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Abstract

Natural pastures, which are dominated by native plant species, occupy an extensive proportion of
Australia (432 M ha, or 56% of the continental landmass). Traditional grazing methods (continuous
set-stocking) can lead to low levels of herbag: mass, litter mass and ground cover, which in turn
leads to high surface runoff, high soil evaporation, and poor pasture growth. A key component of
designing a sustainable grazing system for thuse pastures includes a sound knowledge of the impact

of that system on the hydrological balance.

A grazing management experiment was established at Springmount near Barraba on the North-West
Slopes to study the effect of five grazing treatments on pasture characteristics while monitoring the
asscciated impact on selected components of the hydrological balance. The grazing treatments
included: continuous grazing (4 and 6 sheep/ha), continuous grazing with subterranean clover and
fertiliser applied (8 sheep/ha), and rotational :srazing (4 sheep/ha) with pastures grazed for four
weeks and rested for four weeks (two paddock rotation) or rested for 12 weeks (four paddock
rotation). The continuous grazing treatments had significantly lower mean levels of herbage mass
(1500-1800 kg DM/ha), litter mass (100-110 kg DM/ha) and ground cover (70-73%) compared with
either rotational grazing or over-sowing with subterranean clover (3000-3500 kg DM/ha, 210-260 kg

DM/ha, and 83-90% for herbage mass, litter inass and ground cover, respectively).

The frequency and magnitude of surface runc ff events increased with rainfall amount and intensity
and as ground cover declined. Runofi”was higher on plots that were continuously grazed (142 mm,

or 6% of rainfall) compared with those that w ere grazed rotationally (8 mm, or 0.3% of rainfall).

Daily actual evapotranspiration values ranged from 0.2 to 7.6 mm/d, in winter and summer,
respectively, and the maximum bare soil evaporation rate was 3.9 mm/d. Analysis of the data
indicated that when soils were wet, high litter mass (3000 kg DM/ha) may reduce evaporaticn by up
to 1.04 mm/d compared with no litter. althouy;h at Springmount, the maximum litter was only

780 kg DM/ha.

A neutron moisture meter indicated that profile wetting events were rare and mean plant available
water was low (35-56 mm). There were few significant differences between grazing treatments and
these were restricted to the surface so:l layer 10-30 cm) where root density and evaporation effects
were greatest and deeper in the profile (150-170 cm) where soil physical characteristics were

different.



Simulation modelling indicated that deep drainage events were episodic with a frequency of 12
events in 31 years, and that grazing managem:nt had little effect on the magnitude of these events.
However, modelling indicated that cariopy interception of rainfall was an important and substantial
component of the hydrological balance, particularly for those pastures that had higher herbage mass.
Rotational grazing treatments intercepted up to 131 mm of rainfall (or 20% of annual rainfall)

compared with just 14 mm for those grazed continuously.

Grazing management may be used to maintain herbage mass between 2000 and 3000 kg DM/ha with
litter mass > 1000 kg DM/ha and ground cover > 70%, and so offer the greatest productive and
sustainable use of annual rainfall. For such a pasture, loss of water through surface runoff, soil
evaporation, and deep drainage may be minimised, while transpiration and canopy interception may
be high. Such a pasture may also provide ideal conditions for soil biological activity and so soil

health and sustainability.
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deficit (0), and runoft data (black shading) recorded at 30 minute intervals and
cumulative for a 18 h period. A high proportion of runoff was generated after the soil
water deficit was removed. 95

Figure 5-11. Runoff event of 13 D:cember 2000, showing rainfall (grey shading). soil
water deficit (0), and runoff (ata (black shading) recorded at 30 minute intervals and
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cumulative for a 24 h period. A large amount of runoff was generated, well before
soil was wet. 95

Figure 5-12. Runoff event of 13 De:ember 2000, showing rainfall (grey shading), soil
water deficit (0), and runoff d.ata (black shading) recorded at 4 minute intervals and
cumulative for a 2 h period. Runoff was generated around 30 minutes from the start
of the rainfall event, while the soil was still relatively dry. 96

Figure 5-13. Relationships between runoff depth (mm) and loss of (a) sediment (kg/ha), (b)
total nitrogen (kg/ha), and (c) total phosphorus (kg/ha), for runoff water samples
collected at Springmount. 98

Figure 6-1. Evaporation dome equipment was used to measure actual evapotranspiration.
A steel frame, which was equipped with tray for a micro-computer and wheels for
movement, supported the clear perspex dome. For each measurement, the dome was
placed on the same area as incicated by the marker in front of the dome. 114

Figure 6-2. A typical plot of vapour density (p,, g/m’) against time that shows the region of
maximum slope between 8 and 23 s. The slope (M) was used to determine the weight
of water evaporated from each plot. 116

Figure 6-3. The effect of three simulated wind speeds, low (0.75 m/s, @), medium
(1.36 m/s, 0), and high (3 m/s. A) on hourly evaporation for a wet soil surface on
6 April 2000. 117

Figure 6-4. A diagram (top view) of a net pyrradiometer (CN1-R) that shows its general
construction and the square theromopile sensor area (crosshatched). 119

Figure 6-5. CNI-R net pyrradiomeier used for measuring net radiation (foreground) and
EP-16 pyrano-albedometer for measuring albedo (background). 119

Figure 6-6. EP-16 pyrano-albedometer schematic diagram (side view) showing upper and
lower hemispherical glass doines and general construction. 119

Figure 6-7. Hourly evapotranspiration (mm/h) for February (e), April (o), May (A), July
(&) and November () for (a) high plant density and litter mass (25 plants/m? and
3000 kg DM/ha, Plot 4), and « b) bare dry soil (Plot 8). 124

Figure 6-8. Mean daily evapotranspiration (mm) recorded for wet (@) and dry (o) surface
soil conditions between February and November. Vertical bars indicate one standard
error of the mean for daily ev \potranspiration. 124

Figure 6-9. Comparison of daily e\ apotranspiration (mm/d) from plots with a dry soil
surface with those having a wet soil surface for (a) all values, and () values recorded
in May and July (dashed line shows the 1:1 ratio). 125

Figure 6-10. Daily soil evaporationn (mm/d) from plots with different litter mass (0 - black
bars, 500 - light grey, 1500 - ‘nedium grey, and 3000 kg DM/ha - dark grey) for (a)

dry soil surface conditions, and (b) wet soil surface conditions. 126

Figure 6-11. The effect of litter mass (kg DM/ha) on mean hourly soil evaporation (mm/h)
for bare soil (@), 500 (0). 15(:0 (A) and 3000 kg DM/ha of litter (H). 126
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Figure 6-12. Daily evapotranspiration (mm/d) of plots with different plant densities and no
litter, 0 (black bars), 4 (light giey), 12 (medium grey) and 25 (dark grey) plants/m? for
(a) dry surface conditions, and (b) wet surface conditions. 128

Figure 6-13. Rainfall (mm, black bars) and stored soil water (mm, 0-20 cm layer) for the
period 12 November to 12 December 2000 for treatments with different plant density
and litter mass: Plot 4 (25 plams/m2 + 3000 kg DM/ha, e), Plot 7 (4 plants/m2 +3000
kg DM/ha, ©), Plot 11 {0 plants/m>+ 3000 kg DM/ha, m), and Plot 8 (0 plants/m®+ 0
kg DM/ha, o). 131

Figure 6-14. Rainfall (mm, black bars) and stored soil water (mm, 0-20 cm layer) for the
period 1 February to 12 March 2001 for treatments with different plant density and
litter mass: Plot 4 (25 plants/m” + 3000 kg DM/ha, e), Plot 7 (4 plants/m” + 3000 kg
DM/ha, o), Plot 11 (0 plants/m” + 3000 kg DM/ha, m), and Plot 8 (0 plants/m’+ 0 kg
DM/ha, 0). 131

Figure 6-15. Daily evapotranspiration (mm/d) for plots at Springmount with different
herbage mass and ground covur, bare soil (black bars), low (light grey). medium
(medium grey), and hizh (dark grey) herbage mass and ground cover, respectively, for
(a) dry soil surfaces, and (b) w et soil surfaces. 132

Figure 6-16. Hourly evapotranspiration (mm/h) for plots with high herbage mass at
Springmount, showing little difference between February (®,0) and November (m,00)
for dry (e,m) and wet (0,0) scil surface conditions. 133

Figure 6-17. Hourly bare soil evaporation (mm/h) for dry (e,0) and wet (m,01) soil surfaces
in February (e,m) and November (©,0) showing a rapid decline in evaporation after
10:00 h for the wet surface. 134

Figure 7-1. Approximate locations of neutron moisture meter access tubes at
Springmount. 147

Figure 7-2. Calibration relationship between neutron moisture meter counts and soil water
content (6%) for 6,% (®) and 9,,% (0). 149

Figure 7-3. Neutron moisture meter standard counts (mean of 16 s counts, n=30) taken at
each sample date in a drum filled with 200 L. of water. 150

Figure 7-4. Monthly profile (0-210 cm) stored soil water (mm) for grazing treatments at
Springmount, T1C4 (»), T2C6 (0), T3FERTS (m), T4AGR4 (), and TSGR12 (A) with
cumulative rainfall (mm, vertical bars) between sample dates. 152

Figure 7-5. Profile (0-210 ¢m) distribution of soil water for maximum (solid line) and
minimum (dashed line) stored soil water conditions for each grazing treatment at
Springmount, T1C4 (»), T2C6 (©), T3FERTS (m), TAGR4 (0), and TSGR12 (A)
(horizontal bars indicate one standard error of the difference of means). 153

Figure 7-6. Monthly profile (0-210 cm) stored soil water (mm) for each grazing treatment
at Springmount, T1C4 (@), T2C6 (o), T3FERTS (m), TAGR4 (o), and TSGR12 (A).
Vertical bars indicate least sivnificant difference between treatments for stored soil
water. Significant differences are indicated by + (£<0.05) and * (P<0.01). 154

Figure 7-7. Monthly upper root zone (0-70 cm) stored soil water (mm) for grazing

treatments at Springmount, T1C4 (e), T2C6 (©), T3FERTS8 (m), T4AGR4 (O), and
T5GR12 (A). Vertical bars ndicate the least significant difference between
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treatments for stored soil water. Significant differences are indicated by + (£<0.05).
156

Figure 7-8. Monthly root zone (0-130 cm) stored soil water (mm) for grazing treatments at
Springmount, T1C4 (), T2C6 (©), T3FERTS (m), TAGR4 (), and TSGRI2 (A).
Vertical bars indicate the least significant difference between treatments for stored
soil water. Significant differences are indicated by + (P<0.05). 157

Figure 7-9. Monthly middle profile (70-130 cm) stored soil water (mm) for grazing
treatments at Springmount, T1C4 (e), T2C6 (©), T3FERTS (m), T4GR4 (D), and
T5GR12 (A). Vertical bars indicate the least significant difference between
treatments for stored soil water. Significant differences are indicated by + (£<0.05).15¢

Figure 7-10. Monthly lower profile (130-210 cm) stored soil water (mm) for grazing
treatments at Springmount, T1C4 (e), T2C6 (0), T3AFERT8 (m), T4GR4 (1), and
T5GRI12 (A). Vertical bars indicate the least significant difference between
treatments for stored soil water. Significant differences are indicated by + (£<0.05)
and * (P<0.01). 159

Figure 7-11. Profile distribution of stored soil water at field capacity (e, -10 kPa) and
wilting point (o, -1500 kPa) using laboratory techniques, compared with mean wettest
(m) and driest (1) stored soil water using the neutron moisture meter. 161

Figure 7-12. Monthly plant available water (mm) at Springmount for total profile
(0-210 cm, ©), root zone (0-1'0 cm, @), and lower profile (130-210 cm, ). 162

Figure 8-1. Diagrammatic representation of the hydrological processes captured within the
water module of the Pasture Model (after Johnson 2001). 173

Figure 8-2. A diagrammatic repres:ntation of the nitrogen dynamic processes captured
within the nutrient module of the Pasture Model (after Johnson 2001). 173

Figure 8-3. Simulated (smooth line) and observed (o) stored soil water (mm) for the
experimental period 1 November 1997 to 31 October 2001 for (a) TSGR12, (b)
T3FERTS, and (c) T2C6. The correlation coefficients () indicate goodness of fit
between the simulated and observed data. 180

Figure 8-4. Simulated (smooth line) and observed (o) pasture herbage mass (kg DM/ha) for
the experimental period 1 November 1997 to 31 October 2001 for («) TSGR12, (b)
T3FERTS, and (¢) T2C6. Th. correlation coefficients (#) indicate the goodness of fit
between the simulated and observed data. 181

Figure 8-5. Simulated (line) and oliserved (©) profile distribution of volumetric soil water
content (6,,%) in the TSGR12 treatment for (@) dry (21 April 1998), and (b) wet (14
September 1998) profile conditions, respectively. 182

Figure 8-6. Simulated (vertical bars) and observed (*) surface runoff events (mm) for the
experimental period | November 1997 to 31 October 2001 for () TSGR 12, (b)
T3FERTS, and (¢) T2C6. The correlation coefficients (r) indicate the goodness of fit
between the simulated and obiserved data. 183

Figure 8-7. Annual rainfall (mm, 1 November to 31 October) used in the long-term
simulations (1971-2001). Mecan rainfall is indicated at 654 mm by a horizontal line.
(Data from SILO database, Joffrey et al. 2001) 18¢
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Figure 8-8. Annual pasture growth (kg DM/ha) for the long-term period 1 November 1971
to 31 October 2001 for three grazing treatments at Springmount (TSGR12 - o,
T3FERTS - m, T2C6 - @) and .+ hypothetical treatment with variable stocking density
(VAR - o). 187

Figure 8-9. Annual surface runoff (imm) for the long-term period 1 November 1971 to 31
October 2001 for three graziny treatments at Springmount (TSGR12 - o, T3FERTS -
m, T2C6 - @) and a hypothetic.l treatment with variable stocking density (VAR - 0).18¢

Figure 8-10. Annual evapotranspiration (mm) for the long-term period | November 1971
to 31 October 2001 for three grazing treatments at Springmount (TSGR12 - ¢,
T3FERTS - m, T2C6 - @) and 1 hypothetical treatment with variable stocking density
(VAR - o). 188

Figure 8-11. Annual transpiration (inm) for the long-term period 1 November 1971 to 31
October 2001 for three grazin:; treatments at Springmount (TSGR12 - o, T3FERTS -
m, T2C6 - @) and a hypothetical treatment with variable stocking density (VAR - o). 18¢

Figure 8-12. Annual deep drainage (mm) for the long-term period 1 November 1971 to 31
October 2001 for three grazinyg treatments at Springmount (TSGR12 - o, T3FERTS -
m, T2C6 - @) and a hypothetical treatment with variable stocking density (VAR - 1).19¢

Figure 8-13. Improved correlation hetween simulated (smooth line) and observed (1)

herbage mass data (kg DM/ha) after including periods that experimental plots were
destocked, and growth limiting factors for transpiration were changed. 198
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