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We need a 
common 

view of the 
problem!

Knowledge Gathering

Site Variables      Year Variables    Management Variables

Intermediate Variables      

Outcome Measures

Agricultural System
Problem definition

Model Testing/Validation
Testing of Model predictions and sensitivity

with expected outcomes

Model Development

Network Structure
Cause and Effect 

Diagram

Quantification
Conditional Probability 

Tables

Documented Knowledge
Literature, Data, Reports

Experiential Knowledge
Interviews, Workshops

Bayesian Network

Conditional Probability 
Tables developed by 

farmers and other experts

Model Structure reviewed
by farmers, consultants, 

scientists and extension staff

Bayesian Network Development

Application and Demonstration

Model Application
Case Studies

Interpretation of Results
Analyses of changes in nutrient 
exports under various scenarios

Client Engagement

Surface Slope

Low
High

30.0
70.0

Pasture/Ley Rotation

Continuous Cropping
Cropped Less Than 4yr
First Crop After Legume

35.0
50.0
15.0

Tillage Practices

Conventional Cult ivation
Reduced Tillage
No tillage

20.0
65.0
15.0

Sub-Surface Soil Texture 

Sand
Loam
Clay
Sodic Clay

2.00
2.00
36.0
60.0

Surface Soil Texture 

Sand
Loam
Clay

5.00
70.0
25.0

Infiltration Capacity

Low
Medium
High

44.9
22.7
32.4

Surface Cracking Facilitated Drainage

Strong
Moderate
Weak

10.0
50.0
40.0

Total N Load Factor

Nil

Very Low
Low

Low Moderate
Moderate

Moderate High
High

Very High

Extremely High
Unlikely

Highly Unlikely

38.3

7.22
12.4

19.1
20.6

1.86
0.15

.063

.029
0.21

.079

3.53 ± 5.2

DAF Coefficient

Mean
LCL
UCL

99.0
0.50
0.50

5.031 ± 0.091

DAF Exponent

Mean
LCL
UCL

99.0
0.50
0.50

0.476 ± 0.022

Days between Sowing and Runoff

0 to 2
2 to 5
5 to 10
10 to 15
15 to 20
20 to 30
30 to 45
45 to 60
60 to 100
100 to 150
150 to 200
200 to 250
250 to 300
300 to 370

0.73
1.20
2.04
2.03
2.14
4.44
7.16
7.35
18.4
15.7
8.10
5.10
7.16
18.4

150 ± 110

Runoff Date

January
February
March
April
May
June
July
August
September
October
November
December

2.00
2.00
3.00
5.00
8.00
10.0
15.0
20.0
15.0
10.0
7.00
3.00

211 ± 75

Crop Type

Wheat SS
Wheat MS
Wheat LS
Canola
Barley

11.0
13.0
11.0
35.0
30.0

0.27 ± 0.095

Sowing Time After Break

0 to 2
2 to 4
4 to 6
6 to 8
8 to 10
10 to 12
12 to 14
14 to 16
16 to 18
18 to 20
20 to 22
22 to 24
24 to 25

1.33
4.00
6.67
9.33
12.0
14.7
14.8
12.3
9.85
7.38
4.92
2.46
0.31

12.3 ± 5.2

Sub-Surface Water

Nil
Very Low
Low
Low Medium
Medium
Medium High
High

38.3
28.7
20.2
7.31
2.44
1.75
1.25

29.4 ± 65

Soil Source Factor

Low
Low Medium
Medium
Medium High
High

11.0
26.2
49.0
12.4
1.36

5.44 ± 2.4

Fertiliser Depth at Sowing

Surface Applied
Near Surface Applied
Mid Depth Applied
Deep Applied

85.0
5.00
9.00
1.00

0.959 ± 0.1

Plant Source Factor

Low
Medium
High

65.0
   0

35.0

0.27 ± 0.1

Sowing Fertiliser Source Factor

Nil
Very Low
Low
Low Medium
Medium
High

30.0
68.4
0.48
0.30
0.21
0.61

2.25 ± 6.1

Surface Water

Nil
Very Low
Low
Low Medium
Medium
Medium High
High

40.6
3.24
5.96
6.49
6.89
11.3
25.6

163 ± 210

Sowing Fertiliser Nitrogen

0 to 0.2
0.2 to 0.5
0.5 to 1
1 to 2
2 to 3
3 to 5
5 to 8
8 to 13
13 to 20
20 to 30

94.4
0.74
0.66
0.55
0.33
0.46
0.44
0.42
0.36
1.64

0.679 ± 3.4

Total Runoff

0
0 to 2
2 to 5
5 to 10
10 to 20
20 to 40
40 to 60
60 to 80
80 to 100
100 to 120
120 to 140
140 to 160
160 to 180
180 to 200
200 to 250
250 to 300
300 to 350
350 to 400
400 to 450
450 to 500
500 to 550
550 to 600
600 to 650
650 to 720

38.3
0.21
0.42
0.67
1.49
2.92
2.60
2.35
2.46
3.38
2.97
1.77
1.56
2.34
5.49
4.79
4.62
5.71
5.46
2.50
2.76
2.37
0.69
2.16

168 ± 190

Sub Surface Water Partition Co-efficient

Low
Medium
High

86.4
10.2
3.41

0.154 ± 0.17

Fertiliser Rate at Sowing

Nil
Low
Medium
High

30.0
50.0
17.0
3.00

0.219 ± 0.25

Fertiliser Type at Sowing

MAP
DAP
Urea

85.0
10.0
5.00

2.81 ± 0.58

Week of Sowing

Febuary Week 2
February Week 3
February March
March Week 1
March Week 2
March Week 3
March April
April Week 1
April Week 2
April Week 3
April Week 4
April May
May Week 1
May Week 2
May Week 3
May June
June Week 1
June Week 2
June Week 3
June July
July W eek 1
July W eek 2
July W eek 3
July W eek 4
July August
August Week 1
August Week 2
August Week 3
August Sep
September Week 1
September Week 2
September Week 3
September Week 4
October Week 1

.004
0.13
0.48
0.75
0.81
0.81
0.81
0.81
0.81
0.81
0.86
1.76
3.88
5.76
6.80
7.29
7.29
7.21
7.19
7.19
7.18
6.64
4.79
3.03
2.53
2.53
2.49
2.25
1.85
1.66
1.62
1.31
0.58
.083

172 ± 41

Sub-Surface Drainage Capacity

Low
Medium
High

80.4
14.0
5.57

Annual Rainfall

Low
Medium
High

17.2
67.3
15.5

701 ± 110

Crop Yield

High
Medium
Low

30.2
50.2
19.7

Estimated Mineral N

Low
Medium
High

10.0
60.0
30.0

Sealing Topsoil

Yes
No

15.0
85.0

A Bayesian Network of nitrogen exports from high rainfall cropping
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6.80
7.29
7.29
7.21
7.19
7.19
7.18
6.64
4.79
3.03
2.53
2.53
2.49
2.25
1.85
1.66
1.62
1.31
0.58
.083

172 ± 41

Sub-Surface Drainage Capacity

Low
Medium
High

80.4
14.0
5.57

Annual Rainfall

Low
Medium
High

17.2
67.3
15.5

701 ± 110

Crop Yield

High
Medium
Low

30.2
50.2
19.7

Estimated Mineral N

Low
Medium
High

10.0
60.0
30.0

Sealing Topsoil

Yes
No

15.0
85.0

A Bayesian Network of nitrogen exports from high rainfall cropping

in south-western Victoria

Surface Slope

Low
High

30.0
70.0

Pasture/Ley Rotation

Continuous Cropping
Cropped Less Than 4yr
First Crop After Legume

35.0
50.0
15.0

Tillage Practices

Conventional Cult ivation
Reduced Tillage
No tillage

20.0
65.0
15.0

Sub-Surface Soil Texture 

Sand
Loam
Clay
Sodic Clay

2.00
2.00
36.0
60.0

Surface Soil Texture 

Sand
Loam
Clay

5.00
70.0
25.0

Infiltration Capacity

Low
Medium
High

44.9
22.7
32.4

Surface Cracking Facilitated Drainage

Strong
Moderate
Weak

10.0
50.0
40.0

Total N Load Factor

Nil

Very Low
Low

Low Moderate
Moderate

Moderate High
High

Very High

Extremely High
Unlikely

Highly Unlikely

38.3

7.22
12.4

19.1
20.6

1.86
0.15

.063

.029
0.21

.079

3.53 ± 5.2

DAF Coefficient

Mean
LCL
UCL

99.0
0.50
0.50

5.031 ± 0.091

DAF Exponent

Mean
LCL
UCL

99.0
0.50
0.50

0.476 ± 0.022

Days between Sowing and Runoff

0 to 2
2 to 5
5 to 10
10 to 15
15 to 20
20 to 30
30 to 45
45 to 60
60 to 100
100 to 150
150 to 200
200 to 250
250 to 300
300 to 370

0.73
1.20
2.04
2.03
2.14
4.44
7.16
7.35
18.4
15.7
8.10
5.10
7.16
18.4

150 ± 110

Runoff Date

January
February
March
April
May
June
July
August
September
October
November
December

2.00
2.00
3.00
5.00
8.00
10.0
15.0
20.0
15.0
10.0
7.00
3.00

211 ± 75

Crop Type

Wheat SS
Wheat MS
Wheat LS
Canola
Barley

11.0
13.0
11.0
35.0
30.0

0.27 ± 0.095

Sowing Time After Break

0 to 2
2 to 4
4 to 6
6 to 8
8 to 10
10 to 12
12 to 14
14 to 16
16 to 18
18 to 20
20 to 22
22 to 24
24 to 25

1.33
4.00
6.67
9.33
12.0
14.7
14.8
12.3
9.85
7.38
4.92
2.46
0.31

12.3 ± 5.2

Sub-Surface Water

Nil
Very Low
Low
Low Medium
Medium
Medium High
High

38.3
28.7
20.2
7.31
2.44
1.75
1.25

29.4 ± 65

Soil Source Factor

Low
Low Medium
Medium
Medium High
High

11.0
26.2
49.0
12.4
1.36

5.44 ± 2.4

Fertiliser Depth at Sowing

Surface Applied
Near Surface Applied
Mid Depth Applied
Deep Applied

85.0
5.00
9.00
1.00

0.959 ± 0.1

Plant Source Factor

Low
Medium
High

65.0
   0

35.0

0.27 ± 0.1

Sowing Fertiliser Source Factor

Nil
Very Low
Low
Low Medium
Medium
High

30.0
68.4
0.48
0.30
0.21
0.61

2.25 ± 6.1

Surface Water

Nil
Very Low
Low
Low Medium
Medium
Medium High
High

40.6
3.24
5.96
6.49
6.89
11.3
25.6

163 ± 210

Sowing Fertiliser Nitrogen

0 to 0.2
0.2 to 0.5
0.5 to 1
1 to 2
2 to 3
3 to 5
5 to 8
8 to 13
13 to 20
20 to 30

94.4
0.74
0.66
0.55
0.33
0.46
0.44
0.42
0.36
1.64

0.679 ± 3.4

Total Runoff

0
0 to 2
2 to 5
5 to 10
10 to 20
20 to 40
40 to 60
60 to 80
80 to 100
100 to 120
120 to 140
140 to 160
160 to 180
180 to 200
200 to 250
250 to 300
300 to 350
350 to 400
400 to 450
450 to 500
500 to 550
550 to 600
600 to 650
650 to 720

38.3
0.21
0.42
0.67
1.49
2.92
2.60
2.35
2.46
3.38
2.97
1.77
1.56
2.34
5.49
4.79
4.62
5.71
5.46
2.50
2.76
2.37
0.69
2.16

168 ± 190

Sub Surface Water Partition Co-efficient

Low
Medium
High

86.4
10.2
3.41

0.154 ± 0.17

Fertiliser Rate at Sowing

Nil
Low
Medium
High

30.0
50.0
17.0
3.00

0.219 ± 0.25

Fertiliser Type at Sowing

MAP
DAP
Urea

85.0
10.0
5.00

2.81 ± 0.58

Week of Sowing

Febuary Week 2
February Week 3
February March
March Week 1
March Week 2
March Week 3
March April
April Week 1
April Week 2
April Week 3
April Week 4
April May
May Week 1
May Week 2
May Week 3
May June
June Week 1
June Week 2
June Week 3
June July
July W eek 1
July W eek 2
July W eek 3
July W eek 4
July August
August Week 1
August Week 2
August Week 3
August Sep
September Week 1
September Week 2
September Week 3
September Week 4
October Week 1

.004
0.13
0.48
0.75
0.81
0.81
0.81
0.81
0.81
0.81
0.86
1.76
3.88
5.76
6.80
7.29
7.29
7.21
7.19
7.19
7.18
6.64
4.79
3.03
2.53
2.53
2.49
2.25
1.85
1.66
1.62
1.31
0.58
.083

172 ± 41

Sub-Surface Drainage Capacity

Low
Medium
High

80.4
14.0
5.57

Annual Rainfall

Low
Medium
High

17.2
67.3
15.5

701 ± 110

Crop Yield

High
Medium
Low

30.2
50.2
19.7

Estimated Mineral N

Low
Medium
High

10.0
60.0
30.0

Sealing Topsoil

Yes
No

15.0
85.0

A Bayesian Network of nitrogen exports from high rainfall cropping

in south-western Victoria Sensitivity Analyses for Cropping Bayesian 

Network – Total N

Sensitivity Analyses for Cropping Bayesian 

Network – Total N
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Blue - Wheat 6 Canola 4 Barley 2 kg/ha mm Red – Wheat 7 Canola 4 Barley 8 kg/ha mmBlue - Wheat 6 Canola 4 Barley 2 kg/ha mm Red – Wheat 7 Canola 4 Barley 8 kg/ha mm

Looking for the bigger picture
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Pasture/Ley Rotation

Continuous Cropping

Cropped Less Than 4yr
Firs t Crop After Legume

35.0

50.0
15.0

Tillage Practices

Conventional Cultivation
Reduced Tillage
No tillage

20.0
65.0
15.0

Sealing Topsoil

Yes
No

15.0
85.0

Sub-Surface Soil Texture 

Sand
Loam
Clay

Sodic  Clay

25.0
50.0
20.0

5.00

Surface Soil Texture 

Sand

Loam
Clay

20.0

30.0
50.0

Infiltration Capacity

Low
Medium
High

42.0
20.3
37.7

Estimated Mineral N

Low

Medium
High

10.0

60.0
30.0

Surface Cracking Facilitated Drainage

Strong
Moderate
Weak

15.0
25.0
60.0

Total N Load Factor

Nil
Very  Low

Low
Low Moderate
Moderate
Moderate High

High
Very  High
Extremely  High
Undesirable

Highly Undesirable
Unlikely

48.8
4.99

7.61
14.0
19.7
4.18

0.39
.062
.023
0.11

.065

.041

3.41 ± 7.5

Days between Sowing and Runoff

0 to 2
2 to 5

5 to 10
10 to 15
15 to 20
20 to 30

30 to 45
45 to 60
60 to 100
100 to 150

150 to 200
200 to 250
250 to 300
300 to 370

0.63
1.04

1.78
1.84
2.00
4.17

6.52
7.02
18.7
18.2

10.7
5.83
6.22
15.4

146 ± 110

Runoff Date

January
February
March
April

May
June
July
August

September
October
November
December

2.00
2.00
3.00
5.00

8.00
10.0
15.0
20.0

15.0
10.0
7.00
3.00

211 ± 75

Sub-Surface Drainage Capacity

Low
Medium
High

28.5
18.2
53.3

Sowing Time After Break

0 to 2
2 to 4
4 to 6

6 to 8
8 to 10
10 to 12
12 to 14

14 to 16
16 to 18
18 to 20
20 to 22
22 to 24

24 to 25

1.33
4.00
6.67

9.33
12.0
14.7
14.8

12.3
9.85
7.38
4.92
2.46

0.31

12.3 ± 5.2

Sub-Surface Water

Nil

Very Low
Low
Low Medium
Medium

Medium High
High

48.8

17.8
14.2
5.84
3.91

4.72
4.72

52.4 ± 130

Soil Source Factor

Low
Low Medium
Medium
Medium High

High

11.0
26.2
49.0
12.4

1.36

5.44 ± 2.4

Plant Source Factor

Low

Medium
High

10.0

80.0
10.0

0.3 ± 0.053

Surface Water

Nil

Very Low
Low
Low Medium
Medium

Medium High
High

54.5

3.98
7.19
5.86
5.99

9.17
13.3

107 ± 190

Total Runoff

0

0 to 2
2 to 5
5 to 10
10 to 20

20 to 40
40 to 60
60 to 80
80 to 100
100 to 120

120 to 140
140 to 160
160 to 180
180 to 200

200 to 250
250 to 300
300 to 350
350 to 400

400 to 450
450 to 500
500 to 550
550 to 600

600 to 650
650 to 850

48.8

0.22
0.34
0.54
1.10

2.32
2.36
2.33
2.31
2.30

2.21
2.28
2.31
2.11

5.29
4.90
4.20
3.62

3.17
2.20
1.53
1.07

0.89
1.55

131 ± 180

Sub Surface Water Partition Co-efficient

Low
Medium
High

57.8
17.1
25.1

0.327 ± 0.31

Fertiliser Type at Sow ing

MAP

DAP
Urea

85.0

10.0
5.00

2.81 ± 0.58

Sowing Fertiliser Source Factor

Nil
Very Low
Low
Low Medium

Medium
High

29.0
69.6
0.43
0.27

0.19
0.55

2.53 ± 10

Within Season Fertiliser Source Factor

Nil
Very Low

Low
Low Medium
Medium
High

29.0
70.2

0.47
0.16
0.10
.071

1.86 ± 2.2

DAF Coefficient

Mean

LCL
UCL

99.0

0.50
0.50

5.031 ± 0.091

DAF Exponent

Mean
LCL
UCL

99.0
0.50
0.50

0.476 ± 0.022

Fertiliser Depth at Sow ing

Surface Applied
Near Surface Applied

Mid Depth Applied
Deep Applied

85.0
5.00

9.00
 1.0

0.96 ± 0.1

Number of Within Season Fert Applicati...

0
1

2

60.0
34.0

6.00

0.46 ± 0.61

Sowing Fertiliser Nitrogen

0 to 0.2
0.2 to 0.5
0.5 to 1

1 to 2
2 to 3
3 to 5
5 to 8
8 to 13

13 to 20
20 to 30

95.1
0.68
0.55

0.50
0.26
0.37
0.38
0.38

0.32
1.43

0.605 ± 3.2

Days between within Season Fert and R...

0 to 2
2 to 5

5 to 10
10 to 15
15 to 20
20 to 30

30 to 45
45 to 60
60 to 100
100 to 150

150 to 200
200 to 250
250 to 300
300 to 370

0.69
1.02

1.67
1.64
1.58
2.99

4.15
3.71
8.05
8.08

9.22
13.5
18.5
25.2

203 ± 110

Fertiliser Appn. Days After Sowing

0
84

100
122
130
150

180

14.3
14.3

14.3
14.3
14.3
14.3

14.3

109 ± 53

Fertiliser Rate at Within Season Applica...

Nil
Low

Medium
High
Extremely  High

29.0
50.0

17.0
3.00
 1.0

0.243 ± 0.32

Within Season Fertiliser Nitrogen

0 to 0.2

0.2 to 0.5
0.5 to 1
1 to 2
2 to 3
3 to 5

5 to 8
8 to 13
13 to 20
20 to 30

95.3

0.65
0.49
0.50
0.32
0.37

0.31
0.30
0.33
1.44

0.599 ± 3.2

Fertiliser Rate at Sow ing

Nil
Low
Medium
High

Extremely High

29.0
50.0
17.0
3.00

 1.0

0.238 ± 0.3

Crop Type

Wheat SS
Wheat MS
Wheat LS

31.4
37.1
31.4

7 ± 0

Annual Rainfall

low

medium
high

13.7

76.7
9.64

679 ± 150

Surface Slope

Low
High

55.0
45.0

Crop Yield

0 to 2000
2000 to 2500

2500 to 3000
3000 to 3500
3500 to 4000
4000 to 4500

4500 to 5000
5000 to 5500
5500 to 6000
6000 to 6500

6500 to 7000
7000 to 8000

8.33
8.33

8.33
8.33
8.33
8.33

8.33
8.33
8.33
8.33

8.33
8.33

4460 ± 1900

Week of Sow ing

Febuary  Week 2
February  Week 3
February  March

March Week 1
March Week 2
March Week 3
March Apri l

Apri l Week 1
Apri l Week 2
Apri l Week 3
Apri l Week 4

Apri l May
May Week 1
May Week 2
May Week 3
May June

June Week 1
June Week 2
June Week 3
June July

July  Week 1
July  Week 2
July  Week 3
July  Week 4

July  August
August Week 1
August Week 2
August Week 3

August Sep
September Week 1

.012
0.36
1.33

2.13
2.32
2.32
2.32

2.32
2.32
2.32
2.36

3.07
4.66
5.73
6.13
6.51

6.41
6.18
6.14
6.14

6.13
5.70
4.30
2.91

2.53
2.53
2.44
1.73

0.61
.051

155 ± 43

A Bayesian Network of nitrogen exports from high rainfall cropping

in south-western Victoria

y = 62.042x2 - 832.85x + 6206.3

R2 = 0.8228

y = 11.385x2 - 149.47x + 738.58

R2 = 0.7664
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Plots of estimated average annual yields and gross margins against 

estimated environmental impact (Total N Load Factor) from Dunkeld in 
south-western Victoria

y = 42.923x2 - 713.67x + 6176.7

R2 = 0.8755

y = 8.2811x2 - 130.15x + 733.82

R2 = 0.7971
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Plots of estimated average annual yields and gross margins against 

estimated environmental impact (Total N Load Factor) from Dunkeld in 
south-western Victoria (with data for the low initial soil N, 10 kg N/ha sowing only options excluded).

But we need to know 
exactly where we are 

heading!

Crop Soil 
N 

Total 
N 

(kg) 

Gross 
Margin 

(GM) 
Range 

($) 

Environmental 
Impact (EI) as 

estimated by 
Total N Load 

Factor 

(unit-less) 

Comments Recommendation Sustainabi lity 
Rating 

(GM/EI) 

Silverstar Low 10 45 3.9 Low overall yield results  in 
high environmental impact. 

No  
recommendation 

 

 Low 35 86-350 4.7-5.7 Poor ratings (GM/EI) 
especially for earlier N 

applications. Highest  gross 
margins associated with 
best environmental 

outcome. 

Best option (25 kg 
N/ha at GS39A 

75 

 Low 60 191-
409 

3.7-5.8 The environmental impact 
i s lowest for a single 50 kg 

N/ha application at GS31 
due to the way the Bayesian 
network handles the 

fertiliser rates. That option 
has a simi lar gross margin 

(11 $/ha less) to two post 
sowing applications of 
fertiliser (25 kg N/ha). 

Two post sowing 
applicat ions of 

ferti liser (25 kg 
N/ha) 

OR 

Single post-sowing 
applicat ion of 
ferti liser (50 kg 
N/ha) at  GS31B 

87 

 

 

106 

 Low 110 262-

526 

1.1-4.9 Highest gross margin is 

associated with the lowest 
environmental impact 

An additional  50 

kg N/ha at sowing 
and an additional 
applicat ion (50 kg 

N/ha) at  GS31 

470 

 Low  526 1.1 OVERALL 

RECOMMENDATION 
This recommendation 
reflects the reduction in 
the volume of runoff (due 

to plant water use) that 
accompanies a productive 
crop. 

An additional 50 

kg N/ha at sowing 
and an additional 
application (50 kg 
N/ha) at GS31 

470 

 

Developing specific fertiliser recommendations for different 

combinations of soil fertility and wheat varieties
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Finished, you beauty! Striking a 
balance!

Striking a 
balance!


