Optimum N Rates are Variable and Changing

Nrate (kg Nha')
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Nitrogen Fertilizer Management

Crop yield generally increases with nitrogen fertilizer input
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Nitrogen Fertilizer Rate 250
(Ibs N/acre)

So what’s the optimum nitrogen fertilizer rate:

Trials: ~10 years across ~15 sites in central lowa

300 bu/ac
5
o
- = Y
ez .
> £ o
cC S
© E °
038
(@]
©
0 Optimum Nitrogen Input 250
— (Ibs N/ac)
g ® @ )e
= 5]
3 ||@
2

“Corn Nitrogen Rate Calculator”

N Rate (Ib N/ac) X
http://cnrc.agron.iastate.edu/
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Yet this is our best recommendation:

Yield (bu/ac)

Trials: ~10 years across ~15 sites in central lowa
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Corn Nitrogen Cycling & Budget @ 200 bushels
N

2
(~20 Ibs N/acrelyear)

. Corn Grain Harvest Nitrous Oxide
(~115 Ibs N/acre/year) Corn Niltrate Use (~10 Ibs N/acrelyear)

(~180 Ib N/acre)

|
Corn Residue Return
(~65 Ibs N/acrelyear)

Fertilizer to Corn
(~150 Ibs N/acre/year)

(150-350 Ibs N/acrel/year)

Nitrate leaching to water
(~30 Ibs
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Soybean Nitrogen Cycling & Budget @ 60 bushels
N,
(~10 Ibs N/acrelyear)

Soybean Grain Harvest Atmospheric Fixation
(~195 Ibs N/acre/year) So ybean]Nitrogen Use (~150 Ibs N/acrel/year)
(~270 Ib N/acre)

Nitrous Oxide
(~5 Ibs N/acre/year)

|
Soybean Residue Return
(~75 Ibs N/acrelyear)

Nitrate leaching to water
(~30 Ibs N/acre/year)
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Why do we lose N to the environment?

4 Nitrate leaching

Soil nitrate
production

Corn nitrate
uptake

Rate

» Winter




What are the consequences?

(why do we need to improve)
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Greenhouse Gas

Global

Other Energy
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Emissions by Sector:
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Greenhouse Gas Emissions by Sector:

Global U.S.A. lowa
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Sources of US agricultural emissions:

Ccoz2
1.4%
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USDA Projected US Greenhouse Gas Emissions to 2050

7000 40%
' d
.. Prag [C)
6000 Total US Emissions _-" 35% E
(left axis) o =
- 30% £
5000 -’ ° 2
J - 25% ©
O 4000 _~*" % of US emissions from g
,"_’ ag sector (right axis) 20% S
= 3000 s §.
= PPt 15% &
- o
2000 _____—’ 10% ‘_3
. . . (5]
1000 Total US emission from ag sector (left axis) 5% E"
0 0%
2020 2025 2030 2035 2040 2045 2050
Courtesy Ed Buckler, USDA-ARS
15
Corn Soybean

6,766 g CO2e/bushel or 1.2 Mg CO2e/ac

8,144 g CO2e/bushel or 0.4 Mg CO2e/ac
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Nitrogen responsible for 71% of emissions

Nitrogen responsible for 67% of emissions

GREET Model, DOE
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The optimum N rate is variable and changing:

Economike Optimum N Rate (Ib Nfacre)

Maximum Economic N Rate (MRTN) Trend Over Time
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Getting the optimum right is important for
productivity, profitability, and environmental
performance (including soil health)

Surface Soil

Carbon Stock

Insufficient

Optimum

Excessive

Nitrogen Fertilizer Input

Poffenbarger et al. 2017 PLOS ONE
Ordonez et al. 2020 Field Crops Res.
Mahal et al. 2019 Front Ecol & Evol
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Getting the optimum right is important for
productivity, profitability, and environmental
performance (including soil health)

N lossesto N20 & NO3

Insufficient

Optimum

Excessive

Nitrogen Fertilizer Input
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300 bu/ac

Grain Yield
at Optimum N Input
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N losses to N20 & NO3

Improved Nitrogen Fertilizer Management:
Environmental Benefits
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Managing for the optimum vs. the average:
Insufficient Optimum Excessive
Nitrogen Fertilizer Input
21
The lowa N Initiative Crop Year 2023:
270 On-farm trials
> 148 fields
72 growers
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Historical Yield Prescription

On-Farm Technology to Create Knowledge

As-applied N Grain Yield
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2023 Results: 90/270 trials are in

,o

Quality Control

80—

count

CV (%)
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Urea/AMS Blend
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Same producer (Multiple fields)
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Does Sidedress Pay?

More N needed?
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Nitrogen use efficiency (Ibs N/bushel) at the
economic optimum nitrogen rate:
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Residual Nitrate Map
Simulated average soil nitrate in 0-30 cm from Nov 7 to 21, 2023
%T kg N/ha
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Sotirios Archontoulis, ISU
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Simulated average soil nitrate in 0-30 cm from Nov 7 to 21

2023
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Sotirios Archontoulis, ISU
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Fall 2023

kg N/ha

<10
| g 10- 20
Oct 15 20-30
I 30-40
B 40-50
B s0- 60
Bl > 0

The lower levels in November are most likely due to N
Nov 15 immobilization to break down residue (decomposition)
rather than losses to the environment. Hence, this N is
likely to become available again in the future.

Sotirios Archontoulis, ISU
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Additional Research Foci for 2024

Hoping for a different weather year!

-Planting date and tillage comparisons (ISU research farms)
-Corn-soy rotation with winter rye

-Autonomous N application

-Residue removal

Decision Support Tool Development
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INI Contacts

Mike Castellano
Professor, Lead INI
castelmj@iastate.edu

Sotirios Archontoulis
Professor
sarchont@iastate.edu

Melissa Miller
Project Director
millerms@iastate.edu

agron.iastate.edu/INI
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