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Carbon budget of alpine Potentilla fruticosa shrubland based on comprehensive

techniques of static chamber and biomass harvesting

LI Hongqin'?, LI Yingnian"** | ZHANG Fawei'”, LIU Xiaoqin'"*, WU Qihua'’, MAO Shaojuan'"
1 Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810001, China

2 Key Laboratory of Adaptation and Evolution of Plateauw Biota, Chinese Academy of Sciences, Xining 810001, China

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

Abstract: Alpine shrubland is one of the most important dominant vegetation types on the Qinghai-Tibetan Plateau, and
because of its biological uniqueness, accurately estimating its ecosystem carbon function is very difficult. This is particularly
true in the case of shrub encroachment induced by ongoing climate warming. Shrubs sequester much more carbon (C) , and
their woody branches have a higher carbon to nitrogen (C/N) ratio than do grasses. In addition, soil organic matter and
litter are predicted to decompose more rapidly under future warmer scenarios. Consequently, predicting changes in the
ecosystem carbon budget caused by more shrubland in the future is crucial but difficult.

In this study, the referee CO, fluxes were estimated by eddy covariance method from 2003—2010 in the alpine
Potentilla fruticosa shrubland of Haibei Tibetan Autonomous Prefecture, China. The respiration rates of the soil and
ecosystem were observed using a static chamber, and biomass was estimated by harvesting plants four to six times per month
from May 2009 through June 2010. Finally, the net ecosystem primary production was evaluated to assess whether the

ecosystem was a sink or a source of carbon.
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Because shrubs were mixed with grasses in the study area, our experimental design included three treatments, each
with three replicates, in the shrubland; the treatments were shrub plots, grass plots, and exposed field plots. In each plot,
soil temperature was measured daily in each year of the study, while respiration rate was measured at intervals. The
correlation between soil temperature and respiration rate on the days when both were measured was used to estimate the daily
respiration rate. The results showed that daily respiration rate in the shrub, grass, and exposed field plots was 1.49—
48.27, 1.04—39.14, and 1.01—16.99 g CO, m™> d', respectively. The soil, vegetation and ecosystem respiration rates
fluctuated distinctly among seasons, and all three reached their maxima in August. The annual carbon accumulations were
444.93 | 441.36, and 886.28 g C/m’, respectively. The respiration rates of the shrub, grass, and exposed field plots
correlated exponentially and significantly with the soil temperature at a depth of 5 em (R*=0.95, 0.94, and 0.83,
respectively) . Respiration entropy, Q,(the magnitude of the respiration rate change with a 10 °C change in temperature ) ,
of the treatments was 4.40, 4.13, and 3.16, respectively. The respiration rate in the shrub and grass plots was relatively
sensitive to temperature, implying that plant respiration might contribute to ecosystem respiration much more in warming
scenarios. The average 8-year net plant primary production was 468.55 g C/m’ from 2003 to 2010, ranging from 345.02 g
C/m” in 2005 to 633.96 g C/m” in 2009. The below-ground net plant primary production was 3.89 times that of the above-
ground net plant primary production. Subtracting soil heterotrophic respiration, the alpine shrubland ecosystem acted as
weak carbon sink and on average absorbed 27.19 g C/m’ per year from the atmosphere. However, carbon function varied
over time, from releasing —108.72 g C/m’ in 2005 to assimilating 175.06 g C/m’ in 2009. The magnitude and direction of
carbon function was consistent with the results of an authentic eddy covariance technique in this alpine shrubland
ecosystem, although our value of 27.19 g C/m” was slightly lower than in the previous study. Our results indicated that this
comprehensive method integrating data from static chambers and plant harvests provided a credible estimate of the ecosystem

carbon budget.

Key Words: Potentilla fruticosa shrubland ; ecosystem respiration; soil heterotrophic respiration; net primary production

carbon sequestration capacity
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Fig.1 The relationship between average soil temperature at 5cm and diurnal CO, emissions in grass plots (R, ), shrub plots (R, ) and
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Table 1 Re,Ra.R, NPP and NEP of Haibei alpine Potentilla fruticosa shrubland and the ratio of Ra and R

AR Year Re R, Ra NPP NEP Ra/Re Rh/Re
2003 845.81 429.56 416.25 445.68 16.12 0.492 0.508
2004 836.34 424.58 411.76 456.12 31.54 0.492 0.508
2005 913.23 453.74 459.49 345.02 -108.72 0.503 0.497
2006 908.87 450.99 457.88 469.36 18.37 0.504 0.496
2007 855.76 435.11 420.66 419.22 -15.89 0.492 0.508
2008 849.44 433.05 416.39 553.48 120.43 0.490 0.510
2009 899.70 458.90 440.80 633.96 175.06 0.490 0.510
2010 886.28 444.93 441.36 425.53 -19.40 0.498 0.502
-1 874.43 441.36 433.07 468.55 27.19 0.495 0.505
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