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Effects of Topographies and Land Uses on Soil Organic Carbon in Subsurface in
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Abstract: It is important to accurately assess soil carbon sequestration potential and the global carbon cycle to study effects of
topographies and land uses on soil profile organic carbon in subsurface. In Yangou watershed of hilly region of Loess Plateau based on
three topographies (tableland slopeland gullyland) and seven land uses (farmland orchard secondary grassland manmade and
secondary shrubland and manmade and secondary woodland) 53 soil profiles (0400 cm) in six soil depths up to 898 samples were
collected to investigate effects of topographies and land uses on contents and spatial distribution of soil organic carbon in subsurface.
Topographies land uses depths and interaction of them significantly (p <0.01) affected spatial distribution of soil organic carbon in
subsurface in Yangou watershed. SOC had different spatial distribution in topographies between subsurface (10400 c¢m) and surface
(040 c¢m). In 040 cm soil layer the content of soil organic carbon of slopeland (10.7 g *kg ') was the highest followed by gullyland
(8.9 gekg™') the content of SOC of tableland (4.4 gekg ') was the lowest. But the contents of SOC every layer in 10400 c¢m
expressed as gullyland > slopeland > tableland trends the average contents of SOC were 5.6 g*kg ™' 4.5 g*kg ™' and 3.2 g*kg™'.
Land uses significantly (p <0.05) affected spatial distribution of SOC in subsurface in Yangou watershed. Compared with farmland

the content of SOC of orchard in 040 c¢m decreased by 21%  yet increased by 13% in 80400 cm. The content of SOC of manmade
shrubland (2.6 gekg™') was 19% lower than that of farmland while SOC content of manmade woodland (3.4 g*kg™') was 6%
higher than that of farmland. The content of SOC of secondary shrubland was higher than that of any other land uses in 20400 c¢cm but
it is significantly (p < 0.05) different form other land uses in 40400 c¢m the average contents was 5.3 gekg™' which was 66%
higher than that of farmland. The content of SOC of secondary woodland was higher than that of any other land uses in 020 ¢cm  but it
was less differences form other land uses in 40400 c¢m. The storage of SOC of gullyland(5. 04 kg*m “*)in subsurface (20400 cm)
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was the highest accounted for 71. 4% in 1m profile

72.3% respectively. The storages of SOC of secondary shrubland in subsurface (20400 cm) were the highest
only accounted for 49. 7% . The

accounted for 64. 7% in 1m profile

while the relative storage of secondary woodland was the lowest

storages of SOC of farmland and orchard both accounted for more than 70% of 1m profile.

Key words:topography; land use; subsurface; soil organic carbon; loess
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2003 ( C. =d, xp, x0,/100
1). N i C
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~20. 20 ~40. 40 ~60. 60 ~80, 80 ~100 cm 6  (geem ) Q (gokg™).
3 898 . 1.2.3
3 cm. SAS8. 17
1 . SOC (GLM) F
Table 1 Land le size and tion in Y . 7
watershed of hinyp region Lne:; PIIateau ; (Duncan)
/hm? 1% / 1% SOC (GLM) F
925.7 19.3 15 28.3 (Duncan)
666. 9 13.9 6 11.3 ’
1472.5 30.8 10 18.9
783.9 16. 4 13 24.5 2.1
615.0 12.8 9 17.0 ) R R R
117.3 2.4
18.9 0.4 ’ )
187.9 3.9
4788.2 100. 0 53 100 (p <0.01) A
N N N N 5
2
Table 2 Variance analysis of spatial distribution of soil profile organic carbon in Yangou watershed of hilly region Loess Plateau
F F >poos F > pyo
2 748.91 374. 46 77.95 <0.000 1 <0.000 1
6 2575.71 429.29 89.37 <0.0001 <0.000 1
5 4023.39 804. 68 167.51 <0.000 1 <0.000 1
4 76. 97 19.24 4.01 0. 003 2 0. 003 2
10 558. 88 55.89 11.63 <0.000 1 <0.000 1
x 30 1 560. 01 52.00 10. 82 <0.000 1 <0.000 1
x X 20 81.61 4.08 0. 85 0.653 1 0.653 1
2.2 (8.9 gkg™ ") (4.4 gekg ') 1.2, 2.4(p <
(S00) 0.05) . 10~100 cm
( 3). 1m SOC (6.2 (5.6
grkg™") (3.4 gkg™") (5.8 grkg ') (4.5 g°kg™") (3.2
gkg™)  82% (p<0.01) 7%. 0~10 cm gekg™) 1.8, 1.4

socC (10.7 gokg™") . 10 ~40 cm
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; (7.0 g°kg™") SOC 3.7 gokg ™
(6.1 g°kg™") (3.5 g°kg™") 2.0. (10.6 gekg™'). (8.7
1.7 .40 ~60 cm . gokg™ ') (5.9 g°kg ). (4.7
(p <0.05) (5.0 g *kg™") gekg ). (4.3 g°kg ). (4.3
(3.9 g-kg™") 1.3 (3.0 gekg™") 2.9.2.4, 1.6, 1.3, 1.2,
gekg™) 1.3 . 60~100 cm . .2 ( 4). . .

(4.5 ( . L
grkg™") (3.3 gkg ') (3.0 ) (soC)
arke™)  36% . 50%. S0C (p <0.05). (0 ~40 cm)

(10.7 ~3.2 g*kg™") 70% ; (4.2 g*kg™") (5.3 g°kg™")
33% . 21% ; 40 ~80 cm
3 80 ~ 100 cm 13% . N
) Jooko ™
Dlgtks 0~10 cm (p <0.05)
Table 3 Effects of topographies on spatial distribution of soil
o , uton © 10 ~40 cm 12% « 6% ; 40
profile organic carbon in Yangou watershed of hilly region »
Loess Plateau/g*kg ™" ~ 100 cm (2 6 g.kg ) 19%
Jem (3.4 gokg™") 6% .0 ~20 cm
0~10 4.4x1.15bA  10.7 £6.07aA 8.9 +4.21aA (25.1.
10 ~20 3.8 £0.78bAB 7.2 +3.69aB 8.0 +2.97aA 12.3 gvkg’]) 4.2.2.2 (p <0.05)
20 ~40 3.2£0.69bBC 5.0 +2.59aC 6.0 +2.36aB =20 ~100 c¢m
40 ~ 60 3.0 £1.38cC 3.9+1.81bD 5.0 +1.86aBC 40 ~ 100 cm
60 ~ 80 3.0£1.59bC  3.3+1.96bD 4.6 £1.46aBC
(p <0.05) 40 ~ 100
80 ~ 100 3.0£1.53bC 3.2+1.39bD 4.4 +1.46aC ; ]
3.4 £1.34b 5.8 £4.39a 6.2 £3.06a em 6.3 g-kg ) 66% ;
0~60 cm
1) 0.05
0.01 83%
36% ; 60 ~100 cm
SOC 10% 4% .
0 ~10 cm 10 ~ 100 cm SOC
10 ~100 cm . 80 ~100 cm
40 ~ 60 cm ;
10 ~40 cm 40 ~100 cm;
60 ~100 cm 0 ~20 cm
20 ~100 em 40 ~ 100 c¢m
2.3
0~
(S0C) 60 cm 60 ~ 100
(p<0.05). 1 m cm
4 /g'k,gfl
Table 4  Effect of landuses on spatial distribution of soil profile organic carbon in in Yangou watershed of hilly region Loess Plateau/g+kg ™'
/(fm
0~10 50+1.17eA  6.0+2.69deA  8.5+2.54cA  8.2+2.90cdA  10.0+2.94cA  15.4 £5.54bA 25.1 £5.33aA
10 ~20 4.3 +1.21cA 5.6 £2.62cA 5.0+1.55¢B 5.0 +1.20c¢B 7.7 £2.40bB 11.1 +£3. 88aB 12.3 £2.37aB
20 ~40 3.4 +£0.80cB 4.3 £2.14bcB 3.6 £1.74bcC 4.1 £1.09beBC 5.2 +£2.52bC 7.9 +2.58aC 7.0 £1.98aC
40 ~ 60 3.2+1.54bB 3.5+1.67bBC  3.020.62bC 3.6 +0.93bC 4.1+1.82bCD 5.9 +2.20aCD 4.3 +1.54bC
60 ~ 80 3.1+1.77bB 3.1 £1.16bC 2.3+0.51bC 3.2 +0.87bC 3.7 £1.90bD 5.3 +2.96aD 3.6 +1.30bC
80 ~ 100 3.4 +£1.64bB 3.0 +1.36bC 2.5 +0.77bC 3.5+1.07bC 3.3 +1.37bD 4.8 +1.72aD 3.3 +0.97bC
3.7+1.52d 4.3 +£2.31d 4.3 +£2.61d 4.7 +2.36d 5.9 +3.3lc 8.7 x5.18b 10.6 +8. 81a
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2.4 60.5% + 14.7% 20 ~ 100
cm 4.6% + 26.3%
(p < 34.5% « 33.8%. 0 ~20 cm
0.01) (S0C) ( 5). 1.7%+5.1% 20 ~100 cm
SOC (3.7 gokg™") (3.1 13.3% « 15.2% + 26.5% -
grkg ') 1.2 soC 28.9%. SOC 4.9
SOC gokg ™! . .
> > > = 1.8.1.5. 1.1
> > SOC (p <0.05)
(3.8 gekg™')  2.4.2.2.1.4.1.2.1.2. 1.1 (3.1 g°kg™")
(0 ~60 cm) soC 60 1.6, 1.5 ; 0 ~
~100 em 0.3% + 14. 6% . 100 c¢m) 0 ~40 cm
( . ) SOC 40 ~100 cm
( N ). 0 ~20 cm
5 /gokg ™!
Table 5 Effects of landuses in the same topography on spatial distribution of soil profile organic carbon in Yangou watershed
of hilly region Loess Plateau/g*kg ™'
0~10 10 ~20 20 ~40 40 ~ 60 60 ~ 80 80 ~ 100
5.0 £1.04aA 4.0 +0.78aAB 3.2+0.72aB 3.2 +1.89aB 3.3 +2.18aB 3.6 £2.00aB 3.7+1.63
3.9+1.00bA 3.6 £0.76aAB  3.120.68aBC 2.8 +0.59aCD 2.7 £0.62aCD 2.4 20.33aD  3.1x0.85
4.4+1.15 3.8+£0.78 3.2+0.69 3.0+1.38 3.0+1.59 3.0x£1.53
5.4x1.41dA  5.1x1.57bcA 3.6 +0.97bB 3.2 x0.50bB 2.8 +0.25bB  3.1+0.40bB 3.8 x1.28
6.8 £3.56cdA 6.4 £3.54bcAB 4.8 £2.86bBC 3.5 +1.77bCD 2.8 £1.17bD 2.6 +£1.03bD 4.5+2.99
8.5 +2.54cdA 5.0 +1.55bcB 3.6+1.74bC 3.0 +0.62bC 2.3 +£0.51bC 2.5 +0.77bC 4.3 +2.61
8.4 +£3.07cdA 4.8+1.05¢B 4.1 +£1.13bBC 3.5+0.94bCD 3.0 +0.69bD 3.2 +0.79bCD 4.6 £2.47
10.1£3.12¢A 7.3 £2.49bB 4.8 +2.66bC 3.4 £1.49bCD 2.8 £1.08bD 2.7 +0.81bD 5.4 +3.50
15.6 £5.52bA 10. 8 +4.15aB 7.3 +2.71aC 5.8 +2.41aC 5.4 +£3.41aC 5.0 £1.89aC 8.8 +5.34
25.1 £5.33aA 12.3 £2.37aB 7.0 £1.98aC 4.3 £1.54bC 3.6 £1.30bC 3.3+£0.97bC  10.6 +8.81
10.7 £6.07 7.2 +3.69 5.0+ 2.59 3.9+1.81 3.3+1.96 3.2+1.39
6.7 +£0.98bA 6.1 x1.11cA 4.6 +1.56¢B 4.2 +1.94aB 3.8+1.22bB 4.0 +1.71aB 4.9+1.79
7.2 £0.71bA 6.5+1.19cAB 4.2 +£1.05¢C 4.0 +0.83aC 4.6 £0.08bC 5.1 +1.08aBC 5.3 +£1.42
9.6 +2.37bA 9.1 +1.46bA 6.8 +1.13bB 6.2 +0.84aB 6.4 +1.03aB 5.2 +0.84aB 7.3 +2.05
14.5+6.04aA 12.5+2.57aAB 9.3 +1.57aBC 6.2 £1.62aCD 5.0 +1.10bD 4.3 +1.20aD 8.6 +4.72
8.9 +4.21 8.1+£2.97 6.0 +2.36 5.0+1.86 4.6 +1.46 4.4 +1.46
2.5
( ( 2).1m
6). 1 m > > > >
7.06 kgem (5.77 kgem ?). (4.17 = >
kgem™) 1.2.1.7 .0~10cm (4.37 kgem™*) 2.0.1.8.1.3.1.2.1.0. 1.0
1.27 kgem * ; 10 (20 ~ 100 cm)
~100 c¢m 6.01 kgem ~* (1 m) 67.4%
(20 ~ 100 cm) (5.04 3.96 kgem ’
kgem %) (1 m) 71. 4% ; 49.7% ;
3.01 kgem ’ 2.89 kgem ’;
72.3%. 73.1%.
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6 /kgem >

Table 6  Storage of spatial distribution of soil profile organic carbon in Yangou watershed of hilly region Loess Plateau/kgem ~

/em /%
(20 ~100 cm) /
0~10 10 ~20 20 ~40 40 ~ 60 60 ~ 80 80 ~ 100 0 ~100 100 cm
0.59 0.56 0. 86 0.75 0.71 0.70 4.17 72.3
1.27 0.83 1.19 0.90 0. 80 0.79 5.77 63.6
1. 06 0.96 1. 46 1.21 1.21 1.15 7.06 71.4
0. 66 0.57 0. 86 0. 80 0. 80 0. 87 4.56 73.1
0.76 0.71 1. 11 0. 89 0. 80 0.77 5.04 70.7
0.93 0.55 0.91 0.75 0.60 0.63 4.37 66. 1
0. 88 0.53 0. 89 0.77 0.70 0.79 4.56 69.0
1.08 0. 84 1. 10 0.92 0.91 0. 85 5.71 66. 4
1.68 1.22 1.96 1.46 1.37 1.22 8.91 67.4
2.68 1.32 1.51 0.92 0.78 0.75 7.96 49.7
3
0~10 cm
> > . 0~10 cm
( ) 15 28
10cm (0 ~40 cm) 26%
40 ~80 cm
80 ~ 100 cm 12% .
40 cm 80 ~
100 ¢m
0~10 cm 40 cm
10 cm ;40 ~80 c¢m »
(10 ~40
cm) 40 ~ 60 cm
80 cm
(60 ~ 100 cm) . 0 ~60 cm
; 60 ~100 c¢m
0 ~60 cm
( ) 30 ~32
0~20 cm
10° ~45° 82.1% 20 ~ 100 cm 40 ~
1997 100 cm
25 10

(40 cm )
(60 ~ 100 cm) B
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35 36
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63.6% ~72.3% ( 6);
20 ~ 100 cm I' m
49.7% ~73.1% ( 6) N
1 m
70%
4
(@)) N N
(p<0.01).
2) (10 ~ 100 em) SOC
(0 ~10 cm) .0 ~10 cm SOC
> > 10 ~ 100 e¢m
(5.6 g*kg™') > (4.5 g°kg™) >
(3.2 gokg ™). (10 ~40 cm)
40 ~60 cm
(60 ~ 100
cm)
3) SOC
(p <0.05). 0 ~40 ¢cm SOC
21% 80 ~ 100 c¢m SOC
13% ; 40 ~ 100 c¢m
(p <0.05) (5.3
gekg™") 66% 40 ~ 100 c¢m

(4) (20 ~ 100 cm) sOC
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