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Soil electrical conductivity mapping: A tool for within  -field saill
variability assessment

The assessment of withiireld variability is a key component of precision agriculture, especially
whenconsideringvariablerate application(VRAYf inputs. For that reason, mapping soil
electrical conductivity (Ehas become a popular practice among producers, scientists, and ag.
consultantsto assess withifield soil spatial variability since it can indireathgntify somesoil
properties which aresometimesrelatedto yield variability. Fieldneasured soil EGs highly
influenced by soil texture, but othesoil propertiescancorrelate withsoil EGsuch as soivater
content, soil organic mattecontent,and cation exchange capacit EE In such a manner, soil

EC mapping is not used to identify singular causes of variability, but used to identify variability
in fields to help stratify grountruthing, sampling and management applications.

What is Soil EG and how it is sensor) andb) EM38 (indirect soil contact

measured in the field? sensor Figure 1.
Soil conducts electrical current through the
moisturefilled pores between individual
soil particles, howevethe conductivity
changes according to s@itoperties.Soil
EGis a measure of electric current flow
throughthe soil whichallows

differentiation of various soil
characteristics, e.g. textureéSmallersoil
particlessuch as clayetain more moisture
and have higher surface area resulting in
higher conductivitythan larger silt and sand
particles which producesigher soil EC
values.

Two types of commercial sensors
commonly usd to collect ®il EGdata
include (a) VERIS 3100 (direct soil contact
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Figure 10nthe go soil Egsensors.



The VERIS 3100 (VERIS Technologies®) is the most popular; however both sensors provide
comparable results. EhVeris 310Mas six coulteelectrodes (disks) mounted on a toolbar. As

it is pulled through the field by a tractor, one pair of digksontact with the soil transmit an
electrical currentwhile another pair of disks measures the drop in voltage. The separation
between the disks determines the depth to which soil, E&h be measuredn the most

commonly used configuratiospil EG is measureevery secongimultaneously from zero to

one feet (shallow) and zero to three feet (deep).

Soil EG: Survey and Mapping

Onthe go soil Egnapping requires five componentd) soil EG sensor (VERIS 3100 or EM38),
(2) a differentialglobal positioning systenDGPSjeceiver, (3) data loggey (@) vehicle to pull

the sensor(20-50 hp tractor, 4WD pickup or Jeep,AFV), and (5) mapping or spreadsheet
software. ADifferentialGlobal Positioning SysteGPSjyeceiver with submeter (3 ft.)
accuracymounted on the soil E@nstrument or on the vehicle is necessary to record the field
location of each soil E@easurement point. Georeferenced soilE€adings, measured in
milliSiemens per meter (mS/m), are collected by pulling the sensor in a series of parallel passes
spacedrom 40 to 60 feet apart. Usuall¢0 soil EQreadings per acre can be collected iéth
sensor is pulled at a ground speedsef mph,with alogging intervabf one secondandpasses
spaced 60 feeapart

A soil Egsurvey requires several considerations:
A When the VERIS sensor is used, agood A Avoid data collection following

soilcoulter contact is required. application of high ratesf soil
Therefore, collect the E@eadings when amendments including fertilizers, lime,
the soil is neither excessively moist nor manure or biosolids. Due to the salt
extremelydry. Avoid taking readings contentof these materials, soil EC
when soils are drin the upper readings may not necessarily reflect the
horizons. true soil conductivitybut rather reflect

variations in applicatiopatterns
A (Qollection conditions are bestith a

firm but noncompacted sojland a A If you are using the EM sensor, keep the
smooth field surfaceThese conditions sensor 4 to 5 feeapartfrom metal

are oftenencounteked following crop objects.

harvest or prior to planting in prepared

fields.

Mapping wthin-field variability of soil E@s possible by displaying the output f{text file) from
the VERIS sensor in any of t@nmercialAg.Geographic Information System (GIS) software.
Each observation ithe file corresponds to a georeferencedint location(X,Y coordinates)
andtwo soil EQvalues: shallow and deep. The most common way to visually display the EC
readings on a map is by classifying the data thtee to fiveranges The numbebf ranges
selectedis often adjustedo the spread of ariation within the data setThe classified map
depicts areas or zones with low, medium @dhigh soil EQvaluesvhich @anbe usedalong

with terrain attributes (i.e. elevation and/or slop#) differentiateareas in a field where



differences insoil roperties such atexture or drainageclass exisfFigure2). Often, ground
truthing of these maps is conducted to determine the actual cause of EC variability.

Figure 2. Soil E@aps (at Shallow, bt Deep) and E{zones delineated from the E€adings.

Soil EG maps and Precision Agriculture

The fact that soil E@aps correlate with different soil properties suggegtcan be used as a
component ofsite-specific managemeni he applicability and benefits of tlil EGmapsvary
from one region to another. In Alabama Coastal Plain (CP) landssajdsGmapshave been
shown to be useful in discriminating subsoil textures (e. g. coarse loamy vikdmg soils)
and depth or thickness of sandy surfaces (e. g. Typic vicAre Grossarenic Soils). In the
Tennessee Valley regiosnil EGmapsoften do not provide a straigkiorward depiction of soil
texture variability due to several reasons. Howevespt EGmap combined with elevation
mapping in many cases helpsidentify areas or zones within a fieldth different yield
potential where variable ratenanagemenmight bebeneficial Usually areas or zones with low
EGvalues correspond tooarser texturedsoils compared witlareasthat have high E{values
(Figure2). Research has showthat soil Egmaps combined witherrain attributes can be used
to delineate management zonéMZ)whichcan bebasic datéor:

A Precision soil samplingViZcan be used as a guide to identifeaswithin a field where soil
samplescanbe grouped,therefore reducing the number of samples required to represent
the within-field variability(directed soil sampling)

A Erosion mappingSoil Egnaps caroften be used to separateore highlyeroded from
uneroded areas. Usually, higherE€adings are typically found where clayier subsoils are
exposed at the surface.

A Fertilization managementThe discrimination of zones with differendessoil properties
(e.g.soil texture) facilitates the implementation of variabskte application of fetlizers.

A Irrigation. MZ of different soil texturéwater content can signifyariations in soil
water holding capacity which can be used to generate varieddke irrigation mays.



