
METHOD2

  “Resistivity” refers to the extent to which a material opposes the flow of  elec-
trical current, as described by Ohm’s law. When we speak of the resistivity of soil, we 
refer to the soil material’s electrical properties. The resistivity method refers to a mech-
anism for measuring a soil’s electrical conductivity. 
  In its most basic form, the resistivity method uses an external power source to 
drive current between two electrodes inserted into the soil. These two electrodes are 
referred to as “current” electrodes, and they create a three-dimensional electric field 
within the soil. Two more electrodes, called “potential” electrodes, are also inserted 
into the soil, making a total of four electrodes. The potential electrodes measure the 
voltage of the electric field—or, the field’s electric potential—created by the current 
electrodes (Figure 1). 
  

  The subsurface resistivity value is obtained by combining three parameters: first, 
the magnitude of the applied current, second, the voltage measured by the potential 
electrodes, and finally, the distances between the various electrodes. The distances 
between the electrodes are significant because different spacing of electrodes col-
lect data from different depths, or layers, of the soil. Electrodes that are widely spaced 
collect data from a deep layer of soil, and electrodes that are narrowly spaced collect 
data from a layer of soil close to the surface.  The electrodes are moved for each mea-
surement, thereby collecting data at a variety of depths which will ultimately create a 
three-dimensional model of the resistivity of the soil. 
  Resistivity is a significant measurement because it gives us clues about the com-
position of soils. Soils are made up out of solid, liquid, and gaseous components (Fig-
ure 2). Solid components (with the exception of rocks) are classified as either sand, silt, 
or clay. The quartz particles in
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BACKGROUND1
  
  Resistivity field tests were first used 
in petroleum and mining industries, and lat-
er were discovered to be a valuable meth-
od in geophysical studies especially per-
taining to agriculture.  Soil properties have 
been found to interact in complex manners 
in correlation with soil conductivity. The tests 
are most commonly used to evaluate soil sa-
linity, drainage, and landfill/chemical leaks. 
Measurements are collected in ohm-meters 
and often used in the design and planning 
of grounding systems at raw land sites. The 
non-invasive but extremely effective and re-
vealing tests are particularly appealing to 
farmers and land developers.  Modern resis-
tivity tests utilize various configurations in-
cluding the Wenner or Schlumberger method.

FIELD ACTIVITY
  Under the supervision of Dr. Roger Eigenberg of the USDA US Meat An-
imal Research Center in Nebraska, students took various measurements on the 
fields of the Cooperative using a Four Probe Resistivity Meter.  Probes were 
placed at various intervals along a linear stretch of ground.  One voltmeter 
measures voltage drop across a 150 ohm resistor in series with excitation sig-
nal provided the applied current.  The potential voltage across the two inner 
probes was measured by a second voltmeter.  The table below shoes the resis-
tivity of various soils.

RESULTS - The RES1D inverted data indicates lower resistivity near the surface 
and increased resistvity with depth.  The values are consistent with agricultural 
land that has a relatively high sand content.
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DRONES IN AGRICULTURE3
  
  Unmanned aerial systems, commonly referred to as drones, have the 
potential to be used in a variety of industries such as delivery, public safety, 
and agriculture. The implementation of this technology may also benefit ag-
riculture by allowing farmers to scout their fields while saving time and mon-
ey. Scouting, the process of checking fields for abnormalities, is a costly daily 
routine for farmers, yet it is essential to producing a good crop. Many drones 
have already been created for this purpose by firms such as MLB Company 
and Precision Drone LLC. This technology is being extremely productive all 
around the world--for example, the 200-pound Yamaha RMAX helicopter has 
been used as a crop duster in Japan for more than 20 years. After many pos-
itive field tests abroad, American farmers are excited at the prospect of us-
ing similar technologies here.  
  Unfortunately, a stigma has been attached to this technology due to 
its use in military operations. This has hindered past attempts to lift the reg-
ulations from the Federal Aviation Administration (FAA) banning the use of 
drones domestically.  Despite poor public perception, the government has 
been using drones domestically since 2006, and FAA has been tasked with 
creating a plan to integrate private drones into civilian airspace by 2015.  
  In fact, many drones proposed for agriculture use do not even slight-
ly resemble their military counterparts. The civilian drone is to the military 
drone as the common car is to the military Hummer: the drones intended for 
domestic use are much smaller and lighter than their military counterparts. 
Small, automated drones can be equipped with a 1080p camera to record 
images of crops as well as take water and soil samples. These devices fly low 
over the fields and do not pose a risk to other aircrafts.

Figure 2. - adapted from [2]
Diagram of the composition of soil.

Figure 1 - adapted from [2]
This diagram shows a vertical cross-section of soil, where +I and –I are the current electrodes and P1 and P2 
are the potential electrodes. Electrical current flow is represented by solid arrowhead lines and electrical po-
tential is represented by circular dashed lines.

sand are insulators, while 
clay minerals and organic 
materials transmit current if 
they are wet. The dissolved 
ions in the liquid compo-
nents of soil transmit elec-
tricity well. The gaseous 
parts of soils are insulators. 
Because these different 
components of soils have 
different levels of electrical 
conductivity, a measure of 
the resistivity of a soil can 
suggest what kinds of ma-
terials are present in that 
soil. This, in turn, leads to 
numerous applications of 
resistivity in agriculture, 
wherein the understanding 
of soil composition is key to 
enhancing plant growth and 
productivity.

RES1D Inversion 
Resistivmodel 20a, SE corner, 7/3/13

SOIL CONDUCTIVITY PROFILE
location 0,0, 9/26/14
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INTRODUCTION1

  On September 26, 2014, Macaulay 
Honors Seminar 3 students at City College 
attended the 2nd Agricultural Geophysics 
Workshop. Hosted at the Cornell Coopera-
tive Extension in Suffolk County in partner-
ship with Rutgers, CCNY, and the Society of 
Exploration Geophysicists (SEG), students at-
tended a lecture, participated in field demon-
strations, and analyzed collected data under 
the guidance of keynote speaker Dr. Roger 
Eigenberg using current and innovative field 
technology.  Dr. Eigenberg introduced the 
concepts of resistivity and electromagnetic 
induction in relation to agricultural concerns 
including feedlot surface depth, liquid im-
poundment structures, unique geometries, 
and vertical sounding. He then familiarized 
students with the Four Probe Resistivity Me-
ter, which was later used to collect resistivity 
measurements on the fields of the Cooper-
ative.  Information on resistivity distribution 
was collected from case studies and previ-
ous research by Dr. Eigenberg, then used to 
monotor soil and potential contamination.

 
RESIT IV ITY  (approx . )  OHM-M 

SOIL  Min imum Average  Max imum 
brine, waste 5.9 23.7 70 
clay, shale, gumbo, loam 3 40 165 
same, with varying properties of sand and gravel 10 16 1350 
gravel, sand, stones with little clay of loam 590 950 10,000 
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