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Zonal pattern of soil moisture and its influencing factors under different land use

types on the Loess Plateau
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Abstract; Soil moisture is a key factor for plant growth and eco-environment restoration on the Loess Plateau, China. The
Loess Plateau is has an arid and semi-arid climate, complicated landforms, and a unique loess-deposition soil environment.
The understanding of zonal pattern in soil moisture under different land use types is fundamental for environmental
mnagement for the selection and plantation of non-native vegetation types. In the present study, a transect with an area of
194000 km® was selected at the center of the Loess Plateau with a north-south direction to investigate the effects of the
changes in rainfall, potential evaporation, soil texture, and vegetation types on soil moisture. This transect included all
vegetation, soil, and climatic types of the Loess Plateau. Soil moisture profiles of 0—500 ¢m under farmland, grassland,
shrub land and woodland were measured using the sampling method in 29 counties from the southern to northern Loess
Plateau from July to August 2014. Soil texture, vegetation, slope, slope direction, elevation, latitudes, and longitudes were

also measured. The results showed that: 1) soil moisture under four land use types decreased gradually from the southern to
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the northern Loess Plateau with increasing latitude. This corresponded to the distribution of the mean annual precipitation,
potential evapotranspiration, and soil clay texture across the Loess Plateau; 2) soil moisture was significantly different
under different land use types through the comparison of soil moisture in horizontal and vertical directions. The general trend
for the soil moisture was: farmland > grassland > shrub land > woodland. The differences in root distribution and
evapotranspiration under different land use types resulted in the above trend; 3) six factors, including mean annual
precipitation, latitude, clay content, sand content, silt content, and potential evaporation, were identified as the main
factors affecting the soil moisture content determined by correlation analysis. The mean annual precipitation and clay content
were identified as the most important factors influencing soil moisture using stepwise regression analysis. Compared with the
clay content, the mean annual precipitation was the main factor determining the spatial variation in soil moisture under
different land use types. This information is useful for environmental managers to ensure ecological restoration on the Loess

Plateau.

Key Words: Loess Plateau; soil moisture; land use type; spatial variation
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Fig.1 The study transect on the Loess Plateau
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Table 1 The measured contents of typical sampled plots at different latitudes

D 5E H5 7 Index A il A IE w K
4338 5% /K & Soil water contents/cm®em™ 8.95 6.06 15.47 14.33 14.14
+ 325 8 Soil bulk density/g.cm™ 1.36 1.42 1.15 1.21 1.25
45 Latitude/ (°) 38.80 38.02 36.72 35.90 34.22
[# M3t Rainfall/ mm 427.00 378.90 505.30 612.00 579.60
i it Sand content/% 31.50 53.60 32.20 14.00 3.90
LS i Silt content/ % 53.30 34.10 51.10 74.20 74.30
Hiki 54 Clay content/ % 15.20 12.30 16.70 11.80 21.80
PRTEZEHUE Potential evapotranspiration/mm 1098.29 1164.91 1025.86 1017.87 933.68
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Fig.2 The change of soil moisture with the latitude in farmland, grassland, shrub land and woodland on the Loess Plateau
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Fig.4 Profile distribution of soil moisture content under different land use types on the Loess Plateau
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Table 2 The correlation coefficient of soil water contents and its impact factor under different land use types

P A H i NN TrAM A,
Influence factor Farmland Grassland Shrub land Woodland
[T & Rainfall 0.884 ** 0.891** 0.864 ** 0.917**
L5 Latitude -0.795** -0.895 " -0.909 ** -0.873**
PR i Sand content -0.855** -0.848 ** -0.825** -0.858 **
kit Silt content 0.773** 0.758** 0.733** 0.773 **
Hliki 5 4 Clay content 0.711** 0.732" 0.719 ** 0.718 **
TR EZE IR Potential Evapotranspiration -0.689 " -0.810"* -0.708 * -0.769 "

w x Rtk i (P<0.01), * R 3% (P<0.05)
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Table 3 The multivariable linear regression analysis for impact factors on soil water contents under different land use types

TR FES X . Por SE JHRJE R
Land use types Factor Coefficient Adjusted R*
A< Ml Farmland HEE Intercept -20.406 -5.636 0.000 * 0.000 0.905
[ M Rainfall/mm 0.061 6.969 0.000 * 0.750
Fiki &4 Clay content/% 0.386 3.061 0.014* 0.330
Bl Grassland I Intercept ~24.449 -6.933 0.000 * 0.000 0.920
F#MI 4t Rainfall/mm 0.063 7.410 0.000 * 0.734
A Clay content/% 0.446 3.625 0.006* 0.359
HEAHMHL Shrub land — #FE Intercept -23.924 -5.984 0.001 * 0.000 0.843
%M Rainfall/mm 0.058 4.983 0.001 * 0.691
Hiki &4 Clay content/% 0.444 2.656 0.026* 0.368
TR AMHL Woodland ~— ARHE Intercept -27.715 -6.677 0.000* 0.000 0.900
[%WH 5 Rainfall/mm 0.067 6.656 0.000* 0.736
Hiki f 1 Clay content/ % 0.450 3.111 0.013* 0.344

* T KSR TE p=95%/KF 3 s SE FbnuE kAl

T [T T B2 SRR T DU b M) P2 R 1 74 S A0 A ] S 5 D R ek AR 25 B 2 52 ) B 8
RN s/ i i e 11 w5 e e =3 S e N 2 A s <Y O [ A R AT B VA L o e o i
IR SN SR, T PR A 28 R X — S ) PR R A R A ISR S b LD AT T BBV 25 i S K B 2
0] W E I TR DG . ArHT Al ARSI 4508 A7 . A R 1L OO RO B P 3 4R T R
ST By P CARFAE, BIVISURE (9 — PR RN 0 st s B R R LB 4 4 T R K B R B st 5
Mo AR, T B b R B R R R AT T AR AT . ASSCEE SRS RIS — 2, 100 HL O TR
0 S T R R DA R ) A O B 1 T i A R R DR B R 5 BRI R R
S o R - S K R A B v SRR A R X AR IR SRR BRI A A RO A R R 48 =

HRAMFILA — LR R, FERIE : O TR R LS R SRAE RO B | 5 RAEFEI 1A (]
HEA A RA SRS ) B3R T 0 32— R P N 1 LS S /K i A 52, S BBCRATE s A 25 A AN — 3, s
AR TEARRITTE SR (] L 5T R 2 QR 28 AR R ), oy T A I B FR ), [ — R A AR
MR B AR VR S0 , INTR AARIL AR R R R 3 A2 22 3 DX A7, AU TE AR LI LA 4 TR
o ANFEEPA SIS KR AR AT PN REIX Jp s O3 S PR i , AT A BRI 22 3 A 7E B
Y, T 5 b 22 2 B, 76 R R B AR CRAE BT A AR B D6 B A ) (3 16, X2 2R A — s 527 X )

http ; //www.ecologica.cn



8 S % 378

FITE AR AT 5T b NS S Al (7 A oy BEAE AT A IO R M AT 3K ORI, i s e 2R R —
SE I 18] 2521 36F - 85 7K A MR IR B0 A58 b ) 28 52 M, SR AL 2B AR B0 52 ) PR 3R R - 3 55 K i 22 [
AISC AR, XA [ L ] FH S TR - 5 /K B Y i PR 5 S e R R AR — AR RO BIE T

3 g

Xof B g R U R A R AR RN TR AR A DU b b 3 ] T D7 X 0—500 em 1 T A 5% K
F110—50 cm i IA] - e A T HEA TIN5 FIOMAT , WEFE 45 SRR

(1) B B PO b A 2R R g B 18] 0—500 em 7] ThT 1 38~ 44 5 7K &t 1) 70 A 5 HAT ] X 1) s () 28 S
P FEAKSFI7 1) g e AR, B WL B R R i AR AL XS IR IX AR B R i R AR |
Jo i A5 [ A UAEAR — 2K

(2) A< sty FEACHR I AT AP L DU Fof - 3t A1) FH 28 1L 1) 4 B85 K S A 7K O 1) B T 5 1) B R
AW 22 S A RO A S RO S PEARRM A TR AR AR, DL 14550 E RIS T AR RS R A TR R
Aii N2 BOFE /K B I AS [A) BT S BUR R DR E R

(3) 38 i R SE A7V R R 26 B ORPRE S i DR o OBk IR AR U i S e
KR AT W EAH A, P A 38 A0 [0 3 BB A 1 52 W) 8 5 7K B i S B9 R ) PR 3R 2411 24 [ R i DR o
i R AR R R O B R R

5% 3Lk ( References) :

] WEWR, IRCE, BT, HOKBIT R IR, AKEREEE, 1999, 10(3) @ 311-318.
] ZEEL. 3 X R ME IR S T K MBI R . 2R AR AEA, 1983, 3(2) : 91-101.
1 OMREF, RO b E R R R K B S AR E VL, 2007, 27(3) @ 502-508.
[ 4] B30, 85RO BHE SRR . ARRIER, 2001, 16(5) : 433-538.
] BRHbRe, BEMIZE, TErobk. B b XERE TR S THOKMEERRHIE. 544, 2005, 25(10) ; 2491-2498.
1 HARZE, BRI, BCih. B LR UK A o R RO SRR A R DGR, Bk, 2004, 13(6) : 14-20.
] Liu B X, Shao M A. Estimation of soil water storage using temporal stability in four land uses over 10 years on the Loess Plateau, China. Journal of
Hydrology, 2014, 517 974-984.
[ 8] JiaY H, Shao M A, Jia X X. Spatial pattern of soil moisture and its temporal stability within profiles on a loessial slope in northwestern China.
Journal of Hydrology, 2013, 495; 150-161.
] W, WA, EA L 8 R R B 1K o3 s IS S ROBEMERIFSE . ARl T4, 2005, 21(8) ; 11-16.
] Exmi, kA, WE, BUEA. B DORR L Ay 2w S KR I A AR AR AT, Aol TR 240, 2006, 22(12) : 65-71.
] W, AR, B3 o ol VAR XA RO 3K Ay S (AR S RS R T, ARSI, 2012, 32(16) : 4961-5968.
[12]  EZ, Az, B, BRAITL 8+ b/l £ 50K 5 R 28 28 SRR E—— 20 5 e 5. HhB2A4f, 2000, 55(4) « 428-538.
]
]

[13]  HPSAL, SUD, 4812, (BRI, MR ek AN R B 3K A (9 A8 5 o3 A ARl TR, 2014, 30(2) : 124-131.
[14] Gao XD, WuP T, Zhao X N, Wang ] W, Shi Y G, Zhang B Q, Tian L, Li H B. Estimation of spatial soil moisture averages in a large gully of the

Loess Plateau of China through statistical and modeling solutions. Journal of Hydrology, 2013, 486, 466-578.
[15] Wang B, Wen F X, Wu J T, Wang X J, Hu Y N. Vertical Profiles of Soil Water Content as Influenced by Environmental Factors in a Small
Catchment on the Hilly-Gully Loess Plateau. PloS One, 2014, 9(10) : e109546.

[16] ZEXIl, w#hitig, FIERE. B A SR EHORMER LK. PEPR B IR SRS TR, 1985, (2): 1-17.

[17] B4R U HE L X P K IR R b S AR A . HI32A 4R, 1999, 36(2) : 237-244.

(18] Tz, ARMI%, XREMG. B+ IR+ BOK o 22 AR ek, KRkt e, 2012, 23(3) : 310-316.

[19] Wang Y Q, Shao M A, Liu Z P, Warrington D N. Regional spatial pattern of deep soil water content and its influencing factors. Hydrological

Sciences Journal, 2012, 57(2) : 265-281.

[20] Wang Y Q, Shao M A, Liu Z P, Warrington D N. Investigation of Factors Controlling the Regional-Scale Distribution of Dried Soil Layers Under
Forestland on the Loess Plateau, China. Surveys in Geophysics, 2011, 33(2) :311-330.

[21] Wang Y Q, Hu W, Zhu Y J, Shao M A, Xiao S, Zhang C C. Vertical distribution and temporal stability of soil water in 21-m profiles under

http ; //www.ecologica.cn



6 1) WA A R AN [R) o A S M K G 5 S A R 9

different land uses on the Loess Plateau in China. Journal of Hydrology, 2015, 527; 543-554.
[22] Chen HS, Shao M A, Li Y Y. Soil desiccation in the Loess Plateau of China. Geoderma, 2008, 143(1/2) ; 91-100.
[23]  dR3CSC, AT, T, A B b BT 2 KA oM B LK s ke SR KR AR 825IR, 2015, 35(3) : 725-732.
[24] HJ=, BEWIZ. B L EOK R Sg 4 A SR A 3K 43 3Bk, TR XA BFSTE, 2006, 24(6) : 155-158.
[25] MR, TRk, WRER. # 40 BEFE RN R st B MbA PO oY . UK R ORFEE R, 1992, 12(4) . 27-32.
[26] EWFH, JEWEHE, EdiA. T 50 48 L Rt I Bk i 2 AR AR RRAE. A Z554R, 2011, 31(19) : 5512-5523.
[27] Egar, #4, GS%, 11—, B w5 O 50 4S5 /R ZE B LR, Al TR 24, 2008, 24(9) : 6-10.

(28] gl , B, TSCE, X05OAl, XIE. R e 2w i 2 i R AR AT, T RIS, 2007, 24(6) : 773-778.

[29] #EFRLEAIAHET FA. B RG AR IX. hERMEBE K OIS ITE T, 1985, (1) 2-66.

[30] ZEF6E, IR, HEHR. ¥ A e IS AR A e A AT 4 7 3 S A AR ARRAIE. /K LR, 2014, 34(2) . 272-275.

[31] MEMW, EHX, T, MR, 25, 2648, SR ZHT 2005-2014 4E4 TR A2k, HETME, 2015, 35(4) : 1036-1040
[32] MAZs, B4, D5ai. 3+ ke X ORI X 3k o s, ohEBLE3E 4 1999, (4) . 225-227.

[33] Eakim, X570, A, AR R 2 5 4 E K & A, M4, 2008, 63(7) : 703-713

[34] XN, TR, FWeid. RAE R R R - T RS, K HARRFIFST, 2004, 11(1) : 126-129.

[35] LB, Reff, TW, IR, S80A&, &1, DKM, &, 25k, T REUKM X R PZEBFEER DI, hEK L ORFR:, 2006,
4(4): 19-25.

[36] TR, 30U, MO R BEMIFRLaE. K EREDRSE, 2009, 16(4) : 55-59.

http ; //www.ecologica.cn



