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Appendix 1. Daily evapotranspiration data

Table 1. Daily evapotranspiration (mm/d) for plots with a dry soil surface at Tamworth
Centre for Crop Improvement.

Plot Plant density Litter mass 6 February 3 April
(plants/m 2)	 (kg DM/ha)	 2001	 2000

9 May
2001

3 July 6 November
2000	 2000

1 12 0 3.8 3.9 1.8 1.6 3.6
2 4 500 3.7 3.1 1.6 1.1 4.1
3 12 1500 3.3 4.4 1.6 1.3 4.2
4 25 3000 4.1 4.0 1.8 1.4 4.2
5 0 1500 1.7 2.2 1.2 0.8 2.0
6 25 500 3.6 4.5 1.2 1.5 4.9
7 4 3000 3.0 3.0 1.6 0.9 3.8
8 0 0 1.5 1.0 1.2 0.8 1.5
9 25 0 3.1 3.6 1.6 1.3 5.2
10 4 0 2.9 2.3 1.6 1.1 3.7
11 0 3000 1.7 1.9 1.0 0.8 2.0
12 0 500 1.4 1.4 1.4 1.0 1.7

Mean (mm/d) 2.8 2.9 1.5 1.1 3.4

Table 2. Daily evapotranspiration (mm/d) fur plots with a wet soil surface at Tamworth
Centre for Crop Improvement.

Plot Plant density Litter mass 7 February 4 April 8 May 7 July 7 November
(plants/m2)	 (kg DM/ha)	 2001	 2000 2001 2000 2000

1 12 0 5.1 4.4 1.7 1.3 3.4
2 4 500 5.1 3.7 1.5 1.1 3.4
3 12 1500 5.0 4.1 1.6 1.2 3.7
4 25 3000 5.6 3.7 1.8 1.5 4.0
5 0 1500 3.4 2.7 1.1 0.6 2.4
6 25 500 4.8 3.7 1.3 1.3 2.7
7 4 3000 5.0 2.4 1.3 0.7 3.5
8 0 0 3.9 3.2 1.1 1.0 2.7
9 25 0 4.9 4.0 1.6 1.4 2.8
10 4 0 4.9 3.6 1.4 1.1 3.6
11 0 3000 2.5 2.3 .0 0.6 2.3
12 0 500 3.2 3.5 1.5 0.8 2.6

Mean (mm/d) 4.5 3.4 1.4 1.1 3.1
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Table 3. Daily evapotranspiration (mm/d) for plots at Springmount.

Plot Treatment	 9 February 10 May
2001	 2001

5 July
2000

9 November
2000

Dry soil surface
I Bare soil I .2 0.6 0.2 0.7
3 Low cover and herbage mass 6.7 1.9 0.4 3.0
5 Medium cover and herbage mass .3 1 .6 0.4 2.0
7 High cover and herbage mass :; .6 1.4 0.6 4.0

Mean (mm/d) 4 1 .2 1.4 0.4 2.4

Wet soil surface
2 Bare soil , i .5 2.2 1.8 3.9
4 Low cover and herbage mass ''.5 1 .7 1 .8 4.4
6 Medium cover and herbage mass ''.6 2.0 1 .0 4.0
8 High cover and herbage mass .; .3 1 .3 1 .3 4. 1

Mean (mm/d) .7 1.8 1.5 4.1

Appendix 1. Evapotranspiration data	 226



60

50

40

20

10

0

70

60

50

40

30

20

10

0

Dec-97 Dec-98	 Jun-99	 Dec-99	 Jun-00	 Dec-00	 Jun-01Jun-98

Appendix 2. Analyses of individual layer stored soil water
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Figure 1. Monthly stored soil water (mm) for the 10-30 cm layer for each grazing treatment at
Springmount, T1C4 (*), T2C6 (0), T3FERT8 (■), T4GR4 (n), and T5GR12 (A). Vertical bars
indicate least significant difference between treatments for stored soil water. Significant
differences are indicated by + (P<0.05).

Month

Figure 2. Monthly stored soil water (mm) for the 30-50 cm layer for each grazing treatment at
Springmount, T1C4 (•), T2C6 (o), T3FERTS (■), T4GR4 (n), and T5GR12 (•). Vertical bars
indicate least significant difference between treatments for stored soil water. Significant
differences are indicated by + (P<0.05).
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Figure 3. Monthly stored soil water (mm) for the 50-70 cm layer for each grazing treatment at
Springmount, T1C4 (•), T2C6 (0), T3FERT8 (■), T4GR4 (o), and T5GR12 (A). Vertical bars
indicate least significant difference between treatments for stored soil water. Significant
differences are indicated by + (P<0.05).
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Figure 4. Monthly stored soil water (mm) for the 70-90 cm layer for each grazing treatment at
Springmount, T1C4 (*), T2C6 (0), T3FERT8 (■), T4GR4 (o), and T5GR12 (A). Vertical bars
indicate least significant difference between treatments for stored soil water. Significant
differences are indicated by + (P<0.05).
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Figure 5. Monthly stored soil water (mm) for the 90-110 cm layer for each grazing treatment
at Springmount, T1C4 (.), T2C6 (0), T3FERT8 T4GR4 ( q ), and T5GR12 (A). Vertical
bars indicate least significant difference between treatments for stored soil water. Significant
differences are indicated by + (P<0.05).    
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Figure 6. Monthly stored soil water (mm) fill- the 110-130 cm layer for each grazing treatment
at Springmount, T1C4 (s), T2C6 (0), T3FERT8 (N), T4GR4 ( q ), and T5GR12 (•). Vertical
bars indicate least significant difference between treatments for stored soil water. Significant
differences are indicated by + (P<0.05).
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Figure 7. Monthly stored soil water (mm) for the 130-150 cm layer for each grazing treatment
at Springmount, T1C4 (•), T2C6 (0), T3FERT8 (N), T4GR4 (q), and T5GR12 (•). Vertical
bars indicate least significant difference between treatments for stored soil water. Significant
differences are indicated by + (P<0.05).
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Figure 8. Monthly stored soil water (mm) for the layer 150-170 cm for each grazing treatment
at Springmount, T1C4 (•), T2C6 (0), T3FEHT8 (1), T4GR4 ( q ), and T5GR12 (•). Vertical
bars indicate least significant difference between treatments for stored soil water. Significant
differences are indicated by + (P<0.05).
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Figure 9. Monthly stored soil water (mm) for the 170-190 cm layer for each grazing treatment
at Springmount, T1C4 (•), T2C6 (0), T3FERT8 (■), T4GR4 ( q), and T5GR12 (•). Vertical
bars indicate least significant difference between treatments for stored soil water. Significant
differences are indicated by + (P<0.05).
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Figure 10. Monthly stored soil water (mm) for the 190-210 cm layer for each grazing

	

treatment at Springmount, T1C4	 T2C6 (o), T3FERT8 (■), T4GR4 ( q), and T5GR12 (A).
Vertical bars indicate least significant difference between treatments for stored soil water.
Significant differences are indicated by 1- (P 4).05).
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Appendix 3. Pasture Model parameter set

Table 1. Full listing of parameters used for calibrating the Pasture Model for grazing treatments at Springmount. Units and descriptions are those that are used on
the interface of the Pasture Model.
PARAMETER	 T3FERT8 
Soil water parameters

Soil physical properties

Saturated water content (%v):
Ksat (cm/d):
Drainage point (%v):
Wilting point (%v):
Air dry water content (%v):
Hy/in-1 1 1 Hr fin coefficient•

Canopy and litter
Maximum LAI water storage capacity (mm water / LAI):
Litter water storage capacity, mm / ( t / ha )
Litter d.wt. (t/ha) for 50% reduction in evaporation
Adjust Ksat in response to litter cover

Runoff and lateral flow
Profile length (m)
Profile inclination (%)
Maximum ground surface water storage capacity (mm):
Minimum ground surface water storage capacity (mm):
Curvature parameter for ground surface water storage
Lateral flow flux (m/d)
Soil nutrient parameters

Initial organic status
Surface (% mass)

S
4 3
4
29
10
4
3

1
2
2
TRUE

100
5
10
2
0.5
0.1

A
43
15
28
10
4
3

B1
38
5
23
13
4
3

B2
35
5
20
14
4
3

S
4 3

2
10

1
0.2
3
TRUE

100
5
10
2
0.9
0.1

A
43
15
28
10
4

3

B1
38
19
23
13
4
3

B2
35
19
20
14
4
3

S
4 3
4
2 9
10

1
2
3
TRUE

100
5
10
2
0.5
0.1

A
43
15
28
10
4
3

B1
38
10
23
13
4
3

B2
35
7
20
14
4
3
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PARAMETER T5GRI2 T2C6 T3FERT8
Inert C (% mass) 0.5 0.5 0.5
Depth for 50% decline, cm 5 5 5
Curvature 2 2 2

Initial inorganic status NO3 NH4 P K S NO3 NH4 P K S NO3 NH4 P K S
Surface (mg / kg) 0 10 30 100 5 0 10 30 100 5 0 10 30 100 5
Depth for 50% decline, cm 20 20 5 20 20 20 20 5 20 20 20 20 5 20 20
Curvature 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Bulge (mg / kg) 3 0 0 0 2 3 0 0 0 2 3 0 0 0 2
Bulge depth (cm) 30 100 100 100 100 30 100 100 100 100 30 100 100 100 100
Spread 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30

Model parameters
Fast decay, rate constant (/day) 0.02 0.02 0.02
Fast decay, efficiency 0.6 0.6 0.6
Slow decay, rate constant (/day) 0.0005 0.0005 0.0005
Slolw decay, efficiency 0.1 0.1 0.1

Nutrient composition of organic matter at start of simulation C/N C/P C/S C/N C/P C/S C/N C/P C/S
13 130 110 13 130 110 13 130 110

Temperature effect for OM turnover
Minimum temperature, C 0 0 0
Optimum temperature, C 1).0 20 20
Maximum temperature, C 30 30 30
Minimum temperature, C 0.5 0.5 0.5

Nitrogen transformations
Rate constant for NH4 nitrification 0.01 0.01 0.01
Rate constant for NO3 denitrification 0.05 0.05 0.05
Rate constant for urea volatilization 0.05 0.05 0.05
Critical rainfall for volatilization 5 5 5

Nutrient adsorption NH4 P K S NH4 P K S NH4 P K S
Reference nutrient in solution (ma/k2) 1 0.1 1 1 1 0.1 1 1 1 0.1 1 l
Reference sorbed nutrient (mg/kg) 50 100 50 5 50 100 50 5 50 100 50 5
Freundlich coefficient 0.4 n nV., 0.4 0.4 10.4 0.4 0.4 0.4 '0.4 OA 04 04
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PARAMETER T5GR12 T2C6 T3FERT8

Plant inputs
Initial litter dry wt (t/ha) 0.4 0.4 0.4
Initial litter composition C/N C/P C/S C/N C/P C/S C/N C/P C/S

40 400 400 40 400 400 40 400 400
Rate constant for incorporation of litter in the soil (%/day) 2 2 2
Depth to which litter is incorporated (cm) 5 5 5

Animal inputs
Initial dung dry wt (t/ha) 0.1 0.1 0.1
Initial dung composition C/N C/P C/S C/N C/P C/S C/N C/P C/S

10 100 100 10 100 100 10 100 100
Rate constant for incorporation of dung in the soil (%/day) 2 2
Depth to which dung is incorporated (cm) 5 5 5
% urine N to volatilization: 25

Pasture Parameters PC4 PC3 PC4 PC3 PC4 PC3 AC3

General
Height : LAI ( cm / LAI ): 10 10 10 10 10 10 5
Initial shoot dry weight (t/ha) 1.5 1 1.5 1 1.5 1 0.01
Initial green % d.wt. 30 50 10 20 30 50 1/04/00
Initial root dry weight (t/ha) 1.6 0.5 1.6 0.5 1 0.5 1/11/00

20

Growth
Leaf Pmax at opt temp (mg CO2 / (m2. ․ ) ) 0.5 0.5 0.6 0.5 0.6

Minimum temp for Pm (C) 10 2 15 5 15 5 2
Optimum temp for Pm (C) 25 14 28 20 30 20 18
Maximum temp for Pm (C) 32 35 32 30 37 30 28
Curvature for Pm (T) 0.9 0.2 0.2 0.2 0.2 0.2 0.2
Leaf appearance interval at the Pmax opt temp (day) 10 10 40 30 20 20 40
Live leaves per tiller 3 3 4 4 4 4 4
Light extinction coefficient (0-1) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Dead to litter (%/day) 1 1 1 1 2
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PARAMETER T5GR12 T2C6 T3FERT8
Roots
Sigmoidal root distribution
Root depth (cm) 50 40 50 40 50 40	 40
Depth for 50% root distribution: 20 15 20 15 20 15	 15
Scale factor 4 3.5 2 2 2 2	 3
Root senescence rate, % live / day 1 1 2 2 2 2	 1

Transpiration
Include compensation FALSE FALSE FALSE FALSE FALSE FALSE FALSE
Water content between WP and FC for no water stress (%) 50 50 50 50 50 50	 50
GLF at saturation: 0.8 0.8 0.8 0.8 0.8 0.8	 0.8

Animal parameters
% trampling of standing dead per 100 animals / ha 5 2 5 5 3 3	 2
Cell wall digestibility of live plant material (%) 60 60 60 60 60 60	 70
Cell wall digestibility of dead plant material (%) 30 30 30 30 30 30	 20
Pasture Parameters: P C3

Stock parameters

Animal type: Wether Wether Wether
Number of animals 160 240 320

Intake parameters
Max intake per animal, 80% digestible (kg/d) 1.3 1.3 1.3
Max intake per animal, 30% digestible (kg/d) 0.5 0.5 0.5
Curvature parameter 1
Intake in relation to d.wt. on offer
Unavailable d.wt. (t/ha) 0 0 0
Min d.wt. on offer for max intake (t/ha)
Curvature parameter

Metabolism
Normal mature body wei ght (kg) 50 50 50
Normal mature maintenance requirement (MJ/day) 1 1
Initial body weight (kg) 115

r-
IBS 2`ir-
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PARAMETER T5GR12 T2C6 THERTS

Nutrient distribution between dung and urine N	 P	 K S N	 P	 K S N	 .r	 vr,. S
% excreted nutrient in dung (remainder is in urine) 50	 80	 0 50 50	 80	 0 50 50	 80	 0 50

Supplementary feeding
Feed options
Critical % of ME requirement at which to feed 40	 Implemented 40	 Implemented 40	 Implemented
Target intake as % of ME requirement through supplement 70	 Implemented 70	 Implemented 70	 Implemented
Maximum daily supplement ME intake (MJ/day) 15	 Implemented 15	 Implemented 15	 Implemented
Minimum daily supplement ME intake (MJ/day) 0	 Not implemented 0	 Not implemented 0	 Not implemented

Supplement composition ME (MJ/kg) N(%)	 P(%) K(%) S(%) ME (MJ/kg) N(%)	 P(%) K(%) S(%) ME (MJ/kg) N(%)	 P(%) K(%) S(%)
12	 4	 0.4 1 0.5 12	 4	 0.4 1 0.5 12	 4	 0.4 1 0.5
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Appendix 4. Publications arising from this research

This appendix provides copies of journal articles, conference papers and abstracts of articles that

have been submitted for publication.
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