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NITROGEN DYNAMICS ARE MUCH DIFFERENT THAN 
OTHER CROP NUTRIENTS

• MOST NUTRIENTS INTERACT WITH SOIL TO 
CREATE A RESERVOIR THAT CAN PROVIDE A 
CONTINUOUS SUPPLY OF THOSE NUTRIENTS TO 
GROWING PLANTS FROM SEASON TO SEASON. 

• SOIL SAMPLE ANALYSIS AND FERTILIZER 
ADDITIONS EVERY FEW YEARS IS ADEQUATE TO 
SUSTAIN CROP GROWTH FOR THESE OTHER 
NUTRIENTS.

• PERIODICALLY CHECKING THE OIL LEVEL OF AN
ENGINE CRANKCASE IS A USEFUL ANALOGY FOR 
PHOSPHORUS, POTASSIUM, AND THE 
MICRONUTRIENTS.



NITROGEN IS MANAGED MUCH DIFFERENTLY

• ALTHOUGH THERE IS A SOIL RESERVOIR 
OF NITROGEN, IT IS NOT SUFFICIENT TO 
SUPPLY THE NEEDS FOR AGRONOMIC 
CROPS.

• THE YEARLY ADDITION OF FERTILIZER OR
MANURE NITROGEN IS REQUIRED FOR
NON-LEGUMINOUS CROPS.

• EXCESS NITROGEN WILL EXIST AS
NITRATE AT THE END OF THE GROWING
SEASON.

• NITRATE MOVES READILY WITH SOIL 
WATER AND IS PRONE TO MOVING INTO 
GROUNDWATER OR INTO SURFACE 
WATER AS THE SOIL DRAINS. 



ONE OF THE GOALS OF A NITROGEN RECOMMENDATION IS TO  
MINIMIZE THE AMOUNT OF NITRATE IN THE SOIL RESERVOIR AT THE

END OF THE GROWING SEASON.



NITROGEN DYNAMICS ARE COMPLICATED AND 
DIFFICULT TO PREDICT

• NITROGEN EXISTS IN SEVERAL FORMS IN
THE SOIL.

• TWO OF THE FORMS ARE AVAILABLE TO 
PLANTS.

• LARGE LOSSES OF AVAILABLE NITROGEN 
COMMONLY OCCUR WHEN EXCESSIVE 
RAIN CAUSES SOIL SATURATION.

• TEMPERATURE AND RAINFALL HAVE A 
LARGE EFFECT ON THE AVAILABILITY OF 
SOIL NITROGEN.

• WE ARE NOT CAPABLE OF PREDICTING 
WEATHER 3 MONTHS INTO THE FUTURE.



WE NEED TO UTILIZE DAIRY MANURE – OFTEN FALL APPLIED

• DAIRY MANURE HAS CHANGED 
THROUGH THE YEARS !! 

• LESS ORGANIC BEDDING IS USED NOW.  STRAW
AND SAWDUST HAVE LARGELY BEEN REPLACED 
BY SAND.

• MANURE TENDS TO BE MORE “PROCESSED” 
NOW.  MULTI-STAGE PITS, METHANE 
DIGESTORS, SOLIDS SEPARATORS.

• SIGNIFICANTLY LESS OF THE TOTAL NITROGEN IS 
IN THE ORGANIC FORM AND MORE EXISTS AS 
AMMONIUM NITROGEN



WE COULD IMPROVE THE MANAGEMENT OF  NITROGEN IF WE HAD
RELIABLE METHODS TO GAUGE ITS AVAILABILITY TO PLANTS 

THROUGHOUT THE GROWING SEASON.

• THE FOLLOWING TOOLS HAVE SOME LIMITED UTILITY IN 
HELPING TO  GAUGE N AVAILABILITY

• SOIL NITRATE TESTS

• PLANT TISSUE TESTING

• NDVI IMAGERY FROM DRONES, AIRPLANES OR SATELLITES

• SENSORS MOUNTED ON AN APPLICATOR THAT MEASURE “GREENNESS” 
AND VARY THE RATE OF APPLIED NITROGEN

• CHLOROPHYLL METERS

• NITROGEN MODELS



NONE OF THESE TOOLS SHOULD BE CONSIDERED TO BE THE TOTAL 

SOLUTION TO MANAGING NITROGEN

 SOIL NITRATE IS A “SNAPSHOT” MEASUREMENT.  IT IS DIFFICULT TO PULL FIELD SCALE 
NITRATE TESTS WHEN CORN IS TALLER THAN 24 INCHES. 

 PLANT TISSUE ANALYSIS IS NOT ADEQUATELY CALIBRATED FOR THIS USE AT ALL STAGES 
FROM V4 TO R2.  TISSUE TESTS ARE DIFFICULT TO PULL AT A FIELD SCALE WHEN CORN IS 
TALLER THAN 24 INCHES.

 NDVI IMAGERY RELIES ON A GOOD CROP CANOPY.  IT SHOWS DIFFERENCES IN VEGETATIVE 
INDEX FROM ALL FACTORS – NOT JUST NITROGEN.

 “GREENNESS” SENSORS ALSO RELY ON A GOOD CROP CANOPY SO THAT REFLECTANCE IS 
MEASURED FROM THE CROP AND NOT THE SOIL. GREENNESS IS AFFECTED BY OTHER 
NUTRIENT DEFICIENCIES ALSO.

 CURRENT CHLOROPHYLL SENSORS REQUIRE HAND MEASUREMENTS.

 IF EACH OF THESE TOOLS WERE CALIBRATED FOR AN EXTENDED PORTION OF THE 
GROWING SEASON OF A CROP, WE WOULD HAVE USEFUL INFORMATION TO USE IN 
CONJUNCTION WITH A NITROGEN MODEL.



MODELS ATTEMPT TO ACCOUNT FOR CLIMATE, SOIL AND OTHER VARIABLES, 
BUT CANNOT BE EXPECTED TO ACCOUNT FOR ALL VARIABLES ACROSS THE 

LANDSCAPE.

• VARIABILITY WITHIN A FARM

• ROTATION AND PREVIOUS CROP

• SOIL SERIES

• EFFECTIVENESS OF TILE DRAINAGE

• MANURED?

• TILLAGE SYSTEM – TILLED OR NO-TILL?

• NITRIFICATION INHIBITORS USED?

• NITROGEN MANAGEMENT SYSTEM IS UNIFORM

• COVER CROPS

• VARIABILITY BETWEEN FARMS

• ROTATIONS AND PREVIOUS CROPS – MANY 
MORE CHOICES

• SOIL SERIES – IS THE MAP CORRECT?

• DRAINAGE IS MORE VARIABLE BETWEEN FARMS

• MANURED?

• CHARACTERISTICS OF THE MANURE

• TILLAGE SYSTEMS – MORE CHOICES

• NITROGEN MANAGEMENT SYSTEMS CAN BE 
VERY DIFFERENT

• NITRIFICATION INHIBITORS – MORE VARIABILITY

• SOIL HEALTH

• COVER CROPS – MUCH MORE VARIABILITY



OPINION WARNING

THIS IS WHAT WILL NEED TO HAPPEN TO REALIZE THE FULL 

POTENTIAL OF NITROGEN MODELS

 THE MODEL MUST BE USED WITH OTHER MANAGEMENT TOOLS TO VERIFY AND 

“RECALIBRATE” THE CURRENT VS PREDICTED NITROGEN STATUS AT LEAST 

ONCE DURING THE GROWING SEASON. 

 THIS WILL REQUIRE CALIBRATION OF CRITICAL VALUES FOR SOIL NITRATE, 

PLANT TISSUE, NDVI, AND SENSOR READINGS FOR MOST STAGES OF CROP 

GROWTH.

 THERE ARE TIMES WHEN A CERTAIN MANAGEMENT TOOL WILL BE MORE 

CONVENIENT TO USE THAN OTHER TOOLS. IT IS NOT POSSIBLE TO PULL A SOIL 

CORE IN MUD.  NITROGEN MODELS NEED TO BE “PLUG-IN READY” FOR THE 

VARIOUS NITROGEN STATUS MEASUREMENTS.



WE MAKE BIG 
ASSUMPTIONS ABOUT 

OUR SOILS

REGULATORS USE DATA FROM THE 
NRCS SOIL SURVEY TO VARY NITROGEN 
RECOMMENDATIONS FOR DIFFERENT 
SOIL SERIES.  THE AVAILABLE DATA DOES 
NOT HAVE THE SPATIAL RESOLUTION 
REQUIRED TO MANAGE NITROGEN.

WE ARE ONLY BEGINNING TO 
UNDERSTAND HOW TO QUANTIFY SOIL 
HEALTH AND NUTRIENT CYCLING THAT
OCCURS IN COVER CROP SYSTEMS.



WHEN “GUIDELINES” BECOME LAW, IT IS CRITICAL THAT THE 
GUIDELINES ARE CORRECT 100% OF THE TIME



• FARMERS KNOW THE IMPLICATIONS OF RUNNING SHORT OF 
NITROGEN.  THEY NEED TO TRUST THE AVAILABLE “GAUGES” 
AND RECOMMENDATIONS OR THEY WILL CHOOSE TO ERR ON 
THE SIDE OF ADDING EXTRA.



REASONS TO BE OPTIMISTIC!!

• FARMERS HAVE EMBRACED THE CONCEPTS OF SOIL HEALTH, COVER CROPS, 
WATERSHED IMPROVEMENT AND NITROGEN USE EFFICIENCY.  WE ARE BEGINNING TO 
HAVE ACCESS TO TOOLS THAT CAN APPLY MANURE ON A GROWING CROP
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