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Fig. 1 Land use map in Menglianggu watershed
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Table 1 Statistical eigenvalues of soil water repellency (SWR) and physicochemical properties of the brown soil
EREH
~ AR
N . . bR .
et 2 RRMHE H/AME W 22 -1 {E Coefficient I A1 [EER(E
Standard K-Sp
Soil Properties Maximum Minimum Range Mean of variation ~ Skewness Kurtosis
error
(%)
JR K21} B WDPT (s) 264.5 3.2 261.3 52.50 43.56 83 2.011 8. 848 0.620""
J¥ KL )
47.7 1.1 46.6 7.15 7.06 99 3.348 16. 62 0.274""
WDPT " (s)

k& Water (% ) 12.7 2.0 10.7 4.43 1.93 44 2. 066 9.092 0. 060
KR Water™ (% ) 17.5 3.1 14.4 8. 69 2.94 33 0.787 3. 602 0.767
AHLTE OM (g kgfl) 51.8 3.8 48.0 28.71 13. 41 47 -0.195 2. 126 0.124

R Sand (% ) 88.8 57.6 31.2 81. 00 3.45 4 -3.066 22. 60 0. 084
B Silt (%) 40.9 11.0 29.9 18. 64 3.35 18 2.902 21.26 0. 099
Fhiki Clay (% ) 1.44 0.2 1.26 0.37 0.16 43 3.232 21.99 0.127

o TR MR A I S MR 2 )5 5 « = TR X B 2 )5 1Y p {6 Note:The symbol“ * ”indicates that the monitoring was done after

rainfall and “ s = ”stands for significant level p after logarithmic transformation
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Table 2 Semivariogram models of SWR and physicochemical properties of the brown soil

J7 1] Direction ( °)

AR F# Range(m)

e i Yol  MAM  RERN
£ Wil} 2. V=t . V=t
R et K okl Nugget Sill Nugget/Sill KAl et i k
Soil properties Theoretical model Major Minor € +C Co/(Cy+C) Major Minor
range range range range
¥ 7K AR 22 I ] TRBRR
358.9 88.9 0.2298 0. 7492 30. 7% 6.3 1.4 4.5
WDPT (s) Exponential
JF K35 L ) Eig i |
9.9 99.9 0. 1591 0.556 28.6% 8.9 5.4 1.7
WDPT " (s) Exponential
K b [
0.1 90. 1 0. 7060 3.913 18. 0% 7.5 1.2 6.1
Water (% ) Gaussion
Gk i 30 5 7
359.9 89.9 1.281 6.264 20. 5% 8.9 4.2 2.1
Water™ (% ) Gaussion
A BT 4l 4 RO
— — 180. 4 180. 40 100. 0% — — 1.0
OM (gkg™") Nugget effect
I 1o 0T A5 Y
R Sand (% ) 273.4 3.4 5.849 6. 443 90. 8% 8.9 3.6 2.5
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o o T A A
ki Silt (% ) 286.0 16.0 5.621 6.298 89.3% 8.9 4.7 1.9
Gaussion
X 1w A Y
Fiki Clay (%) 356. 1 86. 1 0.0033 0.0155 21.3% 5.3 1.5 3.3
Gaussion
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Fig.2 A three-dimensional contour map of SWR of the brown soil
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Table 3  Spatial correlation coefficients and significant level of SWR and physicochemical properties of the brown soil

i H ok AL b ke FihL
Ttems Water oM Sand Silt Clay
Moran’s -0.072 0.039 -0.227 0.231 -0.071

P 0. 062 0.185 0. 002 0. 001 0.092
Moran’s 1" -0.173 0. 065 -0.156 0. 164 -0.057
p’ 0.001 0. 084 0. 002 0. 001 0.098

T Feon B A W £ 4F W 2 )5 Note: The symbol“ # ”indicates that the monitoring was done after rainfall

2.3.1  BRMERR KRS A LI 0 S [ A0 G 1
AL A 5 UKL (e 3 A 2R ) SR T A9 R K P AL

B A R KR B W SRR A AL 5 A AL SR
BAARIPIR A HUT R K G B e LA

http : //pedologica. issas. ac. cn



34 PIVBERL A - U7 552 1y DXk el A S8 i /K ok B A 2 JB 14 45 ] o 653

P — 77 A LB e A PLER ST 2 R
LA KAt A A HLRR 23 1 (9 AT BE DT 1), 4 A BLAR
F A1 50 ARG B 232 7K Ky T A0 1) 4 g Joi R T 1 7K
S BURKHET 5 5 — i, A AL R B
BRI RN E ™, 1A L& 5L b0, o] 42
E - M DR 25 0 1 98 A, 3 e Y K A R ek
INFR KRR S A, DT I8 AR AT AL BN e oK P 23 (] A2
SR IEARSCAE o 25 [ AR 5 20 M R W], A 308 e oK 1
HATHLT ) Morian’s T R84 0. 039, — % TG
WY A9 2 TR OGO &, DR IR AT e 5 - i e Ay
PLA DA K. A B FEHGE , 5 0F T L3R K
PS4 WL & B A BRI SE K R Doerr
AP0 e LT A A LB AR R
A BT, S BILJST & B 5 E ) e oK PR T i =S
(B AR AT, Ul WA O AE BT A7 19 A AL AR 249 2 Tk oK
YRR, 3 P R e oK R B W RS S PR BILJ
B A —E BB OC R A WU A [ o T A5
Xt T 7K A B4 5 0 B A

2.3.2  FREEJR KRS KR 2 A G +
$ 5 KR S AT e K P B0 5 ) L B L, 22 Bt
FEA WA Tk K FF gk i 8] 5 A S K ROl HE R
R ORI T ALY 253 < T R K P
58, TR TR KM S AR (3R 1) o SR 25 [ 4 56 1k
IITE R R (K 3) AL TR, R ok
558 KR i — R 1 25 (] G S, 5 R K AR
TAR KA B BOAR AT, (HAHOC R BN, AR A
I, PEH 3 e =S ] A AR AN B S g ]
W, Rk Z M IR L R, B oK
558 K HA I Al AR S BT K PR X K R
FR 25 () W) 7 A5 A 52 %, 3 2 ) B4 S ) A OGP O A
BRI EN . HE— P (3R 3) KW, 7ERE (FEW
TN 27. 4 mm) ZJE ARHERR KPS e A B
TR S A OCHE BN W3 B AL T R OKIE S
IKIRAE p =0. 001 f9 12 3 MoK T 225 (8] A 5¢, B
Morian’s T 2 %¢ >k - 0. 173, §i B 1 J5 b 48 e K PE
K A ) oy A 2 8] 25 S R B, K A
S5 B{EL A Sz B DX 7 25 ) b oy A B — B T
Pt 158 B 9 e K P 5 A 1 JB 0 S T AH O T
AE— BUANAZ , Fe KA 0 B4 P 4 2 [8] Wi 7 AT BE A7
TESEKERMBE L X — RN TR %
FroK A 5 52 i 2R 2 TE) L AL R A 2
2.3.3  FREEF KRS A T AY A [A] A S

23 (A AR S M (3R 3) R WL, B W AT ) A 30 K P X

S T M P WD IO R AR — B, TR KPR SR R A
] IE ARG, 55 WKL, Bk & B 52 2 ) 540 O, R 56
J&E K 25 KU < Aok > ok > Bhoki . Ul B AR
SR KA 5 R R B S ) AR S M, 5 R B R
s B 2 5 .

b EAURE 41 R R i - S B AL PR B
2R, AT R By B W R, DL R B Y 2R K/
KRR R+ R OK P R R R T
FE B AL 5% R 1 B B S, o M ML, R
ik 81% Rk AN 0.37% (R 1) RUTH
ML AE - SEW0RE 10 o0 A, ok Al A S R Y
IRV W4 & T WA BL-TEHLSE & 1, W B A2 B9
KR AR L o O B A R TR B
KL BB, B e K W B e A H A
B LAWK AR PR A3 A s 04 41 O 2 IR, SR
TR KL R A, T 7 25 6] 1 3 B 15 % 7K 5
TSR, HR W AR BE B/ o BYRDR AR B, i ) 4
I3 LAAT B A 2 BE A JEUA W Sy S W BB T K A ) 5
0P ) B LA 5 /I s R O o P R T R
F14 e 7K 490 AT BE RS B A D7 68 ey 7 B S AR A B
YErh S0 RL4E & 9 v K 5 S0 e i, OF A RD
KA1 o5 B e v SRR AL 40 b R, BAR D
R b o Xk A0 FAe, (E G I B 9 oK B LR A
KR, M 26 B 0y 5 e oK PR 52 A5G o DR 2tk 5 b i
W RAS F) e 7K o A PR, 46 R R 3 Y e K
Py JATAE TR kL LA R X I8 B 9 e oKk ) B R A
PRAPE R BRIk, by ok 5 0k B e K 1 19 25 T A
FHAIE 8], BAHXS T DKL Rk, AR T3 e 2%

3 % i

W5 XA B bl At M e 45 2 T 22 2% 10 T e K A%
FESRZL, BT 22 0 e K R S 3 AT W R I A
R oK) 32 B O i 2 Y AR Sk 58 R R AR 5 ) =5 TR
SR, B 518 ROBE B o0 A, 4% 1) Sk 3 . 2 4
oy 78 e MR AL A S A T, e 7K 22 T 4% Jmg 45 Bk A D7
I 52 2% IR o A e AR R BOR, A 2 BT PR DT
f) b8 5 d o s A o K KRR B B0
0 2 8] F A G, 25 B M TRy 55 K P AR AR 5 T A R
bRL 5 i S BEMLPE [ 3R R W R, 25 8] B A SR PR 4R
55, o3 Ak SR 5 Rk K MR S A HILB T R =S TE] H
FASE, S BENL I A o B R RS Ak S0 7K P 5 A BILJSE
A AN SCE 2 A 5 s BRI R K S B KA
TR 23 (8] S70AR 56 5 2, {ELRH O 1 7 3 T A S 22 501 B

http : //pedologica. issas. ac. cn



654 + b

A
¥

£l 51 %

o
=

2

B, AT AESS , TJ E 5 T OKE  ARL e
() TE AR O, 55 0L | oA & Bk 52 2 () 7R O, [ 7 AT
Je HAH S BEIUT 55 SR Mok > whokE > BhoRE, b 3 T
AR SRR KA 23 A A8 S 1) 2 BB R D R

2 % Xk

[ 1] Doer S H,Ritsema C J,Dekker L W et al. Water repellency of
soils; New insights and emerging research needs. Hydrological
Processes, 2007 ,21(17) :2223—2228

[ 2] Shakeshy R A,Doerr S H, Walsh R P D. The erosion impact of
soil hydrophobicity: Current problems and future research direc-
tions. Journal of Hydrology,2000,231—232.178—191

[3] &, 2%, 2605 WAL B 30 m ) m s oKV &S
TEPER R . ARk HLAK 2% ) ,2011,42(3) :58—64,79. Ren
X,Li Y,Li M, et al. Relationship between soil water repellency
and soil physical-chemical properties for vertical profiles in sec-
ondary saline field (In Chinese). Transactions of the Chinese So-
ciety for Agricultural Machinery,2011,42(3) :58—64,79

[ 4] Jordan A,Zavala L M,Nava A L, et al. Occurrence and hydrologi-
cal effects of water repellency in different soil and land use types
in Mexican volcanic highlands. Catena,2009,79 (1) :60—71

[5] REFR. W& EEXAFEME T L0 F KR EM . 7
22 VR HEF R K 2% ,2011. Bao Y L. The research of soil wa-
ter repellency under different vegetation on loess hilly-gully re-
gions (In Chinese ). Xi’an: Xi’an University of Architecture and
Technology,2011

[ 6 ] Keizer JJ,Doerr S H,Malvar M C, et al. Temporal and spatial var-
iations in topsoil water repellency throughout a crop-rotation cycle
on sandy soil in north-central Portugal. Hydrological Processes,
2007,21(17) :2317—2324

[ 7] Atanassova I, Doerr S. Organic compounds of different extract-
ability in total solvent extracts from soils of contrasting water re-
pellency. European Journal of Soil Science, 2010, 61 (2):
298—313

[ 8] Dekker L W,Ritsema C J. Wetting patterns and moisture variabil-
ity in water repellent Dutch soils. Journal of Hydrology, 2000,
231—232.:148—164

[ 9] Mataix-Solera J, Arcenegui V, Tessler N, et al. Soil properties as
key factors controlling water repellency in fine-affected areas:Evi-
dence from burned sites in Spain and Israel. Catena,2012,DOI;
10. 1016/j. catena. 2011. 12. 006

[10] Lebron I, Robinson D A, Oatham M, et al. Soil water repellency
and pH soil change under tropical pine plantations compared with
native tropical forest. Journal of Hydrology, 2012, 414—415;
194—200

[11] Ritsema C J, Dekker L. W, Nieber J L, et al. Modeling and field
evidence of finger formation and finger recurrence in a water re-
pellent sandy soil. Water Resources Research, 1998 ,34.555—
567,D0I:10. 1029/97 WR02407

[12] Biemelt D, Schapp A, Kleeberg A, et al. Overland flow, erosion,

and related phosphorus and iron fluxes at plot scale: A case study

[13]

[14]

[15]

[16]

[17]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

from a non-vegetated lignite mining dump in Lusatia. Geoderma,
2005,129:4—18

Lemmnitz C,Kuhnert M, Bens O, et al. Spatial and temporal vari-
ations of actual soil water repellency and their influence on sur-
face runoff. Hydrological Processes,2008,22(12) :1976—1984
Witter J V, Jungerius P D, Ten-Harkel M J. Modelling water ero-
sion and the impact of water repellency. Catena, 1991,18 (2) .
115—124

Doerr S H, Ferreira A, Walsh P D, et al. Soil water repellency as a
potential parameter in rainfall-runoff modelling : Experimental evi-
dence at point to catchment scales from Portugal. Hydrological
Processes,2003,17 :363—377

SRR, AR, L, A SR BT R b R K 5 AR R
(25 ) AS SRk . b e, 2011,48 (2) :275—285. Guo L ],
Li Y,Li M, et al. Spatial variability of soil water repellency and
soil physical-chemical properties in saline-alkaline field (In Chi-
nese). Acta Pedologica Sinica,2011,48(2) :275—285

Yu X X,Qi S Z,Xu Y T. Soil erosion hazard in the Yimeng
mountainous region, North China. Natural Hazards,2012,64(2) :
1963—1967

Doerr S H. Short communication on standardizing the ‘ Water
Drop Penetration Time’ and the ‘ Molarity of An Ethanol Droplet’
techniques to classify soil hydrophobicity : A case study using me-
dium textured soils. Earth Surface Processes and Landforms,
1998,23(7) :663—668

EE S R R L b S BURE A R AR R i R LA
AR . R4 ,2005,42(4) :545—550. Wang
G L,Zhou S L,Zhao Q G. Volume fractal dimension of soil parti-
cles and its applications to land use(In Chinese). Acta Pedologi-
ca Sinica,2005,42(4) :545—550
G Rl A AT O . T T E RO R
#t,2000. Lu R K. Analytical methods for soil and agro-chemistry
(In Chinese). Beijing: China Agricultural Science and Technolo-
gy Press,2000.

FEEAL . MG RS PR . B R B R
11,1999 .:35—63. Wang Z Q. Geostatistics and its application in
ecology (In Chinese). Beijing:Science Press,1999:35—63
Zhang C S,McGrath D. Geostatistical and GIS analysis on soil or-
ganic carbon concentration in grassland of southeastern Ireland
from two different period. Geoderma,2004,119:261—275
Dekker L W, Jungerius P D. Water repellency in the dunes with
special reference to the Netherlands. Catena, 1990 supplement:
173—183
W, BOeHT, P MEBE, AR L A IOT SRV TS e S A AT s ] AR
FEMOMIE & RO . H R A%, 2009, 29 (6) : 869—
873. Yang F,Zhang G X, Yin X R, et al. Spatial variability of soil
salinity and alkalization and its correlation with mic-topography in
the west of Songnen Plain ( In Chinese ) . Scientia Geographica
Sinica,2009,29 (6) :869—873
WAEHT, R S, 5, 45 . IR A (Nicotiana tabacum) 3%
YA ) S SRR PR BT 5Y . BRBE R % 44 4Rk, 2007, 27 (10) ¢
1688—1693. Hu Z M Zhou J H, Wang Y, et al. Study on spatial

variability of lead content under flue-cure tobacco ( Nicotiana

http : //pedologica. issas. ac. cn



34 PIVBERL A - U7 552 1y DXk el A S8 i /K ok B A 2 JB 14 45 ] o 655

tabacum) leaf in Hunan Province,China (In Chinese). Acta Sci- 1998,163(10) :780—796
entiae Circumstantiae,2007,27(10) :1688—1693 [32] MXEAWS, SR H 3R, 25, 4 . 25 WP o7 R R 3 4 A BL R 25 A
[26] Ma’shum M,Tate M E, Jones G P, et al. Extraction and character- A SEARAEAFSY . HBFRRLS% 2013 (1) :86—92. Zhao M S Zhang
ization of water-repellent materials from Austrilian soil. Journal of G L,Li D C et al. Spatial variability of soil organic matter and fac-
Soil Science,1988,39(1):99—110 tor analysis in the south of middle Jiangsu Plain ( In Chinese ).
[27] ZhangMingkui, He Zhenli, Chen Guochao, et al. Formation and Scientia Geographica Sinica,2013 (1) :86—92
water stability of aggregates in red soil as affected by organic mat- [33] FEB KB, F 45 1 A0 B0k %A AL AR 47 fE
ter. Pedosphere ,1996,6(1) :39—45 SI#kgE . 3 iR ,2005,36 (5) :748—752. Liang A Z,Zhang
[28] Picclo A,Mbagwu J S C. Role of hydrophobic components of soil X P,Yang X M, et al. A review on protection capacity of soil or-
organic matter in soil aggregate stability. Journal of Soil Science ganic matter by fine particles (In Chinese). Chinese Journal of
Society of America,1999,63:1801—1810 Soil Science,2005,36(5) :748—752
[29]  WhMRoe, R4S, R85, 5 . 8% KM 54 HLB B B 2 5 [34] PMAZE, Thmg, sk R, 45 . AR 32 SR Bl 4 8 0 R ) 2
BOAE AL & R B 5T . I HE K % 4R, 2012, 31 (3) : 96—98, T FCmg WP . K B AR R 2 41, 2007 ,21(3) 1 57—600. Sun Z
118. Chen J Y, Wu P T, Zhang Z T, et al. The relation between J,Ma L,Zhang M, et al. Composition of clay minerals and adsorp-
WDPT and soil organic matter (In Chinese). Journal of Irrigation tion characteristics of main orchard soils in Shandong (In Chi-
and Drainage ,2012,31(3) :96—98,118 nese) . Journal of Soil and Water Conservation, 2007,21 (3):
[30] Doerr S H,Shakesby R A, Walsh R P D. Soil water repellence : Its 57—60
causes, characteristics and hydro-geomorphological significance. [35] Guggenberger G, Christensen B T, Zech W. Land-use effects on
Earth-Science Reviews,2000,51(14) :33—65 the composition of organic matter in particle size separates of
[31] Dekker L W,Ritsema C J, Oostindie K, et al. Effect of drying tem- soil. 1. Lignin and carbohydrate signature. European Journal of
perature on the severity of soil water repellency. Soil Science, Soil Science,1994 ,45(4) :449—458

SPATIAL RESPONSE OF WATER REPELLENCY TO PHYSICOCHEMICAL PROPERTIES
IN PEACH ( PRUNUSPERSICA ) ORCHARD BROWN SOIL IN YIMENG MOUNTAINS

Sun Qigi' Liu Qianjin' Yu Xingxiu’® Li Jianhua' Zeng Zhaopeng'
(1 Shandong Provincial Key laboratory of Water and Soil Conservation and Environmental Protection ,Linyi University , Linyi, Shandong 276005 , China)

(2 Institute of Resources and Environment , Hubei University , Wuhan 430062 , China)

Abstract Peach ( Prunuspersica) orchard is a type of land use typical of brown soil in the Yimeng mountains. Soil
water repellency (SWR) and soil physicochemical properties,such as soil moisture, soil organic content and soil texture,in
the peach orchard brown soil before and after rainfall were analyzed to explore spatial response of SWR of the soil to varia-
tion of its physicochemical properties. Soil moisture content and SWR was measured in-situ and a total of 100 topsoil sam-

ples were collected ,too,in a 1 m x 1 m grid pattern for analysis of contents of soil organic matter, sand,silt and clay. on

such a basis, classic statistics, geostatistics and spatial correlation analysis were coducted. Results show that the SWR in
studied brown soil was strong under the condition of lasting drought and decreased significantly after rainfall ,and the SWRs
before and after rainfall were both moderate in variability and strong in spatial autocorrelation,showing an exponential pat-
tern in distribution with significant anisotropy. Under the joint function of structural and random variations, especially the
structural variation, spatially the SWR was distributed in band following the direction of ploughing and its minimum codo-
main in vertical direction was 1. 4 m. Soil texture was the main factor influencing spatial variability of SWR. SWR was posi-
tively related with silt content,but negatively with sand and clay contents in spatial distribution, showing an order of silt >
sand > clay in degree of spatial correlation with SWR. SWR was also negatively related with soil moisture in spatial distri-

bution. The negative relationship was quite weak before rainfall and became significant after rainfall.

Key words Soil water repellency ; Brown soil ; Soil texture ; Soil moisture ; Spatial correlation ; Yimeng mountains
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