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DETERMINING SURFACE SOIL MOISTURE STATUS 
USING DIGITAL IMAGE ANALYSIS 

D. M. El Shlkha1
, A.M. El-Ghamrf, A.M. El Shikha3 

ABSTRACT 
Estimating surface soil moisture from soil color using image {lnalysis 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 (1x1x0.15 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 em. 

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 ret~ + STDEV ,_ 
ASD~=----~~----~= 

and red values ( 2 ). The average of the 
green and red values was npt as consistent as the ASDR.G 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, 

1
the water ponding on the soil surface, and estimating the 

application uniformity. 
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IRRIGATION AND DRAINAGE 

1. INTRODUCTION 

The most commonly used methods for estimating soil moisture are 
~e 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 

I 

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) valu~ of aerial images and soil surface organic matter 
content. It is also observed that soils become darker when they are wet, so 
soil color might also be useful for estimating soil moisture content. 
P<?fSson (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 Bavet, 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 lmage-J x64 2.1.4.5 0 software). A secondary 
objective is to model the relationship between soiJ color and surface 
moisture content. 
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IRRIGATION AND DRAINAGE 

2. MATERIALS AND METHODS 

l.l.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 [applyiD.g no water to air 'dried soils (a), and applying 

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

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, c, and d, 

r~spectively). 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 metlJ.ocfas 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 (Ca2+, Mi+, Na +and K) and anions (C03 •2, HC03" and 

Cl) were determined in the extraction of saturated soil paste by the 

methods described by Hesse (1971}, whereas (S04) ions were calculated 
as the difference between total cations and anions. Soluble Ca2+ and Mg2+ 

were determined by titration with standardized versenate solution. 

• Misr J. Ag. Eng., October, 2612 -1547-
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Soluble Na+ and K+ ions were determined by using flame photometer. 

Soluble C03- and HC03- ions were determined by titration with 

standardized H2S04 solution. Soluble cr ions were determined by 

titration with standardized silver nitrate solution. Soil available nitrogen 
was extracted using KCl (2.0 M) and determined by using maero

Kjeldahl method according to Hesse (1971). Soil available phosphorus 
was extracted with NaHC03 (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.e., 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 [f/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 l.The 

camera has 2576 x 1932 effective pixels (i.e. 5.0 megapixel). 

Photographs were taken with the camera pointed vertically downward at 

30 em (pixel size), 60 em (pixel size) and 90 em (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 
Soil1 

Properties 
Soil2 Soi13 Soil4 Sons 

Sand% 51.88 41.55 19.41 94.31 17.17 
Partideslze 

Sllt% 21.15 30.20 42.19 4.12 22.70 
distribution 

Clay•,4 26.97 28.25 38.40 1.57 60.13 

Soll Texture 
Sandy 

Clay loam 
SUtyclay 

Sandy 
clavloam loam 

Clayey 

Water holdln& S. P. 4.8 5.6 6.4 1.6 7.6 

capacity F. C. 2.4 2.8 3.2 0.8 3.8 

(mmlem W.P. 1.1 1.2 1.4 0.3 2.4 

depth of soU) A.W. 1.3 1.4 1.8 0.5 1.5 

PH 7.9 7.8 7.8 8.6 7.6 

Chemieal ECdS/m 3.64 1.85 2.19 0.45 2.12 

analysis OM% 0.89 1.78 2.36 0.25 2.94 

CaC03 6.23 3.10 1.40 4.26 4.52 

ca++ 12.56 5.89 8.21 0.62 6.21 

M2++ 9.81 6.70 6.83 0.42 2.45 

Na+ 10.54 4.50 5.64 2.14. 1.64 
Soluble 

IC 3.51 1.27 1.25 1.31 10.9 
cation meq/1 

He~- 10.27 4.48 5.42 1.28 6.45 

cr 12.54 8.10 9.67 1.34 9.34 

so .. - 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. = 

Satwation Pe.roent 

The images, were imported to Image-J x64 2.1.4.5 0, 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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the values in a selected area of interest. The area of interest in this case 
was the whole tray, excluding any shade resulting from the camera or its 
holder. 

SoU Type 

Soil (1) 
Sand clay 

loam 

Soil (5) 
Clayey 

MC% 

A B D 

. H. W. =air dried soil (hygroscopic water), F.C. =field capacity, MC =moisture content 
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Figure 1: Photographs of the five soil types 1, 2, 3, 4, and 5 at the 4 
moisture contents (a, b, c, and d) at 30-cm camera height (on April 28, 
2009). 

The values, digital numbers, and their standard deviations for the three 
channels were averaged for the five data sets then those averages were 
plotted for comparison. Regression analysis was performed using 
Microsoft Excel-2010 software. The relationship of soil surface moisture 
content and the average standard deviation of the green( G) and the red(R) 

· STDEV + STDEV · 
channels (ASDRo) [ ASDRG = mi 

2 
green] was of interest as 

well. 
3. RESULTS AND DISCUSSION 

3.1. Using mean digitalnumber and standard deviation to 
detect difference in soil moisture content 

Average digital numbers-ADN (v'alue) from the red and green channels 
(bands), denoted by ADNRo, increased with increasing moisture content 
for especially for soil type 1(sand clay loam). However, for soil types 2 
(clay loam), 3 (silty clay loam), 4 (sandy), and 5 (clayey), the trend of the 
ANDRo was not very clear (Figue 2). 

150 < 

~ 

145 -
140 
135 

.= 130 • > 125 

120 
115 
110 

a b c d a b c d a b c d a b c d a b c d 

1 '1 1 1 2 2 2 2 3 3 '3 3 4 4 4 4 5 5 5 5 

Figure 2. Average of the green and red values (digital numbers) for the five soil 
types 1 (sand clay loam), 2 (clay loam), 3 (silty clay loam), 4 (sandy), and 5 

(clayey) at the four moisture contents [air dried (a), FC (b), 1.5FC (c), and 
2.0FC (d)] at 30-cm camera height · 
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The average standard deviation of the green and red values (ASDRo), 
from images taken at 30-cm camera height, and soil moisture content 

were plotted, in figure 3. The ASDao values and soil moisture content 
was inversely related. In other words, the lower the soil moisture 
content, the higher the ASDRo values. This .relation was clearer for sand 

clay loam. The ASDRo of the different soil types were plotted ,versus soil 

moisture content in figure 4. Linear regression models between STDRo 

and soil moisture content were developed and posted in the same figure. 

The models indicated a reliable inverse relation between the soil moisture 

content and STDRo, which was reflected by the high R2 values. The R2 

values ranged from 0.92-0.99 except for the sandy soil which had a 
relatively low R2 value (0.57). The lower R2 value was associated with 

the sandy soil. Using the standard deviation to detect changes in soil 

moisture content is based on changes in soil color, which should be 

minimal for the sandy compared to the clay soil. Therefore the sandy soil 

had lower R2 values than the clay soil. 

~~------------------------------------------------~ 
40 
35 
30 

~= 
15 
10 
5 

O+&~~~~~~~~~~~~~~~~~~r&~~~~~~ 

:1~1:1~1:1:1;1:1:1:1;1:1:1:1:1:1:1:1:1: 
Figure 3. Average of the green and red standard deviations (ASDRo) for 
the five soil types 1 (sand clay loam), 2 (clay loam), 3 (silty clay loam), 4 
(sandy), and 5 (clayey) at the four moisture contents [air dried (a), FC 
{b), l.SFC (c), and 2.0FC (d)] at 30-cm camera height: 
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y(soil1) = -1.7371x + 70.006 
RZ=0.9435 

y (soil2) = -2.26$5x + 90.597 
RZ=0..9246 · 

y(soil3) = -3.0923x + 112.76 
RZ=0.9858 

y(soil4) = ·1.6133x + 44.457 
RZ=0.5781 

y(soil5) =-2_7876x + 122.05 
RZ =0.9939 

20 25 30 35 40 45 50 

STOEV [(Green+Red)/'2) 

Figure 4. Moisture content {MC %) vs. average standard deviation of the 
green and red bands for the five, soil types 1 (sand clay loam), 2 (clay 
loam}, 3 (silty clay loam), 4 (sandy}, and 5 (clayey) at the four moisture 
contents [air dried (a}, FC (b), 1.5FC (c), and 2.0FC (d)] at 30-cm camera 
height. 

The average values of the green and red for soil types 1 through 5 from 
images taken at 60 em camera height were plotted in figur~~'S. The figure 
indicated clear separation of the different soil moisture treatments 
especially for silty clay loam. For the rest of the soil types, there was 
separation among treatments, however, the difference was not that 
significant and the trend was not consistent. 
The average standard deviation of the green and red bands, for images 
taken at 60-cm camera height, was plotted in figure 6. It indicated very 
consistent separation among soil moisture treatments for all soil types 
under investigation. There was an inverse relation between the soil 
moisture· content and the ASDRG· The ASDRo from images taken at 60 
em height were better in separating the treatments than those taken at 30 
em camera height. 
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Plotting the ASDRo versus the soil moisture content for the five soil types 
resulted in linear regression models with R2 values that ranged from 
0.71-0.99 (figure 7). 

160 
140 
120 

• 100 
.= 80 
~ 60 

40 

20 
0 

alblcldlalblcldlalblcldlalblcldlalblcld 
1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4 5 5 5 5 

'· 
Figure 5. Average of the green and red values (digital numbers) for the 
five soil types 1, 2, 3, 4, and 5 at the 4 moisture contents (a, b, c, and d) 
at' five soil types 1 (sand clay loam), 2 (clay loam), 3 (silty clay loam), 4 
(sandy), and 5 (clayey) at the four moisture contents [air dried (a), FC 
(b), 1.5FC (c), and 2.0FC (d)] at 60-cm camera height. 

Figure 6. Average of the green and red standard deviations (ASDRo) for 
the five soil types 1 (sand clay loam)~ 2 (clay loam), 3 (silty clay loam), 4 
(sandy), and 5 (clayey) at the four moisture contents [air dried (a), FC 
(b), 1.5FC (c), an(! 2.0FC (d)] at 60-cm camera heighf. 
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100~--~~~------------------~~~~~~~~ 
o SoiType t y(soil1) = -2..17~ + 72.743 

90 D So11Type2 R- =0.9805 
80 6 SoRT ...... 3 y (soil2) = -2..5189x + 90.681 

~.- R• =0.7082 
70 X SoiiType.f y(soil3) = -2.5655x + 99.74 

60 X So1Type5 

--Unar~ol 

-~!sot 
-- .la1:J~ol 

30 -·-·-rn::l~ol 
20 -&A::~ol 
10 Tp5} 

10 15 

R- =0.9972 
y(soil 4)= -2..9324x + 67.709 

R-=0.7951 
y{soil5) = -2..7301x + 127.11 

R-=0.982 

20 25 30 35 40 45 50 

STDEV {(Green+Redy.Z] 

Figure 7. Moisture content (MC %) vs. average standard deviation ofthe 
green and red bands for the five soil types 1 (sand clay loam), 2 (clay 

loam), 3 (silty clay loam), 4 (sandy), and 5 (clayey) at the four moisture 

contents [air dried (a), FC (b), 1.5FC (c), and 2.0FC (d)] at 60-cm camera 
height. 

The average values of the green and red for the five soil types, 1 (sand 

clay loam), 2 (clay loam), 3 (silty clay loam), 4 (sandy), and 5 (clayey), 
from images taken at 90 em height were plotted in figm:e~ 8. The 

difference in soil moisture treatment was not very clear when the average 

value of green and red was used. Reasonable separation among soil 
treatments only with silty clay loam (the higher the soil moisture content, 

the higher the average of green and red values was seen). The ASDRo 

values for images taken at 90-cm camera height were plotted in figure 9. 

Similar to figure 7, figure 9 indicated a steady separation among soil 
moisture treatments for all soil types (1-5). There was an inverse relation 

between the soil ~oisture content and the ASJ?Ro (Figure 9). Linear 
regression models were obtained when ASDRo was plotted versus soil 

moisture content for the soil types under study (figure 10). The models 
had high R2 values (0.77-0.98) for all soil types. 
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Figure 8. AveragQ of the green and red values (digital numbers) for the 

five soil types 1 (san~ clay loam), 2 (clay loam), 3 (silty clay loam), 4 

(sandy), and 5 (clayey) at the four moisture contents [air dried (a), FC 

{b), 1.5FC (c), and 2.0FC (d)] at 90-cm camera height. -
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Figure 9. Average of the green and red standard deviation~ (ASDRo) for 

the five soil types 1 (sand clay loam), 2 (clay loam), 3 (silty clay loam), 4 

(sandy), and 5 (clayey) at the four moisture contents [air dried (a), FC 

(b), 1.5FC (c), and 2.0FC (d)] at 90-cm camera height. 
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y(soil5)= -2.7065x + 115.57 
R1 =0.9552 

0 TypeS) 

0 5 10 15 20 25 30 35 40 

STDEV [(Green+RedYl) 

Figure 10. Moisture content (MC %) vs. average standard deviation of 

the green and red bands for the five soil types 1 (sand clay loam), 2 (clay 

loam), 3 (silty clay loam), 4 (sandy), and 5 (clayey) at the four moisture 

contents [air dried (a), FC (b), 1.5FC (c), and 2.0FC (d)] at 90-cip camera 

height. 

3.2. Wet soil with standing water vs. no standing water 

Mean, mode and standard deviation of the blue green and red bands 

(average of the three heights) for sand clay loam were plotted in figure 

11. The mean and the standard deviation of the blue band indicated the 

difference between treatments (standing vs. no-standing) but the standard 

deviation was Clearer in showing the presence of standing water. The 

standard deviation of the blue green and red values was inversely related 

to the presence of standing water. 
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Figure 12. Mean value, mode and standard deviation (STDEV) (average 
of the three camera heights 30, 60 and 90 em) for wet soil with Standing 
vs. no standing water (clay loam) with blue, green and red channels. 
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FQr sandy soil, mean, mode and standard deviation of the blue green and 
red bands (average of the three camera heights) were plotted in figure 14. 

Unlike the previously discussed soil types, the mode was able to detect 
the presence of standing water. Similar to soli types 1, 2 and 3, the mean 
and standard deviation of all bands (blue green and red) showed the 
difference between standing and no-standing water. The mean,, mode and 
standard deviation values were inversely related to- the presence of 
standing water (higher values when there is no standing water). 

180 
160 
140 
120 

glOO 

~ 80 
60 
40 
20 
0 

;-------1-:-::..r------=;::j.=-::-l----- m Blue suv 
t:.:-.::-1----- ~Blue no_st_w 

t_-...::-r----- IJGreen st_w 

:-J----- mGreen no_st_w 

r---··.1---- lilRed st_w 

r-:.:-::+----- BRed st_w 

Mean Mode STDEV 
Figure 14. Mean value, mode and standard deviation (STDEV) (average 
of the three camera heights 30,60 and 90 em) for wet soil with standing 
vs. no standing water (sandy) with blue, green and red channels. 

Mean, mode and standard deviation of the blue green anq red bands 
(average of the three camera heights) for the clayey soil were plotted in 
figure 15. The mean and the standard deviation of the blue band indicated 
the difference between standing and no-standing water conditions; on the 
other hand, the standard deviation was better in showing the standing 
water. Both the mean and standard deviation values were inversely 
reJated to the presence of water. 
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Figure 15. Mean value, mode and standard deviation (STDEV) (average of 
the three camera heights 30, 60 and 90 em) for wet soil with standing vs. no 
standing water (clayey) with blue, green and red channels. 
The average standard deviation of the green and red (ASl>R.o) for the five 
soil types in this study, recoded from images taken at 30, 60 and 90 em 
camera heights, was plotted in figtire 16. Similar to the standard deviation of 
the blue green and red, the ASDRo was able to indicate the existence of 
standing water on the surface of the five soil types under investigation. 
Higher ASDRo was detected with no standing water condition. 

~ ~--------------------------------------------. 
~+-------~~---------------------------------~~------~ 
$+---------~~~----------------------~----~ 
30 -t----

6>i25+---
~20+----

15 

10 

5 
0 

Figure 16. Using average standard deviation (STDEV of green and red 
channels) to distinguish between wet soil with standing water (st_w) vs. no 
standing water (no_st_w) for soil types 1 (sand clay loam), 2 (clay loam), 3 
(silty clay loam), 4 (sandy), and S (clayey). 
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4. CONCLUSIONS 

The relationship between soil moisture content and soil color expressed 

in blue green and red valu'es and their standard deviation was 

investigated. It was shown th~t the average standard deviation ·of the 

green and red values (ASDRo) was a good indicator of soil moisture 

content for all the soil types under investigation when images are taken at 

heights that ranged from 30-90 em. Unlike the ASDRo, the average value 

of the green and red bands was. not consistent in showing the difference 

in soil moisture contents. Both the mean and standard deviation of the 

blue green and red values were able to detect the presence of standing 

water on the surface of soil (types 1-5) but the standard deviation was 

clearer. Also, the ASDRo was able to separate the soil with standing 

water from that with no standing water. In general, data extracted from 
- iit . 

images taken at 60-90 em camera heights were better than those taken at 

30 em camera height. 

The lower blue green and red values associated with the presence of 

standing water was mainly explained by high absorption and less 
-~ 

reflection in the blue green and red by the water. Furthermore, the 

standard deviation had higher values when no standing water was present 

because of the relatively rougher soil surface, which might have resulted 

in shadow effects. The ASDRo values had high correlation with soil 

moisture content for tested soils with relatively high R2 values (0.71-

0.99). The developed linear models can be used to predict s9il moisture 

content. 

Our research demonstrates how digital color images/pictures along with a 

simple image processing software can be used to predict soil moisture 

content. Also, these digital pictures would be useful in showing water 

distribution in the field after irrigation. 
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Estimation of soil surface moisture content using digital photographs can 

be useful for estimating the runoff, the advance and recession of the 

water over the field surface, the water ponding on the soil surface, and 

the applicati,on uniformity. Consequently, digital phot~graphs can be 

used for defining irrigation performance. 
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