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Mechanism of Soil Water Repellency in Aggregated Volcanic Ash Soils
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Abstract

We investigated the degree of soil water repellency (WR) in aggregated volcanic ash soils associated with

organic matter content and initial water contend. A series of tests of WR, namely, Water Drop Penetration Time

(WDPT) test, Ninety Degree Surface Tension (NDST) test, and capillary rise test were applied. Results show that the

degree of WR varied greatly with both organic matter content and initial water content, and that three distinct WR areas

of ‘Extremely WR area,’ ‘Transitional area,” and ‘Wettable area’ were recognized in the scatter diagram obtained from

WDPT test. In three WR tests, initial water content values that yield the highest degree of WR were found to be

identically between WDPT and capillary rise tests, and the value obtained from NDST test was deviated from former

two tests. The degree of WR in aggregated soil was closely associated with a soil structure and morphological features

of water retention in aggregates. The degree of WR was enhanced mostly at the water content corresponding to a

moisture condition at which water in intraaggregate pores was drained to a moderate extent.
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Table 1 Soil physical properties
Particle size distribution
Vegetation cover Depth PP (g/em?) Py (g/em?) K, (cm/s) Clay (%) Silt (%) Sand (%) Gravel (%)
(0.002mm<)  (0.002-0.02mm) (0.02-2mm) (2mm>)
Deciduous tree 5 2.60 0.72 2.1x103 9.6 355 529 2.1
(Konara oak) 25 2.65 0.62 39x103 4.6 12.8 81.7 09
Conifer 5 241 0.54 33x10% 17.6 273 546 05
(Red pine) 25 2.57 0.57 2.8x103 13.1 324 533 12
Conifer 5 244 0.47 29x103 9.3 413 49.0 05
(Cedar) 25 2.61 0.62 34x103 8.2 324 579 16
Table 2  Soil chemical properties
Vegetation cover Depth pH EC (mS/cm) C, (%) Li (%) C (%) N (%) C/N
Deciduous tree 5 54 24 153 20.7 7.8 0.5 17.2
Conifer 5 49 6.4 19.8 28.7 12.3 0.8 16.3
(Red pine) 25 5.6 4.8 19 139 1.0 0.1 8.4
Conifer 5 5.9 6.6 233 30.6 118 0.9 124
(Cedar) 25 54 3.0 45 135 2.8 0.3 9.2
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Fig. 2 Aggregate size and particle size distributions
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Fig. 3 Experimental setup for capillary rise tests
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Fig.4 Scatter diagram of degree of soil water repellency obtained from WDPT tests for each vegetation cover
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Table 3  Apparent contact angles obtained from capillary rise tests and »xp from NDST tests

L=5cm L=10cm
) P c - ) Vnp
Vegetation cover i 0 K K a K K a WR class (N/m)
(em¥em3)] (%) | (cm/s¥?)  (cm/s?) (7)) (cm/s¥?)  (covs¥2)  (°)

0.17 15.3 0.20 0.98 89 0.87 1.21 82 Severely WR 0.039

Deciduous tree | 002 | 38 { 1.18 L2 74 2.13 1.63 64 Wettable 0.072
(Konara 0ak) 019 | 153 | 007 089 90 078 115 83 Extremely WR 0.038
0.02 15.0 0.91 1.05 79 1.38 1.77 81 Strongly (or Slightly) WR 0.056

0.05 17.3 0.19 0.77 89 0.62 094 84 Severely WR 0.051

Conifer 0.06 76 | 0.73 051 58 1.02 0.72 59 Wettable 0.072
(Red pine) 019 | 182 | 002 0.64 90 024 0.82 89 Extremely WR 0.036
0.34 16.0 0.31 0.51 85 0.69 0.63 72 Strongly (or Slightly) WR 0.031

0.24 23.1 0.17 1.08 90 092 1.72 86 Severely WR 0.036

Conifer 0.08 4.5 1.37 1.20 71 1.82 1.77 74 Wettable 0.072
(Cedar) 0.20 233 0.06 1.01 90 0.72 1.50 87 Extremely WR 0.039
0.08 22.8 0.73 1.29 85 1.25 1.99 84 Strongly (or Slightly) WR 0.056
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Fig. 7 Schematic diagrams of morphological features of water retention in aggregates for each water content region

5V EEIKME, Severely WR,  Strongly WR N EER § 5. 5.
EFELREBRIOREZ K EL EDENTDOEA 1)
fiald, WDPT iBRICL 2 WR &L,
Extremely WR DK 73 THRAME (H90° ) &S50
7z (Table 3). ZDIZ &G, AT, Bk
KECHEKEXRENREET 2R Y —H TH BN E
EIZBWT, BRMERMAH2ICHEEL, 2ok 2)
R OBHIERRIC & B BE S OERIN/NE VRS EIC
BWTHERDaZ5Z2bDEEZHNS.

&

KINK TIBOBKEDOESGWIE, TBDC, &0,
DORFIWHKFEL, WDPT BHEBRIZEL D, BHEK
HEDEEWABRE 2 MBAKMEESE, BAEDE
BV EEOEBREE, BAENARHELRZL
BUKMEEEO 3 DOERICK S TE=.

B OEAKEDES VIR E DK RO ML,
EELHHARE WDPT SBRTIE &L 228,
NDST ik & WE ORI TIXR2 o 72,



3) KIWKTZBEOBEKEDOREE - HRIZTIBEDOFA
MWDK S EHECER L, R AERO
Bk DI T LA TROBKEDE
BOVWABRED, MRS HEROKSEMNIZE B
WKL T 5.

AWFIE. RFEUISE TERFRARE AR BRI
B ERAIE) (FFE: R sRERTE O
—RELTIT- X

BE R

[1] Bond, R. D. (1972) : Germination and yield of barley
when grown in a water—repellent sand, Agron. J., 64,
402-403.

[2] Osborn, J. E, Pelishek, R. E., Krammes, J. S., and
Letey, J. (1964) : Soil wettability as a factor in
erodibility, Soil Sci. Soc. Am. Proc., 28, 294-295.

[3] Ritsema, C. J., Dekker, L. W., Hendrickx, J. M. H,,
and Hammnga, W. (1993) : Preferential flow
mechanism in a water repellent sar;dy soil, Water
Resour. Res., 29, 2183-2193.

[4] Dekker, L. W. and Ritsema, C. J. (1994) : How water
moves in a water repellent sandy soil 1. Potential and
actual water repellency, Water Resour. Res., 30,
2507-2517.

[5] de Rooij, G. H.

model of solute leaching in a soil with a

(1995) : A threeregion analytical

water—repellent top soil, Water Resour. Res., 31,
2701-2707.

[6] Mh#ic B (1981) : HHEMMBEET B LEDKS
BHEICDOWT— &<, TEABYOEEHRI
EEREEHRLICLT—, BEHTER B, No.32,
1-74.

[7] de Jonge, L. W., Jacobsen, O. H., and Moldrup, P.

(1999) : Soil water repellency: Effects of water
content, temperature, and particle size, Soil Sci. Soc.

Am. J., 63,437-442.

[8] Dekker, L. W., Doerr, S. H., Oostindie K., Ziogas, A.
K., and Ritsema, C. J. (2001) : Water repellency and
critical soil water content in a dune sand, Soil Sci.
Soc. Am. J., 65, 1667-1674.

[9] #BET¥% (1990) : TERABR DGR,
145-151.

[10] Letey, J., Osborn, J., and Pelishek, R. E.

(1962) : Measurement of liquid-solid contact angles
in soil and sand, Soil Science, 93, 149-153.

[11] Dullien, F. A. L. (1979) : Porous media —Fluid
transport and pore structure, Second edition,
Academic Press, 387-395.

[12] AREFH and Koopal, L. K. (2000) : £
O RRKOEBLISH (FD16) —an s
B ORIFE—, BETRFERE, 6801),75-82.

[13] Bisdom, E. B. A., Dekker, L. W., and Schoute,
J.E.T. (1993) : Water repellency of sieve fractions
from sandy soils and relationships with organic
material and soil structure, Geoderma, 56, 105-118.

[14] PR, B, HIRE, EMT

(1995) = TIBWBEBVRAE %, RAEKFHRE,
53-55.
[15] Othmer, H., Diekkruger, B., and Kutilek, M.
(1991) : Bimodal porosity and unsaturated
hydraulic conductivity, Soil Science, 152, 139-150.
[16] Gerke, H. H., and van Genuchten, M. T.
(1993) : A dual-porosity model for simulating the
preferential movement of water and solutes in
structured porous media, Water Resour. Res., 29,
305-319.

[17] ALIRSCHE (1994) : FH - 281 FEFD

EE, #HAY 1T 0 747, 8190.

—100—





