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Variation in soil respiration rate and factors affecting it in five vegetation types in

Tianlaochi catchment in Heihe River

MA Wenying, ZHAO Chuanyan” , PENG Shouzhang, GAO Yunfei, YUAN Yapeng, LI Wenjuan
State key Lab of Grassland Agro-ecosystem, Lanzhou University, Lanzhou 730000, China

Abstract ; Soil respiration (Rs) is an important component of an ecosystem’ s carbon cycle and the main pathway for carbon
release from the ecosystem into the atmosphere. The transfer of carbon between the ecosystem and atmosphere is of interest
in the study of greenhouse gas emission. In order to understand characteristics of the Rs dynamics and the factors controlling
it, this study was conducted in five typical vegetation types in Tianlaochi catchment area of the Heihe River, located in
Qilian Mountains, Northwestern China. Rs, soil temperature, and soil moisture were measured by an automated soil CO,
flux system (LI-8100) from May to September in 2013, and weather data for the corresponding study period were obtained
from the weather station located in the experimental plot. The results showed that Rs in the five vegetation types displayed
clear diurnal dynamic pattern. The Rs rate differed in different vegetation types, from the highest in subalpine steppe (2.01

-2

to 12.10 wmol m™ s7") | followed by Stipa purpurea steppe (1.40 to 8.45 pwmol m™ s™") , subalpine shrub (0.85 to 9.24

?s™"Y), Sabina przewalskii forest (1.09 to 4.14 wmol m~s™") | to the lowest in Picea crassifolia forest (1.25 to 3.19

pmol m
pwmol m™>s™"). The daily change of Rs followed the fluctuations in surface air temperature, and there was a hysteresis
between Rs and soil temperature. Rs rate had obvious seasonal variation, increasing from May and reaching the maximum in

July, and then decreasing until the final measurements in September. The statistical analysis indicates that Rs rate was
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significantly positively correlated with soil temperature, surface air temperature, and air temperature, which relationship can
be expressed with an exponential function. In relation to the temperature, Rs rate was more correlated to surface air
temperature and air temperature than to soil temperature. For example, surface air temperature explained 79%—95% of the
variation of Rs rate during the observation period, and air temperature explained 50%—77% , whereas soil temperature in
the top 10 cm layer explained only 23%—47% ; Rs rate had a significantly negative correlation with soil moisture in five
vegetation types with R ranging from 0.55 to 0.93. Further analysis indicated the positive linear correlation between Rs rate
and wind speed. Principal component analysis showed that soil temperature and moisture in the top 0—60 cm layer of the
soil are the first—line impact factors for Rs rate in five vegetation types. The temperature and moisture in surface soil are the
second main impact factor, and solar radiation is the third main factor to affect Rs rate. The results indicate that Rs was
significantly different in different vegetation types, and changes in vegetation alter the pattern of the Rs rate. This study has
important implications as it helps to understand the role that different vegetation types play in reduction of carbon emission.
Such information will lay a foundation for assessing carbon source or carbon sequestration of different vegetation types in

Qilian mountainous area.
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Table 1 The basic situation of experimental plots
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- 5% B Achnatherum splendens & ¥ Carex tristachya .
SR P B !

2715 FH3 29—34 LALEL S Stipa purpurea UKEL Agropyron cristatum J& 1 HUKES 1

Stipa purpurea steppe .
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3200 24—32 e e i
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Fig.1 Diurnal variation of soil respiration rate and environmental Factors in five vegetation types
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Table 2 Comparison of soil respiration rate, temperature and humidity in five vegetation types
-SRI s ; s
s " C 10em 4R Mo Sem 1 HGRE
ik e 3| Soil respiration rate/ L . . .
; P Soil temperature/°C Surface temperature/C Soil moisture/ %
Vegetation type (wmol m™ s7")
4 Mean  HRifEIR SE Y{E Mean  HRifEIR SE {8 Mean  #pifETR SE {8 Mean FRifEiR SE
AV g LR
mll! IR 6.38 0.30 11.00 0.32 17.70 0.73 71.20 1.87
Subalpine steppe
+$ 4.67 0.21 13.28 0.39 18.53 0.85 66.02 2.25
J5L Stipa purpurea steppe
V7 LA
] '_Ju-!{ﬂ;‘# 3.45 0.21 8.30 0.34 15.99 0.99 75.51 0.98
Subalpine shrub
#1812 [ N
ZBL!*HM . 2.43 0.58 6.74 0.36 14.20 0.57 66.90 1.36
Sabina przewalskii forest
==y f ;
i 2.16 0.87 6.26 0.31 13.46 0.82 64.29 1.98

Picea crassifolia forest
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Table 3 Monthly variation of soil respiration rate in five vegetation types

+ eI 3 K Soil respiration rate/ ( wmol m™2 s7!)

FEBE T Vegetation type

5 J May 6 H June 7 A July 8 H August 9 J1 September
F¥JE Stipa purpurea steppe 4.27 4.13 5.54 4.22 3.55
#5111 5L Subalpine steppe 4.17 4.70 8.20 7.55 6.39
T 1L M Subalpine shrub 2.06 2.91 4.09 3.85 2.46
HilF 2K Picea crassifolia forest 1.67 2.05 2.58 2.36 1.89
AR E MK Sabina praewalskii forest 1.36 2.12 3.18 2.62 2.53
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Table 4 Regression relationship between soil respiration rate and temperature, and Q,,values in five vegetation types

Tl 21 10 em HIEREE/C * Hh IR/ C KATSE/C
Vegetation type Soil temperature/°C Surface temperature/°C Air temperature/ “C
TR Rs=1.60e"%T R?>=0.31 Rs=1.59¢"%" R?=0.95 Rs=2.07¢"%"  R?=0.77
Stipa purpurea steppe Q=223 Q=182 Q=182
RN Rs=1.80e*'T  R?=0.46 Rs=2.39¢"5T  R2=0.82 Rs=2.41*T  R?=0.53
Subalpine steppe Q,,=3.00 Q,p=1.65 Q,=2.01
. 25 LA Rs=0.98¢""  R*=0.29 Rs=1.04e"7"  R*=0.79 Rs=0.42¢"%"  R?*=0.63
Subalpine shrub Q10=4.06 01p=2.01 Q10=2.23
RPN Rs=1.64e"%T  R>=0.47 Rs=1.61"2"  R>=0.89 Rs=1.70e*2" R?=0.75
Pcea crassifolia forest Q=149 Q=122 Q=122
8 3 [ A bk Rs=1.75¢"%T  R?2=0.23 Rs=1.67¢*57  R?=0.87 Rs=1.73e"%T  R2=0.50
Sabina przewalskii forest Qp=1.65 Q=135 Q,,=1.82

P {E37<0.05
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F LR RAFE H SR 5 3R A R B — i YA SR O AR TS M - S 5k R ) R AR IR L
JIT AAS B0 S0 B RO XHR BE A XUEE 45 - e e R AT [ U 08 45 2R IR 5, IR AT IR, T
AL RIS TR - S ) ok 4 L5 I B RO A X B 2 52 3 AR O (P<0.05) MR R B A 2257, 5
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Fig.2 Monthly variation of soil respiration rate and environmental Factors in five vegetation types
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Table 5 Regression relationship between soil respiration rate and soil moisture, atmospheric humidity, and wind speed in five vegetation types

IS4
wo

£S5 AMEFLITEPRERS TR E XS ERUE Y 352

W P B R T - ST 0% A o T ) e A o A4

Y TR RAAHXE M
Vegetation type Soil moisture/% Atmospheric humidity/ % Wind speed /(m/s)
TR ) ) )

. Rs=-7.27w+99.86 R-=0.82 Rs=-10.49w+105.05 R==0.89 Rs=0.43ws-0.61 R==0.73
Stipa purpurea steppe
S g LB
. %E Rs=-1.61w+81.44 R>=0.67 Rs=-6.37Tw+92.37 R*=0.93 Rs=0.58ws+0.64 R*=0.62
Subalpine steppe
=5 LLIVEE A

e i Rs=-1.47w+74.40 R*=0.74 Rs=-3.8910+62.91 R*=0.72 Rs=1.21ws+1.40 R*=0.25
Subalpine shrub
B AZM
o ﬁﬁ . Rs=-28.051w+126.46 R*>=0.57 Rs=-43.47w+144.84 R*=0.55 Rs=2.01ws=2.56 R*=0.35
Picea crassifolia forest
#1832 [
%BL.—IJ_MEM e Rs=-23.41w+123.86 R>=0.72 Rs=-24.58w+111.33 R>=0.64 Rs=1.30ws—1.89 R*>=0.42
Sabina przewalskii forest

P {E4#<0.05
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Table 6 The eigenvalues and variance of principal component analysis on influencing factors for soil respiration rate

L=k &S| wI¥ e FHIEE pities EYabies
Vegetation type Order Component Eigenvalue Variance/ % Cumulative/ %
P L F, W20 W40 W60 720 . T40 . T60 6.66 48.27 48.27
Subalpine steppe F, Taa Tas Ts RHa RHs WS 3.05 27.74 76.01

Fy PAR Ras 2.47 10.98 86.99
TH5 F, W20 W40 W60 ,T20 , T40 . T60 6.79 48.50 48.50
Stipa purpurea steppe F, RHa RHs Ts .Taa .Tas WS 4.10 29.27 77.77

F, PAR Ras 1.85 13.22 90.99
V5 LA F, WS Taa W20 , W40 W60 720 ,T40 . T60 7.63 54.50 54.50
Subalpine shrub F, RHa RHs Ts Tas 4.01 24.64 79.14

Fy PAR Ras 2.62 15.59 94.73
REFN N F, WS Taa W20 , W40 W60 720 ,T40 . T60 7.36 52.60 52.60
Picea crassifolia forest F, RHa RHs Tas Ts 4.20 29.99 82.59

F, PAR Ras 2.15 15.37 97.96
AR % B bR F, Ts . W20, W40 W60 720 . T40 . T60 6.66 47.58 47.58
Sabina przewalskii forest F, RHa RHs Taa Tas WS 3.89 27.81 75.39

Fy PAR Ras 2.12 15.16 90.55

Ts:10 cm 3R, Tas . MIZRIRE ,RHs .5 cm T3EIRE | Taa . KSIRE , RHa . KASAXHEEE , 720,740 F1 760 :0—20,20—40 . 40—60 cm -3
TR W20 W40 Fl W60 :0—20 ,.20—40 40—60 em T3 /K&, WS K | PAR 66 F SR ST, Ras . K B4R 5t
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Table 7 The fitting results of soil respiration rate and Principal components in five vegetation types
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; F, F, F, Fo
Vegetation type ’

S

IV 55 111
Subalpine steppe
A

Stipa purpurea steppe
7 LI A
Subalpine shrub

SERUP AN

Picea crassifolia forest
AR B AFIAR

Sabina przewalskii forest

Rs=6.33+0.43F

R*=0.62 P=0.00
Rs=4.64+0.48F,

R?>=0.62 P=0.00
Rs=3.46+0.03F,

R*=0.50 P=0.00
Rs=2.32+0.32F,

R?>=0.51 P=0.00
Rs=2.50+0.53F,

R*=0.0.75 P=0.00

Rs=6.33+1.28F,
R*=0.46 P=0.00
Rs=4.64-0.14F,
R*=0.24 P=0.02
Rs=3.46+0.06F,

R*=0.36 P=0.00
Rs=2.32-0.30F,
R*=0.47 P=0.00
Rs=2.50+0.33F,
R*=0.46 P=0.00

Rs=6.33-0.36F,

R*=0.18 P=0.02
Rs=4.64+0.11F),

R?=0.20 P=0.04
Rs=3.46+0.76F,

R*=0.34 P=0.00
Rs=2.32-0.09F,
R?>=0.21 P=0.01
Rs=2.50-0.08F,

R?=0.27 P=0.04

Rs=6.33+0.37F,+1.26F,+0.14F,

R*=0.88 P=0.00

Rs=4.64+0.22F,+0.48F,—0.14F,

R?>=0.69 P=0.00

Rs=3.46+1.03F,+0.02F,-2.14F

R*=0.75 P=0.00

Rs=2.32+0.32F,;-0.30F,—-0.179F

R?>=0.70 P=0.00

Rs=2.50+0.54F, +0.33F,~0.05F

R?=0.88 P=0.00
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