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Background and Objectives: Soil water repellency reduces soil
infiltrability, water availability for plants, and can increase surface runoff,
soil erosion and preferential flows, and reduces environmental fertility.
Land use is one of the factors affecting soil water repellency. Soil water
repellency can increase runoff in areas where land use change occurs.
Thus, knowledge about the soil water repellency properties is necessary for
effective environmental management. Changing the soil properties upon
reduction of soil wettability can affect crop growth and yield, and water use
efficiency. However, relations between soil water repellency and physical
and chemical properties among different land uses in the large scale have
not been studied yet. Therefore, the objectives of this study were:
i) to investigate the persistence and severity of soil water repellency in
different land uses, and ii) to develope regression relations between the
water repellency indices and soil physical and chemical properties in the
central part of Mazandaran province.

Materials and Methods: In this study, the persistence and severity of soil
water repellency were investigated in the paddy fields located in the plains to
mountainous areas consisting of four land uses of pasture, citrus garden,
paddy field, and forest located in Amol city in the central part of Mazandaran
province. Ninety-two soil samples were collected to determine soil water
repellency and physical and chemical properties in the dry season of the year.
The persistence of soil water repellency was determined using the water
droplet penetration time (WDPT) test, and water repellency index (RI) and
soil-water contact angle (B) were measured using the intrinsic sorptivity test
in the laboratory. Correlation between water repellency indices and soil
properties was studied. Relations between the water repellency indices and
soil properties were derived by multiple regression.

Results: Soil water repellency in all the land uses was sub-critical and all
of the soil-water contact angle values were less than 90°. The highest mean
values of soil water repellency indices in all methods were found in the
forest land use, so that Log WDPT value was significantly different from
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paddy field land use. Log WDPT showed positive and significant
correlations (r = 0.33™) with RI, indicating that the water repellency
persistence (i.e., Log WDPT) and water repellency severity (RI) are
directly related in the studied soils. The correlation between soil organic
matter content and calculated B in the citrus garden land use was positive
and significant (r = 0.42*). There was also a positive and significant
correlation between Log WDPT and soil organic matter content
(r = 0.36***). Negative and significant correlations were found between
calcium carbonate equivalent (CCE) and Log WDPT in the whole study
area (r =-0.28**) and in the paddy field land use (r = -0.29%).

Conclusion: The results showed that the land use through the effect on the
soil organic matter content can induce and intensify water repellency in the
studied soils. Moreover, the derived regression relations indicated that soil
organic matter content, total nitrogen and CCE are important properties
affecting water repellency in the studied soils.
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Table 2. Statistics of physical and chemical properties of soils in the study area.

S S g s TR s ey .y S
Mean j;%?;?gﬂ Skewness  Kurtosis S‘O\Sg:;iiegr: Range  Minimum  Maximum Unit Property
0.95 0.37 0.23 -0.22 39 1.54 0.29 1.83 dsm? EC
7.52 0.21 -0.38 -0.07 3 1.01 6.94 7.95 - pH
11.40 5.47 0.31 0.47 48 26.70 0.50 27.20 kg 100kg™ CCE
3.59 1.10 0.79 0.14 31 4.47 1.78 6.25 kg 100kg™ oM
10.2 149 347 19.2 15 11.8 7.7 195 - CIN
0.21 0.07 1.69 5.00 33 0.44 0.12 0.56 kg 100kg™ N
1.16 0.18 0.46 0.24 16 0.85 0.65 1.50 gem? Po
29.23 10.15 1.40 437 35 62.0 15.0 77.0 kg 100kg™ Sand
41.03 7.62 -0.38 0.04 19 37.0 220 59.0 kg 100kg™ Silt
30.23 9.72 1.00 0.23 32 41.0 15.0 56.0 kg 100kg™ Clay
0.14 0.07 1.47 2.72 50 0.41 0.03 0.44 - OMI/Clay
2.81 111 1.16 1.14 40 5.35 1.22 6.57 - RI
67.25 9.39 -0.36 0.09 14 44.60 41.60 86.50 ° B
3.39 7.86 7.47 62.33 231 69.65 0.35 70.0 S WDPT
0.32 0.41 1.64 3.69 128 2.36 -0.46 1.90 Logs Log WDPT
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EC: Electrical conductivity of saturated paste, pH: pH of saturated paste, CCE: Calcium carbonate equivalent,
OM: Organic matter content, TN: Total nitrogen content, py: Bulk density, Sand: Sand percent, Silt: Silt percent,
Clay: Clay percent, OM/Clay: Organic matter to clay ratio, RI: Water repellency index, B: Soil-water contact angle,

WDPT: Water droplet penetration time
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Table 3. Means’ comparisons of soil physical and chemical properties as affected by land use types.

3 LSW},S J‘i"L‘"’
Means of land use groups

oM/ Clay Silt Sand o
Clay (kg (kg (gcm®) CIN
100kg?) 100kgl)  100kg?)

6ﬁ)15
TN oM CCE EC
(kg (kg (kg PH  gsmy &
100kg!)  100kg?)  100kg™) Land
use

0.165*  36.2° 36.9° 28.8° 1.095° 11.86°

0.221*  39.0° 41.3% 26.3° 1.150°  9.86°

0.143°  25.1° 34.8° 31.1° 1.174*  9.30°

0.125°  30.2° 41.1® 28.8° 1.173*  9.87°

0.255° 421° 7.6 751 0.673% o

Forest

0.226® 3.78° 1574 7.39° 0526° &s

Pasture

b b b
0.218% 3.49 10.7° 7.53% 1.010° Citrus

garden

D5l

b b b
0.199 343 123° 754 1011 pyqqy

field
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EC: Electrical conductivity of saturated paste, pH: pH of saturated paste, CCE: Calcium carbonate equivalent, OM: Organic matter
content, TN: Total nitrogen content, py: Bulk density, Sand: Sand percent, Silt: Silt percent, Clay: Clay percent, OM/Clay: Organic
matter to clay ratio; In each column, numbers with different letters indicate significant differences (LSD, P<0.05).
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1- Aliphatic compounds
2- Amphiphilic compounds
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Table 4. Means’ comparisons of soil water repellency indices as affected by land use types in the study area.

RI B WDPT (s) Log (WDPT, s) o5 S
Land use
2.71° 69.55° 9.175°% 0.564% S
Forest
3.10° 69.78° 4.146% 0.543% &r
Pasture
LS
3.123° 66.88° 2.325° 0.338% R
Citrus garden
s
2.69° 66.51° 2.272° 0.234° I _
Paddy field

Sl sasolas Cogline oy st a3 St Ol o had 3,8 0oy WDPT «o-Sls s asly B s Sl ==Ls RI

\Zel /20 a5 LSD Ogeil ksl ol me

RI: Water repellency index, B: Soil-water contact angle, WDPT: Water droplet penetration time. In each column,
numbers with different letters indicate a significant difference (LSD, P<0.05).
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Table 5. Pearson’s correlation between soil physical and chemical properties and water repellency indices in
the study area.

CCE oM TN RI B WDPT Log WDPT
-0.221" 0.274™  0.197™  0.133" 0.147" 1 0.649™" WDPT
-0.279"  0.359™  0.2577 032777 03847 0.649™" 1 Log WDPT
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WDPT: Water droplet penetration time, RI: Water repellency index, B: Soil-water contact angle, TN: Total nitrogen

content, OM: Organic matter content, CCE: Calcium carbonate equivalent. ns, *, ** and *** stand for
non-significant, significant at 0.05, 0.01 and 0.001 probability levels, respectively.
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