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Why use a Crop Nutrient Response Tool?
How it works

How to use it

Versions

Outputs: MERN and NUE

Practicum: Analyzing your data
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e Slides: http://nane.ipni.net
e CNRT: http://nane.ipni.net/article/NANE-3068
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Why use a Crop Nutrient Response Tool?

e To assist interpretation of on-farm rate response trials
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e Supports adaptive management for 4R Nutrient Stewardship
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Why use a Crop Nutrient Response Tool?

e To quickly re-analyze published literature
— Check for artifacts arising from selection of mathematical model

— A more useful analysis than multiple comparisons procedures

Table 2. Effects of soil texture and N fertilization on wheat

Source of variation Yield straw  Yield grainf  Total yield r

Mg ha"— 3000
Soil textural group 2500
C§ 3.2b9] 2.1a 5.4b 2000
L 4.4a 2.6a 7.1a © 1500
Se 2.6¢ .92 45c 3
Sp 2.9¢ 2.1a 49c | =< 1000
N fertilization ° 500
NO 2.0d [.5d 3.5d > 0
e e o m w0
' ' ' Fertilizer Applied, kg/ha
N120 3.6a 2.3b 592 ppec ™9
N120t 3.6a 2.6a 6.3a
N120s 3.5a 2.4ab 5.9a
N160 3.7a 2.2b 5.9a
N200 3.8a 2.2b 6.0a
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Why use a Crop Nutrient Response Tool?

e Best estimate of most economic rate of nutrient (MERN)
= economically optimum nutrient rate (EONR)

e Estimation of nutrient use efficiencies (NUE), calculated at the
optimum rate:

— PFP (partial factor productivity) =Y/MERN

— AE (agronomic efficiency) = (Y-Y,)/MERN
— PNB (partial nutrient balance) = U,,/MERN

— RE (recovery efficiency) = (U-U,)/MERN
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Why these 5 curves?

e Quadratic
— Fits a yield decline at high rates
— Tends to overestimate MERN where there is a plateau

e Quadratic-plateau

— Widely accepted general curve

e Mitscherlich

— Fits the concept of a maximum potential yield

e Linear-plateau

— If the data from many rates fit its pattern, no other curve gives the
same EONR

e Spherical-plateau

— Similar to QP, but coefficients more meaningful
— A=Y, B=AY, C=AONR
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How it works

e Each equation is represented in worksheet C
e Starts with default initial values for coefficients A, Band C

e Sum of squared deviations minimized using Solver,
manipulating A, Band C

e Gives higher-precision results than using Excel’s chart
trendline function

Quadratic (Q): Y = A + BX+ CXX
Quadratic Plateau (QP): Y = A + BX+ CXXwhen X<B/-2C; otherwise Y=A + BB/-2C + BB/4C
Mitscherlich (M): Y = A + Bexp(CX)
Linear-Plateau (LP): Y = A + BXwhen X< (C - A)/B; otherwise Y = C
)

Spherical-plateau (S): Y = A + B(3X/(2C) - 0.5(X/C)"3) where X< C; otherwise Y = A + B
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How to use it

e Enter rate and yield data
— Type, or cut and paste
— Clear existing data first

e Enter crop and fertilizer prices

e Enter crop nutrient content and N harvest index

— Used in NUE calculations, and to set constraints on parameters
e Click “Fit”
e Visually inspect response curves
e Enter site details, if desired

e Record data by “Append site information to summary”
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User Inputs

ESSENTIAL INFORMATION Enter crop price received per
LG (Elo) 6.00 unit of yield. Deduct any per-
ellIZE ML) 0.60 unit-of-yield charges for
Price ratio (fic) 0.100 expenses such as crop drying
Crop nutrient content (Ib/bu) 0.65 ’
Nutrient harvest index 0.666 haU|age’ etc.

Enter price paid per unit of fertilizer nutrient.

Price ratio = fertilizer nutrient price divided by crop price. Units of
bushels of crop required to purchase one pound of fertilizer nutrient.

Assumes harvest index for the nutrient does not change across the rates
applied. Default value for cornis 0.67

Assumes grain N content is constant for all rates applied. Default value
for cornis 0.65
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User Inputs

Fertilizer Crop e Enter 3 to 40 rate-yield data
rate, Ib/A|Yield, bu/A oairs
e Type or paste
150 169 e Order does not matter
180 173
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Enable macros

Microsoft Excel

' PPV Brookings Mews & Views\High Priced M\PPI Cnkario Crop trial nukrient
response tool w1,xls' conkains macros,

Macros may conkain viruses, Ik is usually safe ko disable macros, but iF the
macros are legitimate, wou might lose some Funckionality,

Enable Macros More Info
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Error — Solver missing

& Microsoft Visual Basic - PPI Ontarioc Crop trial nutrient response tool v XSRS

| File Edit Yiew Insert Format Debug Bun Took Add-Ins Window Help

Ha-d:mes o= ek WFE? @ Lni, Coll -

>

mOrE|a

= M VBAProect (PPL1 |
B 551 Wecrusolt Esced
W Sracti (In
W Sreccis &
W Trecis =
W SFreeti? &
W Fraetis ©
W Sreccin =
W Sreand (Su
W et =
W el =
W e =
T
W Freetls =
:EJTm-.'nm
B &5 Mockikes
o Podial

ey 55

Proparties

PF1 Ontario Crop trial nutrient response tool vi.xs - Madoles

Genaral |FH

Sub Fit(]

i

' Fit Macrco

' for FPFI Crop Mutriesnt Response Tool - Curve Fitter

' Macto recorded 11/19/2004 by Tom Bruulsenma, based on wocl

ActiveSheet Unprotect ((glfeget=elg g yE{TE gz T s ®

'Fir=t reset Solver to i T

' 9=t initisl w

Can't find project or Mbrary
Hang=(*d&®} = F
Hang=(*d?"} = F
SolverOptions Scaling:=Tru=

'gmtCe=l]l tell= Solver which —o=l11 to minimiz=

6}%
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Solver Add-in

General

?ﬁ; View and manage Microsoft Office Add-ins.

Formulas

Proofing Add-ins

Save Mame =~ Location Type
Active Application Add-ins

Acrobat PDFMaker Office COM Addin L WOVWPDFMaken Office\ PDFM OfficeAddin.dll COM Add-in
Advanced Analysis ToolPak et OfficeldLibrantAnalysistAMALYSS2. XL Excel Add-in
Analysis ToolPak - VBA ChfficeldiLibranAnalysishATPYVBAEM. XLAM Excel Add-in
Customize Ribbon MXPowerlLite AddIn Y Files ol NXPowerlitetMXPLiteAddIn.dll COM Add-in
Solver Add-in e\ Officel $5\Libran\ SOLVER\SOLVER. XLAM Excel Add-in

Language

Cuick Access Toolbar

Inactive Application Add-ins

Add-Ins Custom XML Data SoJiMicrosoft Office’\Officel 440FFRHD.DLL  Document Inspector
Date (ML) Swoles\microsoft shared\Smart Tag\MOFL.DLL  Action

Trust Center Euro Currency Tools .. Office\Officel#\Libran\ EUROTOOLXLAM  Excel Add-in

Financial Symbol (XML} Swelestmicrosoft sharedvSmart Tagh\MOFLDLL  Action

Headers and Footers SweltMicrosoft Office’Officel4\OFFREHD.DLL Document Inspector -

Add-in: Solver Add-in

Publisher:

Compatibility: Mo compatibility information available

Location: ChProgram Files xa)\Microsoft Office'Officel4 \Libran®SCOLVERLVS OLVER. XLAM

Description: Tool for optimization and equation solving

Manage: | Excel Add-ins EI [ Go..
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Solver Add-in

e May also need to add Solver to the list of references

x]

Available References: K I

Visual Basic For Applications Cancel
Microsoft Excel 12.0 Object Library
OLE Automation

Microsoft Office 12.0 Object Library Browse..,
[ | MISSING: SOLVER,XLA

[ |MISSING: CDDBEControl 1.0 Type Library +
Microsoft Forms 2.0 Object Librar -
Priority
| UNSAVED: VBAProject Help
|| vBAProject +
[ |VBAProject —
| | 1AS Helper COM Component 1.0 Type Library

| | IAS RADIUS Protocol 1.0 Type Library |

[ AkmnHlAa 1 0 Tama | ikezseas —

R B

—S0LVER

[[>]

Location:  C:\Program Files\Microsoft Office\Office 12VLibrary\SOLVER\SC
Language: English/United States
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Protection

e “protect sheet” feature is used — password is “ipni”

]

Microsoft Excel

The cell or chart that you are trying to change is protected and therefore read-only,

&8 1, modify a protected cell ar chart, first remove protection using the Unprotect Sheet command (Review tab, Changes group). You may be prompted for a password.

S I AT®H S 2~ O ]
Hame Insert Page Layout Farrmulas Data @ View Developer Add-Ins Acrobat
ABC ﬁd = =k oy E E - Show/Hide Comment I—I@ g1 Protect and 5
B = y
W LIJ a8, _.J _.J I E] _

Ty Show Al Comments 1 llow Users ty
o

Spelling Research Thesaurus | Translate Mew Delete Previous Mext g Unprotect §J Protect Share
Comment : orkbook Workbook |o# Track Change
Proofing Language Comments Changes
H> - fr| =IF[ISERRDR{1—{[SI_.IM[’E’!HS:HM}ICDUNT{’C’!H5:H44}}NAR[$D5:$D44}}},”nc} data", 1-{{SUM('C'
A B C D

(\72. PLANT NUTRITION Crop Nutrient Response Tool (CN
INSTITUTE
Lln;mtectSheet I I

Step 1: Enter rate and yield data.
rﬂtE,I || Password: | sees

|
D
3

Step 2: Click the Fit button.
Step 3: Adjust crop and fertilizer prices.
Step 4: Click to append information to summary.

-

[ oK ][ Cancel ]'
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Versions

e US units
e Metric

e Comparison mode
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Outputs: MERN
e MERN = EONR

— Most economic rate of nutrient = economically optimum nutrient rate

— The rate at which the last increment of nutrient has paid for itself in
crop yield response

— Each equation has an analytical solution

— The mean yield response does not... MERN determined from lookup
function on the R>-weighted average response curve
(MERN of the mean yields, not the mean of the MERNS)

Quadratic (Q): MERN = (R-B)/(2C)
Quadratic Plateau (QP): MERN = (R-B)/(2C)
Mitscherlich (M): MERN = (1/C)*In(R/(B*C))
Linear-Plateau (LP): MERN = (C-A)/B if B>R; else MERN =0
Spherical-plateau (S): MERN = SQRT(C"2 - 2*BR*C"3/(3*B))

IPNI



Outputs: MERN

e MERN = EONR

— estimated from price ratio and slope of response curve.
When the curve appears to suggest that MERN is beyond
the range of rates applied, MERN is limited to no more
than 10% higher than the highest rate applied.

— Also gives the yield at MERN

MERN (Ib/A)]

Yield @ MERN (bu/A)]
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Outputs: NUE @ MERN

e PFP - Yield divided by nutrient applied, bu/lb.
e AE -Yield increase per unit of nutrient applied, bu/Ib.

e PNB - Estimated nutrient use efficiency calculated as ratio of nutrient
removed in the grain to nutrient applied at most economic rate.
“Estimated," because N content in grain is assumed the same at all rates.
Includes applied manure N entered in cell B24.

e RE - Estimated nutrient use efficiency estimated as increase in nutrient
uptake into the aboveground portion of the plant as a proportion of the
nutrient applied. Depends on data provided in cell B25 for crop nutrient
content, and in cell B26 for nutrient harvest index. "Estimated," because N
content of grain, and N uptake, are assumed equal for all rates.

Partial Factor Productivity (PFP), bu/lb"III

Agronomic Efficiency (AE), bu/lb
Estimated Partial N Balance (PNB), %
Estimated Recowery Efficiency (RE), %)

O
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Nutrient Use Efficiency (NUE

NUE Term Calculation Typical values for cereal

PFP — Partial factor Y/F 40 to 80 units of cereal grain
productivity of applied per unit of N

nutrient

AE — Agronomic efficiency of | (Y-Y,)/F |10 to 30 units of cereal grain
applied nutrient per unit of N

PNB — Partial nutrient U./F O to greater than 1.0
balance (removal to use <1 surplus

ratio) >1 mining

RE — Apparent crop (U-Uy)/F [0.3-0.8 —cereal N

recovery efficiency of 0.1-0.3 — first year P

applied nutrient 0.5-0.9 — long term P

1’11,{ANT r+1utriant :

~NUTRITON—— — " stewardship



Outputs

e Simple indicators of “responsiveness”

e Calculated at MERN

Delta Yield (bu/A)

Relative Yield (%)
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Practicum: Analyzing your data



Technical stuff on worksheet C

Technical
IConstraints:
Maximum Minimum Fitting
Q QP M LP S Q QP M LP S Tolerancé
A 135 | 135 275 135 135 45 45 92 45 45 50%
B 154 154 -0 128 138 0 0 -138 0 0 50%
C -10E07 -10E07 -1.0E07 183 1,255 1 1 -0.019304 = 92 0 30%
Data for Graph:
| Most Economic Rate | Yield at Most Economic Rate Mean  Mean
Q QP M LP S Q QP M LP S MERN Y@mem
160 150 187 114 135 0 0 0 0 0 154 0
160 150 187 114 135 182 180 182 180 179 154 179

Nutrient content (Ib/bu):  0.65000 These two cells, carried from page A, set constraints on initial slope
NHI:  0.66600 assuming maximum efficiency (REN) is 100% + fitting tolerance.

Maximum rate for curves

Initialization
Mean 200
Q QP M LP S

A 90 90 183 90 90

B 1 1 -69 1 69 _

c  -0.05 2005 001 137 200.00 1255 sum of yields and rates entered (to detect n
1255 set by the FIT macro when finished
TRUE detects whether the FIT macro has been run
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Summary

e The Crop Nutrient Response Tool can
— Summarize rate response data from field trials
— Help visualize the data

— Enable comparisons of profitability and nutrient use
efficiency

— Support adaptive management in 4R Nutrient Stewardship
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