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Abstract; Large-scale vegetation restoration in the Loess Plateau has had a major impact on the soil moisture content and
soil organic carbon (SOC) , as well as soil water conservation and carbon sequestration services in this region. The response

of deep soil moisture and SOC contents to vegetation restoration raised serious concerns in current studies regarding eco-
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hydrology and ecosystem services in the Loess Plateau. However, limited studies have examined the responses of deep SOC
and soil moisture along with their coupling relationships to vegetation restoration in this critical area. In this study, vertical
distribution (0—>5 m depth) of SOC and soil moisture contents in different human-introduced vegetation types ( grassland,
shrubland and forestland) and restoration ages in a typical loess hilly watershed were analyzed, and soil moisture and SOC
contents in cropland were measured as controls. Our analyses showed that; (1) Soil moisture deficit was observed in
different human-introduced vegetation types. The surface soil layer (0—1 m depth) had the lowest soil moisture deficit, and
the 2—3 m depth layer had the highest soil moisture deficit. In forestland, soil moisture deficit was significantly greater in
the 21—30a stage than that in the previous stage ( 11—20a), and subsequently decreased after 31 years of growth.
However, soil moisture deficit in shrubland and grassland increased subsequent to abandonment of croplands. (2) The mean
SOC contents of forestland, shrubland and grassland in the 0—5 m depth profile were 1.97, 1.77, and 1.72 g/kg,
respectively. Soil carbon sequestration in forestland increased with increasing restoration ages, and exhibited net gain in the
20a stage compared with cropland. Carbon sequestration in shrubland increased initially, but then decreased with increasing
restoration age. In contrast to forestland and shrubland, carbon sequestration in grassland decreased with increasing
restoration age, and was lower than that of control farmland for all restoration stages. (3) Soil moisture content in the
surface layer (0—1 m depth) did not exhibit significant changes with increasing restoration age. However, soil moisture
content significantly decreased in deep soil layers with increasing restoration age. Nevertheless, no significant correlation
was found between levels of SOC and restoration age at any soil layers tested. In deep soil profiles, soil moisture content and
SOC exhibited significantly positive correlations. Furthermore, the rate of increase of SOC was lower than that of soil
moisture content. These findings indicated that deep soil carbon sequestration was closely related to soil moisture content.
The soil carbon sequestration process may require adequate soil moisture at greater soil depth. Deep soil moisture deficit may

restrict carbon sequestration in deep soil layers by constraining fine root development.
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Table 1 Statistics of experimental plots for different vegetation types and restoration ages

K THBE

types No. pecies ages /yr Altitude/m aspect/>  degree/®  position slope slope
shape shape
it 1 FI# Robinia pseudoacacia 11 1180 119.5 16 Ly F ¥
Forestland 2 R 14 1280 296 18 i i it
3 Pl 17 1300 70.5 27 t m ¥
4 A Prunus armenjaca 17 1290 222.5 22 i M Ik
5 il 17 1210 2125 9.5 IS ™ k]
6 TR 17 1210 123 12,5 IS iy Ik
7 Pt 17 1190 190 2.8 F m ¥
8 TR 19 1260 315.5 10.5 I F um
9 R 20 1310 73 315 L I F
10 il 21 1320 104.5 32 G k| F
11 R 21 1090 207 28.5 i m ¥
12 TR 24 1170 188 15 k m F
13 TR 27 1300 275 27 t m F
14 il 27 1190 213 22 IS k| F
15 AR 29 1090 165.5 34.5 t m Bt
16 1 33 1290 312.5 155 t F il
17 TR 34 1370 288 2 IS T F
18 il 34 1330 174 40.5 L fu™ F
19 il 34 1300 63.5 17.5 I I (D)
20 TR 35 1370 319.5 26 T F R
21 il 37 1170 35.5 4 Bk i R
HEA 22 Y0k Hippophae rhamnoides 11 1190 129 12,5 F ™ F
Shrunbland 23 2 17 1310 137.5 345 il (U] F
24 ik 17 1240 183 5.5 IS i Ik
25 3 28 1310 74.5 30.5 t F F
26 Fr 4% Caragana Korshinskii 34 1310 34 24.5 G F F
27 Frék 35 1330 75.5 26 R k] F
B3 Phragmites australias
Hifh Grassland 28 WK Poa annua 2 1230 66.5 1 IS I F
HLZE Cirsium setosum
29 B B Anemisia scoparia , 2 1190 75 1 t F ¥
Fe kT omisi ini; ELH
30 g@g ﬁ’;’gjﬁg{iﬁ jzjﬁdeé 27 1330 2755 245 i ™ ey
A B Carex lanceolata
31 HIKZB 3 Potentilla supina , 28 1270 260 13.5 IS ¥ Wy
K RS Lespedeza davurica
32 ;fiu;dfgzgg ég‘?dﬁm 29 1270 90.5 25.5 i F 24
33 iﬁg?;ﬁ Ejﬁjﬁi; 29 1300 3425 19 i i F
A& Cropland 34 K& Glycine max 0 1170 36.5 1 LY - F
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Fig.3 Vertical distribution of soil organic carbon in various vegetation types and restoration ages
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Fig.5 Relationship between soil moisture/SOC content and restoration ages at each soil layer
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