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The impact of different land uses and management strategies on ecosystem carbon

exchange and its components in a typical temperate grassland area
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Abstract: Land use change and new management strategies have extensively and rapidly altered farming-in the pastoral
ecozone of the northern China temperate steppe. Little is known about ecosystem carbon exchange responses to human-
induced land use change, which limits the accurate evaluation of the regional carbon balance and its climatic consequences.
The influence of three typical land use patterns on the farming-pastoral ecozone in northern China temperate steppe and
ecosystem carbon exchange and its components were investigated by studying the components of ecosystem carbon exchange
in three ecosystems. These were grazing, no grazing, and steppe cultivated cropland on adjacent areas in Xilinhot, Inner
Mongolia. This study used the chamber attached portable infrared analysis system ( Li-6400) to investigate the effects of
these three land uses on carbon exchange. The results showed that steppe cultivated cropland significantly decreased the
daily ecosystem carbon exchange (56% lower, P < 0.05) compared to grazed steppe. Long term grazing exclusion tended to
decrease carbon exchange and its components, but the decrease was not significant (P> 0.05). There was no significant

difference between grazed and grazing excluded steppe, which was similar to the results for net ecosystem productivity
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(NEP). In contrast, cultivation significantly decreased net primary productivity ( NPP). The gross primary productivity
(GPP) differences among the three land uses were lower. The total ecosystem respiration ( Re) , autotrophic respiration,
heterotrophic respiration, and the above and below ground respiration results for grazed steppe were not significantly
different from the results recorded for grazing excluded steppe, whereas they were all significantly higher in steppe cultivated
cropland. Root respiration was not significantly different among the three land uses. Cultivation significantly increased the
autotrophic respiration to Re proportion compared to grazed steppe, whereas soil respiration and root respiration significantly
decreased. Grazing exclusion had no significant influence. The below ground biomass has important effects on the variation
in the soil respiration (95% ) and root respiration (77% ) proportions to Re. In addition, the leaf area indexes (LAIs) of
the different grassland use patterns in the adjacent areas were very significantly positively correlated with the autotrophic
respiration to Re proportion (P < 0.001). Temperate steppe cultivated to cropland enhances ecosystem carbon release and
reduces CO, fixation compared to grassland steppe. However, grazing exclusion had a low influence on ecosystem carbon

exchange and its composition.

Key Words:; steppe management/use change; temperate steppe; ecosystem carbon exchange; ecosystem respiration and

its components
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Fig.2 Changes of daily dynamics of NEE, GEP and NPP in different grassland use pattern during the peak growing period
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Fig.3 Changes of daily dynamics of ecosystem respiration compositions in different grassland use pattern during the peak growing period
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Table 1 Partitioning of ecosystem respiration and soil respiration among three different grassland use/manage patterns

Re Rs 4% FH T R AR JCHCRE b
Composition of Re, Rs Reclaimed Grazing excluded Grazing

IR Y Re LU £ _; The ratio of Rs to Re, f .1/ % 54.3+2.5a 67.0+7.2b 66.0+2.4h
[ 320 5 Re LU £, The ratio of Ra to Re, f , /% 52.3+4.0a 47.5+2.8ab 44.5+3.9h
HERMEW S Rs Ll f ., The ratio of Rr to Rs, f ../ % 12.7+3.0a 21.2+5.6b 17.5+4.0b
AP (5 Re Hfil £, . The ratio of Rr to Re, f . .. /% 6.7£0.7a 14.1+1.8b 11.5+1.1b

Yo+ bR AT N RNG F R R A B8 22 5 B 3% (P<0.05) 5 Re: ARG BN, ecosystem respiration; Rs: T IEIFIK, soil
H F#IEI , autotrophic respiration; Rr,HR ZRIFIL, root respiration; f ; : T IEMFIR & Re HL, the ratio of Rs to Re; f, : H FRPEIR 5 Re
MR 5 Re LB, The ratio of Rr to Re

respiration ; Ra:

e8], the ratio of Ra to Re; f o0 : HERIFUL L Rs LU, the ratio of Rr to Rs; f 0 o

TERZ G - AR Sl T Ay A R I 5 £ B 3 IEAH DGO R LU E 95 % FRIE i
Foa FERE SR AY AR AL (18] 6,P<0.001) , TRE ] LAT 22 5 W R T RE G 1R] £ 281K IY 65% , LAT FERE Sl i 5
FAMERIE L (P<0.001) =400 iR 22 -0 5 ik L 31 £, B HE 5 T A 0 i A A A G (P<0.001 )
R AWy B T DU RE £ SN 77% , AR R G SN P AR R TR B £, SR A Y R R
IEAHRRFR (P<0.001) , S A 3G el DAU#RRE £, 2 1E 84% (1K1 6)
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