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Points to make-

Variability in soils is natural and oftentimes enhanced
by people

In non-irrigated fields (98% of North Dakota farmland)
moisture is most limiting factor to yield.

Variation in soil properties make variable rate moisture
a huge factor in years with moisture stress.



Other Points to make-

Variability can be greatly addressed through zone soil
sampling.

Differences in productivity within the field should 
generally not be a reason to modify nutrient
recommendations with few exceptions.

However, variability in soil test are definitely reasons to
modify nutrient recommendations, with no exceptions.



BarleyBarley yield differences with landscape



In many fields, growers and their consultants report
that their residual soil nitrate values are high
compared to ‘normal’ values.

Are these high values ‘real’?



Patterns of mobile nutrients

tend to be stable between years.
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Mobile Nutrients Move, But They Tend To 

Move To The Same Places.



Patterns of erosion 

Image Evan Thaler, NPR





Image Courtesy of Ryan Buetow

Emerging problems of extreme acidity
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EC and EM sensors are related to:

-Clay content
-Organic matter content
-Soil moisture
-Soluble salts (including fertilizer salts)
-Depth to limiting layer

In our region, the EC and EM sensors
are usually not related to one thing
(Except when soluble salts are high)



Remote imagery-

Aerial photo, Satellite imagery,

Drones
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The zone map will identify related areas of similar soil
fertility (N, P, K, pH, Zn, EC)

These values will be used directly in fertilizer recommendations
spatially if it is possible to vary rates.
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y = -0.0115x2 + 4.5992x + 1486.1
R² = 0.0267
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Example-Combining all sites with actual yield at N rate looks like this
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When it really looks like this-



To get a better idea of what the data look like without showing all 
the curves is to ‘Standardize’ the data- putting it all in the same 
scale

For example-
A sunflower site with high yield 4,000 pounds per acre, 

divide all yields by 4,000, to reach values from 0 to 1

A sunflower site with high yield 1,800 pounds per acre, 
divide all yields by 1,800, to reach values from 0 to 1

A sunflower site with high yield 2,500 pounds per acre, 
divide all yields by 2,500, to reach values from 0 to 1
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Standardizing yields at all sites ends up looking like this-

0

1

0 250



Western ND Conventional
Till  wheat sites raw yields

Western ND Conventional Till
wheat sites, standardized
yields



Western ND No-Till  
wheat sites raw yields

Western ND No-Till  
wheat sites standardized yields



Eastern ND high-clay,
Conventional Till,  
corn sites raw yields

Eastern ND high-clay, 
Conventional Till, 
corn sites standardized yields



Eastern ND no-till,  
corn sites raw yields

Eastern ND no-till, 
corn sites standardized yields



Eastern ND Conventional Till,  
sunflower sites raw yields

Eastern ND Conventional Till 
sunflower sites 
standardized yields
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Low yield environment-
usually drier (sometimes excessive wetness)

Lower N use efficiency and crop uptake
Less N mineralization

High yield environment-
Moisture near ideal- not too wet or too dry
Higher N use efficiency and crop uptake
Greater N mineralization

Net result is that rate to produce economic max yield
is similar in both environments.
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y = -0.0121x + 44.665
R² = 0.3875
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N rate, 
lb per acre

Sunflower rust
rating

0 0.65 a

40 1.51 ab

80 2.25 b

120 1.53 ab

160 1.25 ab

200 1.63 ab

Ratings made on images obtained by retired plant pathologist 
Roger Ashley and rated by Dr. Samuel Markel, NDSU Extension 
Plant Pathologist.

Sunflower rust severity rating as a result of N rate, Dickinson, ND, 2015.



There is a new phone app for Android phones for 
the 3 N calculators. 

Go to app store and search for North Dakota Crop Nitrogen 
Calculator and follow the instructions.

It’s free to download.

We also have an app for IPhones-

Go to the Iphone app store and look up 
North Dakota Crop Nitrogen Calculator, 
then follow instructions.



Summary of causes and management for field variability 1

Variation in soil moisture results in tremendous
yield variability and crop nutrient availability.

Zone soil sampling helps manage crop nutrient 
variability.

Variation in crop yield potential is not a consideration
in the nutrient recommendation formulas.



Summary of causes and management for field variability 2

-Erosion history

-Areas of excessive acidity



Contact information-

My contact information
Dave Franzen
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