Nutrient Use Efficiency:

A Midwest Perspective

T. Scott Murrell
U.S. Northcentral Director

Nutrient Efficiency & Management Conference,
Rochester MN. 15 Feb. 2011

INTERNATIONAL

PLANT NUTRITION
INSTITUTE

IPNI

Better Crops, Better Enwvircnment
...through Science



QOutline

AThe concept of nutrient use efficiency

AThree measures of nutrient use efficiency:
I Partial factor productivity
I Agronomic efficiency
I Partial nutrient balance

A Spatial scale

I National/state/watershed
(university/agency scientists)

I Farm/field/within-field
(farmers, agency personnel, and consultants/advisers)

)
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Thoughts about nutrient use efficiency

Improves
environment

More is
better

Nutrient use
efficiency

O Saves

money
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Nutrient use efficiency:

The role of science

~

Role of science

I Figure out how to measure it

I Figure out how it relates to the
many objectives we have for our

feed/fiber/food/fuel supplies

(quality, quantity, sustainability,

profitability, etc.)
What is too little?
What is enough?
What is too much?
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Making nutrient use efficiency something
we can measure: Grain crop example

Things we can measure

Grain yield of a fertilized crop
Grain yield of an unfertilized crop
Fertilizer application rate

Nutrient content of the grain

Nutrient use
efficiency
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Making nutrient use efficiency something
we can measure: Grain crop example
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Things we can measure

Grain yield of a fertilized crop

Fertilizer application rate




Nutrient use efficiency as measured by:
Partial factor productivity

o/ \ Measurement: Spatial Scales
yield
fertilizer rate A National/state/county/watershed
scale:
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Partial factor productivity of nitrogen for corn grain:
Scale: U.S., 1964-2008
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Partial factor productivity of nitrogen for corn grain:
Scale: Minnesota state, 1992-2010

Ratio of Bushels Produced per Lb N Fertilizer
Input

Data: MN Dept. Agric.

1.5
1.3
1.0
0.8
0.5
0.3
0.0

Statewide "NUE" on Corn Using the N Balance Method




Partial factor productivity of nitrogen for corn grain:
Scale: Field, north central Indiana
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Partial Factor Productivity of nitrogen for corn grain:

Scale: Within-field, north central Indiana

Partial factor
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Nutrient use efficiency as measured by:

Partial factor productivity

4 h

Guidelines

AThe trend over time has been
toward increasing partial factor
productivity, viewed as positive

AWhat should the target be?

© yield
fertilizer rate
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Partial factor productivity of nitrogen (PFP,) for U.S.
corn vs. annual total nitrogen flux to the Gulf of Mexico

1984-2007 Flux of Total N vs. PFP
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Making nutrient use efficiency something
we can measure: Grain crop example
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Things we can measure

Grain yield of a fertilized crop

Fertilizer application rate

Grain yield of an unfertilized crop




Nutrient use efficiency as measured by:
Agronomic efficiency

4 h

O

yield increase

fertilizer rate

Guidelines

AThere is a minimum agronomic
efficiency that must be

exceeded

application is to be profitable in
the season for which it is

applied

AThis minimum is equal to the
ratio of the nutrient price to the

crop price

If the nutrient
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Nutrient use efficiency as measured by:
Agronomic efficiency

/ \ Guidelines

© yield increase
fertilizer rate AExample:
) i Nitrogen price = $0.45
Oﬁ\\o i Crop price = $4.50
o ‘X o
PO . G‘\(N i Nitrogen:crop price ratio = 0.1
6“\0\ A So agronomic efficiency must
9252 ot be more than 0.1 to be
oushe :m oty profitable




Nutrient use efficiency as measured by:
Agronomic efficiency

/ \ Measurement: Spatial Scales
© yield increase
fertilizer rate A National/state/county/watershed
_ scale:
o O‘\om\o | Databases of fertilizer rate studies
P\g( . (N I Crop production statistics
et
o A Farm/field/within-field scales:
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Agronomic efficiency of nitrogen for corn grain
Scale: State
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Estimated agronomic efficiency of nitrogen for corn grain:
Scale: State, 2001-2010 averages
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Agronomic efficiency of nitrogen for corn grain:
Scale: Field

Reduced N rate
(40 Ib N = 113 bu/acre)

Normal N rate
(215 Ib N = 200 bu/acre)
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North America - North Central

Search
e - Rate Reduction Calculator v2.0 Printable Version

@ Al © Resource D
9 download

An example of the output:
& Contact IPNI = =8

{&y Region Home

http://nanc.ipni.net/

Scenario resulis:

& Calendar
&) Image Database The following estimates were made by the model
or were entered by the user:

€ Links
€ NC Ext. Ind. Conf. Proc. Estimated yield at reduced rate: 173

Estimated yield loss (yield units): 6.61
& Mutrient-iemovil tnbabasn Estimated yield loss (% of normal yield): 3.67%
& Presentations

Estimated economically optimum nutrient rate: 134
@ Fromuction Pointers Estimated nutrient rate for maximum yield: 150
€ Soil Test Summary

Monetary savings from fertilizer reduction: 16.00
e it e - Monetary loss from yield reduction: 19.83

= Net monetary gain (+) or loss (-) per unit area | -3.83'




Input

Notes:
Input in red is required; calculator con

units are up to the user

Normal rate (per unit are
What nutrient rate is normally used?
What yield is normally achieved with that rate?

200

This rate is the: |Rate for maximum yield

If you selected |

Reduced rate (per unit area)
What is the reduced nutrient rate to consider?

Market conditions
What is the cost of a unit of the nutrient?

What is the price of a unit of the harvested crop?
Reduced N rate

Yield with reduced N rate

1. What was the lower than normal rate?

2. What was the yield observed at this lower rate?

Optional: Has a yield reduction ever been observed at a reduded rate?

0.45

4.50

40

)
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Scenario Results

Estimated yield loss (yield units): 131.32 Yield response
Estimated yield loss (% of normal yield):  65.66% (bu/acre)
250.0 -
Normal yield
200.0 A O—
O
Iz
b
o 150.0 -
o
Q
O
Q
g 100.0 4 Lower rate
5 Agronomic efficiency = 0.61 bu increase/lb N
= 2l 131 bu/acre response with 215 Ib N
Minimum to exceed: 0.1 bu increase/lb N
0 Yield with rate : ; : :
0 reductioB0 100 150 200 250

Nutrient Rate
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Making nutrient use efficiency something
we can measure: Grain crop example
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amount removed

amount applied

&

Things we can measure

Grain yield of a fertilized crop

Fertilizer application rate

Nutrient content of the grain




OEEE

Amount applied

Fertilizer application

Manure application

Nutrients in irrigation water

Nitrogen fixation

Atmospheric deposition

Deposition from other landscape areas

&

Amount removed

Crop harvest
Leaching losses
Runoff losses
Erosion losses
Gaseous losses

)
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Nutrient use efficiency as measured by:
Partial nutrient balance
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amount removed

amount applied

Guidelines

A Partial nutrient balance values:
I approx. 1.0

removal = application
(some sense of sustainability)

I less than 1.0

removal is less than application

(soil nutrient levels are increasing)

I greater than 1.0
removal is more than application
(soil nutrient levels are decreasing)
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Nutrient use efficiency as measured by:
Partial nutrient balance
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Measurement: Spatial Scales

A National/state/county/watershed
scale:

I Fertilizer use statistics
I Crop production statistics
I Nutrient removal estimates

A Farm/field/within-field scales:
I Fertilizer application rates
I Crop vyield

I Nutrient concentration
(from soil and plant analysis lab)
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IPNI Nutrient Use Geographic Information System
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Partial nutrient balance of phosphorus:
Scale: Watershed, Cannon 1987-2007
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Combining partial nutrient budgets with soill
test information

+

1.0

Partial nutrient balance

- 0 +
Difference from target soil test level

(Actual soil test level T target soll test level) @PN.



Partial nutrient balance of phosphorus:
Scale: Within-field

Agronomically sound partial nutrient budget

. Inappropriate partial nutrient budget
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Summary

ANutrient use efficiency is a general concept that must be
translated into something measurable

A Partial factor productivity (bu/lb nutrient)
I U.S. Is increasing, on average toward 1.2 to 1.3
I Minnesota is increasing toward 1.4

A Agronomic efficiency (bu increase/lb nutrient)
I Several states have 3 to 5 times the minimum efficiency needed
to be profitable with nitrogen applications
A Partial nutrient balance (Ib removed/Ib applied)

I A balance of 1.0 is a guidepost

I Combining this information with soil tests provides agronomic
Interpretations

)
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A Future Goal of Nutrient
Use Efficiency Research
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