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Effect of rainfall on the seasonal variation of soil respiration in Hulunber

Meadow Steppe
WANG Xu, YAN Yuchun, YAN Ruirui, YANG Guixia, XIN Xiaoping "

Hulunber Grassland Ecosystem Research Station, Key Laboratory of Agri-Informatics, Ministry of Agriculture, Institute of Agricultural Resources and Regional

Planning, Chinese Academy of Agricultural Sciences; Beijing 100081, China

Abstract: As the main determinant of carbon balance, soil respiration is one of the major pathways for carbon loss from the
soil to atmosphere and is largely influenced by soil temperature and soil moisture. During the growing season, discrete
rainfall events create an important disturbance to soil respiration and lead to large uncertainties in estimating carbon
exchange, especially in arid and semiarid regions.In order to examine the effect of rainfall events on soil respiration,
measurements were conducted in natural rainfall conditions at a field site in the Hulunber meadow steppe.Soil respiration
was continuously monitored by an automated chamber system ( LI-8150) during the growing seasons from 2009 to 2012.Five
chambers ( diameter 20 ¢cm) were set in the field with at least 10 m separation between them.The results showed that the
response of soil respiration to rainfall displayed different patterns, including the “birch effect” and “inhibiting effect” .Soil
respiration doubled in the 1—2 hours during or after rainfall. Once rainfall reached 7—8 mm or the soil water content
reached 29%—30% , which was almost equal to the value of field moisture capacity, soil respiration would be inhibited and
noticeably decreased.lIt was suggested that moderate rainfall may stimulate the roots and microbial activities, thus enhancing
soil respiration. However, heavy rainfall or an excess of moisture could reduce the soil air-filled pore space and increase
anaerobism, suppressing soil CO, flux. The increase in diurnal average soil respiration was often expressed on the day

following rainfall when the “birch effect” occurred, but decreased on the day of rainfall when the “inhibiting effect” was
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observed.The response of soil respiration to the “inhibiting effect” seemed quicker than the response for the “birch effect”.

1

It was explained that the “inhibiting effect” is mainly a result of a rapid physical process and the “birch effect” was
controlled by a slow biological process.Compared to the amount of rainfall, the frequency and density of rainfall were much
more important factors in determining the seasonal variation of soil respiration.Over a certain amount of rainfall, a lower
frequency and higher density of rainfall could strongly enhance the variation of soil respiration. During the growing seasons
from May to September, the temperature sensitivity of soil respiration (Q,,) in the Hulunber grassland was 2.82, when the
average soil water content was 26%.This was higher than that for a soil water content of 16.5% where Q= 2.12.The @,
had a positive relationship with soil water content.These results demonstrated that rainfall events had a significant influence
on soil respiration and strongly enhanced its seasonal variation, which depended not only on the amount of rainfall, but also

on its frequency and density. The seasonal distribution of rainfall may have important consequences for the estimation of

carbon flux and C balance.

Key Words: soil respiration; rainfall; seasonal variation; Q,,
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Fig.1 Diurnal variation of soil respiration with rainfall
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