Selecting Proper Teralytic Probe Locations
Managing the nitrogen (N), phosphorus (P), potassium (K), and moisture levels of your field are
some of the most important aspects to growing a crop. Too much NPK, and you’re throwing
money away; too little, and you’ll harm yields. Excessive irrigation or precipitation and the crop
drowns; not enough and the crop dies of thirst. Ensuring the crop gets the right amount of
nutrients and water requires constant monitoring of your soils to address the crop’s needs.
There are multiple ways to monitor the NPK and moisture levels in a field, but one of the most
reliable ways is the use of wireless NPK + moisture probes
developed by Teralytic. The probe is inserted into the soil profile
at various points within the field where it constantly monitors the
actual nutrient and moisture levels at multiple depths. Using
cutting-edge communications technologies, the sensor
information is transmitted back to a central site, where it can be
monitored in real-time via a web-based platform. The grower can
instantly make decisions on how much and when to fertilize or
irrigate to keep the crop growing, greatly increasing efficiency.
Due to the inherent variability of soil, the biggest challenge to
using a soil probe is getting them installed at the right place in the field where they will give you
the most useful information. As an example, looking at this aerial photo of a field, you can see
there are differences from both natural variations of the soil and cultural practices by the grower.
The visual differences in the soil
are often caused by different soil
types. Each of these soil types in
the field can have different
properties which affect its ability to
hold nutrients and water. Placing a
probe in one part of the field with
one soil type may not necessarily
tell you what is going on in another
part of the field that has a
completely different soil type.
Knowing that variability exists in
soil, it is important to take the time
to examine your field prior to
installing the soil probes. You must first decide how you are going to manage that variability. Are
you going to monitor the most common areas in the field and manage the entire field based on
those areas, or are you going to look at the extremes and try to variably apply the nutrients and

water to maximize production in all areas? The management goal you decide upon will depend
on what your actual capabilities are for using the information and implementing a plan. In turn,
this will drive how many sensors you need to reach your goal.
Besides using an aerial photo, we can also look at other data sets that give us an idea of where
there are changes in the field and which parts may have similar properties. Some of the
common data sets are U.S. Department of Agriculture (USDA) Natural Resources Conservation
Service (NRCS) soil surveys and elevation, slope, aspect, and soil test maps. Additionally,
various companies have developed technologies to examine soil properties and extrapolate
them fieldwide.
For this case study, we are planning a joint pilot between Teralytic and Trimble®, which will
incorporate site specific information from their Soil Information System (SIS) and Crop Health
Imagery (CHI) as decision-making tools for probe placement.
With all the information we have been able to compile for this field, we have identified the areas
for probe placement that we believe will provide us the most useful information for this pilot. We
are going to examine how these layers were used as tools to help make those decisions for the
placement of those probes.

NRCS Soil Survey Information
For many farming decisions, a common place to start is by looking at the NRCS web soil survey
of the field. You can view and download information about the soil types that exist in a field from
the NRCS website, which provides very useful, general information about the soils. In our
example field, we see that it contains primarily three soil types:
1. Ce (Creston silt loam, 0 to 3% slope)
2. Cd (Corvallis silty clay loam, 0 to 3% slope)
3. Ha (Half Moon silt loam, 0 to 3% slope)
The field is primarily made up of the Creston silt loam, so we will focus our discussion on this
soil type. According to the NRCS description for a typical Creston silt loam soil, the parent
material consists of alluvium with available water down to a depth of 60 inches (152
centimeters) or more. It is well-drained and has a moderately high ability to move water.

Keep in mind that the NRCS data sets were created at a very low spatial density, so they do not
often show a lot of detail in regard to variation within the field. Although beneficial to get a
general idea of the soil properties of a field, in this case, the map does does not give us a lot of
information to help place the soil probes. The soil map shows that most of the field is the same.
However, we can tell from the aerial photo that this is not the case. We need to look at some
other layers that may give us a better idea of which properties are causing these differences
seen in the aerial photo.

Topography
Topography is the difference in elevations within the field. Water tends to run off the higher
points in the field and pond in the lower parts. The lower parts are also often closer to the water
table. Fields with large topography changes are also subject to erosion which over time changes
the soil profiles and where the nutrients are located. These maps can be created fairly quickly
usings a real-time kinematic (RTK) level GPS system or from some drone imagery suppliers.
Additionally, some areas of the world now have access to Lidar-based maps that are free to the
public.

When evaluating our data, we see the example field is fairly flat with elevations from 2955.6 feet
(900.9 m) to 2975.8 feet (907.0 m) for a total difference of only 20.2 feet (6.1 m). You can use
this map to find the most common elevations in the field and focus on those typical elevations
that represent a significant part of the field, or you can place them at various levels if you are
trying to manage with a more site-specific approach.

Slope
From the topography map, we can calculate the slope that is present throughout the field. The
slope is the difference in elevation changes from one point to another. The higher the slope, the
steeper the ground is and the faster water tends to run off of it. In our example field, we see that
the red areas are relatively flat, represented by a 0% slope. For the most part, this field shows
very little change with the maximum slope being only 1.9%. Some fields may have much more
slope than this. You can use this map to determine the variation in slope and locate points
where the slope may influence application efficiency of water and nutrients differently as
compared to the level areas.

Aspect
Along with slope, another important physical characteristic of the soil that can be calculated
from the topography map is the aspect. Aspect is the direction the slope of the soil is facing.
Aspects of 0 or 360 degrees face north (N), aspects of 90 face to the east (E), aspects of 180
face south (S), and aspects of 270 degrees face west (W). N, E, S, and W are the cardinal
directions with values in between these numbers indicating the intercardinal directions such as
NW, SE, SW, etc. The direction that a slope faces is important in regard to soil moisture and
temperature as a south-facing slope will get more sunlight than a north-facing one in the
Northern hemisphere) Again, depending on your management strategy, you can position
sensors in areas that have similar aspects or use them to determine information on the different
aspects in the field for a site-specific strategy.

Electrical Conductivity
Another common type of data that people can gather about a field is electrical conductivity (EC)
or electromagnetic induction (EMI). This information can be gathered by tools from a number of
companies including Veris® Technologies, DualEM, Geonincs Limited (EM-38), and others.
The EC is a measure of how well the soil conducts a current. Although EC does not measure
any one soil characteristic specifically, it does give an index that is the combine effect of a
number of important soil characteristics including texture, organic matter, salinity, cation
exchange capacity, soil moisture, and others. Gathering this data is relatively easy and
inexpensive, and since these sensors can read information from below the soil surface, you can
also see patterns that are not visible from an aerial photograph. Using this information, you can
better place probes in areas that are not in transition zones. You want to avoid these areas,
since the area is changing from one soil type to another and you cannot attribute the sensor
readings to one particular zone.

Although EC is handy for mapping out spatial differences in a field, it is important to keep in
mind that the actual values at each point are a result of a combination of the many physical and
chemical soil factors described above. Just because two points in the field have the same EC
value, does not necessarily mean that both soils are the same. One point’s EC number could be
the result from having a high sand content and low salt index, while another point with the same
EC value could instead have a low sand content and a high salt index. Soils with the same EC
value could actually have a number of different combinations of the soil characteristics. Because
of this, you need to use EC data carefully and not make too many assumptions based on the
data.

Soil Information System from Trimble
Another very useful set of data can be obtained from Trimble® and their Soil Information
System® (SIS) product. This product uses topography, EC, a specialized soil probe, and
complex algorithms to spatially map a number of soil characteristics in the top 48 inches (60 cm)
of the soil profile. These maps can then be used to provide additional detail about the proper
places to position soil moisture probes.

Depth to Root Restriction
One factor in the soil profile that is very important for understanding root development is the
level of compaction that exists. If a layer of soil is too compacted, roots and water cannot move
freely through it and often times prevent the plant from taking advantage of the full profile of soil
moisture to grow. Knowing if a restriction layer exists is critical in knowing how to manage water
and nutrients for a crop. Different crop’s roots have varying capabilities to push through different
levels of compaction.

In our example field, this layer shows that there is a huge difference in the depth the crop can
access. There are a number of dark, red areas where the root zone is only 3 to 10 inches (8 to
25 cm) deep. A lot of the field is limited to less than 25 inches (64 cm). Unfortunately, only a few
areas, shown in blue, have a full 48 inches (122 cm) or more of root zone. When placing the soil
probe it is important to ensure that they are located in areas that are not in transition zones and
reflect the management style you are working to achieve.
From an agronomic stand point, knowing the depth of root restriction may be a good reason for
the grower to look into deep ripping the field to see if that layer could be shattered so long that
the problem is not hitting the bedrock layer. Breaking up the root restrictive soil layer would

allow the plants to take full advantage of the entire root zone’s moisture. However, before
attempting to deep rip, a producer should check with their local soil scientist to make sure that
doing so would not create more problems than it solves. Some layers cannot be broken up and
others actually protect the topsoil from issues that could percolate up from below.

Soil Texture
SIS also gives us maps that show the estimated percentage of clay and sand throughout the
field and we can quickly calculate a map showing the percent silt content. Keep in mind that the
NRCS soil survey says most of the field is a silt loam with a small area of silty clay loam.
However, the amount of silt, clay, and
sand in any one soil classification type
such as silt loam can still vary quite a
bit and still be classified the same type
as shown in the soil texture triangle to
the right. The SIS data shows that the
amount of sand in the field can vary
between 5 and 38%, the silt can vary
between 40 and 75%, and the clay can
vary between 16 and 39% in the
surface layer of our example field. The
yellow area shaded in on the texture
triangle shows the range of soil types
that these percentages can give us. So
although the NRCS classified this field
primarily the same soil type, there is
still quite a bit of variability within the
same soil classification.
The following maps show the estimated textures that are present throughout the field. Note that
the scale for each map changes depending on the layer to better show the variability.

Percent Sand

Percent Silt

Percent Clay

Water Holding Capacity
The maps of the percentage of sand, silt, and clay in the soil allow the SIS program to estimate
the texture of the soil at each point in the field. Since the texture is directly related to the water
holding capacity of the soil, SIS can calculate a map that show the estimated water holding
capacity at each point in the field. This is done by first creating a map that shows the amount of
water the soil can hold at field capacity, which is the maximum amount of moisture the soil can
hold against the force of gravity. At the other end of the spectrum, SIS can create a map of the
amount of water in the soil at the wilting point, which is the water bound to the soil particles so
tightly that a plant cannot extract it. By calculating the difference between these two maps, SIS
gives us the Root Zone Plant Available Water map. This is the amount of water that the soil can
actually provide to the plants for growth. Because we have a much better idea of the variations
in the soil texture, this map will give us a better estimate of what parts of the field can provide
more water than others.

Field Capacity 0 - 48 Inches (0 - 122 cm)

Wilting Point 0 - 48 Inches (0 - 122 cm)

Plant Available Water 0 - 48 Inches (0 - 122 cm)

The last map shows the available water holding capacity in the entire field which goes from 7.5
inches (19.1 cm) up to 9.0 inches (22.9 cm). The placement of the soil moisture probe would
have an effect on how much water it detects. To put that into perspective, for a crop using 0.3
inches (0.8 cm) of water per day, that is a 5 day difference in water availability between the two
areas.

Root Restricted Plant Available Water
If you remember the Depth to Root Restriction map from above, you will remember that a large
portion of the water in that 0 - 48 inches (0 - 122 cm) will not be available to the plant because
the roots cannot penetrate that compaction layer. SIS allows us to combine that map and the
Plant Available Water map to calculate the Root Limiting Plant Available Water map. This is
often eye opening because of the reduction in water available to the plant can be drastic.

You see that our water availability has decreased dramatically here. The lower limit is now down
to only 1.0 inch (2.5 cm) and the upper limit is now 8.8 inches (22.4 cm). When the crop only
has 1.0 inch (2.5 cm) of moisture to work with as compared to the 8.8 inches (22.4 cm), you
have to be a lot more careful on how you manage the water. It is critical that we place soil
probes in both of these areas so that we can see the worst and best case scenarios and
manage the water accordingly.

Field Imagery
Another layer of information that can be used to position moisture sensors are various forms of
field imagery. We used one form at the beginning of this document. Imagery can come from
airplanes, drones, or satellites. Often times the imagery is taken at a time when the crop is
growing. This can show places where the crop is growing well and other places where it is
struggling. By using this information, it is possible to position the sensors at places that
represent specific areas in the field.
There are many sources of field imagery to choose from in today’s market, however as part of
our pilot program with Trimble®, we have access to their Crop Health Imagery tool. Weather
permitting, these images are provided roughly weekly. The following map shows the field on
July 23, 2018. It shows places where the crop health is doing pretty well and others where it is
not doing as well. When selecting probe positions, we will want to make sure they are not on
any transition areas.

Probe Placement
For our pilot with Trimble®, we ultimately decided to install seven probes on the west side of this
field because of the crop type and soil characteristics discussed above. We verified that the
points were positioned in places that would give us a variety of conditions and did not sit upon
any transition zones. The information we gain from those sensor will then be used to help
provide more accurate irrigation and fertigation scheduling for each of the zones present.

It is up to you to decide how many sensors are needed for your field to give you the most
suitable picture of the NPK and moisture levels in a field. There is no “right” answer for this. It is

all going to depend on the variability that exists in the field and how detailed a picture you can
economically gather, which can be different for every field and user.

