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Nitrogen ManagementNitrogen ManagementNitrogen ManagementNitrogen Management
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U.S. Nutrient Use by Crop, U.S. Nutrient Use by Crop, 2009 2009 
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Optimizing Nitrogen UseOptimizing Nitrogen Use
•• Determine optimum N rate Determine optimum N rate 

•• Adjust rate for nonAdjust rate for non--fertilizer Nfertilizer N
–– Manure & legume NManure & legume N
–– Soil N contributionsSoil N contributions –– Can be substantial!Can be substantial!Soil N contributions Soil N contributions Can be substantial!Can be substantial!

•• Residual nitrateResidual nitrate
•• Mineralized NMineralized N

•• Manage N to avoid lossesManage N to avoid losses
–– SourceSource
–– PlacementPlacementPlacementPlacement
–– TimingTiming



Managing N to Avoid LossesManaging N to Avoid Lossesg gg g

Pl tPl t•• PlacementPlacement
–– Controlling ammonia volatilization lossesControlling ammonia volatilization losses
–– Increasing importance of urea as a fertilizer sourceIncreasing importance of urea as a fertilizer sourceIncreasing importance of urea as a fertilizer sourceIncreasing importance of urea as a fertilizer source
–– Increasing use of noIncreasing use of no--till cropping systemstill cropping systems
–– Current practices include Current practices include sidedresssidedress liquid N or anhydrous liquid N or anhydrous 

between rows fall applications in some parts of Corn Belt (knifedbetween rows fall applications in some parts of Corn Belt (knifedbetween rows, fall applications in some parts of Corn Belt (knifedbetween rows, fall applications in some parts of Corn Belt (knifed--
in anhydrous, broadcast urea in anhydrous, broadcast urea preplantpreplant, 2x2 starter, 2x2 starter

–– Depending on source, critical to minimize ammonia volatilization Depending on source, critical to minimize ammonia volatilization 
losseslosseslosseslosses



Managing N to Avoid LossesManaging N to Avoid Lossesg gg g

•• TimingTiming•• TimingTiming
–– Consider soil characteristics and climateConsider soil characteristics and climate
–– Consider likely loss mechanismsConsider likely loss mechanisms
–– Consider timing of crop N demandConsider timing of crop N demand

•• SourcesSources•• SourcesSources
–– Common sources in US include liquid Common sources in US include liquid 

solutions (43%), urea (21%), and solutions (43%), urea (21%), and 
anhydrous ammonia (16%)anhydrous ammonia (16%)anhydrous ammonia (16%)anhydrous ammonia (16%)

–– Growing interest in controlledGrowing interest in controlled--release release 
sources and fertilizer additivessources and fertilizer additives



Managing N to Avoid LossesManaging N to Avoid Lossesg gg g
•• RateRate

Yield goalYield goal basedbased–– Yield goalYield goal--basedbased
•• Farmer experienceFarmer experience
•• Traditional method for university/state recommendationsTraditional method for university/state recommendations
•• Typically includes other factors (e g previous crop profile N)Typically includes other factors (e g previous crop profile N)•• Typically includes other factors (e.g., previous crop, profile N)Typically includes other factors (e.g., previous crop, profile N)
•• Concept relies on per unit yield response to NConcept relies on per unit yield response to N

•• e.g. e.g. ((Base N rate = (1.36 x YG) Base N rate = (1.36 x YG) –– 2727--NCNC))

–– SoilSoil--specificspecific
•• Based on yield response to N in given soil; Based on yield response to N in given soil; preplantpreplant profile soil Nprofile soil N

–– Maximizing economic return to NMaximizing economic return to N
•• Based on economic return functionsBased on economic return functions
•• Has gained popularity/adoption in recent yearsHas gained popularity/adoption in recent years



How are Fertilizer Rate How are Fertilizer Rate 
R d ti D l d?R d ti D l d?Recommendations Developed?Recommendations Developed?

•• Historic data and research experience as starting pointHistoric data and research experience as starting pointp g pp g p
•• Develop and perform experimentsDevelop and perform experiments

–– Correlation: Relationship between soil test levels and crop Correlation: Relationship between soil test levels and crop 
responseresponseresponseresponse

–– Calibration: Relationship between applied fertilizer rate and crop Calibration: Relationship between applied fertilizer rate and crop 
responseresponse

•• Multiple siteMultiple site--years required to improve accuracy across years required to improve accuracy across 
broad geographic ranges broad geographic ranges –– the more specific, the betterthe more specific, the better

•• Must be updated to reflect current agricultural practicesMust be updated to reflect current agricultural practices•• Must be updated to reflect current agricultural practices Must be updated to reflect current agricultural practices 
and improvements in crop varieties and productionand improvements in crop varieties and production



Data fit to response models…..Data fit to response models…..Data fit to response models…..Data fit to response models…..

Developed by Tom Bruulsema, PPIC NE Region; Scott Murrell, PPIC NC Region
http://www.ipni.net/toolbox



Data fit to response models…..Data fit to response models…..Data fit to response models…..Data fit to response models…..

Developed by Tom Bruulsema, PPIC NE Region; Scott Murrell, PPIC NC Region
http://www.ipni.net/toolbox
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N RecommendationsN RecommendationsN RecommendationsN Recommendations
•• Since 2006, several states have Since 2006, several states have 

adopted a new regional approach adopted a new regional approach p g ppp g pp
to N recs. for cornto N recs. for corn
–– Iowa, Illinois, Indiana, Ohio, Iowa, Illinois, Indiana, Ohio, 

Michigan, Wisconsin, MinnesotaMichigan, Wisconsin, MinnesotaMichigan, Wisconsin, MinnesotaMichigan, Wisconsin, Minnesota
–– ~55% planted corn acres in 2011~55% planted corn acres in 2011

•• Why?Why?
–– Diverse N rate recommendation Diverse N rate recommendation 

systems across statessystems across states
–– Lack of optimum N rate relationship Lack of optimum N rate relationship 

with corn yieldwith corn yield
–– Concerns about N rates with corn Concerns about N rates with corn 

yields at record levels (and N use at yields at record levels (and N use at 
high yield levels)high yield levels)



Fundamentals of the Fundamentals of the 
i l hi l hregional approachregional approach

•• Similar analysis of data for each stateSimilar analysis of data for each stateyy
–– Uses stateUses state--specific data to calculate individual state N specific data to calculate individual state N 

recommendationsrecommendations
–– Data from recent N response trialsData from recent N response trialsData from recent N response trials Data from recent N response trials 

•• Determine economic response and most profitable NDetermine economic response and most profitable NDetermine economic response and most profitable N Determine economic response and most profitable N 
rates directly from trials in N response databaserates directly from trials in N response database
–– Maximum Return To Nitrogen (MRTN)Maximum Return To Nitrogen (MRTN)

Previously described by Previously described by NafzigerNafziger, Sawyer, and , Sawyer, and HoeftHoeft (2004)(2004)y yy y gg yy ( )( )



Reasons for the Reasons for the 
R i l A hR i l A hRegional ApproachRegional Approach

•• Diverse N rate recommendation systems across statesDiverse N rate recommendation systems across statesDiverse N rate recommendation systems across statesDiverse N rate recommendation systems across states

•• Lack of optimum N rate relationship with corn yieldLack of optimum N rate relationship with corn yieldp p yp p y

•• Concerns about N rates with corn yields at record levels Concerns about N rates with corn yields at record levels 
(and N use at high yield levels)(and N use at high yield levels)



N RecommendationsN RecommendationsN RecommendationsN Recommendations

•• Yield goal basedYield goal based

–– IllinoisIllinois
•• lblb N/A = (1.2 x YG) N/A = (1.2 x YG) –– N credits;  soybean credit = 40 N credits;  soybean credit = 40 lblb/A/A

–– Michigan/Indiana/OhioMichigan/Indiana/Ohio
•• lblb N/A = (1.36 x YG) N/A = (1.36 x YG) -- 27 27 –– N credits;  soybean credit = 30 N credits;  soybean credit = 30 lblb/A/A

–– MinnesotaMinnesota

------------------------------ Expected Yield (bu/A) Expected Yield (bu/A) ----------------------------

PCPC OM*OM* 100100--124124 125125--149149 150150--174174 175175--199199 200+200+

------------------------------ N to apply (lb N/A) N to apply (lb N/A) ------------------------------

CornCorn LowLow 130130 160160 190190 210210 230230

CornCorn Med/HighMed/High 100100 130130 160160 180180 200200

SoybeanSoybean LowLow 9090 120120 150150 170170 190190

SoybeanSoybean Med/HighMed/High 6060 9090 120120 140140 160160

* Low OM < 3.0%; Med/High OM * Low OM < 3.0%; Med/High OM ≥ 3.0%         soybean credit = 40 ≥ 3.0%         soybean credit = 40 lblb/A/A



N RecommendationsN RecommendationsN RecommendationsN Recommendations
•• NonNon-- yield goal basedyield goal based

–– IowaIowaIowaIowa
PCPC N rec. (lb N/A)N rec. (lb N/A)

CornCorn 150 to 200150 to 200

S bS b 100 t 150100 t 150

–– WisconsinWisconsin

SoybeanSoybean 100 to 150100 to 150

Sands/loamy sandsSands/loamy sands Other soilsOther soils------ Sands/loamy sands Sands/loamy sands ------ -------------------------- Other soils Other soils --------------------------

OMOM IrrigatedIrrigated NonNon--irrigatedirrigated Low/Med YPLow/Med YP High/Very High YPHigh/Very High YP

%% ---------------------------------------------------------------- lb N/A lb N/A ----------------------------------------------------------------

< 2< 2 200200 120120 150150 180180

22--9.99.9 160160 110110 120120 160160

1010--2020 120120 100100 9090 120120

> 20> 20 8080 8080 8080 8080

(soybean credit = 40 (soybean credit = 40 lblb N/A)N/A)



N Required per Bushel in MIN Required per Bushel in MI
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Relationship Between Optimum N Rate Relationship Between Optimum N Rate 
d Yi ldd Yi ldand Yieldand Yield
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Calculation of MRTNCalculation of MRTN
•• Database from corn yield N response trials for various Database from corn yield N response trials for various 

crop rotations and soil yield potentialscrop rotations and soil yield potentials
•• Response model calculated for each siteResponse model calculated for each site•• Response model calculated for each siteResponse model calculated for each site
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Calculation of MRTNCalculation of MRTN
•• RReturn eturn TTo o NN (RTN) calculated for each site in the dataset(RTN) calculated for each site in the dataset

F 1F 1 lblb N/ li d f 0 t 240N/ li d f 0 t 240 lblb N/ l l t thN/ l l t th–– For every 1 For every 1 lblb N/acre applied from 0 to 240 N/acre applied from 0 to 240 lblb N/a, calculate the N/a, calculate the 
yield increase over the yield obtained with 0 yield increase over the yield obtained with 0 lblb N/aN/a

–– RTN = yield increase times price of corn minus the cost of NRTN = yield increase times price of corn minus the cost of N

•• MRTN is the N rate with the greatest average economic MRTN is the N rate with the greatest average economic 
return to Nreturn to Nreturn to Nreturn to N

•• A range is determined where returns to N are within A range is determined where returns to N are within 
$$$1.00/acre of MRTN$1.00/acre of MRTN
–– This This provides a range of provides a range of most profitablemost profitable N ratesN rates



Calculation of MRTNCalculation of MRTN
•• 44thth -- Find the N rate with the greatest average return Find the N rate with the greatest average return 

to N, this is the MRTN and N rate at the MRTNto N, this is the MRTN and N rate at the MRTN

Return to N at various N rates (lb/acre)Site
140130110100 1209080

Return to N at various N rates (lb/acre)Site
140130110100 1209080

85 78
106.56

87 9889 3282 9476 5670 1863 802
108.76110.96113.16115.10115.43113.961

$/acre 

85 78
106.56

87 9889 3282 9476 5670 1863 802
108.76110.96113.16115.10115.43113.961

$/acre 

77.09
85.78

79.2981.3182.3782.3781.3179.203
87.9889.3282.9476.5670.1863.802

77.09
85.78

79.2981.3182.3782.3781.3179.203
87.9889.3282.9476.5670.1863.802

MRTN

71.05
107.01

72.0372.4472.9872.5972.0069.24Average
107.25104.96102.43 106.5798.9894.6092

71.05
107.01

72.0372.4472.9872.5972.0069.24Average
107.25104.96102.43 106.5798.9894.6092

MRTN



Calculation of MRTNCalculation of MRTN
•• 55thth -- Find the N rates with returns to N within $1.00/acre Find the N rates with returns to N within $1.00/acre 

of MRTNof MRTN
–– This provides a range ofThis provides a range of most profitablemost profitable N ratesN rates–– This provides a range of This provides a range of most profitablemost profitable N ratesN rates

Return to N at various N rates (lb/acre)Site
140130110100 1209080

Return to N at various N rates (lb/acre)Site
140130110100 1209080

LOW HIGH

106.56

140

108.76110.96113.16115.10115.43113.961

130
$/acre 
110100 1209080

106.56

140

108.76110.96113.16115.10115.43113.961

130
$/acre 
110100 1209080

77.09
85.78

79.2981.3182.3782.3781.3179.203
87.9889.3282.9476.5670.1863.802

77.09
85.78

79.2981.3182.3782.3781.3179.203
87.9889.3282.9476.5670.1863.802

1 0
107.01

2 032 442 982 92 0069 24A
107.25104.96102.43 106.5798.9894.6092

1 0
107.01

2 032 442 982 92 0069 24A
107.25104.96102.43 106.5798.9894.6092

MRTN

71.0572.0372.4472.9872.5972.0069.24Average 71.0572.0372.4472.9872.5972.0069.24Average



Calculation of MRTNCalculation of MRTN

Return to N at various N rates (lb/acre)Site Return to N at various N rates (lb/acre)Site
LOW HIGH

106 56

140

108 76110 96113 16115 10115 43113 961

130
$/acre 
110100 1209080

106 56

140

108 76110 96113 16115 10115 43113 961

130
$/acre 
110100 1209080

77.09
85.78
106.56

79.2981.3182.3782.3781.3179.203
87.9889.3282.9476.5670.1863.802
108.76110.96113.16115.10115.43113.961

77.09
85.78
106.56

79.2981.3182.3782.3781.3179.203
87.9889.3282.9476.5670.1863.802
108.76110.96113.16115.10115.43113.961

107.01107.25104.96102.43 106.5798.9894.6092 107.01107.25104.96102.43 106.5798.9894.6092

MRTN

71.0572.0372.4472.9872.5972.0069.24Average 71.0572.0372.4472.9872.5972.0069.24Average



MRTN and Most Profitable N Rate RangeMRTN and Most Profitable N Rate RangeMRTN and Most Profitable N Rate RangeMRTN and Most Profitable N Rate Range
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MRTN and N Risk ManagementMRTN and N Risk ManagementMRTN and N Risk ManagementMRTN and N Risk Management
•• Although may want to be 100% certain of N sufficiency, Although may want to be 100% certain of N sufficiency, 

being that certain is not necessarily most profitablebeing that certain is not necessarily most profitablebeing that certain is not necessarily most profitablebeing that certain is not necessarily most profitable
–– The risk of lower N rates is a decrease in profitability due to lost The risk of lower N rates is a decrease in profitability due to lost 

yieldyield
–– The risk of higher N rates is a decrease in profitability andThe risk of higher N rates is a decrease in profitability andThe risk of higher N rates is a decrease in profitability and The risk of higher N rates is a decrease in profitability and 

environmental concerns due to unneeded Nenvironmental concerns due to unneeded N
–– Most profitable N rate range helps “protect” these risksMost profitable N rate range helps “protect” these risks



Risk from Applying MRTN RateRisk from Applying MRTN Rate
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http://extension.agron.iastate.edu/soilfertility/nrate.aspx



Future?Future?Future?Future?



The Future of N Management?The Future of N Management?
Optical Sensing/Diagnostic ToolsOptical Sensing/Diagnostic Tools

•• NonNon--destructive methods of evaluating plant statusdestructive methods of evaluating plant statusg pg p
•• Measurement of canopy reflectance/ relative plant Measurement of canopy reflectance/ relative plant 

greennessgreenness
•• Crop canopy sensors used to determine optimal N rates Crop canopy sensors used to determine optimal N rates 

(in season), crop(in season), crop--dependent responsedependent response
•• Algorithm developmentAlgorithm development•• Algorithm developmentAlgorithm development
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N AlgorithmsN AlgorithmsN AlgorithmsN Algorithms

•• Yield prediction for cornYield prediction for corn
XY (Scatter) 1 LCB-05 EFAW-05 Perkins-05 EFAW-04 Perkins-04 LCB-Catch
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http://www.soiltesting.okstate.edu/SBNRC/SBNRC.php





FutureFutureFutureFuture
•• N rate research will be needed to:N rate research will be needed to:

–– Accompany educational deliveryAccompany educational deliveryp y yp y y
–– Fill in gaps where data are limitedFill in gaps where data are limited

•• Geographic, soil productivity, rotationGeographic, soil productivity, rotation
–– Monitor the role of soil N and N use efficiencyMonitor the role of soil N and N use efficiencyyy
–– Assess the effect of improved genetics and higher corn yield Assess the effect of improved genetics and higher corn yield 

potentialpotential

•• Web based MRTN calculation toolWeb based MRTN calculation tool
– http://extension.agron.iastate.edu/soilfertility/nrate.aspx

•• IPNI Crop Nutrient Response Tool and Rate Reduction IPNI Crop Nutrient Response Tool and Rate Reduction 
CalculatorCalculator
– http://www.ipni.net/toolbox



Thank you…….Thank you…….Thank you…….Thank you…….

Photo courtesy J. Camberato, Purdue Univ.


