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Diurnal and Seasonal Dynamic Variation of Soil Respiration and Its Influencing

Factors of Different Fenced Enclosure Years in Desert Steppec

CUI Hai'*, ZHANG Ya-hong'"
(1. School of Agriculture, Ningxia University, Yinchuan 750021, China; 2. Department of Biological Engineering, Yinchuan Energy
Institute, Yinchuan 750105, China)

Abstract: The fenced measures could improve the ecological environment of degraded grassland, it’s a main measure for restoration of
degraded grassland vegetation in China. Soil respiration (R_) is an important component of an ecosystem’s carbon cycle and the main
pathway for carbon moving from the ecosystem to the atmosphere. In order to explore soil respiration characteristics and influencing
factors of the different fenced years in arid desert grassland, we continuously observed R_ rate and environmental factors in the growing
season of fenced enclosure 11 a, 7 a and no fenced (CK) desert steppe in Ningxia. The results showed that: (D Both the diurnal and
seasonal variations of R_ rate showed a single asymmetric peak changing in fenced enclosure of 11 years, 7 years, CK desert steppe. On
the daily scale, the maximum and minimum values of R, rate were found in the periods of 12;00-16;00 and 00;00-06:; 00,
respectively. On the seasonal variation scale, the maximum value of R, rate occurred in August with suitable precipitation and
temperature conditions. And the R_ rate of the growing season of different fenced enclosure years was in the order of 11 a[0. 143
g-(m*+h) '] >7a[0.138 g-(m*-h) '] >CK [0. 106 g-(m*-h) ~']. @ According to statistical analysis, it indicated that R, rate
had a significant exponential positive relationship with air and soil temperature in fenced enclosure of 11 years, 7 years, CK desert
steppe (P <0.01). The order of the correlation of R, rate and temperature was shown as soil surface temperature (R’ 0.408-0.413)
> air temperature (R : 0.355-0.376) >5-20 cm soil temperature ( R*; 0.263-0.394). The temperature sensitivity coefficient Q,,
increased gradually with the soil depth, and Q,, of different fenced enclosure years was showed as 11 a (2.728) >7 a (2.436) > CK
(2.086). @A significant quadratic function model (P <0.05) was observed for the relationship between R, rate and relative air
humidity, soil moisture content of fenced enclosure 11 a, 7 a and CK desert steppe in the whole growing season. R_ rate had a
significant linear negative correlation with air carbon dioxide concentration (P <0.01), a linear positive correlation with the wind
speed (P <0.05), and a significant weak linear positive correlation with light intensity (P <0.01). @It showed that R, increased
with increasing fenced closure years in arid desert steppe, and temperature sensitivity coefficient ), also increased with increasing

fenced enclosure years. To sum up, 0-20cm soil temperature and moisture were the main influencing factors of soil respiration of arid
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desert steppe. This study has important implications to understand the role that different fenced enclosure years play in carbon

emission. Such information will lay a foundation for assessing carbon source or carbon sequestration of different fenced enclosure years

in desert steppe. Therefore, our research results have important function for better managing grassland in desert steppe in Ningxia and

other arid and semiarid areas of North China.

Key words :soil respiration rate; different fenced enclosure years; diurnal and seasonal variations; desert steppe; influencing factors
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Table 1~ Soil characteristics of different recovery stages of desert steppe(0-20 cm)
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Fig. 1

TRHEERFTEER LEFRARAMBEUIE

Diurnal variation dynamics of soil respiration for desert steppe with different closure years in different months

x2 TRHEERTEERTEFRERSEEBMNERERE Q,E(P<0.01)

Table 2

Regression model between soil respiration rate and temperature, and Q,, values of desert steppe with different closure years ( P <0.01)

SR 1la

7a CK

T, R, =0.017""'" R*=0.376,Q,, =2.48
T, R, =0.023e%1 T
T R, =0.016e"% T
Ty R, =0.012e*1%7

T R, —0.010e> 1127

R*>=0.413,0Q,, =2.03
R*=0.310,Q,, =2.34
R*=0.311,Q,,=2.72
R*=0.319,0Q,,=3.06

Ty R, =0.008e" 2T R*>=0.345,0,, =3.49

R =0. 02160. 082 T
R, =0.030¢" %07
R, =0.019e" 87T
R, =0.017e%%6 T
R =0. 01560.098 T
R, =0. 01001157

R?=0.405,0Q,,=2.27 R_=0.019¢"""*" R? =0.355,0Q,,=2.08

R*=0.425,0,,=1.82 R, =0.029¢*%2" R?>=0.408,0, =1.68
R?=0.335,0Q,,=2.18
R? =0.357,0,,=2.36

R? =0.367,Q,, =2.66

R, =0.021e"%2" R?=0.280,0,, =1.86
R, =0.018e"00T

R =0.0150%-0827

R?=0.271,Q,, =2.01
R? =0.263,Q,, =2.27

R?>=0.394,0,,=3.16 R_=0.012¢""" R? =0.280,0Q,, =2. 61
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Fig. 2 Seasonal variation dynamics of soil respiration and the environmental factors of desert steppe with different closure years( P <0. 05)
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Table 3 Regression model between soil respiration rate and soil moisture, relative air humidity of desert steppe with different closure years

miEY 11 a

7a CK

RH, R,=0.001X +0.173 R*=0.040, P =0.012
R = =2.376 x10 75X +0. 002X +0. 125
R?=0.080, P=0.002
Ws R,=0.003X +0.130 R*=0.011, P=0.199
R, =0.002X> -0.025X +0. 189
R?=0.068, P=0.005
Wyo R,=0.004X +0.124 R>=0.012, P=0.175
R, =0.003X> -0. 030X +0.209
R?=0.060, P=0.005
Ws R,=0.001X +0.136 R?=0.001, P=0.712
R, =0.004X> —0. 044X +0. 249
R?=0.076, P =0.002
Wao R,=0.001X +0. 149 R*=0.001, P =0.700
R, =0.002X2 0. 036X +0. 256
R?=0.087, P =0.001

R_=0.001X +0. 170 R* =0.049, P =0. 005
R,= —1.611 x10 75X> +0.001X +0. 139
R?=0.076, P =0.002
R, =0.008X +0. 109 R*=0.030, P =0.032
R, =0.009X% -0. 071X +0. 250
R*=0.085, P =0.000
R,=0.003X +0.123 R?=0.002, P =0.552
R, =0.012X*-0. 101X +0. 338
R>=0.054, P=0.014
R,= -0.012X +0.206 R*=0.049, P =0.050
R, =0.002X2 0. 033X +0. 260
R?=0.055, P=0.014
R,= -0.006X +0.187 R*=0.026, P =0.046
R, =0.004X% 0. 063X +0. 365
R?=0.081, P=0.002

R,=0.001X +0.124 R*=0.027, P =0.040
R,= —1.468 x 10 35X +0. 001X +0. 095
R?=0.057, P=0.012
R,=0.014X +0.062 R*=0.074, P =0.001
R, =0.001X%-0. 019X +0. 055
R*=0.081, P =0.002
R.= -0.003X +0. 117 R*=0.002, P =0.597
R, =0.010X? -0. 086X +0. 059
R>=0.052, P=0.012
R,= -0.20X +0.208 R?=0.238, P =0.000
R, =0.007X*-0.091X +0. 364
R?=0.354, P=0.000
R,= -0.010X +0.182 R*=0.157, P =0.000
R, =0.003X% 0. 054X +0.319
R?=0.269, P =0.000

1) RH, SR W, Wi Wis. Wy: 0~5.5~10, 10 ~15, 15 ~20 cm +HEH/KE
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Table 4 Regression model between soil respiration rate and other factors of desert steppe with different closure years

mEY 11 a

7 a CK

CO, R,=-0.001X+0.446 R>=0.126, P=0.000
WS R, =0.011X +0.121 R*=0.042, P=0.010

R, = -0.001X +0. 503
R, =0.012X +0. 110 R*=0.071, P =0.001

R*=0.136, P=0.000 R, = -0.001X +0.400 R?=0.136, P =0.000
R,=0.006X +0.092 R*=0.035, P=0.020

LI R,=1.293x107°X+0.108 R>=0232, P=0.000 R,=1.076 x10 ~°X +0. 108 R>=0.201, P=0.000 R, =8.930 x10 ~7X +0.081 R?=0.226, P =0.000
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