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Interactive effects of short-term nitrogen enrichment and simulated grazing on

ecosystem respiration in an alpine meadow on the Tibetan Plateau
ZONG Ning""*, SHI Peili" *, JIANG Jing”’, XIONG Dingpeng"’, MENG Fengshou'’, SONG Minghua®,
ZHANG Xianzhou', SHEN Zhenxi'

1 Lhasa National Ecological Research Station, Key Laboratory of Ecosystem Network Observation and Modelling , Institute of Geographic Sciences and Natural
Resources Research, Chinese Academy Sciences, Beijing 100101, China

2 Key Laboratory of Ecosystem Network Observation and Modeling , Institute of Geographic Sciences and Natural Resources Research, Chinese Academy
Sciences, Betjing 100101, China

3 Unaversity of Chinese Academy of Sciences, Beijing 100049, China

Abstract; Both nitrogen (N) deposition and livestock grazing are important factors influencing species composition, soil
nutrient availability, plant productivity and allocation pattern in grassland ecosystems. However, little is known about their
interactive effects on alpine ecosystem carbon cycling process such as ecosystem respiration. In 2010 we started a long-term
factorial experiment in an alpine meadow in Damxung County in northern Tibet, China, to examine the interactive effects of
N addition and grazing on plant biomass allocation, soil microbial carbon and N and ecosystem CO, fluxes. The experiment
had two N treatments crossed with two grazing treatments, resulting in a total of four treatments coded as CK ( control, no N
addition and no simulated grazing) , N (with N addition but no grazing) , G (no N addition but with grazing) and NG
(with both N addition and grazing). For N addition, we added 40 kg N hm™ a™', and to simulate livestock grazing, we

selectively clipped palatable grasses and sedges. We analyzed the available data collected during the growing seasons in
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2011 and 2012. Compared with CK, N significantly increased ecosystem respiration by 82% and 72% and soil respiration by
53% and 65% in August 2011 and 2012, respectively, but G had no significant effect on ecosystem respiration or soil
respiration. Moreover, ecosystem respiration or soil respiration did not differ significantly between CK and NG, indicating
that simulated grazing partially counteracted the stimulating effect of N addition on ecosystem CO, fluxes. Compared to CK,
N addition stimulated plant aboveground growth by 82 % and 84 % in August 2011 and 2012, respectively, NG promoted
plant root compensatory growth and increased plant allocation to belowground by 127 % and 116 % in August 2011 and
2012, respectively, and G had no effect on belowground biomass. G inhibited soil microbial carbon and did not affect soil
microbial N, while N addition increased soil microbial N and soil microbial metabolic activity. Furthermore, compared to
CK, both N and NG treatments increased dissolved organic carbon, while G had no such an effect. The correlation analysis
showed that ecosystem respiration and soil respiration were mainly controlled by soil microbial metabolic activity and
dissolved organic carbon. Additionally, aboveground biomass was significantly correlated with dissolved organic carbon but
not with soil microbial metabolic activity. These results suggest that N addition promotes ecosystem respiration and soil
respiration directly by the stimulating effects on soil microbial metabolic activity and aboveground plant production, and that
photosynthetic substrate supplied by aboveground plant part may be of great importance for ecosystem respiration and soil
respiration. The differential effects of N addition and simulated grazing on ecosystem CO, fluxes suggest that exogenous N
input can relieve the negative effect of grazing pressure on plant production in the alpine meadow. On the contrary, livestock
grazing will suppress the stimulated effects of increased N deposition on ecosystem CO, fluxes in the future global change

scenarios.

Key Words: nitrogen enrichment; simulated grazing; ecosystem respiration; plant biomass allocation; soil microbial

carbon and nitrogen; alpine meadow
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F1 BEAMEENHBNESREHERS TEFRESNESNER
Table 1 Ecosystem respiration ( RE) and soil respiration (RS) from repeated-measure (ANOVA) using measuring date as repeated-measures,

conducted in 2011and 2012. F and P mean F value of ANOVA result and statistical significance, respectively

UNELOS: HB RS Ecosystem respiration T+ IEIFE Soil respiration
Treatment F P F P
FA) Year 2.074 0.231 3.224 0.085
AL PR Treatment 41.178 0.000 9.051 0.000
) Yearx b PR Treatment 0.905 0.453 0.885 0.463
W A 4] Date 58.266 0.000 68.442 0.000
H i Datex4E45} Year 24.670 0.000 20.450 0.000
H I Datex 43 Treatment 9.183 0.000 8.481 0.000
H ] Datex4E47 YearxAbFE Treatment 1.447 0.103 1.656 0.075
IL: COCKZZN SIS G = NG
ﬁ@ —— CK
9 e —O—N
ﬂg —A—G
R —/— NG

Ecosystem respiration/(umol CO, -m~2s7")
(=2}
T

=0 g
o i %%
g 6L !
S 2
X35 i

=5 |

g

a 2+

=

=z L

wl

0 ! | ! | ! | ! | ! | ! | ! | ! | ! | ! |

191 213 232 253 - 198 219 235 260
FLH Day of year in 2011 1 HDay of year in 2012

1 AEFAMEEUHBAN SEEAESRETRE LIRS
Fig.1 Seasonal variations of RE and RS under four different treatments in 2011 and 2012

Vertical bars represent the standard error of the mean (n=4); C. control plots ( solid square) ; N: N addition (open circle) ; G: simulating grazing
(solid triangle) ; NG: N addition and simulating grazing (open triangle) ; CK: Xf A& ;N. R ;G FHUH NG, BZ BN R
[ B ) R 22 S L 2

3.2 Hb b MR AR U R I B AR A 1 v i
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Fig.2 Aboveground (AGB) and belowground biomass (BGB) under four different treatments in 2011 and 2012
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Fig.3 Soil microbial biomass C (SMC), N (SMN) , soil microbial activity ( RS/SMC) and dissolved organic C ( DOC) under four different
treatments in 2011
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