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B & C Ag Consultants in Billings has developed a method of producing a computer-generated 
map that not only shows a rancher exactly where his best land is located, but also estimates 
how productive it could be if given the chance. 

What Makes Soil Productive 
It's possible to get carried away when talking about the quality of soil. Factors such as pH, 
structure, stability, nutrient retention, porosity, potential for nitrogen and phosphorus loss, 
microbial activity measure; the list could go on and on. What does it all boil down to? Water. 

The ability of a soil to retain water creates the kind of environment that grows high crop yields. 
Water supports microbes. Water makes nutrients available to plants. In Sweet Grass County’s 
arid climate, a soil that can hold onto moisture makes a tremendous difference. 

When soil is analyzed at a lab, lots of parameters are tested. Most of these parameters directly 
relate back to water and making nutrients readily available. Many of these are correctable, such 
as high pH or low nitrogen. But it's close to impossible to dramatically improve cropland with 
poor water retention. 

Because of this, we add what is easiest-nitrogen, phosphorus, potassium, and sometimes 
sulfate. But applying these elements in the right amounts, and to soils that can use it the most 
efficiently, is where soil mapping makes the difference. 

The Process 
Creating a soil map happens in two stages: electrical conductivity screening, followed by soil 
verification.  

Electrical conductivity screening is nothing new. Charged molecules are capable of carrying an 
electrical current, the basic theory that is at work in batteries. In soil, minerals are charged, 
some nutrients are charged, and water is charged. The texture of the soil can also make a 
difference in the readings. Clay, for instance, will have a higher conductivity than silt, and sand 
will be lower than both clay and silt. All these factors affect conductivity readings, so, in effect, 
the instrument that tells how conductive a soil is, really tells how many minerals, nutrients, and 
moisture are in the soil, as well as the basic texture at that particular location. 

The level of conductivity can be measured by inserting a couple of metal probes into the soil. 

Anyone who's used a handheld electrical meter to measure household current, has used 

something similar to a meter used for measuring conductivity. But sticking probes in and out of 

the soil can be labor intensive. Replace the probes with a highly conductive disk, mount the 

meter to a pickup to drag the disk across a field, and it becomes much easier to collect multiple 

electrical conductivity readings over hundreds of acres. Another advantage to using this disk is 

that the soil is disturbed very little, leaving only light tracks in the stubble field. 

As many as 60 readings per acre can be collected using this disk. When a computer analyzes 
the resulting thousands of readings, it can print a soil zone map. Different colors on the map 



each represent a conductivity measure. All the blue, for example, might mean the conductivity 
readings were between 60 and 70. The red might mean readings between 70 and 80, and so 
on. For each conductivity range, a different color. And all the colors make up a mosaic pattern 
that represents an entire field. There's just one problem. Conductivity can’t tell everything. 

The one deficit in conductivity readings is that they can tell how many minerals, moisture, or 
whatever, but they can’t identify which ones. To do that, it’s back to the traditional soil core 
sample. The core samples verify the kinds of soils represented by each color on the map. The 
core samples are retrieved as deep as possible, up to a depth of 6 feet. Most of this verification 
process takes place in the field, with as much as 95% of testing finished before the samples 
ever leave the site. The chemical analysis performed at the lab will then identify specific 
particles in the sample, verifying whether the charged molecules in the soil are from sodium or 
potassium, sulfate or chloride. Yet one of the properties that is closely investigated before 
removing the samples to the lab is the structure of the different layers that are present and their 
ability to hold moisture. 

Once again, it all comes back to water. The structure of the soil, thus it's water retention 
properties, can't be changed. Once the chemical analysis determines the levels of the different 
constituents present in the soil, it is then determined what needs to be added in the form of 
fertilizer. However, with the aid of the soil zone map, it can be accurately determined how much 
fertilizer will actually penetrate each soil type to the depth of the roots. If the soil's structure is 
loose gravel, water is going to rush past the root zone, draining too deep, carrying a rancher's 
expensive nutrients with it. If the structure is too tight, fertilizer won't penetrate and will run off 
with water over the surface. Either way, fertilizer is wasted, and the rancher loses money. 

On the other end of the spectrum, good soils can provide nutrients to root zones more 
efficiently, and can provide more nutrients at a steadier rate. These soils can use more fertilizer 
to produce a higher yield crop. And the only way to truly use a soil map is to give those better 
soils the nutrients they need to perform optimally, while at the same time applying a smaller 
amount of fertilizer to the poorer soils. 

Tying Things Together 
All the time and effort to create a soil map doesn't mean a thing if the information can’t be used 
in the field. And the link that binds theory with practical use is variable rate fertilizing. 

The usual method of fertilizing is to decide how many bushels to fertilize for and to spread that 
concentration of fertilizer uniformly over the entire field. But in this way, some acres will be over-
fertilized, and some will be under-fertilized as described above. Varying the rate of application 
solves this problem by spreading different amounts to different areas. Placing a computer 
onboard a fertilizer truck takes out all the guess work. 

Cenex Harvest State in Broadview is in the process of converting at least one of their air trucks 
to accommodate this kind of precise application. Each soil map wouldn't be complete without 
providing GPS (global satellite positioning) coordinates. As the fertilizer truck's equipment reads 
the GPS coordinates, the computer tells the distribution equipment how much to spread 
according to the soil map. The equipment varies the distribution as the truck is driven over the 
field normally. 

So this final stage is the real reason all the preliminary work is performed. From a screening 

process that measures electrical conductivity thousands of times in a single field, to a 



verification process that ensures the types of soil in each map zone, to getting the right amount 

of fertilizer to the right kind of soil. But is this really all worth the trouble? 

So this final stage is the real reason all the preliminary work is performed. From a screening 
process that measures electrical conductivity thousands of times in a single field, to a 
verification process that ensures the types of soil in each map zone, to getting the right amount 
of fertilizer to the right kind of soil. But is this really all worth the trouble? 

Cost 
Obviously this soil mapping is going to cost significantly more than traditional soil sampling. But 
the price of $10-$12 per acre must be considered against other costs of farming. Will this high 
cost pay for itself in savings over the long run? 

Everyone who has used the process so far has saved money on fertilizing costs. This is true 
even for farmers who have not yet progressed to using computerized variable rate fertilizing. 
Spending more on fertilizer for the usually small percentage of areas that require higher 
amounts of nutrients, are more than made up for in the savings from the decrease in the amount 
of fertilizer applied to the poorer areas. Then add in the increased profit from higher yields, and 
the numbers start to look better. 

Soil mapping may not pay for itself in the first year. But it very well may pay in 2-3 years. This is 
true mostly because the initial process does not need to be repeated every year since soils 
don't change much over time. And any follow-up testing in subsequent years amounts to about 
$1-$2 an acre. 

Each rancher or farmer has his own situation to analyze before deciding if this new technology 
would provide higher profits for his croplands. 

Who Benefits Most 
"This was originally designed for dryland farmers," says Mike Chorike of B & G Ag Consultants 
in Billings, the only firm currently testing to provide soil zone maps. "Although, it's turned out to 
be advantageous for irrigated land also, especially under pivot lines where the water can be 
controlled so well."  

Roy Sims, Manager of the Crazy D Ranch in Melville, decided that it could mean higher profits 
for his barley which is irrigated with pivots. "Getting more detailed information on our fields has 
definitely increased our yields." Although Sims began this process 2-3 years ago, this will be the 
first year that computerized variable rate fertilizer trucks will be used on the Crazy D. 

Chorike is confident his soil mapping can show results. "This process gets results in the first 
year, as opposed to other forms of precision agriculture which may not show any results in 2, 3, 
or 4 years." 

And Sims is no different than any other rancher when it comes to demanding results. 
"Commodity prices just don't go up enough to make a difference and they never will. So I’ll take 
advantage of every opportunity to lower my cost." 

And to Chorike, there isn’t a farmer out there who wouldn’t benefit from this kind of soil analysis. 

So far soil mapping has been used almost exclusively on cash crops like sugar beets, corn, and 



barley. He'd even like to show what a difference it could make for other crops like alfalfa. But the 

real decision of just how beneficial such a process could be, depends on each individual case. 

Only the farmer knows his exact needs. For some farmers, that blurry, spotty snapshot is more 

than enough to produce the kind of yields they need and expect. For them, years of experience 

tells them all they need. But there are always those few who can never be satisfied with 

anything less than that precise focused picture. In soil mapping, now they can get what they 

want as well. 


