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Source of ProfitabilitySource of Profitability

Profitability = Increased Revenue – Additional Cost

++
• Inputs Saving
• Yield Gain
• Yield Quality Improvement
• Environmental Control
• Record Keeping

--
• Capital Investment
• Time Investment
• Potential Risk
• Insufficient Knowledge

Source of SavingsSource of Savings

Travel pass

Actual fertilizer 
need

Current recommendation

Site-specific 
management

Optimum 
recommendation

Continuous Analysis ExampleContinuous Analysis Example

Yield Response: Y = a·K2 + b·K + c

Potassium Level: K = Kinitial + Kapplied

New Yield Response: Y = a1·Kapplied
2 + b1·Kapplied + c1

Economics: Profit = Y·PY - Kapplied·CK

Economic Optimum: Profit >>> Maximum

One Year Case: Koptimum = (b1·PY – CK)/(2·a1·PY)

VRA Benefit: (YVRA – YUA) ·PY - (KVRA – KUA) ·CK +

CField Sampling – CGrid Sampling - CVRA

Continuous Analysis ExampleContinuous Analysis Example
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Optimum application 
does not mean 
maximum yield
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Discrete Analysis ExampleDiscrete Analysis Example
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Profit ($/acre) = $1/bu * Yield (bu/acre)  - $0.08/lb * Application Rate (lb/acre)
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Discrete Analysis ExampleDiscrete Analysis Example

7884P > 20 ppm
8864P < 20 ppm

400200
Application Rate, lbs/acreSoil Quality

Profit, $/acre

$      0.6 $    87.6 $    87.0$    66.0 10%90%
$      2.4 $    84.4 $    79.0 $    82.090%10%
$      3.0 $    86.0 $    83.0$    74.0 50%50%

400200

P > 20 
ppm

P < 20 
ppm

Benefit, 
$/acre

VRAUA, lbs/acre

Profit, $/acreSoil Distribution

Soil Mapping MethodsSoil Mapping Methods
Systematic (grid) 

soil sampling

Adaptive soil sampling 
(by management zones)

Automated (on-the-go) 
field mapping
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SemivariogramSemivariogram

Nugget

Range

Sill

Level of Spatial VariabilityLevel of Spatial Variability

112-25021-41Organic Matter Content
68-26039-157Soil Available Phosphorous
75-42839-157Soil Available Potassium
40-27528-58Soil Nitrate-N
70-7008-29Crop Yield
20-2602-15Soil pH
5-403-37% Sand

1-3448-352Saturated hydraulic 
conductivity

Range, mCV, %Property

Malcolm Sumner, 2000

SemivariogramsSemivariograms of Soil pHof Soil pH
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Estimation ErrorEstimation Error
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AgroAgro--Economic Analysis Economic Analysis 

True Initial Soil pH Soil pH Estimation Error

Estimated Initial Soil pH Prescribed Lime Application Rate 

Cost of Soil Sampling and AnalysisCost of Lime Application

Net Return over Cost of Liming

Mapping TechniqueField Conditions

Economic Rule
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Automated 
Mapping

Grid Point 
Sampling

Grid Cell 
Sampling

Field Variance

0

2

4

6

8

10

12

14

16

0 20 40 60 80 100 120

Length of a Grid Cell Side, m

C
os

t o
f S

oi
l S

am
pl

in
g 

an
d 

A
na

ly
si

s,
 $

/h
a

Cost of Soil Sampling and AnalysisCost of Soil Sampling and Analysis

Automated 
Mapping

Grid Point 
Sampling

Grid Cell 
Sampling
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Optimum Grid SizeOptimum Grid Size

Automated 
Mapping

Grid Point 
Sampling

Grid Cell 
Sampling

Sensitivity to Average Soil pHSensitivity to Average Soil pH
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FRA (3 Samples)

VRA (Automated)

VRA (Grid Point)

VRA (Grid Cell)

pHF = 5.8 
Corresponds to 100%

5.22              5.51               5.8              6.09      6.22

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
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Sensitivity to the SillSensitivity to the Sill
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σ2
F =0.5

Corresponds to 100%

0.1      0.2      0.3      0.4      0.5       0.6      0.7      0.8

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 RangeSensitivity to the Range
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hR = 120 m
Corresponds to 100%

60       72        84         96       108     120      132      144

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 PricesSensitivity to Crop Prices

-10

-8

-6

-4

-2

0

2

4

40% 60% 80% 100% 120%
Price of Crop (Pc - Corn, Ps - Soybean)

R
el

at
iv

e 
B

en
ef

it,
 $

/h
a/

ye
ar

FRA (3 Samples)

VRA (Automated)

VRA (Grid Point)

VRA (Grid Cell)

Pc = $102.27/Mg = $2.60/bu 
and 

Ps =$233.11/Mg = $6.35/bu 
Corresponds to 100%

Comparison of the relative benefits from different lime management 
practices with respect to changing price of crop ranging from 
$40.91/Mg ($1.04/bu) to $122.72/Mg ($3.12/bu) for corn and from 
$93.24/Mg ($2.54/bu) to $$279.73/Mg ($$7.62/bu) for soybeans

Sensitivity to the Cost of LimeSensitivity to the Cost of Lime
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CL = $24.26/Mg = $22.00/t 
Corresponds to 100%

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) 

AgroAgro--Economic Analysis Economic Analysis 
UncertaintiesUncertainties

• 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 ModelNumeric Prediction Model
Input 1

Event 1 – 20%
Event 2 – 50%
Event 3 – 30% 

Input 2
Event 1 – 40%
Event 2 – 60%

Output
Sequence 1 – 8% 
Sequence 2 – 12%
Sequence 3 – 20%
Sequence 4 – 30%
Sequence 5 – 12%
Sequence 6 – 18%

Report
Unique Sequence 1 – 28% 
Unique Sequence 2 – 54%
Unique Sequence 3 – 18%

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

Model Input ModulesModel 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

Model ParametersModel Parameters

NRCL = f (Income, Cost)

Income = f (Soil pH) Soil pH = f (True pH, Lime, Probability)

Cost = f (Lime)

Lime = f (Estimated pH)

Estimated pH = f (True pH, Probability)

True pH = f (Probability)

Model Input Modules:
• Categorized distributions

• Categorized functional relationships
• Multidimensional arrays

Model Output
(Net Return over 

Cost of Lime)

LL QCYs
d

PsYc
d

PcYs
d

PsYc
d

PcNRCL ⋅−
+

+
+

+
+

+
+

= 4433221 )1()1()1(1
d = annual discount rate
Yc = corn yield
Ys = soybean yield
QL = prescribed lime application rate

NRCL = Net return over cost of lime
Pc  = price of corn
Ps = price of soybean
CL = cost of lime
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Value of InformationValue of Information
How much does a map of soil pH worth?How much does a map of soil pH worth?

High accuracy soil map
(on-the-go mapping, high-

density or adaptive sampling)
Low accuracy soil map
(grid sampling, uniform field 

treatment)

Expected value of high 
versus low accuracy 

soil maps 
($10 - $30 per hectare)

SummarySummary
• 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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