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Introduction 

• Nitrogen (N) is part of a balanced, natural cycle in 
the environment among the atmosphere, soil, 
plants, animals, and water.  

• N is the most important element needed by 
crops.  

• Nitrogen management gives consideration to the 
four R’s so that a greater fraction of the applied N 
is recovered in the harvested crop and not lost to 
the environment.  



The Four R’s of Nutrient Stewardship 

• Right source: matching fertilizer source with crop need 

• Right rate: applying the right amount based on crop need 
and nutrient availability through other sources 

• Right time: applying the nutrient when the crop can use it 

• Right place: fertilizer placement that optimizes the crop’s 
ability to use it  

The four R’s address management considerations (e.g. fertilizer 
program, irrigation), but site characteristics (e.g. soil, cropping 

system, weather conditions) also influence N recover in the crop.   
 



The Nitrogen Cycle  

• Fates of ammonium: 
immobilization by 
microorganisms, plant uptake, 
fixation to soil particles, 
volatilization to ammonia gas, 
nitrification to nitrate. 

• Fates of nitrate: immobilization 
by microorganisms, plant 
uptake, leaching, volatilization to 
nitrogen gas. 

 

 

 

 

Sourced from: no-tillfarmer.com 

Nutrient stewardship seems straight forward when presented as the 
four R’s, but it becomes more complicated when examining the N cycle. 

 



Nitrogen Stabilizers and  
Enhanced Efficiency Fertilizers 

• Enhanced Efficiency Fertilizers (EFFs) include additives, 
physical barriers, and chemical formulations that stop, 
slow down, or decrease fertilizer losses. 

• N stabilizers are one type of EEF. 

• N stabilizers are fertilizer additives intended to improve 
crop N use efficiency and reduce N losses to the 
environment.  

• Other examples of EFFs are slow-release and polymerized 
fertilizers. 

For more information on EFFs, see: 
https://efotg.sc.egov.usda.gov/referenc
es/public/UT/EnhancedEfficiencyFertiliz

ers.pdf 



Nitrogen Stabilizers 

• Vindicate (Corteva 
Agriscience) delays the 
nitrification process. 

• Vindicate has bactericidal 
activity (a.i. nitrapyrin). 

• Agrotain Plus (Koch 
Industries) reduces ammonia 
volatilization and delays 
nitrification. 

• Agrotain Plus has bactericidal 
and bacteriostatic activity (a.i. 
NBPT and DCD). 

 

 

Sourced from: no-tillfarmer.com 



Objective 

• Evaluate two N stabilizers for improvements in corn 
silage yield or plant N status compared to fertilizer 
alone.  

 • N stabilizers could provide 
another tool for nutrient 
stewardship and improved 
environmental outcomes, 
such as reduced leaching. 

 



Methods 

• Trial was conducted in 2018 on sandy loam soil. 

• The field had a winter wheat crop that was cut for forage 
in the late spring.  

• Dry manure was applied to the field between wheat 
harvest and corn planting, which occurred on May 24, 
2018. 

• Pre-plant (post-dry manure application) soil nitrate was 
17 ppm nitrate-N.  

• When soil nitrate-N is below 25 ppm, recommendations 
are to apply N fertilizer*. 

*https:catalog.extension.oregonstate.edu/em8978 



Methods 

• At-planting fertilizer provided approximately 
12 lb N per acre (4-10-10). 

• Side-dress fertilizer application occurred on 
June 21, 2018 (V3-4) and provided 
approximately 105 lbs N per acre (UAN 32). 

• N stabilizer treatments were applied with the 
side-dress fertilizer at the label rate. 
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Treatments

Randomized complete 
block design with 3 
replicates. 
 
Each plot was 14 rows 
wide in order to adapt 
to equipment widths. 
 
Soil and leaf samples 
were taken at R1. 
 
Trial was harvested 
September 20, 2018. 



Yield 

Treatment 
Yield at 30% DM 

(tons/acre) 
DM (%) 

Vindicate 40.4 0.37 

Agrotain Plus 37.7 0.34 

Vindicate and Agrotain Plus 38.7 0.34 

Untreated 38.3 0.35 

Average 38.8 0.35 

Coefficient of Variation (%) 3 3 

P value 0.48 0.20 



Leaf and Whole Plant Nitrogen 

Treatment 
Midseason 

(R1) Leaf Total 
N (%) 

Harvest Whole 
Plant N (%) 

Vindicate 2.97 1.12 

Agrotain Plus 2.97 1.11 

Vindicate and Agrotain Plus 2.71 1.16 

Untreated 2.87 1.09 

Average 2.88 1.12 

Coefficient of Variation (%) 4 2 

P value 0.32 0.18 



Leaf and Whole Plant Nitrogen 

Treatment 
Midseason 

(R1) Leaf Total 
N (%) 

Harvest Whole 
Plant N (%) 

Average 2.88 1.12 

• For mid-season growth stages, leaf total N from 2.7 to 3.5% 
indicates that the plant has sufficient N. 

 

• At the end of the season, whole plant total N of 1.0 to 1.2% 
indicates that the N fertilization program was adequate for 
maximum yield. 

 From: Nutrient Management for Field Corn Silage and Grain in the Inland Pacific 
Northwest (https://www.cals.uidaho.edu/edcomm/pdf/PNW/PNW0615.pdf) 

 



Soil Nitrogen 

Treatment 

Mid-season  
Soil Nitrate-N 

(ppm)  
0-12 inches 

Mid-season  
Soil Nitrate-N 

(ppm)  
12-24 inches 

Post-harvest 
Soil Nitrate-N 

(ppm)  
0-12 inches 

Vindicate 33 10 38  b 

Agrotain Plus 32 10 44 ab 

Vindicate and Agrotain Plus 32 9 57 a 

Untreated 31 12 43 ab 

Average 32 10 46 

Coefficient of Variation (%) 25 31 7 

P value 0.99 0.75 0.04 



Soil Nitrogen 

Treatment 

Mid-season  
Soil Nitrate-N 

(ppm)  
0-12 inches 

Mid-season  
Soil Nitrate-N 

(ppm)  
12-24 inches 

Post-harvest 
Soil Nitrate-N 

(ppm)  
0-12 inches 

Average 32 10 46 

• Mid-season  soil nitrate was adequate to carry the crop through 
to harvest. 

• Post-harvest soil nitrate was higher than during mid-season. This 
could be the result of mineralization of N from dry manure. 

• Post-harvest soil nitrate-N above 20 ppm is considered high* and 
indicates that this crop was never deficient in N. 

*https:catalog.extension.oregonstate.edu/em8978 



Summary 

 

 

• Trial results indicated no improvements to yield or plant N 
status with either N stabilizer product compared to fertilizer 
alone. 

• Soil nitrate-N status suggests that N was never deficient in the 
system. Research from the Midwest and Northeast has 
indicated that N stabilizers improve crop yield when N is 
limited. 

• Further study is needed on different fertilizer sources (e.g. 
lagoon water, manure) and timings of application. 

• Further study is needed on environmental outcomes (e.g. 
reduction in leaching or greenhouse gas emissions). 
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