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Effect of Environmental Factors on Variation Characteristics of Soil Microbial

Respiration and Its Temperature Sensitivity
ZHANG Yan-un'? GUO Shengdi"”

( 1. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau Institute of Soil and Water Conservation Northwest
A&F University Yangling 712100 China; 2. Shaanxi Key Laboratory of Disaster Monitoring and Mechanism Simulation College of
Geography and Environment Engineering Baoji University of Arts and Sciences Baoji 721013  China)

Abstract: Studying the effect of environmental factors on the variation of soil microbial respiration and its temperature sensitivity ( Q,,)
at different time scales under field conditions is of great significance for accurately understanding the region’s climate warming potential.
From March 2008 to November 2013 in situ soil microbial respiration rates were determined using an automated CO, flux system ( Li ~
8100) in long-term bare fallow soil at the Changwu State Key Agro-Ecosystem Experimental Station Shaanxi China for studying the
effect of environmental factors on the variation of soil microbial respiration and ,, at different time scales. At diurnal time scales the
daily variation of soil microbial respiration rates showed a single-peak curve which was closely related to soil temperature ( P <0. 05) ;
whereas the daily mean soil microbial respiration rate and Q,, varied with soil moisture with both showing the order of moderate soil
moisture conditions > higher soil moisture conditions > lower soil moisture conditions daily mean soil microbial respiration rate: 1.20
pmol*(m**s) ™' vs. 0.95 pmol-(m’*s) ~'vs. 0.79 umol+:(m’*s) ~'; Q,p:2. 12 vs. 1.93 vs. 1.59 . At seasonal time scales both
the seasonal mean soil microbial respiration rate and Q,,showed the order of rainy season > non-—rainy season seasonal mean soil
microbial respiration rate: 1. 11 wmol+( m**s) ~'vs. 0.90 pmol+(m’*s) ™'; Q,:1.96 vs. 1.59  which was consistent with the
trend of soil temperature and moisture ( soil temperature: 20.39 vs. 14.50°C; soil moisture: 49.2% vs. 38.6%) . The bivariate
model of soil temperature and soil moisture could explain the greater seasonal variability of the soil microbial respiration rate than did
the univariate model of soil temperature or soil moisture ( R*: 0. 45-0. 82 vs. 0.32-0. 67 vs. 0.35-0. 86; the fitting coefficient between
the simulated and measured soil microbial respiration rates: 0. 76 vs. 0. 64 vs. 0.58) . At annual time scales the annual cumulative
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1.48 to 1.94 with an average of 1.70. The annual cumulative soil microbial respiration and Q,, showed a negative quadratic
correlation with annual mean soil moisture ( P <0.05) with the annual mean soil moisture explaining 39% and 54% of the annual
variability of annual cumulative soil microbial respiration and Q,, respectively. In the bare soil treatment the soil organic carbon
decreased from 6.5 gekg™" at the beginning of the experiment to 5. 5 g*kg ™" at present; whereas the annual cumulative soil microbial

respiration was up to 255 g+(m”+a) ~' and the loss of annual cumulative soil microbial respiration was 20 times larger than the loss of
soil organic carbon in the Loess Plateau region China.
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1
Fig. 1 Diurnal variation of soil microbial respiration rate and soil temperature over two discontinuous days under low

moderate and high soil moisture conditions

1)

1
Table 1  Effect of soil temperature on soil microbial respiration rate at the diurnal scale under low moderate and high soil moisture conditions
2008 2010
R P Qo R? P Qo
L F=0.48¢" %207 0. 41 <0.05 1.23 F=0.21¢" %87 0. 49 <0.05 1.95
F=0.42¢% %27 0.85 <0.01 1.86 F=0.11e" %" 0.79 <0.01 2.38
H F =0. 46" 87 0.82 <0.01 1.73 F=0.17¢" 7 0.79 <0.01 2.12
1)L M H
2.2
( 2 3)
(P <0.05)
( 2). (3~6 32% ~67%
, (7~9 ) (P<
; 0. 05) 35% ~86%
(10~11 )
(2008 ~2013 ) (P <0.01)

0.06 wmol*(m’*+s) ~'  2.16 wmol*(m’*s) ' . 45% ~ 82%
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2

Fig. 2 Temporal variations of soil moisture

soil temperature and soil microbial respiration rate from 2008 to 2013
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Table 2 Bivariate regression equations the soil microbial respiration

rate and soil microclimate calculated for each year from 2008 to 2013

R P
2008 F=0. 4leo.oozsrw-o. 000027W2 0.65 <0.01
2009 F=0.5 560.00297'»/—0. 000047W2 0.82 <0.01
2010 F=0. 5680.0028TW—0, 000057W2 0. 68 <0.01
2011 F=0. 3660.0034TW—0. 000057W2 0.45 <0.01
2012 F=0. 236().()()467‘H/—(). 000077W2 0.76 <0.01
2013 F=0. 3660.00297%’—0. 00004 7W2 0. 66 <0.01
Qo
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3

Fig. 3 Effect of soil temperature and soil moisture on soil microbial respiration rate at the seasonal scale
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Fig. 4 Differences of Q,, between the rainy season and non-rainy season
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Fig. 6 Effect of soil moisture on soil microbial respiration

rate during the entire observation period
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