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Recent Agricultural 

Geophysics Publications 



Recent Agricultural Geophysics 

Conferences and Workshops 



Geophysical methods can be applied to a 

variety of agroecosystems. 

Farm Fields Orchards Animal Feedlots 

Managed Forests Turfgrass Areas 



Scales of Geophysical Investigation 



Agroecosystem geophysical 

measurements often tend to 

exhibit substantial variability. 

Temporal 
    Soil Electrical Conductivity = f(Temperature, Water Content) 

     Soil Dielectric Constant = f(Water Content) 
 

Spatial 
    Horizontal Changes 

     Vertical Changes 



To date, the predominant geophysical methods employed for 

agricultural applications have included resistivity, electromagnetic 

induction, and ground penetrating radar.     

Resistivity Electromagnetic Induction 

Ground Penetrating Radar 



Electromagnetic Induction 
Principles of Operation and Data Analysis 



Ground Penetrating Radar 
Principles of Operation and Data Analysis 

GPR Profile 

GPR Map 



Historical Research Development 

of Agricultural Geophysics 

1) 1930s to 1940s – Soil water content monitoring 

using apparent soil electrical conductivity (ECa) 

measurements obtained with resistivity methods. 

2) 1960s to 1970s – Soil salinity assessment using 

ECa measurements obtained with resistivity 

methods. 

3) 1970s to 1980s - Use of ground penetrating radar 

(GPR) for updating and improving USDA soil 

survey maps. 

4) 1990s - ECa mapping with resistivity and 

electromagnetic induction (EMI) methods are used 

to evaluate soil property spatial variation.  



Agricultural Geophysics and Precision Farming 



Some Recent Advances in 

Agricultural Geophysics 

1)  GPR soil suitability maps. 
 

2)  Soil water content mapping using GPR. 
 

3)  Tree and crop root biomass evaluations using 

GPR. 
 

4)  Soil nutrient monitoring after fertilizer or 

manure application using EMI and resistivity 

methods.  
 

5)  Determination of clay-pan depth using EMI and 

resistivity methods. 

 



Some Recent Advances in 

Agricultural Geophysics (continued) 

6)  Identification of subsurface flow pathways. 
 

7)  Estimation of herbicide partition coefficients in 

soil. 
 

8)  Agricultural field and golf course drainage pipe 

detection and assessment. 
 

9)  Soil drainage class mapping. 
 

10)  Mapping of flood deposited sand depths on 

farmland located near river. 

 



Future Trends in 

Agricultural Geophysics 



Although resistivity, EMI, and GPR are the predominant 

agricultural geophysical methods at present, and these 

methods will continue to find new uses; it is quite likely 

that other geophysical methods (magnetometry, 

seismic, self-potential, gamma ray spectrometry, etc.) 

will also find important agricultural applications in the 

near future. 

Possible Examples: 
 

1)  Delineation of hydric soil boundaries with magnetic 

     susceptibility measurements (magnetometry and 

     EMI).  

2)  Soil compaction mapping (seismic). 

3)  Measurement of soil water potential (seismic). 

4)  Leak detection at animal waste storage ponds and 

     treatment lagoons (self-potential). 

5)  Clay content determination (gamma ray spectrometry). 

 

 



Geophysical equipment may need to be modified 

for agricultural applications due to rough surface 

conditions and the need to collect data over large 

field areas.  Seamless integration with RTK-GPS 

receivers will become commonplace along with 

multi-sensor platforms. 



Different geophysical data 

acquisition approaches 

may be required where 

field access is not 

possible or where large 

watershed size areas 

need to be surveyed. 

Possible Solutions: 
 

1)  Multi-sensor geophysical systems directly integrated with 

     farm machinery, possibly even allowing on-the-go decisions 

     regarding precision farming operations. 
 

2)  Geotomography. 
 

3)  Airborne measurements. 

 



Increased use of geographic information 

systems, inverse modeling, and expert 

system software will improve agricultural 

geophysics data analysis capabilities. 



Outreach efforts for the agricultural community 

need to accelerate with regard to training on the 

appropriate use of geophysical methods and to 

provide information on the strengths and 

limitations of using a specific geophysical 

method for a needed agricultural application.    

1)  Short Courses 
 

2)  Workshops 
 

3)  Field Demonstrations 
 

4)  Agricultural Group 

     Invited Presentations 



Summary and Conclusions 
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Background: 

Measurement of soil resistivity dates back to the latter part 
of the 19th century when Whitney et al. (1897) attempted to 
infer soil water content and salinity from measurements of 
soil resistivity using two-probe electrodes.   
 
 
Gardner (1898) and Briggs (1899) reported additional 
measurements as part of the early group of USDA scientists 
investigating soil temperature, salinity, and water content 
effects on soil resistivity. 

Use of Apparent (Bulk) Soil Electrical 
Conductivity (EC) Mapping in Agriculture 

2 



Background: cont… 

To minimize the difficulties with the unstable two-probe 
method, Frank Wenner (1915) introduced the theory of 
utilizing four equally spaced electrodes to measure earth 
resistivity, and wrote: 
 
 “A knowledge of earth resistivity (or specific resistance) may be 
of value in determining something of the composition of earth.” 

3 



Electrical Resistivity (ER): 
Ability to resist electrical current flow (ohm⋅meter)  
 
Electrical Conductivity (EC): 
Ability to convey electrical current flow (Siemens/m) 
 
• Electrical Conductivity (EC) is the reciprocal of Electrical 

Resistivity (ER) 
 

• The Siemens (symbolized S) is the SI unit of electrical 
conductance (an out-dated unit is mho). 
 

  The Siemens is also the equivalent of an ampere per volt.  
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Soil Salinity Assessment: 
Soil salinity refers to the presence of dissolved solutes in the 
soil solution. 
 
Salinity can be measured by measuring the electrical 
conductivity (EC) of the soil solution (U.S. Salinity Laboratory 
Staff, 1954). 
 
Soil EC measurements of solution extracts are time and labor 
intensive and not practical for the characterization of the 
spatial variability of soil salinity at field extents and larger. 

Soil Solution EC versus Bulk (or apparent) Soil EC 

5 

For in-depth reference material, see: 
http://www.ars.usda.gov/services/services.htm?modecode=53-10-20-00&locpubs=yes 

USDA-ARS, U.S. Salinity Laboratory at Riverside, CA 
(Dr. Jim Rhoades, Dr. Dennis Corwin, and many more) 

http://www.ars.usda.gov/services/services.htm?modecode=53-10-20-00&locpubs=yes
http://www.ars.usda.gov/services/services.htm?modecode=53-10-20-00&locpubs=yes
http://www.ars.usda.gov/services/services.htm?modecode=53-10-20-00&locpubs=yes
http://www.ars.usda.gov/services/services.htm?modecode=53-10-20-00&locpubs=yes
http://www.ars.usda.gov/services/services.htm?modecode=53-10-20-00&locpubs=yes
http://www.ars.usda.gov/services/services.htm?modecode=53-10-20-00&locpubs=yes
http://www.ars.usda.gov/services/services.htm?modecode=53-10-20-00&locpubs=yes


6 Material from publications by Dr. Jim Rhoades, Dr. Dennis 
Corwin, and more at U.S. Salinity Laboratory, Riverside, CA 



In 1996, Veris Technologies 
constructed rolling 
electrodes and added GPS to 
make a field EC mapping 
system prototype. 

From Salinity to Precision Agriculture 
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Most commonly used 
resistivity equipment is the 
Veris 3100 EC Mapping 
System (Veris Technologies, 
Salina, Kansas). 

From Salinity to Precision Agriculture 
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Veris 3100 Soil EC Mapping System 
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Emerging Interests in 
Bulk Soil EC Mapping 

(beyond salinity) 
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Wheat-fallow strip cropping 

EC response dominated by water and not texture 

wheat stubble (dry) 
fallow (wet) 
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There is no substitute to good geology. 
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Issues 

Characterizing (or identifying the causes of) soil EC 
variability is difficult. 

 

   Experimental results are mixed and show varying 

 strength of EC versus soil properties relations. 

  The EC versus soil properties relations are not 

 necessarily unique. 

  Absolute values of EC are highly site- and time-of-

 measurement  specific. 

   Temporal stability of maps is quite high. 
26 



• Bulk soil EC mapping identifies soil spatial variability 
 

• The underlying principles of soil EC variability is less 
explored. 
 

• An understanding of the spatial and temporal variability of 
soil EC and its complex interactions with static and 
transient soil properties, particularly at low salt 
concentrations, is needed.  

Use of Apparent or Bulk Soil Electrical 
Conductivity (EC) Mapping in Agriculture 
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Soil Phases: Air,  Solid, Liquid 
 
  Air :  Insulator 
  Solid:  Insulator  
  Liquid:  Conductor (electrolytic) 
 

Electrical flow - Metallic  or Electrolytic 
 Metallic : Carrier is the electron 
 Electrolytic: Carrier is dissolved ions 

28 
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“The good thing about soil EC is it relates to 
just about everything. The bad thing about 

soil EC is it relates to just about everything.”  
       Unknown 

Eric Lund, Veris Technologies; 2009 
31 



Temporal 
Stability of 
EC Maps 
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Emerging Interests in EC (beyond salinity): 

 Identify field soil variability (surface and subsurface) 

 Guide smart soil sampling within EC boundaries 

 Help place on-farm tests plots and sensors 

 Characterize field soil variability (model parameters, WHC) 

 Identify potential field areas (zones) for varying management 

 variable rate seeding (top soil) 

 variable rate nutrients (texture, CEC, organic matter) 

 variable rate herbicide (binding, bioactivities, clay, organic matter) 

 Refining NRCS soil maps (soil boundaries, unmapped inclusions) 

 Conduct yield-map analysis 

 More… (depth to claypan and bedrock, depth of sand deposits, …) 

33 





   Conclusions (EC in non-saline fields) 

 Soil EC mapping is the simplest and most rapid method of 

identifying the nature of soil variability 

 EC relates strongly to soil stable properties of texture and 

organic matter (field productivity) 

 The patterns of EC remain stable over time (no need for 

 remapping). 

 EC versus soil properties relations are time of measurement 

 dependent due to changes in transient soil properties. 

35 
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