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Effects of changing precipitation regime on carbon exchange
in a typical steppe ecosystem in Inner Mongolia
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Abstract: Under the global change context the amount of precipitation in Inner Mongolian grassland ecosystem is predicted to
increase or decrease. However the potential impacts of these changes on ecosystem carbon exchanges remain poorly under—
stood. To address this issue a precipitation manipulation experiment was conducted by using fully-controlled rainout shelters in
Inner Mongolian grassland ecosystem. The results showed that with the increase of precipitation amount from 100mm to 500mm

net ecosystem exchange ( NEE) ecosystem respiration ( ER) and gross ecosystem productivity ( GEP) all increased significant—
ly but followed a nonlinear trajectory. The saturation points for NEE ER and GEP were observed at the precipitation levels of
350mm 200mm and 275mm respectively. Based on the slopes of response rate of NEE ER and GEP to decreased and increased
precipitation amount precipitation reduction had stronger impacts on three parameters related to precipitation increase. Variation
partioning analysis indicated that community biomass production was the primary factor influencing ecosystem carbon exchan—

ges. Community biomass alone can explain 30. 89% 41.90% and 40.60% of variation in NEE ER and GEP respectively. Soil
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moisture and soil temperature jointly can only explain 11.51% 7.28% and 9.28% of variation in NEE ER and GEP respec—

tively. These results have implications for better understanding and predicting the impacts of precipitation changes on ecosystem

carbon exchanges in typical steppe ecosystems in Inner Mongolia.

Key words: global change; ecosystem carbon fluxes; precipitation regime; nonlinear response
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opment Core Team 2007)

R 2.5.0 ( R Devel-

Software Inc. Chicago USA)

Sigma Plot 12. 0( Systat

) 400mm
2.1 N
1 N
Table 1  Effects of changing precipitation regime on soil moisture soil temperature
and community biomass production inlnner Mongolia grassland
((mm) (V/IV%) (%) (°Q (gm?)
100 12.66 +0.62 46 15.61 £0. 16 83.52 +13.94 ¢
150 12.04 £0.56 f 44 15.62 £0. 17 120.7 £11.76 e
200 13.68 £0. 58 ef 40 15.46 £0.29 168.73 £20.99 d
275 15.64 £0.67d 40 15.39 £0. 25 200. 89 +15. 96abed
300 14.81 +0. 61 de 39 15.28 +0. 11 180.35 £9.36 cd
350 16.36 +0. 60 cd 35 15.61 +0. 20 185.01 £10. 14 bed
400 17.71 £0. 58 be 31 15.49 +0. 12 219.38 £8. 19 abe
450 18.49 £0.53 b 27 15.51 £0. 19 233.79 £13.51a
500 20.76 £0.59 a 27 15.29 +0. 21 225.21 +£12.57ab
+ P <0.05.

Note: The value was MEAN =+ SE different letters indicate significant differences between treatments at P <0. 05.
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Fig. 2 Net ecosystem exchange( NEE) ecosystem respiration ( ER) and gross ecosystem productivity ( GEP) under different
precipitation amount treatment ( different letters indicate significant differences between treatments at P <0. 05)
NEE.ER.GEP NEE 11.51%.
( 3) NEE.ER GEP N ER
49. 68 % ER
41.90% ER
2.3 ( ) ( 7.78% . N
N ) GEP 49. 88%
4 N GEP 40. 60%
NEE 42.39% GEP 9.28% .
NEE 30. 89%




5 521
2:5 0.0
Tk b
KAk 1.4 1
2.0
1.2 1
%15 | 5
2 =
E E
23] ~ 1.0 A
= 1.0 1 . o
y=0.1268+0.0031x
R2=0.95 P<0.05 y=0.7725+0.0007x
8 1 R*=0.87 P<0.05
=i :
y=-0.0966+0.0037x y=0.5359+0.0016x
R’=0.91 P<0.05 R*=0.97 P<0.05
0.0 .6
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Fée7K e (mm) Fée7IC R (mm)
1.6 1
1.4 1
B 1.2 1
o 1.0 1 n
3 y=0.547+0.0015x
8 R*=0.94 P<0.05
-6 1 y=0.3375+0.0023x
R’=0.91 P<0.05
4 T T T T T
0 100 200 300 400 500 600
Pz ()
3 N
Fig. 3 Response ratio of net ecosystem exchange ( NEE) ecosystem respiration ( ER)
and gross ecosystem productivity( GEP) to decreased and increased precipitation amount treatment
100
I T
] Lk
[ 3
i NGRS
80
0 -
=
el —
201
of)
NEE ER GEP
om
4 N N N

Fig. 4 Relative importance of community biomass production soil moisture and soil temperature in the changes of net

ecosystem exchange ( NEE) ecosystem respiration ( ER) and gross ecosystem productivity ( GEP) .



522 ( 42
3
3.1 ’
(1 1
31
8 17
NEE GEP ER
NEE GEP X
ER ER
3233 .
200mm GEP 275mm
NEE 350mm
31
.NEE
350mm
NEE
31
i ER
&)
200mm :
200mm-350mm
(1
30 1)
( 275mm ) 3.3 >
( 275mm 5 ) NEE.ER GEP
34
NEE.ER
GEP ( )
15
s NEE GEP ER 30. 89%
40.60%  41.90% .
NEE s
3.2 NEE GEP

ER



523

NEE GEP ER

11.51% 9.28 % 7.78 %.
100mm 500mm
( <275mm )
( >275mm )

1 NI J. Carbon storage in grasslands of China J . Journal of Arid Envi—

ronments 2002 50(2) :205-218.

1985.

3 KARL T R TRENBERTH K E. Modern Global Climate Change J .
Science 2003 302(5651) : 17194723.

4 WESTRA S FOWLER HJ EVANS J P et al. Future changes to the in—
tensity and frequency of short duration extreme rainfall J . Reviews of
Geophysics 2014 52( 3) : 522-555.

5 CHEN SP LIN GH HUANG JH et al. Dependence of carbon seques—
tration on the differential responses of ecosystem photosynthesis and res—
piration to rain pulses in a semiarid steppe J . Global Change Biology
2009 15(10) :2450 — 2461.

6 SELAYA N G OOMEN R J NETTEN J J C et al. Biomass allocation
and leaf life span in relation to light interception by tropical forest plants
during the first years of secondary succession ] . Journal of Ecology
2008 96(6) : 1211 — 1221.

7 XIA JY NIU SL WAN SQ. Response of ecosystem carbon exchange to
warming and nitrogen addition during two hydrologically contrasting
growing seasons in a temperate steppe J . Global Change Biology
2008 15(6) : 15444556.

8 NIU S WU MY HAN Y et al. Water-mediated responses of ecosystem
carbon fluxes to climatic change in a temperate steppe J . New Phytol-
ogist 2008 177(1) 1209 — 219.

9 FANG JY PIAO SL TANG ZY et al. Interannual variability in net pri—
mary production and precipitation J . Science 2001 293 ( 5536) :
17234723.

10 KNAPP A K BEIER C BRISKE D D et al. Consequences of More

Extreme Precipitation Regimes for Terrestrial Ecosystems J . Biosci—
ence 2008 58(2008) :811-821.

11 KNAPP A K FAY P A BLAIR J M et al. Rainfall variability carbon
cycling and plant species diversity in a mesic grassland J . Science
2002 298(5601) :2202-2205.

12 WELTZIN J F LOIK M E SCHWINNING S et al. Assessing the Re—
sponse of Terrestrial Ecosystems to Potential Changes in Precipitation

I . Bioscience 2003 53( 10) : 941-952.

13 BALLANTYNE A P ALDEN C B MILLER ] B et al. Increase in ob—
served net carbon dioxide uptake by land and oceans during the past 50
years J . Nature 2012 488(7409) : 7072.

14 XU ZZ ZHOU GS. Responses of leaf stomatal density to water status
and its relationship with photosynthesis in a grass J . Journal of Exper—
imental Botany 2008 59( 12) :3317-3325.

15 WU ZT DIJKSTRA P KOCH G W et al. Responses of terrestrial eco—
systems to temperature and precipitation change: a meta-analysis of ex—
perimental manipulation J . Global Change Biology 2011 17(2) :927
— 942.

16 GRIFFIST J BLACK T A GAUMONT GUAY D et al. Seasonal vari—
ation and partitioning of ecosystem respiration in a southern boreal asp—
en forest J . Agricultural and Forest Meteorology 2004 125(34) :207-
223.

17 YAN LM CHEN SP HUANG JH et al. Increasing water and nitrogen
availability enhanced net ecosystem CO2 assimilation of a temperate
semiarid steppe J . Plant and Soil 2011 349( 12) : 227-240.

18 RISCH A C FRANK D A. Effects of increased soil water availability
on grassland ecosystem carbon dioxide fluxes J . Biogeochemistry
2007 86( 1) :91403.

19 VERMA S B DOBERMANN A CASSMAN K G et al. Annual carbon
dioxide exchange in irrigated and rainfed maize-based agroecosystems

J . Agricultural and Forest Meteorology 2005 14(8) : 1854-1876.

20 BERNACCHI C J VANLOOCKE A. Terrestrial ecosystems in a chan—
ging environment: a dominant role for water J . Helia 2015 32(51):
1148.

21 LIU LL WANG X LAJEUNESSE M ] et al. A cross biome synthesis
of soil respiration and its determinants under simulated precipitation
changes J . Global Change Biology 2015 22(4) : 1394-4405.

22 VICCA S GILGEN A K SERRANO M C et al. Urgent need for a
common metric to make precipitation manipulation experiments compa—
rable J . New Phytologist 2012 195(3) :518 — 522.

23 CHAPIN FS MATSON P A MOONEY H A et al. Principles of terres—
trial ecosystem ecology M . Berlin: Springer 2011:369-397.

24 SOWERBY A EMMETT B A TIETEMA A et al. Contrasting effects
of repeated summer drought on soil carbon efflux in hydric and mesic

heathland soils J . Global Change Biology 2008 14( 10) : 2388-2404.



524

25 SUSEELA V. CONANT R T WALLENSTEIN M D et al. Effects of
soil moisture on the temperature sensitivity of heterotrophic respiration
vary seasonally in an oldfield climate change experiment J . Global
Change Biology 2012 18( 1) : 336-348.

26 WANG Y HAO Y CUI X Y et al. Responses of soil respiration and
its components to drought stress J . Journal of Soils and Sediments
2014 14(1) :99409.

27

J. 2014 22(3) :439-447.
28 . J.
2010 35(7) :146449.

29 JASONI RL SMITH SD ARNONE JA . Net ecosystem C, exchange in
Mojave Desert shrublands during the eighth year of exposure to elevated
€O, ] . Global Change Biology 2005 11(5):749 — 756.

30 BAI YF WU JG HAN XQ et al. Primary production and rain use effi-

ciency across a precipitation gradient on theMongolia plateau J . Ecol-

ogy 2008 89(8) :2140-2153.
31
I 2016 40(7) : 658-668.

32 BAI YF JIANGUO WU CLARK C M et al. Tradeoffs and thresholds
in the effects of nitrogen addition on biodiversity and ecosystem functio—
ning: evidence from inner Mongolia Grasslands J . Global Change Biol-
ogy 2010 16(2) :889-889.

33 EUGENE B ] WENG ES LUO YQ. Ecohydrological responses to mul—
tifactor global change in a tallgrass prairie: A modeling analysis J .
Journal of Geophysical Research Atmospheres 2010 115(4) :701519.

34

D . : 2011.
35
J. 2006 30( 6) : 894-
900.



