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* Yield Quality Improvement
* Environmental Control
* Record Keeping

Source of Profitability

Profitability = Increased Revenue — Additional Cost

+

* Inputs Saving '
¢ Yield Gain  Capital Investment

e Time Investment
* Potential Risk
« Insufficient Knowledge

Source of Savings

Current recommendation
S

Optimum
recommendation

Actual fertilizer Site-specific
need management

Travel pass

Continuous Analysis Example

Yield Response: Y =a-K2+b-K +c¢
Potassium Level: K = K + Kappiied
o>+ by K

New Yield Response: Y = a, K 4t Cy

applie applie
Economics: Profit = Y-Py - K,gpieq'Ci
Economic Optimum: Profit >>> Maximum

One Year Case: Kyimum = (01-Py — Cy)/(2-2,-Py)
VRA Benefit: (Yyga — Yua) Py - (Kyra — Kua) -Ck +

CField Sampling — CGrid Sampling ~ CVRA

Continuous Analysis Example
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Discrete Analysis Example
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Profit ($/acre) = $1/bu * Yield (bu/acre) - $0.08/Ib * Application Rate (Ib/acre)




Discrete Analysis Example

Profit, $/acre

Soil Quality Application Rate, Ibs/acre
200 400
P <20 ppm 64 88
P >20 ppm 84 78
Soil Distribution Profit, $/acre Benefit,
$lacre
P<20 P>20 UA, Ibs/acre VRA
ppm - PPM 50 400

50% 50 $ 740 $ 830 $ 860 $ 3.0
10% 90% $ 820 $ 790 $ 844 $ 24
90% 10% $ 660 $ 870 $ 876 $ 0.6

Soil Mapping Methods
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Property CV,% Range, m
Saturated hydraulic 48-352 1-34
conductivity
% Sand 3-37 5-40
Soil pH 2-15 20-260
Crop Yield 8-29 70-700
Soil Nitrate-N 28-58 40-275

Soil Available Potassium 39-157  75-428
Soil Available Phosphorous 39-157  68-260
Organic Matter Content 21-41 | 112-250

Malcolm Sumner, 2000

Variance

Semivariograms of Soil pH
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Estimation Error

Spatial variance

(semivariogram model) Measurement
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Agro-Economic Analysis

Mapping Technique

‘ True Initial Soil pH H Soil pH Estimation Error

| | I

‘ Estimated Initial Soil pH }—r‘ Prescribed Lime Application Rate ‘

—-| Net Return over Cost of Liming |

‘ Cost of Lime Application ‘ ‘ Cost of Soil Sampling and Analysis

Field Conditions

‘ Economic Rule ‘

Variance of Estimation Error

Cost of Soil Sampling and Analysis
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Sensitivity to Average Soil pH
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Comparison of the relative benefits from different lime management

practices with respect to changing field average of soil pH ranging
from 5.22 to 6.38




Sensitivity to the Sill
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Comparison of the relative benefits from different lime management
practices with respect to changing total field variability of soil pH
(same as the sill) ranging from 0.1 (the Nugget) to 0.8

Sensitivity to the Range
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Comparison of the relative benefits from different lime management
practices with respect to changing range of the semivariogram
varying from 60 to 144 m

Sensitivity to Crop Prices
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Comparison of the relative benefits from different lime management
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Sensitivity to the Cost of Lime
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Comparison of the relative benefits from different lime management
practices with respect to changing cost of liming material varying
from $14.56/Mg ($13.20/t) to $33.96/Mg ($30.80/t)

Agro-Economic Analysis
Uncertainties

» Potential crop performance (net
return) for a given soil test level

 Effect of chemical application on the
level of soil test

» Relationship between actual and
estimated soil test level

 Field distribution of the actual soil
test level

Numeric Prediction Model

Input 1
Event 1 - 20% Output
Event 2 - 50% Sequence 1 - 8%
Event 3 — 30% Sequence 2 — 12% Report
Sequence 3 — 20% Unique Sequence 1 —28%
Sequence 4 — 30% Unique Sequence 2 — 54%
Input 2 Sequence 5 — 12%/ Unique Sequence 3 — 18%
Event 1 —40% Sequence 6 — 18%

Event 2 — 60%

« Every combination of independent input events can provide one and
only one output with probability equal to the product of probabilities of
events involved

+ Some outputs can be obtained though more than one combination of
input events




Model Input Modules

Field distribution of the actual soil test level

Relationship between actual and estimated soil test level

Effect of chemical application on the level of soil test

Potential crop performance (net return) for a given soil test level

Model Parameters

Income = f (Soil pH) Soil pH = f (True pH, Lime, Probability)
|
NRCL = f (Income, Cost) True pH = f (Probability) Lime = f (Estimated pH)
} \ ] |
I i
Cost =f (Lime) Estimated pH = f (True pH, Probability)
Pc Ps Pc Ps
NRCL =——Yc¢, + 5 YS, + 3 YC + Y8, —C_-Q_
1+d @+d) @+d) a+d)
NRCL = Net return over cost of lime d = annual discount rate
Pc = price of corn Yc =corn yield
Ps = price of soybean Ys = soybean yield
C_ = cost of lime Q. = prescribed lime application rate

Value of Information
How much does a map of soil pH worth?
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Variance of soil pH estimation error

Summary

» Spatial variability monitoring benefits
can be realized either through
optimized uniform application rates or
through their spatial redistribution

 Site-specific management of large
homogeneous field areas can provide
economical and environmental
improvements

» Profitable management of small-scale
field variability is questionable due to
numerous uncertainties and limited
quality of thematic maps
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