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Application of accurate and low-cost sensor technology to collect soil color data provides an opportunity to in-
crease the density, quality and quantity of soil data to monitor our changing soil resources. The objective of
this study was to develop a mobile application that would enable users to create their own soils database
consisting of GPS location and soil color data gathered using the application and a mobile sensor. A mobile appli-
cation was created utilizing the Nix™ Pro color sensor that produces multiple color results, including Munsell
color notation. The application also allows users to toggle between “in-field” sampling as well as dry or moist
soil samples. Users can choose to record GPS location and a photo of the soil sample to upload into an online da-
tabase for storage. The application was tested for functionality in the field and for its ability to match Munsell no-
tation values determined using a Munsell Soil Color Chart (MSCC). Field data were synchronized to a cloud
database and subsequently retrieved and used to produce a Geographic Information Systems (GIS) layout show-
ing sample point locations and soil color attributes. The Soil Scanner application allows for rapid analysis and col-
lection of soils data that can be stored for further study and reference using various color systems and location

data.

© 2017 Published by Elsevier B.V.

1. Introduction

Soil color is an important property used by the USDA Natural Re-
sources Conservation Service (NRCS) to describe soils and it can be a
strong indicator of other soil properties such as iron and organic matter
contents (Lynn and Pearson, 2000; Sugita and Marumo, 1996). The
Munsell Soil Color Chart (MSCC) notation, which commonly is used to
describe soil color, often can be found in soil series descriptions and on-
line databases provided by the NRCS to characterize and describe soil
horizons (Soil Survey Staff, 2016). Studies have shown that there are
discrepancies in the printing quality of MSCC color chips as well as a
strong potential for fading that can make the charts unreliable
(Sanchez-Marafién et al., 2005; Viscarra Rossel et al., 2006), yet the
MSCC has been the standard in-field method of soil color determination
for decades (Shields et al., 1965). The color charts also are more qualita-
tive than quantitative, leading many soil scientists to turn to alternative
methods of color analysis (Kirillova et al., 2015). Instruments such as

* Corresponding author at: Department of Forestry and Environmental Conservation,
Clemson University, 261 Lehotsky Hall, Clemson, SC 29634 USA.
E-mail address: eleanam@clemson.edu (E. Mikhailova).

http://dx.doi.org/10.1016/j.geoderma.2017.02.018
0016-7061/© 2017 Published by Elsevier B.V.

spectrophotometers and colorimeters often are used in lieu of a MSCC
(Thompson et al., 2013); however, these instruments can be expensive
and may require an external power source which makes in-field color
determination very difficult. More recently, scientists have been testing
and creating new methods of color determination that are more field-
friendly as well as less expensive (Levin et al., 2005).

Stiglitz et al. (2016a) tested a new and inexpensive color sensor, the
Nix™ Pro, as a mobile method of soil color determination. The Nix™ Pro
sensor is controlled via Bluetooth® and a mobile app through a
smartphone. Multiple soil samples were analyzed for color in moist
and dry soil conditions and indoor and outdoor lighting. The Nix™ Pro
color values were compared to MSCC as well as a Konica Minolta CR-
400 laboratory colorimeter. The results showed that the Nix™ Pro pro-
duced repeatable readings and that the color values of the Nix™ Pro and
Konica Minolta CR-400 were very similar. Stiglitz et al. (20164, 2016b)
concluded that the Nix™ Pro would be a good alternative to the MSCC
as an in-field soil color determination method. However, the application
used to control the Nix™ Pro is not directed towards the field of soil sci-
ence. Ideally, the application would allow for data storage and produce
MSCC notation as well because it is the most commonly used color
system.
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In a study by Gomez-Robledo et al. (2013) a cellphone application
was created to determine the color of soil samples from pictures taken
with the cell phone camera. Software was developed to scan the pixels
in the soil sample pictures taken by the camera and convert the subse-
quent red, green, and blue (RGB) color values to digital red, green, and
blue (XYZ) and to Munsell hue, value, and chroma (HVC). The results
were promising and demonstrated that cellphone cameras and a simple
color conversion application can be utilized as effective soil color sen-
sors. Han et al. (2016) also used a smartphone camera to process color
images of soil samples. After processing the RGB values obtained from
the images, it was once again concluded that cellphone cameras are ef-
fective at determining soil color. Han et al. (2016) were able to accurate-
ly classify soils, however, it was noted that differences in cellphone
hardware may result in a change in accuracy of results and software sta-
bility. Furthermore, environmental factors such as soil moisture and
lighting conditions would still affect the study results.

Regardless of the drawbacks of cellphone cameras, these mobile de-
vices have proven to be a useful tool in soil science and related fields.
Beaudette and O'Geen (2010) developed an iPhone application to deliv-
er on-demand access to soil survey information from any location with
cellphone coverage. Migliaccio et al. (2015) proposed turf irrigation ap-
plication that develops recommended irrigation schedules based on in-
puts of form data and real-time weather data. User input data include
soil type (texture) information as well as location and rooting depth.
Soil texture information is used to assign estimated field capacity.
Other user inputs include information about the field area and sprinkler
type (to indicate water rate). Real-time weather data, including temper-
ature, humidity, solar radiation, and wind speed are used to estimate
water loss through evapotranspiration (ET). The application was
shown to reduce overall water usage when compared to time-based ir-
rigation schedules. Bartlett et al. (2015) created a smartphone applica-
tion for an irrigation scheduling tool on a cloud-based server.

Mobile technologies are advancing soil science as new applications
and analysis methods are created. In addition, new technologies provide
opportunities for outreach and raising awareness of many scientific is-
sues faced today as mobile technologies are becoming more widely
available and affordable (Ciampitti and McCornack, 2016). With devel-
opment of new mobile devices and applications, subjects such as soil
quality can be readily studied, not only by professionals but also by

Scan and upload data to
a database in the cloud
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students in classroom settings (Karlen et al., 2003). To ensure that
new applications are efficient learning tools in the classroom, Israelson
(2015) proposed “the App Map” which is a basic rubric for judging the
effectiveness of an application. In general, if a mobile application
would function well in a classroom setting and improve knowledge of
an area of science, then it would also function well in field settings.

Mobile devices offer the opportunity to quickly and easily analyze
certain soil properties. However, current mobile applications commonly
face limitations based on the device and environmental conditions.
There should be one set device capable of running analysis on soils
through an application that would allow for constantly updating soils
data and storage. Finally, the application and device should be user
friendly and inexpensive. As such, the objective of this study was to cre-
ate an Android-based application capable of working with the Nix™ Pro
color sensor that would: (i) produce cyan, magenta, yellow, and black
(CMYK), XYZ, RGB, CIELab, and MSCC color values, (ii) record GPS loca-
tions, and (iii) upload collected data to a constantly updating Cloud
databank.

2. Materials and methods
2.1. Developing the color application

Development of the Soil Scanner mobile application was completed
using Google's integrated development environment (IDE) software,
Android Studio 2.0, to compile and edit the code for the application.
Java was chosen as the programming language and the Android soft-
ware development kit (SDK) was used to develop the application into
Android friendly software. Access to the Nix™ Pro application program
interface (API) was provided by the Nix™ Pro development team
allowing for smoother integration of the already-existing color sensing
functions of the sensor into the Soil Scanner application. The original
Nix™ Pro application is free to download and the Soil Scanner applica-
tion will also be available to download upon finalization.

Upon completion, the application was able to connect to a Nix™ Pro
color sensor, download a Munsell color reference table, and scan soil
samples for color (Fig. 1). Resulting color systems include CMYK, CIELab,
XYZ, RGB, and Munsell notations. Users have the option to choose
whether the samples are analyzed in a field setting and if the soil
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Fig. 1. Functional diagram of the Color Scanner application.
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Fig. 2. Example of the Soil Scanner interface that shows all possible color system values for
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of the soil sample.

“Dry” soil, GPS location, and attaching a photo

samples are dry or moist. Choosing the field setting option enables the
user to obtain the GPS location of the sample. In addition, the user has
the option to take a reference photo of soil samples using the mobile
device's camera to be saved with all other collected data, though a pho-
tograph is not required (Fig. 2). Recently scanned data will appear with-
in the application and the user has the option of uploading all data to an
online database for storage (Fig. 3).

2.2. Integration of color systems into the color application

The Nix™ Pro API included code to produce CMYK, CIELab, XYZ, and
RGB color results as default color systems within the Soil Scanner appli-
cation. A goal was to include Munsell color notation as well to coincide
with current soil science standards for soil descriptions. An external
Munsell database that contained the equivalent RGB and CIELab color
values for each Munsell HVC was developed from preexisting data gath-
ered from WallkillColor (2006). Missing Munsell values were found
using BabelColor software (BabelColor, 2015). Only Munsell values
found in the Munsell Soil Color Chart were used. Using this database,
an algorithm was used to determine the closest RGB or CIELab to
Munsell color matches by calculating the Euclidean distance of the
color resulting values. This method produced three Munsell notations
with the shortest Euclidean distance from the analyzed soil sample

N &
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Fig. 3. Example of stored soil scan data using the Soil Scanner application.

color. The resulting three Munsell notations correlate to the closest
matching colors. From the interface, the closest Munsell color value
can be viewed and chosen from three resulting color swatches that ac-
company the color systems (Fig. 2).

2.3. Testing the color application

Once the development of the Soil Scanner application was complet-
ed, the functionality and accuracy of the Munsell color results were test-
ed. The default CMYK, CIELab, XYZ, and RGB color results of the Nix™
Pro API were not altered; therefore, it was not necessary to test the ac-
curacy of these results because the Nix™ Pro sensor has previously been
demonstrated to produce reliable color results (Stiglitz et al., 2016a).
The cellphone used for the experiment was a Samsung Galaxy S6 Edge
running Android version 5.1.1 with a camera resolution of 16
megapixels. Thirty-one oven-dried, crumbled soil samples that were
collected at varying depths from thirteen soil pits, as described in
Stiglitz et al. (2016a), were analyzed for Munsell color using the Nix™
Pro color sensor, the Soil Scanner application, and a smartphone used
only to control the application through Bluetooth® connection. The
resulting Munsell notations were compared to Munsell notations previ-
ously determined by NRCS staff for moist samples and one researcher
for dry samples using the MSCC for each soil sample (Table 1). The
Euclidean distance for each soil sample was calculated to determine
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Table 1

Munsell Color Chart and Soil Scanner application color codes for soil horizons of practice
soil pit 2 from the Simpson Agricultural Experiment Station in the Munsell Color Chart
codes (n = 31 soil samples).

Soil Lower depth Munsell Soil Scanner  Soil Scanner  Soil Scanner
horizon (cm) Color Chart  first Munsell ~ second third
set Munsell set  Munsell set
H V CH V C H V CH vV C
Dry soil
Ap 11 75YR 6 4 10YR 5 4 75YR 5 4 25YR 5 4
Bt1 28 5YR 5 8 5YR 5 6 25YR 5 6 75YR 5 6
Bt2 59 75YR 6 6 25YR 5 6 10R 5 6 5YR 5 6
Bt3 90+ 5YR 5 6 75YR 5 6 10R 4 6 5YR 5 6
Moist soil
Ap 11 5YR 4 4 75YR 3 4 5YR 3 4 10YR 3 4
Bt1 28 5YR 4 6 5YR 4 6 75YR 4 4 10YR 4 4
Bt2 59 25YR 4 6 5YR 4 6 25YR 4 6 75YR 4 6
Bt3 90+ 10YR 4 6 10R 3 6 5YR 4 6 75YR 4 6

Note: Hue (H), Value (V), Chroma (C). Moist soil color was determined by NRCS soil
scientists.

the effectiveness of the application to match human perceived color
using a MSCC.

The original soil pits used to gather the thirty-one samples utilized
for the color analysis were filled to continue agricultural production
on the Simpson Agricultural Experiment Station in Pendleton, South
Carolina and could not be used for GIS mapping. Therefore, a GIS map
was generated using GPS locations and soil color data for additional sur-
face sample locations located at the Station (Fig. 4) to determine the
functionality of the application. Soil scans were located based on the
cell phone GPS and attributes from the color sensor were imported
into a GIS system (Fig. 5). Point locations were interpolated using In-
verse Distance Weighting to create a surface map of the a* (green to
red) values for Simpson Agricultural Experiment Station samples from
the CIELab color data. Soils found at the sample locations are predomi-
nantly Ultisols and include Cecil clay loam, Pacolet sandy loam,
Cartecay-Chewacla complex, Hiwassee sandy loam, and Cecil sandy
loam and have a geographic range from Georgia to Virginia, south to
north, and from the eastern coast to Alabama, Tennessee, and Kentucky.
These soil series are abundantly found along the Blue Ridge Mountains,
Piedmont, and Valley and Ridge regions of the eastern United States.

Fig. 4. Example of a soil surface being scanned using the Nix™ Pro color sensor.

In addition, 264 dry, crumbled soil samples collected from the
Willsboro Farm located in Willsboro, NY were analyzed for color using
the Soil Scanner application and the resulting three Munsell notations
were compared to the previously determined Munsell notation that
was determined by one researcher using a MSCC. The soils located on
the Willsboro Farm are of glacial till origin and are located in a lacustrine
plain. Soil series include Bombay, Churchville, Covington, Howard,
Kingsbury, Claverack, Cosad, Deerfield, Stafford, Amenia, Massena, and
Nellis and can be categorized into Alfisols, Entisols, and Inceptisols soil
orders (Mikhailova et al., 1996). Again, the Euclidean distance was de-
termined for each of the three sensor determined Munsell notations in
comparison to the visually determined Munsell notations. A GIS map
was generated of the sample locations to map the variation of L* (dark-
ness to lightness) across the study area.

3. Results and discussion
3.1. Soil color application measurements

The Euclidean distance between previously determined MSCC color
(actual MSCC color) for each soil sample was compared to the three
measured MSCC colors for each soil sample using the Soil Scanner appli-
cation. Results showed that, for Simpson Agricultural Experiment Sta-
tion samples, the first measured MSCC color for dry soils was, on
average, two color chips away from the known MSCC color (standard
deviation (SD) = 0.96). The second and third measured MSCC colors
for dry soils were, on average, three color chips away (SD = 1.21 and
SD = 1.54, respectively). The first measured MSCC color for moist
soils was, on average, two color chips away from the known MSCC
color (SD = 2.06). The second measured MSCC color for moist soils
was, on average, three color chips away from the known MSCC color
(SD = 1.97). The third measured MSCC color for moist soils was, on av-
erage, four color chips away from the known MSCC color (SD = 3.28;
Table 2).

For dry samples taken from the Willsboro Farm, the first measured
MSCC color was, on average, three color chips away from the known
MSCC color (SD = 1.05). The second and third measured MSCC colors
were, on average, four color chips away (SD = 1.99 and SD = 2.31 respec-
tively; Table 3). When considering that the human eye was used to per-
ceive the known soil sample color using a MSCC and that multiple
participants determined the MSCC color of each sample, these results
were to be expected. Past studies have shown that the human eye per-
ceives color differently from person to person and in various illuminations
(Villafuerte and Negro, 1998) and matching MSCC color chips can result
in calculated differences of three MSCC units (Sanchez-Marafion et al.,
2011). In a recent study by Han et al. (2016) a smartphone based camera
were used for soil classification by using machine learning to analyze the
soil color, but differences in illumination as well as variation in
smartphone camera sensors were highly variable. In contrast, this study
uses a Bluetooth® linked color sensor with a standardized light source
and sensing hardware which controls for light and sensor differences
rather than relying on pixels in a photo taken by the smartphone itself.

3.2. Potential uses and future directions

Simplified and accurate soil color determination, using a low-cost
color sensor interfaced to a smartphone application, can enhance data
quality while also adding sample location information (through GPS).
Having location information associated with the color data increases the
value of this data and may help update soil spatial databases. While
there are limitations in the accuracy of a smartphone GPS, it is also possi-
ble to improve location data by using an external Bluetooth® GPS with the
application. The ability to include a geo-referenced photo adds both con-
text and a check on data-quality to a soil color reading. Soil color informa-
tion is provided in the standard Munsell notation, and also in other color
systems that are easier to use in quantitative comparisons. Cloud storage
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Fig. 5. GIS layouts showing: scan locations (top), soil color attributes (middle), and interpolated a* (red) color values using Inverse Distance Weighting (bottom) for the Simpson
Agricultural Experiment Station.
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Table 2

Average Euclidean distance between the known Munsell Color Chart codes and the
Munsell Color Chart codes determined by the Soil Scanner application for samples gath-
ered from the Simpson Agricultural Experiment Station.

Euclidean Munsell vs. Soil Munsell vs. Soil Munsell vs. Soil
distance/standard Scanner first Scanner second Scanner third
deviation Munsell set Munsell set Munsell set
Dry soil

Distance 2 3 3

Std. dev. 0.96 1.21 1.54

Moist soil

Distance 2 3 4

Std. dev. 2.06 1.97 3.28

Note: Euclidean distance refers to the number of color chips away the measured value is
from the actual value.

Table 3

Average Euclidean distance between the known Munsell Color Chart codes and the
Munsell Color Chart codes determined by the Soil Scanner application for samples
(n = 264) gathered from the Willsboro Farm.

Euclidean Munsell vs. Soil Munsell vs. Soil Munsell vs. Soil
distance/standard Scanner first Scanner second Scanner third
deviation Munsell set Munsell set Munsell set
Dry soil

Distance 3 4 4

Std. dev. 1.05 1.99 231

Note: Euclidean distance refers to the number of color chips away the measured value is
from the actual value.

of soil color and sample attribute data provides a way to back up the data,
but an internet connection is not required during sampling (which can re-
duce the cost of data acquisition).

Using an application and sensor also increases the speed of soil color
sampling; so a much larger number of samples is possible, which further
will enable both statistical comparisons as well as studies that examine
the spatial variability of soil color (and the associated soil properties).
Past studies have shown that soil color data allow for rapid assessment
of soil organic matter (Bartholomeus et al., 2008; Stiglitz et al., 2016b).
There is also potential to predict other soil attributes, such as metal oxides
and depth to water table, as soil color is heavily influenced by these traits
(Franzmeier et al., 1983; Schwertmann, 1993). The soil samples taken
from the Simpson Agricultural Station for color analysis were high in
iron content, and therefore appeared very red in color. Statistical compar-
isons between the Soil Scanner color data and laboratory determined iron
content data could result in iron prediction models based on soil color.

Fig. 5 shows an interpolation map of the a* (red) value from the
CIELab color data gathered from the surface scans on the Simpson Agri-
culture Experiment Station. The map appears to show a gradient of red
from the left to the right of the map suggesting that the soils lose red in-
tensity from the left to the right of the map. This gradient suggests that
the left side of the map has a higher iron concentration that gradually
decreases towards the right side of the map. Fig. 6 shows an interpola-
tion map of the L* (darkness to lightness) value from the CIELab color
data gathered from the surface scans on the Willsboro Farm. The map
shows locations that are much lighter in color which also appear as a
lighter color on the map. The lighter color suggests that these areas
may be more highly eroded compared to the other darker locations as
past studies have shown that soils that appear lighter in color tend to
be more eroded (Metternicht and Fermont, 1998). Data uploaded to
cloud storage can be subsequently downloaded and plotted in GIS for
spatial visualization and analysis. Soil Scanner data can be analyzed in
this way for multiple soil components that could assist in generating
soil erosion, fertility, and moisture maps using GIS software.

500 Meters

Fig. 6. GIS layout showing scan locations and interpolated L* (darkness to lightness) color values using Inverse Distance Weighting for the Willsboro Farm.
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Current efforts in soil science application development include the
successful sharing of spatial soil databases (e.g. SSURGO) through
smartphone applications based on the location reported by the internal
phone GPS (Beaudette and O'Geen, 2010). These efforts have shown the
ability of applications to provide detailed soils data while users are in
the field. This dramatically improves the potential impact of the soils da-
tabases by providing context to field surveys. Future developments of
the soil color application may include a similar methodology to not
only provide sensor-based color measurements, but also soils informa-
tion from these internet-enabled databases. Another advantage of
smartphone based applications is that it is possible to organize data col-
lection using a series of custom drop-down menus and forms so that de-
tailed information can be collected with as few errors as possible
(Hansen et al., 2016). The soil color application may be extended in
the future to include data entry options for other soil and land cover at-
tributes to further augment spatial databases.

4. Conclusions

A mobile application for gathering soil color and GPS data that uses
information from a Bluetooth® paired commercial color sensor was de-
veloped and tested in field and laboratory settings. Sensor data, photos
and location information are stored on the local Android device and
subsequently synced to a cloud database where it can be retrieved at a
later time. The mobile application reports multiple color results, includ-
ing Munsell Soil Color Chart (MSCC). The application also allows users to
toggle between “in-field” sampling as well as dry or moist soil samples.
The application was tested for functionality in the field as well as its abil-
ity to match Munsell notation values determined using MSCC. Cloud-
stored data can be downloaded and used in GIS analysis of point loca-
tions and soil color attributes. The Soil Scanner application provides
the opportunity to increase the spatial density of accurate soil color
measurements for soil classification and interpretation.
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