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DETERMINING SURFACE SOIL MOISTURE STATUS
USING DIGITAL IMAGE ANALYSIS

D. M. El Shikha', A. M. EI-Ghamry?, A. M. El Shikha®

. ABSTRACT ,
Estimating surface soil moisture from soil color using image analysis is
evaluated in this paper. The experiment consisted of five samples of
natural soil [sandy clay loam (1), clay loam (2), silty clay loam (3),
sandy (4) and clayey (5)] with four levels of moisture [applying 0 (a- air
dried soils), 100 (b), 150 (c), 200% (d) of field capacity (FC)]. Soil
samples were spread in wooden trays (Ix1x0.15 m). Soil was wetted to
full saturation twice and let to dry before the experiment started. In each
tray, the soil surface was leveled and soil depth was measured to be 15 cm.

All soil samples (trays) were wetted to the moisture contents mentioned
above then they were photographed. The variations in soil color (red,
green, and blue values and their standard deviations) with moisture
content were investigated.

Results indicated that all the tested soils had an inverse relation between
moisture content and the average of the standard deviation of the green
STDEV,,, + STDEY,

ASD,; = e
and red values ( 2 ). The average of the
green and red values was not as consistent as the ASDRG in separating
the soil moisture treatments. Also, the ASDRG was clearer than the
average of the blue, green or red values in indicating the presence of
standing water. ' '

Some examples of practical applications of the method used in this study
are estimating the runoff, the advance and recession of the water over the
field surface, the water ponding on the soil surface, and estimating the
application uniformity.

! Associate Professor, Agricultural Engineering Department, Fac. of Agric, Mansoura
University, Egypt

2 Associate Professor, Soils Department, Fac. of Agric., Mansoura University, Egypt

3 Assistant Professor, Agricultural Engineering Department, Fac. of Agric, Damietta

branch, Mansoura University, Egypt i

* Misr 3. Ag. Eng., October, 2012 - 1545 -




IRRIGATION AND DRAINAGE

1. INTRODUCTION

, he most commonly used methods for estimating soil moisture are
I the gravimetric methods. These methods include the ordinary
method of oven drying of soil samples, which is destructive and
can only be performed once for the same soil volume. Neutron probes
and TDR probes are good nondestructive options; however,' to get high
spatial resolution, many probes have to be used. Moreover, inserting the
probes in the soil will disturb the flow paths. Therefore, there is a need
for a method that can measure soil moisture in a nondestructive way at a

high spatial and temporal resolution.

The soil color has been related to various physical soil properties. Chen et
al. (2000) found an exponential relationship between the red, green and
blue (RGB) values of aerial images and soil surface organic matter
content. Itis also observed that soils become darker when they are wet, so
soil color might also be useful for estimating soil moisture content.
Persson (2005) concluded that red and green values had better correlation
with soil moisture content compared to blue values. The author also
stated that the relationship between soil color and soil moisture content
was stronger in light colored soils (i.e. with low organic mater content).

Similar to using the standard deviation (Aston and van Bavel, 1972;
Ehrler, 1972; Ehrler et al., 1978; and Gardner and Blad, 1981) and the
coefficient of variation (Kostrzewski et al, 2002) of canopy temperature
as indicators of overall water stress, the standard deviation of the color
(blue, green, red) values could be used as an indicator of the variation in
soil moisture content. The variability in soil color is expected to increase
with the moisture depletion from the soil.

The main objective of the current study is to investigate the possibility of
estimating surface soil moisture content from soil color variation using
image analysis (i.e. using Image-J x64 2.1.4.5 O software). A secondary
objective is to model the relationship between soil color and surface
moisture content.
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2. MATERIALS AND METHODS
2.1.Experimental Set-Up and Camera Settings:
The experiment consisted of five samples of natural soil [sandy clay loam
(1), clay loam (2), silty clay loam (3), sandy (4) and clayey (5)] with four
moisture levels [applyihg no water to air dried soils (a), and applying °

 water to soils to attain 100 (b), 150 (c), 200% (d) of field capacity (EC))].

Soil properties for the soil samples are listed in table 1. The soils were
shoveled in 1x1 m wooden trays with 0.15 m height. Soil trays were
wetted to full saturation then they were air dried twice before the
experiment started, which is a way to emulate the soil condition in the
real field ( in terms of particle agglutination). In each tray, the soil
surface was leveled and soil depth was measured to be at least 0.10 m.
The trays were placed outdoors at The College of Agriculture Farm,
Mansoura University, Mansoura, Dakahlia, Egypt. All twenty trays were
in direct sun (not shaded) during the experiment. Soils were then wetted
to 100, 150, and 200% of the field capacity (treatments b, ¢, and d,
respectively). The soils in treatment (a) were air dried (i.e., they had the
hygroscopic moisture contents).

Properties of the soils under study were listed in table 1. Particle size
distribution for soil was carried out using the pipette metbod‘“as described
by Dewis and Fertias (1970). Total carbonate was estimated
gasometrically using Collins Calcimeter and calculated as calcium
carbonate according to Dewis and Fertias (1970). Soil reaction (pH) was
measured in saturated soil paste using combined electrode pH meter as
mentioned by Richards (1954). Total soluble salts were determined by
measuring the electrical conductivity in the extraction of saturated soil
paste in dS th-1 as explained by Jackson (1967). Amounts of water
soluble cations (Ca®*, Mg?*, Na* and K*) and anions (CO; 2, HCO5 and
CI') were determined in the extraction of saturated soil paste by the
methods described by Hesse (1971), whereas (SO4 ") ions were calculated
as the difference between total cations and anions. Soluble Ca?* and Mg®*
‘were determined by titration with standardized versenate selution.
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Soluble Na* and K" jons were determined by using flame photometer.
Soluble CO3~ and HCOj ions were determined by titration with
standardized H,SO4 solution. Soluble CI' ions were determined by
titration with standardized silver nitrate solution. Soil available nitrogen
was extracted using KCl (2.0 M) and determined by using maéro-
Kjeldahl method according to Hesse (1971). Soil available phosphorus
was extracted with NaHCO; (0.5 M) at pH 8.5 and determined
colorimetrically after treating with ammonium molybdate and stannous
chloride at a wavelength of 660 nm, according to Jackson (1967).
Available potassium was determined by extracting soil with ammonium
acetate (1.0 M) at pH 7.0 using flame photometer as described by Hesse
(1971).

Soil trays were wetted to 100, 150, and 200% of the field capacity
(treatments b, c, and d, respectively). The soil of treatment a was air dried
(i.., they had the hygroscopic moisture contents). All the trays were
. photographed once a week (at noon) using sunlight only (no artificial
light) from April 28 until May 27, 2009, which resulted in five weekly
data sets. Photographs were taken at three heights (0.30, 0.60 and 0.90 m)
using -a Kodak EasyShare-C340 digital camera (Eastman Kodak
Company, Rochester, NY, USA) with 35 mm lens [£2.7-4.6 (34-102
mm, equivalent 35 mm)]. Because they were taken in a short time, shifts
in solar illumination were minimal. Photographs taken on April 28 for
the soils with different moisture contents are shown in figure 1.The
camera has 2576 x 1932 effective pixels (i.e. 5.0 megapixel).
Photographs were taken with the camera pointed vertically downward at
30 cm (pixel size), 60 cm (pixel size) and 90 cm (pixel size) above the
soil surface. Three shots were taken at each height. To ‘guarantee that
pictures were taken vertically at the specified height, a camera holder
consisting of a telescopic pole with water bubble level was developed
and used for this purpose. ’
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Table 1: Some properties of the studied soils

Soll . . . .
Properties Soill | Soil2 Soil 3 Soil4 | SollS
Sand % 51.88 41.55 1941 94.31 17.17
::;:c::::: Silt % 21.15 30.20 42.19 4.12 22.70
Clay % 26.97 2825 38.40 1.57 60.13
Sandy Slity clay
Soll Texture Clay loam Sandy Clayey
clay loam loam
Water holding S. P, 48 . 5.6 6.4 1.6 . 7.6
capacity F.C. 2.4 2.8 32 038 3.8
(mm/cm W. P, 1.1 1.2 14 0.3 24
depth of soil) A. W. 1.3 1.4 1.8 0.5 1.5
, pH 7.9 7.8 7.8 8.6 7.6
Chemical EC dS/m 3.64 1.85 2.19 0.45 2.12
analysis OM% 0.89 1.78 2.36 0.25 2.94
CaCO3 6.23 3.10 1.40 4.26 4.52
Ca"* 12.56 5.89 8.21 0.62 6.21
Mj“ 9.81 6.70 6.83 0.42 245
Na* 10.54 4.50 5.64 2.14, 1.64
Soluble K 3.51 127 125 131 10.9
cation megq/l g
HCOy 10.27 4.48 542 1.28 6.45
Cr 12.54 8.10 9.67 1.34 9.34
SO4 13.61 5.78 6.84 1.87 5.41
Avallable N 37.2 60.0 67.1 15.3 29.4
nutrient P 6.9 15.4 6.4 4.6 15.8
(ppm) K 375 295 423 60.5 414
F.C.=field capacity W.P. = wilting point A.W.=available water S.P.=
' Saturation Percent :

The images, were imported to Image-J x64 2.1.4.5 O, image analysis
software, which was used for determining digital numbers (0-255) in the
blue, green and red channels. Also it provided the standard deviation of
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