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£ 0~3. 0 m #T |, YO H3A Pk & &= bl 1
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Table 1 Concentration of soil organic carbon (SOC) and inorganic carbon (SIC) of sand-binding areas with different ages

4 R AR & FIETCHL S =
B /m Y0 Y90 Y81 Y64 YO Y90 Y81 Y64
0.05  0.2940.01  0.6140.25  1.454-0.47  1.95+0.23  2.8740.18  2.8740.13  3.294-0.21  4.19-0. 42
0.15  0.264-0.02  0.2940.02  0.514-0.06  0.5940.11  2.6340.16  2.43+0.11  2.8140.15  2.93-+0.21
0.25  0.2740.01  0.3340.03  0.4240.06  0.4740.07  2.7240.18  2.7740.10  2.804-0.42  2.86-0. 29
0.35  0.2640.01  0.2840.01  0.354:0.05  0.4840.08  2.804:0.16  3.0940.31  3.064-0.25  3.0320.31
0.45  0.2740.02  0.2740.00  0.364:0.03  0.3940.05  3.034:0.29  3.29740.40  2.9740.27  2.7870. 24
0.55  0.254:0.02  0.2440.01  0.414:0.05  0.334£0.01  2.904:0.28  3.00£0.39  2.7540.14  2.8320.16
0.65  0.2740.02  0.2640.02  0.3320.01  0.314£0.03  2.6740.02  2.604£0.17  2.5340.22  2.8020. 17
0.75 0.27+0.01 0.22%+0.02 0. 34=20. 00 0. 29+0. 02 2.77%0.07 2.62%0.02 3.25%0.52 2.75%0. 14
0. 85 0.26+0. 02 0.26+0. 02 0. 2940. 00 0. 260. 04 2.67%0.05 2.67%0.13 2.41%0.23 2.62%0.08
0.95  0.2740.01  0.2240.02  0.2840.01  0.3240.03  2.854-0.17  3.140.51  2.7240.05  2.8740.17
1.1 0.2640.00  0.244:0.02  0.30£0.00  0.284:0.01  2.7340.20  2.6340.21  2.7940.23  2.5740.15
1.3 0.2840.03  0.2440.01  0.30£0.02  0.264-0.02  2.9240.23  2.7740.10  2.4640.28  2.7340.10
1.5 0.2540.04  0.264:0.01  0.3540.02  0.264-0.01  2.58-0.06  2.6840.08  2.8240.11  3.1440.37
1.7 0.2340.00  0.23420.01  0.2940.00  0.304-0.02  2.8820.14  2.8040.14  2.4840.09  2.8240.12
1.9 0.22%+0.01 0.21%£0. 00 0. 25%0. 00 0.27%£0.01 2.67%0.05 2.83%0.17 2.72%0.21 2.95%0. 04
2.1 0.23%+0.03 0.22%+0.01 0. 27%0. 00 0. 2840. 00 2.58%0.21 2.7240.07 2.87%0. 15 3.27%0. 14
2.3 0.24+0.02 0. 24=0. 00 0.29+0. 01 0.26+0.01 2.78%0.13 3.10%0. 41 2.78%0.07 3.14%0.12
2.5 0.2640.03  0.2440.01  0.30£0.03  0.2740.00  2.77-0.23  2.6540.26  2.9440.14  2.7840.10
2.7 0.2540.02  0.254:0.02  0.260.00  0.274:0.03  2.6840.11  2.7340.10  2.6140.16  3.3040.13
2.9 0.2540.02  0.254:0.01  0.260.02  0.2740.03  2.7240.15  2.7340.03  2.4840.13  3.1540.09
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e 7 S ARG AR e, LR R VD AR AR A 3 T i 1 43
Wk 0.61 g+ kg ' (Y90),1.45 g« kg ' (YS1)FI
1.95 g » kg ' (Y64),

- HETCHLAR B AE A BT 1) b A D s
Ko Tahvd Al YO [ X Hy 5 KAE H BLAE 0. 4~
0.5ms 7k 3.04 g« kg ' f13.29 g« kg™ 5
Y81 1 Y64 [ Vb DX WA 4 i, de (B 35 B AE
FJ2(0~0.05 m), /5 3.29 g« kg ' f4.19 g
« kg ', AN Y64 BV IX R A WL S
RN 2.0~2.2 m 1Y 3.27 g+ kg 'H 2.6~2.8
m 1) 3.31 g » kg™ 'L & T 2 U e A At [ V0 X
FHIRZ R & i,
2.2 TEMREESESHEHE

12 2 A1, 0~3. 0 m 1) i (4 3G ML 25 i
B[] VAR AR B B (P<<0. 05) W i shb 2ok 1. 24

kg« m ™7, 7F Y64 [P XiAF] 1. 71 kg « m™?, Hrf,
0~0.4 m M 0.18 kg « m (YO Hahn ] 0. 52 kg

em “(Y64) AFTEM B 1 25 5+ (P<<0.01) . 4%
A HURRAE S AT MLARR 2% B v e o5 19 L 51k . 0 ~
0.4 m [958 8 m ON 14. 3% 5] 30. 4%) 1fijf 1. 0~
3.0 m By 5 AR (AN 64.8% F 51.6%)) (P <<
0.05), 0.4~1.0 m BJA PLIKE B B A B m, 5
AN 1) EE BTG B 2 25 5

HZ(0~0.4 m) FITRIZ (1. 0~3.0 m) +4ET
MLB R B B HE He ) 3 3 38, (H 22 550K I 35 YO,
Y90,Y81.,Y64 [H¥HX 0~3.0 m | 1 5 JCHL ik
BRI R 13.2.13.3,13.1,14. 2 kg » m 2,

0~3.0 m I i (9 6 3 % % th it sh v e 1
14.5 kg « m 234 h0 %) Y64 [HYPIX A 15.9 kg » m 2,
Forr,0~0. 4 m (A fs 2 B B G Eb A3 12 B 2 05 i (P<<
0.05) . i sh v i 194 kg « m—*, A FE 4
13. 4%, 10 Y64 BV XK 2.47 kg « m™*, Bl
15.5%, 0.4~1.0 m R EAMARA R, W2+
SRR 1 TS 4 A0 (9. 56 kg« m 2 3] 10.5 kg -
m ) EAHRE H BT TR (66. 1205 65. 8%0),

xR2 FRAEREDPR TERZEMNILE
Table 2 Comparison of SOC, SIC, STC density in 0—0.4, 0.4—1.0, and 1. 0—3. 0 m layer, and their ratios

accounted in the whole 0—3. 0 m soil profile between sand-binding areas with different ages

THEEE/ (kg + m™?) Rk L/ %
0~0.4 m 0.4~1.0 m 1.0~3.0m 0~3.0m 0~0.4 m 0.4~1.0m 1.0~3.0m
SOC YO0 0.18+0.01¢  0.2640.02®>  0.80=40.07 1.2440.10>  14.340. 54¢ 20.940. 21 64.84-0. 712
Y90 0.2340.04b 0, 2440, 01" 0.7840.01 1.2540.04>  18.442.93b  19.24+1.14  62.4+1.82%
Y81 0.4140.05%  0.33£0.22¢ 0.9340. 04 1.6740.07¢ 24,442, 23 19.6+1.57 56,041, 49b
Y64 0.5240.03*  0.3140.02®>  0.8840. 04 1.712£0.03*  30.4+£2.13° 18.0£0. 74 51. 641, 56¢
F 16. 70 6. 68 2.96 16. 8 10. 8 1.31 17.1
Cose Yo o L7740.09  2.7140.12  8.76+0.38  13.240.47  13.340.20 2054100  66.241,00
Y90 1. 714-0. 07 2.7740. 24 8.8640. 13 13.34-0. 38 12. 840. 27 20.741. 26 66.5+1.43
Y81 1. 81£0. 02 2.6740.06 8. 6440. 22 13.1=£0. 30 13.8+0. 16 20.341. 22 65.940. 31
Y64 1.95+0. 16 2.6740.11 9.5740. 16 14. 240. 41 13.7+0.71 18.8+0. 25 67.5+0. 96
F 1.13 0.11 2.90 1. 50 1. 28 1.12 0. 49
st Yo 19440,08% 2964010  9.56+0.39  14.540.46 13,4019  20.540,93  66.190,97
Y90 1. 94+0. 020 3.0140.25 9.6440.12 14. 6+0. 34 13.340. 21> 20.6+1. 25 66.1+1.13
Y81 2.2240.06®  2.9940. 05 9.5740.25 14.840.32  15.0£0.36  20.2+0. 14 64. 70. 47
Y64 2.4740. 172 2.9840. 09 10.5+0. 17 15.97+0. 38 15.5+0. 732 18. 740. 15 65. 8+0. 88
F 6.75 0.02 2. 80 2.95 6. 65 1. 24 0.51

AR/ INE T AE R R AN TR A U DO TR) 2 0 S 8 JHG L 91 8 9 22 S ik B 2 36 /K8 (P<C0. 05) 5 YO, it 3l 1 frs

Y90, 1990 4E [& 5 X 5

Y81,1981 4F [P IX ; Y64, 1964 4 [P IX ; SIC Sy -3 Sk s 2 -PRUE A 580 E bR iR

2.3 TEmSHELTEEUENXE

TERHTIIEE R BIR ,0~0. 4 m + )2 3R
JE5 TR AR B AR (B D, e

KL KA B pH R L SRR
T AT PR ) 52 R R X M T T ) 5
MR 22 o S G5 BN L SO LI 4 J3E A 52 M) 42
T HIX 6 A~ L e P T b SR 1 4
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Fig. 1 Bioplots of redundancy analysis (RDA) between

soil carbon density and soil properties

=

AT R (6 3) , T3 AnBikL & B L RS
B K AR R S R 5 g LR
W B I TEAH G R (P<C0. 001) 5 + 3 Te ALk 25 Jir
55 - ANk | R R SR D R Y E A G R
(P<<0.0D), 15 HHKAMEMERA T ®HE D
ZHYIEAE 6 Z (P<C0. 05) 5 + 3 SRR % B 5% pH
(B2 M A 18 T 1 449 S W 0 3 B IE A S S R (P <<
0.01),

B 2 Hiid T RTR 12 A PLa S 5 - K
B ER, 0~0.4 m M 0. 4~1.0 m HIEAHL
T B 5 K Er EH B IR AE 1.0~3.0
m Fl 0~3. 0 m F [ I, 35 0] 53 51 47 7 b 3 F
B R 6 )6 & (P<<0. 05, P<<0.001), [ 0.4
~1.0 m [} - HETCHLIK B B S (P<<0. 05), fiT A 1
JZ R TEATURR LG 5 K o & B[ RAE A
BEHXRRCERD,

x3 0~0.4mIETEBRTESTEREHEXRE
Table 3 Correlation coefficients between soil carbon density (SOC, SIC, and STC) and soil properties in 0—0. 4 m soil layer

SWA FPs EC TN TP pH
SOC 0. 739 0.983** 0.723%** 0.959* 0. 944> 0.134
SIC 0.532* 0.736*" 0. 467 0. 595 0.633*% 0. 144
STC 0. 6937 0.936** 0. 653 %% 0. 854* 0. 863 ** 0. 149
SWA, + 5K %01 s FPs, HEARISURL (ki + k) s EC, #5538 TN, ML TP, Sk,
00~04m 04~1.0m
L - | |
06 . 035 .
Q@ . B
—%E.O F=0236 - L r=-0451
=1 PR . P=0141
< 04t ‘ . 030F =
% L] ] n n
n
n
T 02r . I 025}
" " .
H | ] | ]
0.0 1 1 1 0.20 1 1 1 1 ]
0.010 0.015 0.020 0.025 0.01 0.02 0.03 0.04 0.05
1.0~3.0m 0.0~3.0m
_LOF g 1.8F n .
= n
& n® =
g’ 09l . 16F an
g =l L] r=-0.878
14} P<0.001
& 08 . . N
= " . "
z 12F s
:}-\_1 07+ r=-0.673
P<0.05 » ]
1.0
0.6 1 1 1 1 i| 1 1 L 1
0.009 0.018 0.027 0.036 0.045 0.01 0.02 0.03 0.04
THORSEEE /(mPm?) HOKAEE /(mm?)
E3IR N [ o e 2 S R o w2 & A <01 2 B o
Fig. 2 Correlation analysis between soil organic carbon (SOC) density and soil water content in

0—0.4 m, 0.4—1.0 m, and 1. 0—3. 0 m, and the whole 0—3. 0 m soil profile
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Table 4 Correlation coefficients between soil carbon density (SIC and STC) and soil water content in
0—0.4m0.4—1.0 m, and 1. 0—3. 0 m, and the whole 0—3. 0 m soil profile
0~0.4 m 0.4~1.0m 1.0~3.0m 0.0~3.0m
r P r P r P r P
SIC —0.199 0. 535 0. 595 0. 041 —0. 188 0. 559 —0. 149 0. 643
STC 0.010 0. 975 0. 535 0.073 —0. 294 0. 354 —0. 406 0. 191

3 WS

KR, T 5T 2 X H 3 H A How
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Distribution of Soil Carbon in Sand-binding Area and Its
Relation with Soil Properties

Chen Yongle"?, Zhang Zhishan', Zhao Yang'

(1.Shapotou Desert Research and Experimental Station, Northwest Institute of Eco-Environment and Resources, Chinese

Academy of Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Soil organic carbon (SOC) and soil inorganic carbon (SIC) are both crucial components of soil car-
bon. In arid and semi-arid regions, there exist at least as much as or more SIC than SOC, and it has a great
potential for reducing the rate of atmospheric CO, enrichment by increasing SOC and SIC sequestration.
Studies involving soil carbon sequestration mainly focused on SOC in the first meter, or even shallower, and
SIC was often neglected or underestimated. Revegetation, an effective method for controlling desertification
and sequestrating carbon, has been wildly used in desert areas of China. However, knowledge about effects
of revegetation on SOC and SIC distribution in both shallow and deep soils are still limited, as well as their
relations with soil changes. In this study, we investigated the distribution of soil carbon from sand-binding
areas established in 1964, 1981 and 1990 (Y64, Y81, and Y90), and adjacent moving sand dunes (Y0) in
terms of concentration and density of both SOC and SIC along 0— 3.0 m soil profile. The results showed
that, in 0—0. 1 m layer, SOC concentration increased from 0. 29 g-kg ' of YO to 1. 95 g-kg ! of Y64, and
SIC concentration increased from 2. 87 g-kg ' of YO to 4. 19 g-kg ! of Y64. SOC concentration decreased as
soil depth increased, while SIC concentration waved at a range of 2.44 g-kg ' to 3.31 g-kg '. The total
SOC density in 0—3. 0 m profile increased significantly from YO to Y64, and that in 0—0. 4 m layer (0. 18 to
0.52 kg-m™?) increased faster than 1. 0—3. 0 m layer (0. 80 to 0. 88 kg-m~?), thus the ratio of SOC density
in 0—0. 4 m layer (14.3% to 30.4% ) significantly increased but that of 1. 0—3. 0 m decreased (64. 8% to
51.6% ). SIC density in 0—0. 4 m and 1. 0—3. 0 m layer also increased from YO to Y64. According to redun-
dancy analysis, soil fine particles (FPs), water availability (SWA), total nitrogen (TN), total phosphorus
(TP), pH and electrical conductivity (EC) positively related to soil carbon density in 0—0. 4 m layer, and
these factors could explain 86. 2% of variation in soil carbon density. The results of correlation analysis fur-
ther showed that SOC density has significant positive relations with FPs, TN, TP, SWA and EC (P <
0. 001), while SIC positively related with all soil properties (P<C0. 05) except pH and EC. In addition, SOC
density negatively related with soil water content in 0— 3.0 m profile (P<C0.01) and 1.0—3.0 m layer
(P<C0.05). Overall, our findings indicated that establishment of sand-binding vegetation are beneficial for
accumulation of SOC and SIC in both shallow and deep soils, and changes of soil carbon closely related to soil
properties.

Key words: moving sand dunes; sand-binding vegetation; soil organic carbon; soil inorganic carbon; soil

properties



