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Characteristics of Soil Respiration along Eroded Sloping Land with Different

SOC Background on the Hilly Loess Plateau
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Abstract: This study aimed to characterize soil respiration along eroded sloping land at erosion and deposition area under different soil
organic carbon( SOC) levels and linked the relationship between soil respiration and soil temperature soil moisture SOC and slope
position. Experiments were carried out in the plots of S type slopes include five different soil organic carbon levels in the Loess Hilly
Region. The S type slopes were divided into control area at the top of the slope erosion area at the middle of the slope and deposition
area at the toe of the slope. We found that soil temperature had a greater impact on soil respiration in the deposition area whereas soil
moisture had a greater impact on soil respiration in the erosion area compared among control area erosion area and deposition area. In
addition SOC was the most important factor affecting soil respiration which can explain soil respiration variation 54. 72%  followed by
soil moisture slope position and soil temperature which explain soil respiration variation 18.86% 16.13% and 10.29%
respectively. Soil respiration response to erosion showed obvious on-site and off-site effects along the eroded sloping land. Soil
respiration in the erosion area was reduced by 21. 14% compared with control area and soil respiration in the deposition area was
increased by 21.93% compared with control area. Erosion effect on source and sink of carbon emission was correlated with SOC
content of the eroded sloping land. When SOC content was higher than 6.82 gekg™' the slope erosion tended to be a carbon
sequestration process and when SOC content was lower than 3.03 gekg™" the slope erosion tended to be a process of the carbon
emission source. The model could reflect the relationship between soil respiration and independent variables of soil organic carbon
content soil temperature and moisture.
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16:00 90 s
( TDR-300) Em50
0~5cm
1.3 Excel MATLAB
N R2008b
Y=a+ b SPSS 18.0
(TW) Y=a+ bT+ cW Y=al'W Y ANOVA
=ae' W2 LSD
25 26
MATLAB R2008b N ( GLM)
(Y =ae"W)
Y CO, pmol * ( m*+s) ™ 5
a~ b~ ¢ T. W
2.1
6
( 15 ). (P <0.05)
33 (P<0.01) ( 1)
66
15
(P<0.01) R’ 0. 626 ~0. 700
09:00 ~11:00 (R* 0.173 ~0.471) (R* 0.158 ~
7 0.439) .
1 D(0~5 cm)
Table 1 ~ Soil respiration models based on soil temperature and soil moisture (0 5 cm)
R P
66 Y'=0.2104 x 03597 4712 0. 260 >0.05
Cl 66 Y =0.0729 x ¢ 00827 5 pp1- 1909 0. 666 <0.01
33 Y=0.008 1 x ™00 x 287 0. 566 <0.01
66 Y =0.0019 x e 1277 x p1-497 0.439 <0.05
C2 66 Y'=0.018 1 x e 0807 x 14986 0. 667 <0.01
33 Y =0.003 4 x & 10357 5 13699 0.567 <0.01
66 Y'=0.024 2 x %8 2177 0.434 <0.05
3 66 Y=0.1139 x 01017 5 p1- 1416 0. 626 <0.01
33 Y =0.042 5 x e 00T x 0! 0. 280 <0.05
66 Y =0. 389 x ¥ 0047 5 - 4687 0. 158 >0.05
c4 66 Y =0.009 7 x e 034357 y pp1-9550 0. 670 <0.01
33 Y =0.038 1 x 07317 y 09954 0.388 <0.05
66 Y =1.173 7 x > 0297 5 o- 1113 0.283 >0.05
c5 66 Y =0.023 8 x e 53717 5 - 6487 0. 700 <0.01
33 Y =2.6037 x ™07 x WO 07 0.173 >0.05
165 Y =0.078 4 x e %717 5 09103 0. 191 <0.05
330 Y =0.008 9 x ¢ 3417 5 pp1-9148 0.676 <0.01
330 Y'=0.2250 x ™77 x 06644 0. 298 <0.01
Cl 165 Y =0.006 8 x e 7317 x p1-4230 0. 409 <0.01
2 165 Y =0.000 6 x e 12347 x p1- 6982 0. 390 <0.01
C3 165 Y =0.062 8 x e 04847 5 1. 0014 0.428 <0.01
c4 165 Y =0.064 6 x e 03277 x p!-0262 0.333 <0.01
C5 165 Y =0.7609 x e 01637 x 05069 0.316 <0.01
)Y pmol +(m?es) =1 T: (cy w: (%)
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Fig. 2 Fitting precision of soil respiration and soil temperature . C3
and moisture with different SOC background
2 K
Table 2 Difference of soil respiration along eroded sloping land
1% 1%
Jumol+(m?es) =" /pmol+(m*+s) = /pumol+( m?es) 7! ¢ ¢
33 1.59 2.73 2.20 Cb — 0.30 13. 64
Cl1 66 0.25 3.49 1.63 Cc -25.91 0.79 48.47
66 1.12 4.52 2.95 Ca 34.09 0.89 30.17
33 1.18 3.3 2.32Cb — 0.58 25
c2 66 0.42 3.17 1.59 Ce -31.47 0. 66 41.51
66 1.47 7.07 3.82 Ca 64. 66 1.2 31.41
33 2.67 5.98 4.41 Ba — 0.99 22.45
C3 66 0.72 5.16 2.90 Bb -34.24 1.04 35.86
66 2.06 6. 62 4.52 Ba 2.49 0.76 16. 81
33 3.26 6.23 4.88 Aa — 0. 65 13.32
C4 66 0.88 9.27 4.50 Aa -7.79 2.16 48. 00
66 1.59 9.85 5.11 Aa 4.71 1.45 28.38
33 3.02 6.72 5.14 Aa — 0.47 9.14
C5 66 1.22 11.22 4.84 Aa -5.84 2.49 51.45
66 4.37 6.24 5.33 Aa 3.70 0.45 8.44
1) (P<0.05) (P<0.05)
2.3

2.3.1 ( 3).



9 3387
5 C2
21.14%
21.93%.
Y=ae" P<0.01( 4).
3 ( R =0.992)
(R*=0.967) (R*=0.952) .
3 K
Table 3 Relation between soil respiration and SOC along eroded sloping land
/gekg™! /umol +( m?es) ~! 1% 1% 1%
0.94 2.20 — — 7.37
Cl1 0.66 1.62 -29.79 -26.36
1.05 2.95 11.70 34.09
2.04 2.32 — — 33.19
c2 1.51 1.59 -25.98 -31.47
5.54 3.82 171.57 64. 66
6.94 4.41 — — -31.75
C3 6.43 2.90 -7.35 -34.24
7.08 4.52 2.02 2.49
9.85 4.88 — — -3.07
c4 9.30 4.50 -5.58 -7.79
9.93 5.11 0.81 4.71
10.34 5.14 — — -2.14
C5 9.98 4.84 -3.48 -5.84
10.67 5.33 3.19 3.70
— 0.79
( ) —14.44 -21.14
37.86 21.93
4 b
Table 4  Soil respiration exponential models based on SOC along eroded sloping land
R P
165 Y=2.0139 xe*®*2¢ 0. 952 <0.01
330 Y=1.4531 x " 1186¢ 0. 992 <0.01
330 Y=2.8181 x "% 0.967 <0.01
1) ¢ (gkg™")
2.3.2 (0, =29.22 >20).
(R >
(Qu <1) 0.9)
( 95). ( 5).
Q, 0.16 0.94. R 0.997
0.907
( Q]() < 1) ( Ql() 2' 88 ( C4 CS)
3. 12) Cs (Quw=  (CI) (€2
50. 81 >20) . Cc3).
QIO
C3 :
(0, =1.25) cs
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5 (0~5cm)V
Table 5 Regression relations between soil respiration and soil temperature and moisture with different SOC background (0-5 c¢m)
(0~5 cm) (0~5 cm)
R? Qo R?
66 Y =21. 009 x e 22267 0.131 9.26 Y =8.099W* —29.939W +37. 033 0. 136
Cl 66 Y =42, 821 x e~ 18067 0. 625 0.16 Y= -0.1023W* +6.4943W +0.570 5 0. 997
33 Y =36. 539 x ¢ 006017 0.120 0.82 Y= -1.0682W? +10.388W -7.343 4 0.571
66 Y =23.52 x e 4577 0. 192 4.29 Y= -1.48W* +6.1851W +6.1357 0. 026
2 66 Y =43.961 x e 019647 0. 445 0.14  Y=0.0747W* +5.6599W +1.598 8 0. 941
33 Y =22. 34 x e 10577 0.339 2.88  Y=0.4292W? -4.0184W +21. 85 0. 048
66 Y =28. 373 x 0257 0.012 1.25 Y= -0.0992W* +2.601W +3. 1417 0.182
3 66 Y =45.571 x e ~0-13027 0. 449 0.27  Y=0.1525W? +3.064 1W +0.700 1 0. 967
33 Y =19. 82 x > 1377 0.234 312 Y=0.5415W? —=3.4054W +18. 881 0. 046
66 Y =8.293 1 x 2747 0.775 15.63 Y= -2.2925W? +18.097W - 18. 782 0.326
C4 66 Y=42.821 x e 05857 0. 388 0. 56 Y= -0.062W? +2.531 8W +2. 845 0. 940
33 Y =29. 829 x 0437 0. 001 1.04 Y= —0.2112W* +4.594 5W - 2. 432 0.339
66 Y =8.105 6 x 33737 0.959 29.22 Y= -3.951 1W? +26.225W -28. 561 0.384
cs 66 Y =29. 323 x ¢ 0 00587 0.003 0.94  Y=-0.0336W? +2.1272W +3.4609 0. 907
33 Y =3.944 7 x 287 0.976 50.81 Y= -7.3426W? +69.193W - 142. 56 0.522
1nYy: wmol+(m?es) =1 T (c)y w (%)
2.3.3 Y =ae'rTw!
P <0.01( 6) . Y
CO, pmol*(m’*s) ' a. by e\ d
Y=ae"' W c (gkg™) T
( 1). 14
6 h
Table 6  Soil respiration models based on SOC and soil temperature and moisture along eroded sloping land
P
165 YZO 080 1 x EU’ 073 0C +0. 051 ()TW(). 6677 <0. 01
330 Y:0.0]l 6 ><eO]O3()(I+O.027‘)TWI.6224 <0.01
330 Y=0.1222 XBO.0467C+0.0487TW0.0633 <0.01
2.3.4
( 7); ;
7 D
Table 7 Correlation of soil respiration with different factors with different SOC background
C1 2 C3 C4 C5
(n=135) (n=135) (n=135) (n=135) (n=135) (n=135) (n=270) (n=270)
— — — — — 0.621** 0.625** 0.632**
0.614** 0.741** 0.464** 0.160" 0.128 — — —
(0~5cm) -0.436"* 0.202**  -0.035 -0.330%* 0.11 0. 059 —-0.409** 0.193%*
(0~5 cm) 0.737*% 0.279** 0.540** 0.645** 0.422" 0.155" 0.768* * 0.283**
1)* %% (P<0.05) (P<0.01)
2.4 4 GLM
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10.29% .
54.72%;
18.86% 16.13%; N
8 ( GLM y
Table 8  Contribution of different factors to the spatial variance of soil respiration( GLM)
(0~5 cm) (0~5 cm)
1.398 0.412 0.263 0.482
1% 54.72 16. 13 10. 29 18. 86
3 16. 13%
54. 72%
- ( 8)
co, 0.37 ~ 1 2
Pg 28 .
0.56 ~1 Pg *® . Lal ™
33
0.8 ~1.2 Pg Van .
Oost "
( 2
3).
0.12 Pg 3.2
. 35 36
37
(7
8 8
3.1 (8
38 . 8
(7.
* ( 7. Reth ¥
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Table 9 Soil temperature and moisture at different position of the eroded slope( 0-5 cm)
/C 1% 1% /%
30.92 17.17 12. 65 34.23
31.74 18.97 11.62 38. 64
30. 81 17.23 14. 47 29.92
3.3
( 3). N
3.03 gokg™! . 8
6.82 gekg™!
4
(1)
(2)
54.7%
18.9%
16. 13%
10.3%.
; (3)
21.14% 21.93%.
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