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A HLFE I 7 O A AR SR B K 9 B ] (WDPT) 3= 85 BE /R WK E (MED) s fr ik /4 (9) 3%
METHBLDNH AR B ERA L EHSWR HEF, EF oM s XA G E & RE X &
WDPT & & % T R AR A E W IEAT A, KT & SWR 82 B 8B &, 24T 7 SWR
MREEMERYEE T, Rt LEFARNNEREE. EREW. X ELEN WDPTHE
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KTFREACE, AEMHEMRERY, 4 E %ﬁ%iﬁﬁﬁiiﬁﬂﬂmme%&
[K']. [Na' |5 0 EFEHx; % a4 85 WDPT MED & fi#%.4 b, +3 SWR thill =
7% WDPT & #1E #2125 % %98 ; MED 3 45 58 7 N\ 5 B 8] {E 4 36 it A2 6 i 48k A 4%
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fE 3% 7 AR,
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Water repellency and its influencing factors in Manas River Basin, China. WANG Yi-chen,
LI Yi*, XIAO Zhen-zhen ( College of Water Resources and Architecture, Northwest Agriculture and
Forestry University, Yangling 712100, Shaanxi, China).

Abstract ; Soil water repellency (SWR) impedes the processes of soil water infiltration and redistri-
bution. Although water repellent soils exist extensively in the world, its causes were not very clear.
In this research, three measurement methods including the water droplet penetration time
(WDPT) , the molarity of ethanol drop (MED) and the contact angle ( denoted as 6 below) meth-
ods, were applied to obtain different SWR indices for the tested soils collected in Manas River Ba-
sin, Xinjiang Uygur Autonomous Region, China. The height method and the mass method were con-
ducted to measure 6 values. WDPT values of different soil samples were compared to investigate
whether WDPT values were affected after being oven-dried or by different bulk densities. The rela-
tionships among three SWR indices (WDPT, MED and 0) were compared, and the major soil physi-
co-chemical properties which influenced SWR were analyzed to discuss the intrinsic mechanism that
caused SWR. The results showed that WDPT values of higher bulk density were larger than those of
lower bulk density, and WDPT values of oven-dried soils were larger than those of air-dried soils.
There were correlations between the three SWR indices of WDPT, MED and 6, but MED was insig-
nificantly related to 6, which showed the differences among various SWR indices, although they
were related to each other. When measuring 6 values of soil-water, 6 values obtained using the
height method were larger than those obtained using the mass method, and the differences of 6 for
the three replications with the height method were smaller than those with the mass method. When
using octane as the reference liquid for measuring 6 values of soil-water, the differences of the three
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replications were small, being lower than those using ethyl alcohol. Among the studied multi-physi-
co-chemical properties, clay content affected WDPT and 6 values more significantly than other soil
physico-chemical properties. Concentrations of K™ and Na® were both positively correlated to 6 va-
lues, while the content of montmorillonite was negatively correlated to WDPT and MED values. In
summary, among the three SWR measurement methods, the WDPT method was quite simple in op-
eration but was susceptible, the MED method shortened the infiltration time but was time-consuming
in operation, and the contact angle method was complicated in operation but the results were rela-
tively accurate. When using octane as the reference liquid for the height method, it was more relia-
ble than using the other liquids. Because each index had its inherent nature, it was suggested to use
multiple indices to characterize SWR comprehensively.

Key words: soil water repellency (SWR) ; water droplet penetration time ( WDPT) method; mo-

larity of ethanol drop (MED) method; contact angle; soil physical and chemical properties.
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Fig.1 Sketch map of the capillary rise experimental system.
a) HEE The height method; b) i 5% The mass method. @ 1 4F
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balance; & FHF& A Lifting platform.
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Fig.2  Influence of different treatments of temperature on
WDPT values.

a) KHE1.16 g em P AT AL Air dried with 1.16 g cm’3; b) K
1.16 g - em ™3 75 CHETFALFR 75 °C oven dried with 1.16 g - cm 3.

181 ea
16f °ob
14} %
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B3 AFZEX WDPT {E R0
Fig.3 Influences of different bulk densities on WDPT values.

a) KE1.16 g em KT AR EE Air dried with 1.16 g cm’3; b) Ny
1.45 g - em 3 KT AL Air dried with 1.45 g - em™.

B2 KW, ZEN1.16 g - em B, BT+ 19
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o 2T AR EAS WDPT {EAR>S s, i XU AbEE K
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Fig.4 MED test results.
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Fig.5 Comparison of contact angles results measured by the
height and the mass method.

0. %Ml fA{E Contact angle value; O: IE~¥%E Octane; E; Jo/K ZBE
Ethyl alcohol; H: 1B % Height method; M itk Mass method.

6 172 5 RECT-H{E /N (1.0%) |, B0 HAS E P
DT IHoAh 3 b
2.3 RIRFKIGHREAEFR

M 1 o] WL, R [R R MED (B2 [H] 1) 22 5K
F WDPT Z[H ()25 5% ;4 FpAS R 7 i A5 2 i K -t 32
il FR AN, A IE =F e 0 SR S LUV WA v B35 32
PRI 0 fH 5K AR HRE] ) 22 St/ T L JE K
CEEAE RS LA 0 B AR B 0 (E /)N, 14
[ 22 S k.

%f WDPT MED F1 6 3 448 b7 BAFEAR K-S
Ko, 25 R WoR | BT A BAE Y IR E & 1

% 2 7] WL, WDPT 5 MED 2 [Al fE7E R4 (4
Kbk, M6 5 MED mYAH GRS ; WDPT 5 4 FoA
) 5514 T FriAS 1Y) 0 AHOC R BRI, 0 AR ]
UL WDPT 5 0 Z [ fFfE—E KL R, H WDPT 55
JEEVE AR S PRI 12 T iR 5 0, o 5 0, IAHSC M
F 0y 05 0y IAHSCHE JI S BE VR AR 201 0 H 2 10
HAOC R EOE AR T BT 12 5 1 IE B VE R 2 LU

F1 RKERERSETER
Table 1 SWR indices statistical results (r=25)

SWR 1545 BAME ROME O P i
SWR index Maximum  Minimum Average SD
WDPT (s) 14.17 0.53 7.43 3.11
MED (mol « L") 17.04 0.26 10.34 6.75
00 (%) 89.62 66.25 85.64 4.56
0 (°) 89.11 54.51 81.20 7.29
0y () 86.18 50.68 80.23 7.36
Ong () 83.31 23.87 67.89 15.64

WDPT: /K255 A1 {H Water droplet penetration time; MED: 7§ 4%
FE IR U B E. Morarity of ethanol value; 6. i A {H Contact angle va-
lue; O: IE¥8E Octane; E: Jo7/K Z 5 Ethyl alcohol; H; 15 B % Height
method; M: itk Mass method. F[f] The same below.

K2 FTERFKEIERR Pearson 18k & E AWM 406 45 B
Table 2 Pearson two-tail test results among different SWR
indices

WDPT MED 0 4.0 0 he 0 .0
MED  0.748**
Ouo  0.462° 0.145
Oyr 04787 0.136  0.896**
Ono 04127 0.152  0.814"" 0.876"*
Oy 04277 0209  0.618** 0.671** 0.793*"

* P<0.05; * % P<0.01.

(1) 6 {85 AR BT AR OC R B0 T IOK CBEE RS
FUI IR, 3] vy R 1 A o 2 R L R T S e A
PESAS, LR 50 B o A B AIE SR e E 2 LU
BT REEWER 6, 4.
2.4 S TR KPR OCH AL R R

X A B B R B A T IE S A Ak g, A5 R SR
WHIFF G RS0 AR ARG XS 3 Ff SWR F5FRiE4T
Pearson f CPE 43 A R4 AT UL, 0C (EC [ Mg™ ] |

*3 TEBUMRFITER
Table 3 Statistical results of soil physico-chemical proper-
ties (n=25)

BEAETE BRRME RME R deifER
Physical and Maximum  Minimum  Average SD
chemical properties

Mo (%) 21.00 2.00 6.88 4.74
[K'](g-kg™) 0.26 0.02 0.09 0.07
[Na*](g - kg™") 3.01 0.03 1.25 1.05
EC (g-kg™") 519.00 10.96 187.56 165.85
Clay (%) 45.00 6.00 25.64 8.25
0oC (g-kg™!) 10.38 1.28 4.38 2.87
Ka (%) 21.00 9.00 16.32 2.64
[Ca®](g-kg") 2.35 0.08 0.71 0.65
[Mg?* ] (g kg™") 0.47 0.02 0.13 0.11

OC: A HLEK % & Organic carbon content; Clay: K7 Clay particle
content; Ka: A S Kaolinite content; Mo Z A Montmo-
rillonite content; [ 1. 3B FUREE o i 0d A RS2 I A ik A% 1
/INTF 2 um Soil ion concentration, among them particle size diameter of
Kaolinite and Montmorillonite were less than 2 wm. T [i] The same below.

F4 RFRAEZMEZESFRKETFNISIREIR Pearson L
#R

Table 4 Pearson test results between SWR influence fac-
tors and SWR indices

AL WDPT MED 0 1.0
Physical and (s) (%) (°)
chemical properties

Mo (%) -0.382" -0.400 " -0.073
[K*] (g-kg™) 0.009 -0.238 0.450
[Na*] (g-kg™h) 0.032 -0.265 0.433*
EC (g-kg™) -0.215 -0.226 0.177
Clay (%) 0.512* " 0.068 0.617" "
0C (g-kg") -0.006 -0.099 0.312
Ka (%) -0.023 -0.071 0.080
[Ca®] (g-kg") 0.160 -0.082 0.194
[Mg*] (g-kg!) 0.014 0.265 0.108
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[Ca® 11 Ka XF3X 3 AN R K P46 b A 5% 16 b DG PEAR
55, Clay X} WDPT 0, , B9 EPER S [ K™ ] [ Na* ]
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it 0.5.
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RESE R o e i 2 4 R R B R T BE, 7RI A
BRI BN T R K.

TERHE 7, A [Na™ | (KT )5 6 M B —E
ARG, BARDC R B B2 T 3 [ Na® 3t
1o 2 B - A8 P A 1) 5 T 3 48 S I, 5 | kS - A R
K 0 AT 58 R 3, i - B s AR 2210 I 7
—ERRE LR T SWRHAMFFE [ Na® ] FI[ K" ]
5 WDPT il 0 WyAHCHEHAR S, P 5 17K
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A e AR B VR A %, 1 4 L RS B, 3
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