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Abstract: [Objective) This study explored the carbon fluxes at different soil layers of Robinia pseud-
oacacia woodland in the Hilly Loess Region, to accurately assess soil carbon emissions in this region.
[Method]) Crop land (the control) and black locust (Robinia pseudoacacia) woodlands with different ages
(10,20, 30,and 40 years) were selected. CO, concentration in each soil layer was measured by gas-well
method,CO, flux of 0—200 cm soil profile was calculated using Fick diffusion method,and 1i-8100 cham-

ber method was used to monitor the surface soil carbon flux. At last, the predicted and measured soil car-
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bon fluxes were compared and analyzed. [Result] 1) Carbon fluxes simulated by the five diffusion models
showed big differences. Moldrup model was the best whereas Penman model was the poorest. 2) Simulated
carbon fluxes by the five diffusion models were all higher than the measured values with significant correla-
tions (P<C0. 05).3) The optimal models for simulating soil carbon fluxes at layers of 0—20,80—140,and
200 ecm were Moldrup-2000, Moldrup-1997 and Millington-1961, respectively. 4) The soil CO, diffusion co-
efficients at soil depths of 0,20,80,140 and 200 cm were 0. 15,0. 14,0. 20,0. 22 and 0. 27 ,respectively,and
the estimated CO, fluxes were 0. 72,0. 32,0. 30,0. 24 and 0. 17 pmol/(m” -

flux decreased as the increase of soil depth in the studied woodlands. [Conclusion] The best models for

s), respectively. Soil carbon

simulating soil carbon fluxes at different soil layers were different due to the differences in environmental
factors in different soil depths of different Robinia pseudoacacia woodlands in the Hilly Loess Region. The

research identified optimal soil carbon flux models and their parameters suitable for the Hilly Loess Re-

gion, which improved the assessment of regional soil carbon emission.
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Table 1 Characteristics of different Robinia pseudoacacia woodlands in the Hilly Loess Region
FE i i /4 34K /m 2 A WepE/ () Bl 1) RT3 B2 B AR e 28 Y
Sample site Woodag Altitude Slope position Slope Aspect Vegetation types of herb
e wt _ . B g - A ~ .
Crop land 1307 Central of the slope 1520 East AT Millet
Y rh [ 58 Artemisia capillaris
10 1201 Central of 21~24 Wwesl K T Lespedeza bicolor
the slope K1 HE Stipa bungeana
4l v . 288 Artemisia giraldii
. 0. R - L .
SR 20 1103 (,}elm:al of 19~23 North east B E Artemisia scoparia
Robinia the slope WK F Lespedeza bicolor
/)seudoltll'ra((l‘ia gyl b - RIT S Artemisia gmelinii
woodlan 30 1 285 Central of 23~25 % K HE Stipa bungeana
he sl North east o _
the slope 258 Artemisia giraldii
2yl 3 . RIFE Artemisia gmelinii
40 1358 Central of 22~24 e 288 Artemisia giraldii
he sl East south
the slope B E Artemisia scoparia
®2 BEIEBRXARMNEAEMEIELIENEE SXKENERAKE
Table 2 Temperature,moisture and bulk density of each soil layer in different
Robinia pseudoacacia woodlands in the Hilly Loess Region
RS, + )2 E/cm g/ C KR/ % R R/ (g em™®)
Sample site Depth of soil layer Temperature Moisture Bulk density
0 23.8 0.018 1.13
20 19.4 0. 145 1.22
<iﬁ*#lﬂ 80 14.7 0. 145 1. 25
Crop land
140 12.6 0.161 1.31
200 11.0 0.168 1.33
0 18.8 0.126 1.09
10 45 2L 0B AR 3 20 18.8 0.126 1.11
10 years old . _ /
Robinia pseudoacacia 80 13.3 0.155 124
woodland 140 10.7 0.137 1.32
200 9.8 0.107 1. 34
0 23.2 0.106 1.12
20 4F A= Al AR A 20 10.9 0. 087 1.15
20 years old -
Robinia pseudoacacia 80 15.3 0.073 119
woodland 110 12.4 0.075 1.33
200 18.6 0.103 1. 35
0 18.4 0. 064 1.13
30 4 A R M 20 17.0 0. 097 1.21
30 years old
Robinia pseudoacacia 80 16.7 0.061 L.24
woodland 140 14.4 0.09 1.35
200 13.0 0.074 1.33
0 22.1 0.073 1.14
40 4 IR AR 20 19.1 0.109 1.15
40 years old -
Robinia pseudoacacia 80 14 0.059 1.25
woodland 140 11. 6 0.070 1.32
200 10. 4 0.061 1. 34
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Table 3 Carbon fluxes of surface soil in different Robinia pseudoacacia woodlands in the
Hilly Loess Region (09:00—10:00) pmol/(m* + s)
FE Hy i /AR R MH Fe/ME FHE
Sample site Wood age Maximum Minimum Average
Wb Crop lond - 0.38 0. 32 0. 36
" rop fane 10 0. 62 0. 54 0.58
S A b 20 0.63 0. 69 0. 65
Robinia pseudoacacia 30 0.92 0.81 0. 86
woodland 40 0.81 0.87 0.84
F4 BEIEERX 30 FER MMM 10:00—18:00 RE T EHIEE(2013-05-17)
Table 4 Carbon fluxes of surface soil during 10:00—18:00 in 30 years old Robinia pseudoacacia woodland
in the Hilly Loess Region (2013-05-17) pmol/(m* + s)
i [ IS PN E] Fe/ME FHME i i) PN fe/MA A
Time Maximum Minimum Average Time Maximum Minimum Average
10:00—11:00 0.92 0.81 0. 86 14:00—15:00 0. 69 0.61 0. 66
11:00—12:00 1.19 1.12 1. 15 15:00—16:00 0. 81 0.76 0.78
12:00—13:00 1. 27 1.17 1. 22 16:00—17:00 0. 69 0.74 0.71
13:00—14:00 0. 89 0. 81 0. 85 17:00—18:00 0.72 0.58 0. 66
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Table 5 Comparison of measured and calculated carbon fluxes of different soil layers in different Robinia pseudoacacia

woodlands in the Hilly Loess Region pmol/(m” « s)
R em - HE B E G 3l 4 i 5 (H Calculated of soil carbon efflux
k- 1 = 3
BE My M /4 Depth SHAE Penman Marshall Millington Moldrup- Moldrup-
Sample site Wood of soil Measured B R LA 1997 A1 2000 #AY
age layer soil carbon Penman Marshall Millington Moldrup- Moldrup-
flux model model model 1997model 2000model
0 0. 36 0.69 0.75 0. 80 0.62 0.33
20 0. 36 0.52 0.49 0. 32 0. 20 0.16
‘ﬁﬁﬂ]‘ — 80 0. 36 0. 56 0.53 0. 34 0.22 0.17
Crop land
140 0. 36 0.57 0.51 0. 29 0.18 0.16
200 0. 36 0.45 0. 39 0.21 0.13 0.12
0 0.58 0.71 0.73 0.52 0. 34 0.57
20 0.58 0.83 0. 84 0. 60 0. 40 0. 30
10 80 0.58 0.58 0. 54 0.33 0. 20 0.17
140 0.58 0. 66 0.61 0. 39 0. 26 0. 20
200 0.58 0. 64 0. 60 0.15 0. 31 0.22
0 0. 65 0. 65 0. 66 0.51 0. 35 0. 64
20 0.65 0. 87 0. 90 0.75 0.52 0. 35
20 80 0.65 0.94 0.99 0. 86 0. 31 0. 39
" 140 0. 65 0. 88 0. 87 0.75 0.24 0. 34
AR 0
Robinia 200 0.65 0.72 0.68 0.21 0.36 0.25
pseudoacaca 0 0. 86 0.79 0. 84 0.75 0.55 0.82
woodland 20 0.86 0.74 0.76 0.6 0.41 0.35
30 80 0. 86 0.82 0. 85 0.78 0.32 0. 34
140 0. 86 0.71 0.68 0.54 0. 29 0. 25
200 0. 86 0.74 0.73 0.19 0.46 0.28
0 0. 84 0.91 0. 87 0.75 0. 54 0. 86
20 0. 84 0. 80 0. 80 0.61 0.41 0.29
40 80 0. 84 1.02 1. 06 0.97 0. 37 0.43
140 0. 84 0. 87 0. 86 0.75 0.25 0. 34
200 0. 84 0.98 0.98 0.13 0. 66 0. 39

F6 FEIEBERX 0 FERBERBE TR 10:00—18:00 TEBRBEEZNESHEENLLE

Table 6 Comparison of measured and calculated carbon fluxes of different soil layers during 10:00—18:00 in

30 years old Robinia pseudoacacia woodland in the Hilly Loess Region pmol/(m” « s)
- B E + HE il i 5B {H Caleulated of soil carbon efflux
TR/ cm i il S A Penman Marshall Millington Moldrup- Moldrup-
Depth of Time Measured ] R L 1997 7 2000 7
soil layer soil carbon Penman Marshall Millington Moldrup- Moldrup-
flux model model model 1997model 2000model
10:00—11:00 0. 86 0.79 0. 84 0.75 0.55 0. 82
11:00—12:00 1.15 1. 25 1.32 1.19 0. 86 1.16
12:00—13:00 1.22 1. 46 1.54 0. 82 1. 00 1. 32
0 13:00—14:00 0. 85 0. 88 0.93 0. 83 0.55 0. 82
14.00—15:00 0. 66 0. 80 0. 84 0.71 0.42 0.68
15:00—16:00 0.78 0.74 0.78 0.70 0. 50 0.68
16:00—17.00 0.71 0.77 0. 81 0.73 0.53 0.72
17.:00—18:00 0. 66 0.74 0.79 0.71 0.51 0.69
10:00—11.:00 0. 86 0. 74 0.76 0. 60 0.41 0. 35
11:00—12.00 1. 15 0. 85 0. 81 0. 65 0.49 0.42
20 12:00—13:00 1.22 0. 83 0. 84 0.67 0.56 0.48
13:00—14:00 0. 85 0.77 0. 83 0.62 0.43 0.37

14.00—15.00 0.66 0. 86 0. 87 0.69 0.48 0.41




6 3] A 4+ A < B T T I DO R AR o M kT AU 5T 127

4%k 6 Continued table 6

- Sk 3 + g pal 1T BAE Calculated of soil carbon efflux

+ R E/em it ] S Penman Marshall Millington Moldrup- Moldrup-
Depth of Time Measured Hi 5 Hi 75 Hii 25 1997 4 7 2000 £ 7
soil layer soil carbon Penman Marshall Millington Moldrup- Moldrup-
flux model model model 1997model 2000model

15:00—16:00 0.78 0.74 0.75 0.51 0.52 0.28

20 16:00—17.00 0.71 0.79 0.69 0.61 0.42 0. 35

17:00—18:00 0. 66 0.71 0.72 0.57 0.45 0.31

10:00—11:00 0. 86 0. 82 0. 85 0.78 0.32 0. 34

11:00—12:00 1.15 0. 81 0.92 0.77 0.49 0.41

12:00—13:00 1.22 0. 89 0.93 0. 85 0.52 0.37

80 13:00—14.00 0. 85 0. 82 0.91 0.78 0.59 0. 34

14:00—15:00 0. 66 0. 84 0. 87 0.79 0.58 0.35

15:00—16:00 0.78 0. 81 0. 84 0.76 0.56 0. 26

16:00—17.00 0.71 0.79 0.83 0. 80 0.52 0.29

17:00—18:00 0. 66 0.76 0.79 0. 64 0.53 0. 32

10:00—11:00 0. 86 0.71 0.68 0.54 0.29 0.25

11.00—12.00 1. 15 0.75 0.63 0.59 0.42 0.31

12:00—13:00 1.22 0.78 0.75 0. 60 0.47 0.28

140 13:00—14.00 0. 85 0.73 0.70 0.56 0. 36 0. 26

14:00—15:00 0. 66 0.71 0.68 0.54 0.31 0.25

15:00—16.:00 0.78 0. 66 0. 62 0.55 0.35 0. 25

16:00—17.00 0.71 0.75 0.72 0.53 0.33 0.22

17.:00—18:00 0. 66 0.67 0. 65 0.58 0.37 0.24

10:00—11:00 0. 86 0.74 0.73 0.19 0. 46 0.28

11:00—12:00 1. 15 0.79 0.78 0.12 0.49 0. 30

12:00—13.00 1.22 0.76 0.82 0.24 0.53 0. 39

200 13:00—14:00 0. 85 0. 81 0. 80 0.13 0. 50 0.31

14.:00—15:00 0. 66 0. 88 0. 87 0.09 0. 54 0. 34

15:00—16:00 0.78 0. 85 0. 83 0.12 0. 44 0. 35

16:00—17.00 0.71 0. 83 0. 82 0. 10 0.51 0. 32

17:00—18:00 0. 66 0.77 0.76 0.65 0.47 0.29
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Table 7 Regression analysis between caculated (y) and measured (x) of carbon efflux of

different soil layers in the hilly Loess region

TR Jom G FUR 7 7 o
Depth of soil layers Model Regression equation

Penman y=0.349 42+0.520 1 0.48

Marshall y=0.250 52+0.605 2 0. 36

0 Millington y=0.029 42+0. 646 7 0.01
Moldrup-1997 y=0.027 8x+0.049 3 0.02

Moldrup-2000 y=1.036 52—0.038 1 0.99

Penman y=0.408 9x+0.485 3 0. 37

Marshall y=0.467x+0.452 6 0.36

20 Millington y=0.52+0.245 9 0.42
Moldrup-1997 y=0.337 52+0.142 3 0.43

Moldrup-2000 y=0.290 42+0.099 1 0.61

Penman y=0.776 62+0.274 0.58

80 Marshall y=0.9358x+0.177 5 0. 60
Millington y=1.192 52—0.129 3 0.65
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4%k 7 Continued table 7

+ )2 E /cm el

w5 75 12

Depth of soil layers Model Regression equation R?

50 Moldrup-1997 y=0.949 52—0.160 5 0.67
Moldrup-2000 y=0.466 3x—0.005 2 0.63

Penman y=0.422x+0.462 5 0.41

Marshall y=0.519 52+0. 364 0. 45

140 Millington y=0.729 62+0.066 1 0.52
Moldrup-1997 v=0.591 52—0. 006 2 0.53

Moldrup-2000 y=0.277 3240.074 4 0.50

Penman y=0.825x+0.163 5 0.78

Marshall y=0.931 22+0.064 1 0. 81

200 Millington y=1.102 32—0. 186 6 0. 84
Moldrup-1997 y=0. 870 12—0. 19 0.83

Moldrup-2000 y=0. 440 72—0. 04 0.82
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TE WA T8 A 4 I3 BB Y L 55 AS [ o AR AR
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o s) ;s 7 [A) — 0 B MR Hb , Bl 25 1 2 TR Y
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Table 8 Carbon flux of each soil layer in different Robinia pseudoacacia woodlands in the Hilly Loess Region based

on the model with optimal diffusion coefficient

pmol/(m* + )

B b WS /4R + E R /cm Depth of soil layer
Sample site Wood age 0 20 80 140 200
Wt Ha - 0.33 0.16 0.22 0.18 0. 21
Crop land 10 0.57 0. 30 0. 20 0. 26 0.15
T BB AR b 20 0. 64 0.35 0.31 0.24 0.21
Robinia pseudoacacia 30 0. 86 0.35 0.37 0.29 0.13
woodland 40 0.82 0. 29 0.32 0. 25 0.19
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AHSCHE , o Moldrup #5578 3155 45 2 5 5120 i 1) AH
KM B (P<<0.05), ARG RSZEM,H
Li-8100 i 28 145 21 (1% + 58 i e 5 52 ME /D T 97 1
it A 45 B, Penman, Marshall, Millington, Mold-
rup-1997 F1 Moldrup-2000 5 84 i i 55 45 R 5 520
{H 2Z 8] ¥ F4 78 i 35 A DG Horh Moldrup-2000 £
TR 430 248 L i 230 S, 22 B Moldrup-2000 45 7Y
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CO, My Bud =,

AW KB, TE 8 4 bk X, R HERZ A 20
cm + 2 Moldrup-2000 5 13153 ) 4 A 38 i 5 52
TN AH PR e 5 o R 43 91 0,99 10, 613580 F1 140
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55 STIE A e e KL R 435I 0,67 0. 5357
200 cm 1 ZH7, A Millington #& &1 4+ 82019 + R 18
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73k 6 A B Moldrup-2000, Moldrup-2000,
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