2.636+0.12Aa
CK 12.122+0.43a 13.409+0.43a 14.131+0.76Aa 8.946+0.56Bb
GEP/( pmol m2 s CL 11.086+0.35a 8.938+0.54b 12.659+0.6Aa 10.967+0.48Aa
CK 5.957+0.21a 5.487+0.32a 6.827+0.4Aa 5.351+0.29Ba
Re/( pmol m™% s71) CL 5.360+0.18a 4.826+0.26a 5.978+0.34Aa 5.082+0.28Ba
CK -6.165+£0.31a =7.922+0.31a =7.303+0.5Aa -3.595+0.39Bb
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Table 3
Table 3 The regression analysis between soil temperature and ecosystem CO, flux components
Rs = a x T
a SE( a) b SE( b) Q1 SE( Q1) RMSE R P
CK+CL 0.6503 0.0948 0.0806 0.0057 2.2395 0.1287 0.3800 0.46 0.0010
CK 0.6091 0.1750 0.0864 0.1180 2.3734 2.8006 0.4900 0.31 0.0001
CL 1.1310 0.1020 0.0565 0.0056 1.7599 0.0985 0.3925 0.39 0.0001
Re = a x "7
a SE( ) b SE( b) Qo SE( Q1) RMSE R P
CK+CL 2.1067 0.7040 0.0633 0.0056 1.8838 0.1054 0.2930 0.44 0.0010
CK 1.8806 0.0928 0.0758 0.0026 2.1341 0.0554 0.2600 0.56 0.0001
CL 2.2114 0.1006 0.0557 0.0064 1.7459 0.1117 0.3059 0.39 0.0001
RMSE: Root mean square error; Q,: Temperature sensitivity ( Qo) ; SE ( Qo) : Standard error for Q,
SE( Q) = Qo x 10 X SE( D)
3
31
27-29
2 Rs Re
Rs  Re o Re  Rs
NEE  GEP NEE  GEP
30-31
Rs 7—8 oA
Rs  Re o NEE
(8 GEP 2, GEP  NEE
o 2013 8
NEE GEP. 2014 2015
GEP  NEE
GEP NEE o Pierre  Smith
34
RE.GEP  NEE ? GEP  NEE . 2015
2014 50%

RE.GEP  NEE

3.2

http: //www.ecologica.cn



342 40

37 15 . 38
¥ . Bremer ' 0
o . 41
42 .
43 .
44 . .
2014
15 38 .
GEP  Re NEE o NEE GEP (
NEE=1.48-0.63XxGEP R*=0.78 P<0.0001; : NEE=1.18-0.62xGEP R’>=0.47 P<0.0001) Re
(R* 0.11—0.06) NEE GEP
® NEE GEP N
NEE  ER N o
Re GEP  NEE o
o GEP  NEE
47 .
" GEP  NEE o
GEP  NEE
GEP  NEE
o GEP  NEE o
4
GEP.Re NEE o GEP
NEE o
( References) :

1 1998 17(4): 45-51.

2 Rustad L E  Huntington T G Boone R D. Controls on soil respiration: implications for climate change. Biogeochemistry 2000 48( 1): 1-6.

3 Jensen R Herbst M Friborg T. Direct and indirect controls of the interannual variability in atmospheric CO, exchange of three contrasting
ecosystems in Denmark. Agricultural and Forest Meteorology 2017 233: 12-31.

4 Law B E Falge E Gu L Baldocchi D D Bakwin P Berbigier P Davis K Dolman A J Falk M Fuentes J D Goldstein A Granier A Grelle
A Hollinger D Janssens I A Jarvis P Jensen N O Katul G Mahli Y Matteucci G Meyers T Monson R Munger W Oechel W Olson R
Pilegaard K Paw U KT Thorgeirsson H Valentini R Verma S Vesala T Wilson K Wofsy S. Environmental controls over carbon dioxide and
water vapor exchange of terrestrial vegetation. Agricultural and Forest Meteorology 2002 113( 1/4): 97-120.

5 Beer C Reichstein M Tomelleri E Ciais P Jung M Carvalhais N Rédenbeck C Arain M A Baldocchi D Bonan G B Bondeau A Cescatti
A Lasslop G Lindroth A Lomas M Luyssaert S Margolis H Oleson K W Roupsard O Veenendaal E Viovy N Williams C  Woodward F 1
Papale D. Terrestrial gross carbon dioxide uptake: global distribution and covariation with climate. Science 2010 329(5993) : 834-838.

6 Wan S Q Norby RJ Ledford J] Weltzin J F. Responses of soil respiration to elevated CO, air warming and changing soil water availability in a
model old-field grassland. Global Change Biology 2007 13( 11): 2411-2424.

7 Adams J M Faure H Faure-Denard L McGlade ] M Woodward F 1. Increases in terrestrial carbon storage from the Last Glacial Maximum to the

http: //www.ecologica.cn



1 €O, 343

present. Nature 1990 348( 6303): 711-714.

8 Risch A C Frank D A. Effects of increased soil water availability on grassland ecosystem carbon dioxide fluxes. Biogeochemistry 2007 86( 1) :
91-103.

9 FuY ZhengZ YuG HuZ SunX ShiP WangY Zhao X. Environmental influences on carbon dioxide fluxes over three grassland ecosystems
in China. Biogeosciences 2009 6( 12): 2879-2893.

10 YanJH ZhangYP YuGR ZhouGY Zhang LM Li K TanZH Sha L Q. Seasonal and inter-annual variations in net ecosystem exchange
of two old-growth forests in southern China. Agricultural and Forest Meteorology 2013 182-183: 257-265.

11 Xu L K Baldocchi D D. Seasonal variation in carbon dioxide exchange over a Mediterranean annual grassland in California. Agricultural and Forest
Meteorology 2004 123(1/2): 79-96.

12 2017 26(10): 1-9.

13 2017 37(2):
378-386.

14 2012 32(1): 226-237.

15 1998 5(1): 36-54.

16 — . 2004 13(2):
43-49.

17 2016 38(3): 653-661.

18  Bremer D J Ham J M Owensby C E Knapp A K. Responses of soil respiration to clipping and grazing in a tallgrass prairie. Journal of
Environmental Quality 1998 27(6): 1539-1548.

19 Wan S Q Luo Y Q. Substrate regulation of soil respiration in a tallgrass prairie. Results of a clipping and shading experiment. Global
Biogeochemical Cycles 2003 17(2): 1054.

20  Craine J M Wedin D A Chapin Il F S. Predominance of ecophysiological controls on soil CO, flux in a Minnesota grassland. Plant and Soil
1999 207(1): 77-86.

21 JiaX X Shao M A Wei X R. Responses of soil respiration to N addition burning and clipping in temperate semiarid grassland in northern China.
Agricultural and Forest Meteorology 2012 166-167: 32-40.

22  HanY Zhang Z Wang C H Jiang F H Xia J Y. Effects of mowing and nitrogen addition on soil respiration in three patches in an oldfield
grassland in Inner Mongolia. Journal of Plant Ecology 2012 5(2): 219-228.

23 20a . 2018 35(1): 77-84.

24 2017 37
(19) : 6571-6580.

25  Jasoni RL Smith SD Arnone III J A. Net ecosystem CO, exchange in Mojave Desert shrublands during the eighth year of exposure to elevated
CO,. Global Change Biology 2005 11(5): 749-756.

26 ChenSP Lin GH Huang]J H Jenerette G D. Dependence of carbon sequestration on the differential responses of ecosystem photosynthesis and
respiration to rain pulses in a semiarid steppe. Global Change Biology 2009 15( 10) : 2450-2461.

27  Shao CL Chen] Q LiL H. Grazing alters the biophysical regulation of carbon fluxes in a desert steppe. Environmental Research Letters 2013 8
(2): 025012.

28 2013 33(23):
7525-7536.

29 Peichl M Carton O Kiely G. Management and climate effects on carbon dioxide and energy exchanges in a maritime grassland. Agriculture
Ecosystems & Environment 2012 158: 132-146.

30 CO, . D

2006 36( S1) : 194-203.
31 Co, N
2010 34(7): 770-780.

32 Polley HW Frank A B Sanabria J Phillips R L. Interannual variability in carbon dioxide fluxes and flux-elimate relationships on grazed and
ungrazed northern mixed-grass prairie. Global Change Biology 2008 14(7): 1620-1632.

33 La Pierre ] Smith M D. Functional trait expression of grassland species shift with short-and long-term nutrient additions. Plant Ecology 2015 216
(2): 307-318.

34 . . . : 2010 40(7):

http: //www.ecologica.cn



344 40

35

36

37

38

39

40

41

42

44

45

46
47

632-641.
Hunt ] E Kelliher F M McSeveny T M Byers J N. Evaporation and carbon dioxide exchange between the atmosphere and a tussock grassland
during a summer drought. Agricultural and Forest Meteorology 2002 111(1): 65-82.
Chu XJ Han G X XingQH XiaJY SunBY LI XG YuJB LiDJ Song W M. Changes in plant biomass induced by soil moisture
variability drive interannual variation in the net ecosystem CO, exchange over a reclaimed coastal wetland. Agricultural and Forest Meteorology
2019 264: 138-148.
Knapp A K Beier C Briske DD Classen AT LuoY Q Reichstein M Smith M D Smith SD Bell JE Fay P A Heisler F J L. Leavitt S W
Sherry R Smith B Weng E S. Consequences of more extreme precipitation regimes for terrestrial ecosystems. Bioscience 2008 58(9): 811-821.
2014 20( 3) : 474-483.

2011 19(1):
51-57.
Wan S Luo Y Wallace L L. Changes in microclimate induced by experimental warming and clipping in tallgrass prairie. Global Change Biology
2002 8(8): 754-768.
Wu Z T Koch G W Dijkstra P Bowker M A Hungate B A. Responses of ecosystem carbon cycling to climate change treatments along an
elevation gradient. Ecosystems 2011 14(7): 1066-1080.
Wan S Q Hui D F Wallace L Luo Y Q. Direct and indirect effects of experimental warming on ecosystem carbon processes in a tallgrass prairie.
Global Biogeochemical Cycles 2005 19(2): GB2014.

2003 23(5): 972-978.

2013 34(6):

629-635.
2018 42
(3): 349-360.
co, . 2015 26( 10) : 2978-2990.
2007 4(4): 77-80.

http: //www.ecologica.cn



