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Soil water and rainfall risk across
southern Victoria
Soil water balance
In the soil water balance, inputs such as
rainfall and irrigation, are counterbalanced by losses like drainage, runoff
and evapotranspiration reducing soil
water levels. Depending on the time of
year, water losses or inputs will be
different and the scales will tip back and
forward as the profile accumulates water
or is depleted
The extent to which the balance tips to-and-fro is determined by the capacity of the soil to hold
water and seasonal factors such as rainfall and plant water use.
There is a year-round competition of water supply and demand

Bucket size: What is our soil’s capacity to store water?
Soils capture and store water between rainfall events, much like a bucket is used to hold water for
later use. The size of the soil-water bucket is influenced by several factors (see appendix 1 for more
on how soil characteristics influence water storage), and therefore varies spatially. Water holding
capacity is heavily influences by soil texture (figure 1).
It’s important to note that not all soil water is accessible to plants, with the darker blue band
representing the plant available water capacity (PAWC) of the soil. PAWC is defined at the upper
level by the soil’s field capacity1 (FC) and at the lower level by wilting point2 (WP).

1
2

Field capacity is the amount of water a soil can hold after excess has drained away
Wilting point is a soil water threshold that has to be overcome before plants can access the water present
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Figure 1 - Soil water content across a gradient of soil textures. Note that as texture gets finer (clay), the
volume of water in the soil increases, but the proportion of it available for plants decreases.

As soils dry out, water becomes more tightly held by the soil and thus less accessible for plant uptake. If water
continues to be extracted and not replenished, soil water will fall below wilting point. Although there may still
be some water remaining in the profile below wilting point, it is not accessible for plant use. Soils that have
dried out below wilting point require ‘wetting up’ before moisture will be available for extraction by plant
roots again.
The soil-water bucket size varies across regions because of its relationship with soil type. Seven locations are
shown with different bucket size in figure 2.
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Figure 2 - Locations of the seven sites analysed in southern Victoria. Rain clouds display the median annual rainfall at each site and buckets show the PAWC from 0-90 cm.
Rainfall data from the Bureau of Meteorology.
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Seasonal water supply and demand
Soil water levels vary throughout the year as rainfall and water losses tip the scales of water balance
back and forwards. The orange line in figure 3 shows a typical flux of soil water throughout the year.
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Figure 3. Monthly soil water in the high rainfall zone (HRZ) of SW Victoria
Autumn marks the beginning of the traditional growing season in south west (SW) Victoria. Autumn
rainfall is especially important for graziers to accumulate adequate pasture before it gets cool and
growth rates decline. Croppers value early autumn rains for early weed seed germination and presowing control options. The autumn break (box 1) is generally expected around late April to May and
is pivotal in early crop vigour. Interestingly seeds are able to germinate before the break, even when
soils may be below wilting point. When soil humidity is above 97.7%, barley seeds will begin absorbing
water vapour. Although taking water up as vapour is slower than in liquid form, seeds are still able
reach their requirement of 35-45% seed weight being water to begin germination (Fettell et al. 2010).
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Box 1. Autumn break
The autumn break is the first significant rainfall event after summer and signals the beginning of the growing
season. There are different ways of defining what constitutes a break. Two definitions that will be used here
are:
1.
2.

Autumn break for pasture growth3: 25 mm in 7 days, and another 25 mm in the following 10 days
Autumn break for crop production4: 20 mm over 3 days OR 30 mm over 7 days

The HRZ has more reliable breaks than lower rainfall areas, however there are still some years when autumn is
unusually dry and these definitions are not fulfilled until winter.

During winter, southern Victoria experiences its wettest and coldest months. This means that at the
same time that soils are generally filled to capacity (or above) from rainfall, water loss to
evapotranspiration is low, rarely exceeding 2 mm/day, increasingly the likelihood of waterlogging
(appendix 2). Some water will form runoff when soils are waterlogged or rainfall is too heavy to
infiltrate the profile. Drainage is typically low year round, particularly where heavy soils slow water
movement through the profile (box 2). The high flow volume of water at this time of year has the
potential to cause problems for nitrogen loss, root pruning and loss of soil strength leading to
pugging and compaction.

3

Definition from Cam Nicholson (Nicon Rural)

4

Definition from Pook et al (2008)
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Box 2. Water movement in heavy soils
Water moves more slowly through soils with a high clay content (‘heavy’) as water adheres to the soil particles
more and there are less and smaller pores to act as conduits.

Subsoil

Topsoil

Duplex soils are typical across much of SW Victoria. Duplex soils are where there is a significant change in soil
texture between the top soil and subsoil. This means that water may move through the lighter top soil
relatively easily, and when it hits the subsoil movement slows. This can cause water to become backed up a
the interface of the soil horizons, creating a perched water table. This water will move along the path of least
resistance, which is often laterally rather than vertically. The following illustrations show how a duplex soil
(right) responds to being inundated compared with a soil that does not have a sudden texture change between
the top and sub soils (left).

Perched water table
at the interface of
soil horizons where
texture changes

Spring is arguably the most important time of year for rainfall, with plant water use increasing
rapidly, often exceeding rainfall inputs. Dry and/or hot weather during spring has the potential to
significantly reduce yields of both crops and pasture biomass. Soil water stores help buffer against
adverse weather effects. Generally in the southern Victoria, soil buckets are filled to or near water
holding capacity by the end of winter. This means that if the bucket is not full by the end of winter
that there is a significant chance of water limiting plant production through the spring. Even if the
soil profile is full, depending on the size of the bucket, there is still the possibility of running out of
water and plants finishing early.
Summer rainfall is the least reliable and abundant. In addition, the high temperatures experienced
over summer mean much of the water stored in the soil is lost to evaporation. Heavier soils, such as
those found across southern Victoria, lose a substantial proportion of this soil water by the end of
summer to evaporation via capillary rise, regardless of plant growth. Therefore there is the
7

opportunity in the HRZ to utilise soil water growing fodders rather than allowing it to be lost to the
atmosphere. The low rainfall zone tends to have lighter soils that can store water at depth over
summer where it is less likely to evaporate, making controlling summer weeds more worthwhile
there because of the scarcity of water and the soil’s ability to store it.
Competition between soil-water inputs and outputs impacts operations at critical times of year
such as sowing in the autumn, filling dams with runoff in winter, filling demands in the spring flush
or grain fill and growing summer fodders
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Balliang
Soils around Balliang are typically sandy loam over medium clays, sometimes with gravel and/or a
bleached layer at the base of the A horizon. The following table describes key soil-water
characteristics of soils in the area. Data is from the APSOIL data base (Ironstone (Woolbrook No824
at Teesdale) and Victorian Resources Online soil pit records (SFS22).
Balliang
Soil type

Sodosol

Depth (cm)

0-30

30-60

60-90

Texture

Sandy loam

Medium clay

Medium clay

Bulk density (g/cc)

1.7

1.5

1.6

WP (mm)*

14

65

50

FC (mm)*

43

113

98

Total PAWC (mm)*

29

48

48

*Soil water is given here as the number of mm per soil layer. Appendix 3 outlines the different units
for reporting on soil water.

Autumn
When do we get the autumn break?
Historic rainfall data from 1889 to 2014 has been analysed to identify the autumn break, based on
the definition for crop and pasture described previously and occurring between March 1 and August
30 (ie. including the possibility of a winter break). Variability in rainfall timing and amounts meant
the autumn break criterion was not met for 34% of the time with pasture and 24% for crop.
Probability distributions for the break timing at Balliang are in appendix 4.
For pasture
The average date for the autumn break was 31 May.
The middle date (median) for the autumn break was 23 April, suggesting there were mainly
early break events and a few very late breaks. There have only been 9 autumn breaks
before 23 April in the past 30 years.
There was a 31% chance of getting the autumn break by the end of March, 52% by the end
of April (49% by ANZAC day) and 66% by the end of May.
For crop
The average date for the autumn break was 15 May.
The middle date for the autumn break was 17 April.
There was a 44% chance of getting the autumn break by the end of March, 64% by the end
of April (61% by ANZAC Day) and 75% by the end of May.
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How much rain do we get in autumn?
Average autumn rainfall at Balliang is 118 mm
The median amount of rainfall over autumn is 105 mm.
A rainfall range of 82 to 145 mm could be expected half of the time
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Figure 4 - Probability distribution of autumn rainfall (mm) at Balliang (1913 to 2014).

How much water is used by the plants and through soil evaporation?
Average water losses during autumn are 92 mm for pasture and 81 mm for crop (~1.0
mm/day).
The lowest 10% of values (decile 1) are 62 mm for pasture and 43 mm for crop.
The highest 10% of values (decile 9) are 132 mm for pasture and 122 mm for crop.
This means that in 25 to 35% of years average rainfall will exceed average plant water use, resulting
in an increase in soil water.

How full is the soil-water bucket by the end of autumn?
Rarely is the soil completely dry at the start of autumn. Often late summer rain will leave some soil
water. Modelling indicates the soil PAWC is about 20% full on average (~ 30 mm of water) at the
beginning of autumn, but can vary from below wilting point to 65% PAWC depending on the amount
and timing of summer rainfall.
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The difference between average plant water use and average rainfall in autumn is +20 mm for
pasture and +15 mm for crop. If the soil profile was completely dry at the start of autumn then this
excess water would fill the soil profile by about 10%. If there was already 40 mm of water in the
profile, then the soil profile would be about 35% full going into winter.
Long term modelling of daily evapotranspiration and rainfall from 1980 to 2014 indicates the soil
profile has 50 mm of water (30% full) at the end of autumn, but can range from 19 mm (11% full) in
the lowest 10% of years to 91 mm (55% full) in the wettest 10% of years.

Winter
How much rain do we get in winter?
Average winter rainfall at Balliang is 117 mm
From over 120 years of data, the middle winter rainfall amount was 110 mm.
A rainfall range of 92 to 134 mm could be expected half of the time

Winter rainfall - Balliang
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Figure 5 - Probability distribution of winter rainfall (mm) at Balliang

How much water is used by the plants?
Average water losses during winter are 102 mm for pasture and 99 mm for crop (~1.1
mm/day)
The lowest 10% of values (decile 1) are 78 mm for pasture and 66 mm for crop
The highest 10% of values (decile 9) are 128 mm for pasture and 132 mm for crop.
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This means that in around 65% of years average rainfall will exceed average plant water use,
resulting in a further increase in soil water.

How full is the soil-water bucket by the end of winter?
In most winters rainfall exceeds plant water use and the profile fills with water. If the average
starting soil water is 99 mm, and a further 106 mm is added through rainfall but 100 mm is used by
the growing crop or pasture, then we would expect the soil ‘bucket’ to have 105 mm of water
remaining. However each year results in a unique set of starting winter soil water, rainfall and plant
water use.
Modelling would indicate the following soil water at the end of winter (31 August) in the lowest
median and highest 10% of years (figure 6).

Figure 6. PAW at Balliang in a decile 1 year (left), median year (centre) and decile 9 year (right).
The soil ‘bucket’ at Balliang will be at field capacity about 4 years in 10. Waterlogging5 is a high
possibility in those years.

Spring
How much rain do we get in spring?
Spring is the second most variable season for rainfall, after summer
Average spring rainfall at Balliang is 153 mm, which is in fact higher than winter.
The middle amount of rainfall during spring is 142 mm, indicating occasional wetter springs
are increasing the average rainfall.
A rainfall range of 111 to 185 mm could be expected half of the time

5

This is assuming soil is saturated at field capacity
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Figure 7 - Probability distribution of spring rainfall (mm) at Balliang

There is a surprising amount of variability in historic rainfall distributions for each of the months.
October has a relatively even distribution with an average rainfall of 55 mm and median rainfall 53
mm. However the median rainfall in September is 9 mm below the long term average at 50 mm and
November is 7 mm below the long term average at only 48 mm.
How much water is used by the plants?
Plant water use becomes much more variable in spring. In a typical spring at Balliang, pasture
evapotranspiration rates will be around 1.8 mm/day. This is not that much higher than the typical
winter evapotranspiration rate (1.1 mm/day) but the main difference is in the range.
Evapotranspiration under pasture in spring ranges from 205 mm in the highest 10% of years,
to 88 mm in the lowest 10% of years.
Under crop, it ranges from 247 mm in the highest 10% of years, to 134 mm in the lowest
10% of years.
What happens to soil water in spring?
Spring is a risky period. The combination of variable spring rainfall (where the most common
monthly rainfall is less than the average), fluctuating plant water use and a soil ‘bucket’ that is quite
small relative to other locations means the soil profile can dry very rapidly and crops can become
moisture stressed. At beginning of spring, the bucket is on average 96% full under crop (119 mm),
but with the rapid draw down on soil water reserves during spring, by the end of November the soil
water bucket is on average 70% full (87 mm).
If the soil bucket is full at the start of spring, which is a less than 2 year in 10 probability for pasture
at Balliang, plant water use can quickly deplete the stored soil water. This is indicated by real time
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soil moisture monitoring at Balliang East in 2014 (figure 8). After a dry winter in 2014 (decile 2)
where the soil water only reached about a half of its water holding capacity, the water was present
at the end of winter was quickly reduced by plants drawing on reserves through the dry spring
(decile 1) until soil water was around wilting point in mid-October. Rainfall in mid-November lead to
a temporary spike in soil water which was partially useful for plants, but being near the end of the
season anyway a proportion of it was carried over to summer.

Spring

Figure 8. Soil moisture probe graph for Balliang East in 2014. Blue box at top marks wettest to date
(saturation) and red box marks driest to date (wilting point).

The growing season analysis would suggest crops and pasture in the Balliang area will commonly
encounter limited stored soil water and insufficient spring rainfall to completely satisfy growth
potential.

Summer
How much rain do we get in summer?
Summer rainfall is the most variable period during the year at Balliang. While 23% of average annual
rainfall is received during this period, it is highly variable (figure x). Average summer rainfall at
Balliang is 119 mm although the most frequent rainfall is 107 mm or 12 mm less than the long term
average.
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Figure 9. Probability distribution of summer rainfall (mm) at Balliang

Figure 9 also shows that in historically at least 164 mm of rain will fall in 1 summer in 5.

What happens to soil water in summer?
Unlike the growing season there are fewer plants growing during summer. Most crops are in fallow
and most annual species have senesced. On this basis it would be fair to assume most summer
rainfall would accumulate in the soils and be available at the autumn break. This does not appear to
be the case.
Significant amounts of water are lost over summer due to water moving up the profile with capillary
rise and evaporating from the soil surface. The sandy loam top soil at Balliang with larger pore
spaces decreases the upward draw on water compared to somewhere with a heavier top soil. Even
so, significant amounts of soil water are lost over summer, with moderate levels of stubble or dry
pasture being insufficient to prevent this from occurring.
Modelling of soil water over summer from 1980 to 2014 reveals most summer rainfall is lost from
the soil before the autumn break. This is despite some summers with rainfall exceeding the long
term average of 124 mm (figure 10). There is only a weak relationship between the amount of soil
water at the end of summer and summer rainfall (R2=0.4)
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Figure 10. Summer rainfall (black dots) and change in stored soil moisture from the beginning to end of
summer in a fallow crop paddock (green) and dormant pasture paddock (yellow) at Balliang.
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Casterton
Soils around Casterton are typically sandy loam over medium heavy clays, often with a bleached
layer at the base of the A horizon. The following table describes key soil-water characteristics of
soils in the area. Data is from the APSOIL data base (Clay (Dunkeld)) and Victorian Resources Online
soil pit records (SFS7).
Casterton
Soil type

Sodosol

Depth (cm)

0-30

30-50

50-90

Texture

Sandy loam

Medium
heavy clay

Medium
heavy clay

Bulk density (g/cc)

1.2

1.3

1.3

WP (mm)*

11

39

84

FC (mm)*

41

73

162

Total PAWC (mm)*

31

34

78

*Soil water is given here as the number of mm per soil layer. Appendix 3 outlines the different units
for reporting on soil water.

Autumn
When do we get the autumn break?
Historic rainfall data from 1889 to 2014 has been analysed to identify the autumn break, based on
the definition for crop and pasture described previously and occurring between March 1 and August
30 (ie. including the possibility of a winter break). Compared to other sites in Victoria, Casterton has
quite reliable rainfall. The autumn break criterion was not met only 3% years for pasture, and every
year had a break that filled the crop criterion. Probability distributions for the break timing at
Casterton are in appendix 5.
For pasture
The average date for the autumn break was 21 May.
The middle date (median) for the autumn break was 20 May. There have only been 8
autumn breaks before 20 May in the past 30 years, suggesting that in recent times breaks
have been later than the long term trends.
There was a 11% chance of getting the autumn break by the end of March, 32% by the end
of April (28% by ANZAC day) and 58% by the end of May.
For crop
The average date for the autumn break was 20 April.
The middle date for the autumn break was 18 April.
There was a 34% chance of getting the autumn break by the end of March, 66% by the end
of April (62% by ANZAC Day) and 86% by the end of May.
17

How much rain do we get in autumn?
Average autumn rainfall at Casterton is 148 mm
The median amount of rainfall over autumn is 139 mm.
A rainfall range of 111 to 179 mm could be expected half of the time
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Figure 11 - Probability distribution of autumn rainfall (mm) at Casterton (1889 to 2015).

How much water is used by the plants and through soil evaporation?
Average water losses during autumn are 112 mm for pasture and 96 mm for crop (~1.2
mm/day).
The lowest 10% of values (decile 1) are 72 mm for pasture and 59 mm for crop.
The highest 10% of values (decile 9) are 157 mm for pasture and 138 mm for crop.
This means that in 74 to 89% of years average rainfall will exceed average plant water use, resulting
in an increase in soil water.

How full is the soil-water bucket by the end of autumn?
Rarely is the soil completely dry at the start of autumn. Often late summer rain will leave some soil
water. Modelling indicates the soil PAWC is about 60% full on average (~85 mm of water) at the
18
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beginning of autumn, but can vary from 45 to 70% PAWC depending on the amount and timing of
summer rainfall.
The difference between average rainfall in autumn and average plant water use is +24 mm for
pasture and +40 mm for crop. If the soil profile was completely dry at the start of autumn then this
excess water would fill the soil profile by about 22%. If there was already 40 mm of water in the
profile, then the soil profile would be about 50% full going into winter.
Long term modelling of daily evapotranspiration and rainfall from 1980 to 2014 indicates the soil
profile has 119 mm of water (83% full) at the end of autumn, but can range from 87 mm (61% full) in
the lowest 10% of years to 146 mm (102% full) in the wettest 10% of years.

Winter
How much rain do we get in winter?
Average winter rainfall at Casterton is 238 mm
From 126 years of data, the middle winter rainfall amount was 235 mm
A rainfall range of 194 to 280 mm could be expected half of the time

Winter rainfall 80.0%
- Casterton

10.0%

10.0%
318.6

Rainfall (mm)

Figure 12 - Probability distribution of winter rainfall (mm) at Casterton
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How much water is used by the plants?
Average water losses during winter are 181 mm for pasture and 231 mm for crop (~2.3
mm/day)
The lowest 10% of values (decile 1) are 145 mm for pasture and 143 mm for crop
The highest 10% of values (decile 9) are 238 mm for pasture and 298 mm for crop.
This means that in 67% of years average rainfall will exceed average plant water use, resulting in a
further increase in soil water.

How full is the soil-water bucket by the end of winter?
In most winters rainfall exceeds plant water use and the profile fills with water. If the average
starting soil water is 121 mm, and a further 246 mm is added through rainfall but 206 mm is used by
the growing crop or pasture, then we would expect the soil ‘bucket’ to have 161 mm of water
remaining. However each year results in a unique set of starting winter soil water, rainfall and plant
water use.
Modelling would indicate the following soil water at the end of winter (31 August) in the lowest
median and highest 10% of years (figure xxxx).

Figure 13. PAW at Casterton in a decile 1 year (left), median year (centre) and decile 9 year (right).
The soil ‘bucket’ at Casterton will be at field capacity about 7 years in 10 by the end of winter.
Waterlogging6 is a high possibility in those years.

6

This is assuming soil is saturated at field capacity
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Spring
How much rain do we get in spring?
Spring is the second most variable season for rainfall, after summer
Average spring rainfall at Casterton is 179 mm
The middle amount of rainfall during spring is 176 mm, indicating a fairly even chance of
getting drier or wetter springs at Casterton
A rainfall range of 144 to 214 mm could be expected half of the time
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Figure 14 - Probability distribution of spring rainfall (mm) at Casterton

Compared to other areas of south west Victoria, Casterton has a relatively low variability. September
has a relatively even distribution with an average rainfall of 72 mm and median rainfall of 70mm.
The median rainfall in October is 4 mm below the long term average of 61, and in November it is 5
mm below the long term average of 46 mm. This difference indicates the occasional very wet
month.
How much water is used by the plants?
Plant water use becomes much more variable in spring. In a typical spring at Casterton, pasture
evapotranspiration rates will be around 2.6 mm/day.
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Evapotranspiration under pasture in spring ranges from 303 mm in the highest 10% of years,
to 159 mm in the lowest 10% of years.
Under crop, it ranges from 278 mm in the highest 10% of years, to 176 mm in the lowest
10% of years.
What happens to soil water in spring?
Spring is a risky period. The combination of variable spring rainfall (where the most common
monthly rainfall is less than the average), fluctuating plant water use and a soil ‘bucket’ that is quite
small relative to other locations means the soil profile can dry very rapidly and crops can become
moisture stressed. At beginning of spring, the bucket is on average 104% full under crop (149 mm),
but with the rapid draw down on soil water reserves during spring, by the end of November the soil
water bucket is on average 60% full (85 mm).
If the soil bucket is full at the start of spring, which it is likely to be 9 years out of 10 at Casterton,
plant water use can quickly deplete the stored soil water. This is indicated by real time soil moisture
monitoring at Cavendish in 2014 (figure 15). After a good winter in 2014 (decile 5) where the soil
water only reached its water holding capacity but waterlogging was not a widespread issue, soil
water stores were quickly reduced by plants drawing on reserves through the dry spring (decile 1)
until soil water was around wilting point in mid-November. Rainfall in late-November lead to a
temporary spike in soil water which was somewhat useful for plants, but being near the end of the
season anyway a proportion of it was carried over to summer.

Spring

Figure 15. Soil moisture probe graph for Cavendish in 2014. Blue box at top marks wettest to date
(saturation) and red box marks driest to date (wilting point).

The growing season analysis suggests crops and pasture in around Casterton area will commonly
have adequate (even too much) stored soil moisture to carry them through spring, even in a dry
finish. The bigger issue is more likely to be waterlogging over winter.
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Summer
How much rain do we get in summer?
Summer rainfall is the most variable period during the year at Casterton. While 15% of average
annual rainfall is received during this period, it is highly variable (figure 16). Average summer rainfall
at Casterton is 96 mm although the most frequent rainfall is 81 mm or 15 mm less than the long
term average.
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Figure 16. Probability distribution of summer rainfall (mm) at Casterton

Figure 16 also shows that in historically at least 125 mm of rain will fall in 1 summer in 5.

What happens to soil water in summer?
Unlike the growing season there are fewer plants growing during summer. Most crops are in fallow
and most annual species have senesced. On this basis it would be fair to assume most summer
rainfall would accumulate in the soils and be available at the autumn break. This does not appear to
be the case.
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Significant amounts of water are lost over summer due to water moving up the profile with capillary
rise and evaporating from the soil surface. The sandy loam top soil at Casterton with larger pore
spaces decreases the upward draw on water compared to somewhere with a heavier top soil. Even
so, significant amounts of soil water are lost over summer, with moderate levels of stubble or dry
pasture being insufficient to prevent this from occurring.
Modelling of soil water over summer from 1980 to 2013 reveals most summer rainfall is lost from
the soil before the autumn break. This is despite some summers with rainfall exceeding the long
term average of 96 mm (figure 17). There is only a weak relationship between the amount of soil
water at the end of summer and summer rainfall (R2=0.3)
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Figure 17. Summer rainfall (black dots) and soil moisture stored or lost over summer in a fallow crop paddock
(green) and dormant pasture paddock (yellow) at Casterton.
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Hamilton
Soils around Hamilton are typically lighter clay over medium to heavy clays, sometimes with gravel
present through the topsoil. The following table describes key soil-water characteristics of soils in
the area. Data is from the APSOIL data base (Clay (Dunkeld)) and Victorian Resources Online soil pit
records (PVI11).
Hamilton
Soil type

Vertosol

Depth (cm)

0-20

20-50

50-90

Texture

Gravelly clay

Heavy clay

Heavy clay

Bulk density (g/cc)

1.2

1.1

1.1

WP (mm)*

47

99

132

FC (mm)*

68

180

240

Total PAWC (mm)*

21

81

108

*Soil water is given here as the number of mm per soil layer. Appendix 3 outlines the different units
for reporting on soil water.

Autumn
When do we get the autumn break?
Historic rainfall data from 1889 to 2014 has been analysed to identify the autumn break, based on
the definition for crop and pasture described previously and occurring between March 1 and August
30 (ie. including the possibility of a winter break). Variability in rainfall timing and amounts meant
the autumn break criterion was not met for 0.8% of the time with pasture, but was met all the years
for crop. Probability distributions for the break timing at Hamilton are in appendix 6.
For pasture
The average date for the autumn break was 27 April.
The middle date (median) for the autumn break was 23 April, suggesting there were a few
very late breaks. There have only been 10 autumn breaks before 23 April in the past 30
years.
There was a 26% chance of getting the autumn break by the end of March, 56% by the end
of April (51% by ANZAC day) and 81% by the end of May.
For crop
The average date for the autumn break was 8 April
The middle date for the autumn break was 31 March
There was a 52% chance of getting the autumn break by the end of March, 80% by the end
of April (77% by ANZAC Day) and 92% by the end of May.
Graphs show the variability around timing of the autumn break (Appendix 6).
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How much rain do we get in autumn?
Average autumn rainfall at Hamilton is 161 mm
The median amount of rainfall over autumn is 152 mm
A rainfall range of 124 to 189 mm could be expected half of the time.

Autumn rainfall - Hamilton
98.7

80.0%

10.0%

229.7

Rainfall (mm)
Figure 18 - Probability distribution of autumn rainfall (mm) at Hamilton (1913 to 2014).

How much water is used by the plants and through soil evaporation?
Average water losses during autumn are 150 mm for pasture (1.7 mm/day) and 94 mm for
crop (1.0 mm/day).
The lowest 10% of values (decile 1) are 100 mm for pasture and 51 mm for crop.
The highest 10% of values (decile 9) are 202 mm for pasture and 160 mm for crop.
This means that average rainfall in autumn will exceed average plant water use under in around 60%
of years under pasture and 91% of years under crop.

How full is the soil-water bucket by the end of autumn?
Rarely is the soil completely dry at the start of autumn. Often late summer rain will leave some soil
water. Modelling indicates the soil PAWC at the beginning of autumn in pasture paddocks is about
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40% full on average (76 mm of water) and following crop is about 70% full (144 mm of water). Soil
water can vary anywhere from below wiling point to near field capacity though depending on the
amount and timing of summer rainfall.
The difference between average rainfall and average plant water use in autumn is +11 mm for
pasture and +68 mm for crop. If the soil profile was completely dry at the start of autumn then this
excess water would fill the soil profile by 5% (pasture) and 32% (crop). If there was already 40 mm
of water in the profile, then the soil profile would be about 20% (crop) and 51% (pasture) full going
into winter.
Long term modelling of daily evapotranspiration and rainfall from 1980 to 2014 indicates the soil
profile in pasture has on average 56 mm of water (27% full) and crop has 189 mm (90% full) at the
end of autumn. This can range anywhere from 13 mm (6% full) in the lowest 10% of years under
pasture, to 209 mm (100% full) in the wettest 10% of years under crop.

Winter
How much rain do we get in winter?
Average winter rainfall at Hamilton is 230 mm
From over 120 years of data, the middle winter rainfall amount was 228 mm.
A rainfall range of 187 to 269 mm could be expected half of the time
Winter rainfall - Hamilton
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Figure 19 - Probability distribution of winter rainfall (mm) at Hamilton

How much water is used by the plants?
Average water losses during winter are 231 mm for pasture (2.6 mm/day) and 220 mm for
crop (2.4 mm/day)
The lowest 10% of values (decile 1) are 151 mm for pasture and 126 mm for crop
The highest 10% of values (decile 9) are 287 mm for pasture and 286 mm for crop.
This means that average rainfall will exceed average plant water use in 56% of the years for pasture
and 50% of years for crop.
How full is the soil-water bucket by the end of winter?
In almost all winters, rainfall exceeds plant water use and the profile fills with water. If the average
starting soil water is 147 mm, and a further 230 mm is added through rainfall but 225 mm is used by
the growing crop or pasture, then we would expect the soil ‘bucket’ to have 152 mm of water
remaining (72% full). However each year results in a unique set of starting winter soil water, rainfall
and plant water use.
Modelling would indicate the following soil water at the end of winter (31 August) in the lowest
median and highest 10% of years (figure 20).

Figure 20. PAW at Hamilton in a decile 1 year (left), median year (centre) and decile 9 year (right).
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The soil ‘bucket’ at Hamilton will be at field capacity about 2 year in 10 under crop at Hamilton.
Waterlogging7 is a high possibility in those years.

Spring
How much rain do we get in spring?
Spring is the second most variable season for rainfall, after summer
Average spring rainfall at Hamilton is 193 mm
The middle amount of rainfall during spring is also 193 mm, showing the risk of a dry spring
is the same as that of a wet spring.
A rainfall range of 151 to 235 mm could be expected half of the time

Spring rainfall - Hamilton
10.0%

80.0%
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10.0%

Rainfall (mm)
Figure 21 - Probability distribution of spring rainfall (mm) at Hamilton

Hamilton has relatively reliable springs, seen in the absence of a skew or ‘tails’ at the extremes in
figure 21.

7

This is assuming soil is saturated at field capacity
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How much water is used by the plants?
Plant water use becomes much more variable in spring. In a typical spring at Hamilton, crop
evapotranspiration rates will be around 2.7 mm/day. This is not that much higher than the typical
winter evapotranspiration rate (2.6 mm/day) but the main difference is in the range.
Evapotranspiration under pasture in spring ranges from 304 mm in the highest 10% of years,
to 164 mm in the lowest 10% of years.
Under crop, it ranges from 308 mm in the highest 10% of years, to 206 mm in the lowest
10% of years.
What happens to soil water in spring?
Spring is typically a risky period, although Hamilton is less so than other areas. With a large soil
water bucket and fairly reliable rainfall there is generally adequate water for crops to finish well. At
beginning of spring under pasture the bucket is on average 63% full (132 mm) and under crop it is
95% full (200 mm). Rapid draw down on soil water reserves during spring means that by the end of
November the soil water bucket is on average 40% full (pasture) and 62% (crop).
If the soil bucket is full at the start of spring, which is a less than 2 year in 10 probability for crop at
Hamilton, plant water use can quickly deplete the stored soil water. This is indicated by real time
soil moisture monitoring at Hensley Park in 2015 (figure 22).
After a dry winter in 2015 (decile 2) and dry autumn (decile 1), soil water reserves were really not
replenished until mid-July and even then to below capacity. The dry spring (decile 1) saw plants draw
on the soil water reserves to finish. Rainfall in mid-November lead to a temporary spike in soil water
which was partially useful for plants, but being near the end of the season anyway a proportion of it
was left over to be carried into summer.

Spring

Figure 22. Soil moisture probe graph for Hensley Park in 2015.
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The growing season analysis would suggest crops and pasture in the Hamilton area will commonly
encounter have adequate stored soil water, even in a dry spring, to completely satisfy growth
potential.

Summer
How much rain do we get in summer?
Summer rainfall is the most variable period during the year at Hamilton. While 16% of average
annual rainfall is received during this period, it is highly variable (figure 23). Average summer rainfall
at Hamilton is 110 mm although the most frequent rainfall is 99 mm or 11 mm less than the long
term average.

Summer rainfall - Hamilton

20.0%

60.0%
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20.0%

Rainfall (mm)
Figure 23. Probability distribution of summer rainfall (mm) at Hamilton

Figure 23 also shows that in historically at least 142 mm of rain will fall in 1 summer in 5.

31

250

200

150

100

50

0

Frequency

71.0

What happens to soil water in summer?
Unlike the growing season there are fewer plants growing during summer. Most crops are in fallow
and most annual species have senesced. On this basis it would be fair to assume most summer
rainfall would accumulate in the soils and be available at the autumn break. This does not appear to
be the case.
Significant amounts of water are lost over summer due to water moving up the profile with capillary
rise and evaporating from the soil surface. The heavy soils in the Hamilton area have smaller pore
spaces which have greater upward draw on water compared to somewhere with a lighter top soil.
This leads to significant amounts of soil water being lost over summer, with moderate levels of
stubble or dry pasture being insufficient to prevent this from occurring.
Modelling of soil water over summer from 1980 to 2014 reveals most summer rainfall is lost from
the soil before the autumn break. This is despite some summers with rainfall exceeding the long
term average of 110 mm (figure 24). There is only a very weak relationship between the amount of
soil water at the end of summer and summer rainfall (R2=0.2).
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Figure 24. Summer rainfall (black dots) and change in stored soil moisture from the beginning to end of
summer in a fallow crop paddock (green) and dormant pasture paddock (yellow) at Hamilton.

Inverleigh
Soils around Inverleigh are typically sandy clay loam over medium to heavy clays, sometimes with a
bleached layer at the base of the A horizon. The following table describes key soil-water
characteristics of soils in the area. Data is from the APSOIL data base (Ironstone (Clayey Sand
(Inverleigh No 737)) and Victorian Resources Online soil pit records (ESAS10c).
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Inverleigh
Soil type

Sodosol

Depth (cm)

0-40

40-55

55-100

Texture

Sandy clay
loam

Medium
heavy clay

Heavy clay

Bulk density (g/cc)

1.3

1.4

1.4

WP (mm)*

26

57

67

FC (mm)*

66

70

133

Total PAWC (mm)*

39

13

66

*Soil water is given here as the number of mm per soil layer. Appendix 3 outlines the different units
for reporting on soil water.

Autumn
When do we get the autumn break?
Historic rainfall data from 1889 to 2014 has been analysed to identify the autumn break, based on
the definition for crop and pasture described previously (box 1) and occurring between March 1 and
August 30 (ie. including the possibility of a winter break). Variability in rainfall timing and amounts
meant the autumn break criterion was not met for 7% of the time with pasture and 4% for crop.
Probability distributions for the break timing at Inverleigh are in appendix 7.
For pasture
The average date for the autumn break was 18 May.
The middle date (median) for the autumn break was 1 May, suggesting there were mainly
early break events and a few very late breaks. There have only been 8 autumn breaks
before 23 April in the past 30 years.
There was a 30% chance of getting the autumn break by the end of March, 54% by the end
of April (51% by ANZAC day) and 70% by the end of May.
For crop
The average date for the autumn break was 17 April.
The middle date for the autumn break was 4 April.
There was a 51% chance of getting the autumn break by the end of March, 74% by the end
of April (72% by ANZAC Day) and 86% by the end of May.
How much rain do we get in autumn?
Average autumn rainfall at Inverleigh is 120 mm
The median amount of rainfall over autumn is 119 mm.
A rainfall range of 88 to 148 mm could be expected half of the time
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Autumn rainfall - Inverleigh
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Figure 25 - Probability distribution of autumn rainfall (mm) at Inverleigh (1913 to 2014).

How much water is used by the plants and through soil evaporation?
Average water losses during autumn are 96 mm for pasture and 78 mm for crop (~1.0
mm/day).
The lowest 10% of values (decile 1) are 56 mm for pasture and 45 mm for crop.
The highest 10% of values (decile 9) are 152 mm for pasture and 130 mm for crop.
This means that average autumn rainfall will exceed average plant water use in 50% (pasture) to 75%
(crop) of years.

How full is the soil-water bucket by the end of autumn?
Rarely is the soil completely dry at the start of autumn. Often late summer rain will leave some soil
water. Modelling indicates the soil PAWC is about 68% full on average (~ 80 mm of water) at the
beginning of autumn, but can vary from below wilting point to above field capacity, depending on
the amount and timing of summer rainfall.
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The difference between average plant water use and average rainfall in autumn is +12 mm for
pasture and +30 mm for crop. If the soil profile was completely dry at the start of autumn then this
excess water would fill the soil profile by about 18%. If there was already 40 mm of water in the
profile, then the soil profile would be about 53% full going into winter.
Long term modelling of daily evapotranspiration and rainfall from 1980 to 2014 indicates the soil
profile has 104 mm of water (88% full) at the end of autumn, but can range from 78 mm (66% full) in
the lowest 10% of years to 121 mm (103% full) in the wettest 10% of years.

Winter
How much rain do we get in winter?
Average winter rainfall at Inverleigh is 145 mm
From over 120 years of data, the middle winter rainfall amount was 143 mm.
A rainfall range of 117 to 170 mm could be expected half of the time

Winter rainfall - Inverleigh
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Figure 26 - Probability distribution of winter rainfall (mm) at Inverleigh
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How much water is used by the plants?
Average water losses during winter are 152 mm for pasture and 128 mm for crop (~1.5
mm/day)
The lowest 10% of values (decile 1) are 118 mm for pasture and 78 mm for crop
The highest 10% of values (decile 9) are 137 mm for pasture and 170 mm for crop.
This means that in 66% of years average rainfall will exceed average plant water use, resulting in a
further increase in soil water.

How full is the soil-water bucket by the end of winter?
In most winters rainfall exceeds plant water use and the profile fills with water. If the average
starting soil water is 101 mm, and a further 143 mm is added through rainfall but 133 mm is used by
the growing crop or pasture, then we would expect the soil ‘bucket’ to have 111 mm of water
remaining. However each year results in a unique set of starting winter soil water, rainfall and plant
water use.
Modelling would indicate the following soil water at the end of winter (31 August) in the lowest
median and highest 10% of years (figure 27).

Figure 27. PAW at Inverleigh in a decile 1 year (left), median year (centre) and decile 9 year (right).
The soil ‘bucket’ at Inverleigh will be at field capacity about 6 years in 10 under crop and 3 in 10
under pasture. Waterlogging8 is a high possibility in those years.

Spring
How much rain do we get in spring?
Spring is the second most variable season for rainfall, after summer
Average spring rainfall at Inverleigh is 156 mm, which is in fact higher than winter.

8

This is assuming soil is saturated at field capacity
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The middle amount of rainfall during spring is 152 m
A rainfall range of 122 to 186 mm could be expected half of the time
Spring rainfall - Inverleigh
90.1

80.0%

218.6
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Figure 28 - Probability distribution of spring rainfall (mm) at Inverleigh

There is a surprising amount of variability in historic rainfall distributions for each of the months.
September, October and November all have long term average rainfalls of 4.0 to 4.4 mm above the
median, indicating that more than half the time actual spring rainfall will be below the average.
How much water is used by the plants?
Plant water use becomes much more variable in spring. In a typical spring at Inverleigh, pasture
evapotranspiration rates will be around 1.9 mm/day and crop 2.3 mm/day.
Evapotranspiration under pasture in spring ranges from 226 mm in the highest 10% of years,
to 96 mm in the lowest 10% of years.
Under crop, it ranges from 255 mm in the highest 10% of years, to 173 mm in the lowest
10% of years.
What happens to soil water in spring?
Spring is a risky period. The combination of variable spring rainfall (where the most common
monthly rainfall is less than the average), fluctuating plant water use and a soil ‘bucket’ that is quite
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small relative to other locations means the soil profile can dry very rapidly and crops can become
moisture stressed. At the beginning of spring, the bucket is on average 102% full under crop (122
mm), but with the rapid draw down on soil water reserves during spring, by the end of November
the soil water bucket is on average 57% full (67 mm).
If the soil bucket is full at the start of spring, which is a 3 year in 10 probability for pasture and 7 in
10 for crop at Inverleigh, plant water use can quickly deplete the stored soil water. This is indicated
by real time soil moisture monitoring at Inverleigh in 2014 (figure xx). After an average winter in
2014 (decile 5) where the soil water almost reached water holding capacity, the water that was
stored at the end of winter was quickly reduced by plants drawing on reserves through the dry
spring (decile 1) until soil water was around wilting point in mid-November. Rainfall at the end of
November lead to a temporary spike in soil water, although it was too late for plant use so a fair
portion of was carried over to summer.

Spring

Figure 29. Soil moisture probe graph for Inverleigh in 2014.
The growing season analysis would suggest crops and pasture in the Inverleigh area will commonly
encounter limited stored soil water and insufficient spring rainfall to completely satisfy growth
potential.

Summer
How much rain do we get in summer?
Summer rainfall is the most variable period during the year at Inverleigh. While 27% of average
annual rainfall is received during this period, it is highly variable (figure x). Average summer rainfall
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at Inverleigh is 102 mm although the most frequent rainfall is 88 mm or 14 mm less than the long
term average.

Summer rainfall - Inverleigh
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Figure 30. Probability distribution of summer rainfall (mm) at Inverleigh

Figure 30 also shows that in historically at least 138 mm of rain will fall in 1 summer in 5.

What happens to soil water in summer?
Unlike the growing season there are fewer plants growing during summer. Most crops are in fallow
and most annual species have senesced. On this basis it would be fair to assume most summer
rainfall would accumulate in the soils and be available at the autumn break. This does not appear to
be the case.
Significant amounts of water are lost over summer due to water moving up the profile with capillary
rise and evaporating from the soil surface. The sandy loam top soil at Inverleigh with larger pore
spaces decreases the upward draw on water compared to somewhere with a heavier top soil. Even
so, significant amounts of soil water are lost over summer, with moderate levels of stubble or dry
pasture being insufficient to prevent this from occurring.
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Modelling of soil water over summer from 1980 to 2014 reveals most summer rainfall is lost from
the soil before the autumn break. This is despite some summers with rainfall exceeding the long
term average of 102 mm (figure 31). There is only a stronger relationship between the amount of
soil water at the end of summer and summer rainfall following crop (R2=0.6) than in pasture
paddocks (R2=0.3)
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Figure 31. Summer rainfall (black dots) and change in stored soil moisture from the beginning to end of
summer in a fallow crop paddock (green) and dormant pasture paddock (yellow) at Inverleigh.
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Lake Bolac
Soils around Lake Bolac are typically clay loams over clays with a bleached layer at the base of the
top soil. The following table describes key soil-water characteristics of soils in the area. Data is from
the APSOIL data base (Lake Bolac No.914) and Victorian Resources Online soil pit records (SFS10).
Lake Bolac
Soil type

Sodosol

Depth (cm)

0-20

20-40

40-90

Texture

Fine sandy clay
loam

Medium clay

Medium clay

Bulk density (g/cc)

1.4

1.3

1.2

WP (mm)*

17

47

123

FC (mm)*

46

87

220

Total PAWC (mm)*

29

40

97

*Soil water is given here as the number of mm per soil layer. Appendix 3 outlines the different units
for reporting on soil water.

Autumn
When do we get the autumn break?
Historic rainfall data from 1889 to 2014 has been analysed to identify the autumn break, based on
the definition for crop and pasture described previously and occurring between March 1 and August
30 (so possibly a winter break). Variability in rainfall timing and amounts meant the autumn break
criterion was not met for 22% of the time with pasture and 14% for crop. Probability distributions for
the break timing at Lake Bolac are in appendix 8.
For pasture
The average date for the autumn break was 16 May.
The most common date for the autumn break was 21 April, suggesting there were many
early break events and a few very late breaks.
There was a 32% chance of getting the autumn break by the end of March, 56% by the end
of April (53% by ANZAC day) and 72% by the end of May.
For crop
The average date for the autumn break was 16 April.
The most common date for the autumn break was 5 April.
There was a 50% chance of getting the autumn break by the end of March, 74% by the end
of April (71% by Anzac Day) and 86% by the end of May.
Graphs show the variability around timing of the autumn break (Appendix 8).
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How much rain do we get in autumn?
Average autumn rainfall at Lake Bolac is 125 mm
The most common amount of rainfall over autumn is 122 mm.
A rainfall range of 91 to 151 mm could be expected half of the time

Figure 32 - Probability distribution of autumn rainfall (mm) at Lake Bolac (1913 to 2014).

How much water is used by the plants and through soil evaporation?
Average evapotranspiration losses during autumn are 95 mm for pasture and 101 mm for
crop (~1.0 mm/day)
The lowest 10% of values (decile 1) are 59 mm for pasture and 56 mm crop
The highest 10% of values (decile 9) are 133 mm for pasture and 153 mm for crop.
This means that in around 25% of years average rainfall will exceed average plant water use,
resulting in an increase in soil water.
How full is the soil-water bucket by the end of autumn?
Rarely is the soil completely dry at the start of autumn. Often late summer rain will leave some soil
water. Modelling indicates the soil PAWC is about 19% full on average (~32 mm of water) at the
beginning of autumn, but can vary from below wilting point to 64% depending on the amount and
timing of summer rainfall.
The difference between average plant water use and average rainfall in autumn is +30 mm for
pasture and +24 mm for crop. If the soil profile was completely dry at the start of autumn then this
excess water would fill the soil profile by about 16%. If there was already 40 mm of water in the
profile, then the soil profile would be about 40% full going into winter.
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Long term modelling of daily evapotranspiration and rainfall from 1889 to 2015 indicates the soil
profile in a median year in both pasture and crop has about 44 mm of water (27% full) at the end of
autumn. Soil moisture at the end of autumn varies more under pasture than crop, ranging from 18
mm (11% full) in the lowest 10% of years to 93 mm (56% full) in the wettest 10% of years.

Winter
How much rain do we get in winter?
Average winter rainfall at Lake Bolac is 156 mm
The most common amount of rainfall during winter is 153 mm.
A rainfall range of 123 to 191 mm could be expected half of the time

Figure 33 - Probability distribution of winter rainfall (mm) at Lake Bolac

How much water is used by the plants?
Average evapotranspiration losses during winter are 146 mm for pasture and 165 mm for
crop (~1.7 mm/day).
The lowest 10% of values (decile 1) are 121 mm for pasture and 108 mm for crop
The highest 10% of values (decile 9) are 168 mm for pasture and 207 mm for crop.
This means that average rainfall will exceed average plant water use in 31% of years for pasture and
61% for crop, resulting in a further increase in soil water.

How full is the soil-water bucket by the end of winter?
In most winters rainfall exceeds plant water use and the profile fills with water. If the average
starting soil water is 51 mm, and a further 156 mm is added through rainfall but 155 mm is used by
the growing crop or pasture, then we would expect the soil ‘bucket’ to have 52 mm of water
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remaining. However each year results in a unique set of starting winter soil water, rainfall and plant
water use.
Modelling would indicate the following soil water in the lowest median and highest 10% of years on
August 31 (figure 34).

Figure 34. PAW at Lake Bolac on August 31 in a decile 1 year (left), median year (centre) and decile 9
year (right).
Figure 34 indicates the soil ‘bucket’ will be at field capacity about 1 year in 10. Waterlogging9 is
likely under these conditions (refer to appendix 2 for more on waterlogging).

Spring
How much rain do we get in spring?
Spring is the second most variable season for rainfall, after summer
9

This is assuming soil is saturated at field capacity
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Average spring rainfall at Lake Bolac is 153 mm, similar to winter
The most common amount of rainfall during spring is 137 mm, indicating occasional wetter
springs are increasing the average rainfall.
A rainfall range of 114 to 189 mm could be expected half of the time

Spring rainfall - Lake Bolac
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Figure 35 - Probability distribution of spring rainfall (mm) at Lake Bolac

There is a surprising amount of variability in historic rainfall distributions for each of the months.
October has an even distribution with the average and most common rainfall both at 52 mm.
However the most common rainfall is September is 13 mm below the long term average at 41 mm
and November is 18 mm below the long term average at only 30 mm.
How much water is used by the plants?
Plant water use becomes much more variable in spring. In a typical spring at Lake Bolac, pasture
evapotranspiration rates will be around 1.8 mm/day and crop 1.9 mm/day. This is not that much
higher than the typical winter evapotranspiration rate (1.7 mm/day) but the main difference is in the
range. In spring, evapotranspiration rates can be as high as 8.5 mm/day with the highest 10% of
values at 1.8 mm/day in pasture and 2.3 mm/day in crop (decile 9).
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What happens to soil water in spring?
Spring is a risky period. The combination of variable spring rainfall (where the most common
monthly rainfall is less than the average), fluctuating plant water use and a soil ‘bucket’, that while
quite large relative to other locations, is commonly only 44% full (73 mm) means the soil profile can
dry very rapidly and crops can become moisture stressed.
If the soil bucket is full at the start of spring, which is a less than 1 year in 10 probability for Lake
Bolac, plant water use can quickly deplete the stored soil water. This is indicated by real time soil
moisture monitoring at Lake Bolac in 2014 (figure 36). The soil had reached field capacity for a short
period in early August and the profile was about 90% full by the start of spring. Despite decile 1
spring rainfall (73 mm), the crops were able to finish on the stored soil moisture. If the bucket had
only been 44% full, the crop would have suffered from moisture stress.

Spring

Figure 36. Soil moisture probe graph for Lake Bolac in 2014. Blue box at top marks wettest to date
(saturation) and red box marks driest to date (wilting point).
The growing season analysis would suggest crops and pasture in the Lake Bolac area will commonly
encounter limited stored soil water and insufficient spring rainfall to completely satisfy growth
potential.

Summer
How much rain do we get in summer?
Summer rainfall is the most variable period during the year at Lake Bolac. While 19% of average
annual rainfall is received during this period, it is highly variable (figure 37). Average summer rainfall
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at Lake Bolac is 104 mm although the most frequent rainfall is 74 mm or 30 mm less than the long
term average.

Summer rainfall - Lake Bolac
46.0

80.0%

10.0%

171.7

300

250

200

150

100

50

0

Frequency

10.0%

Rainfall (mm)
Figure 37. Probability distribution of summer rainfall (mm) at Lake Bolac

Figure 37 also shows that in historically at least 144 mm of rain will fall in 1 summer in 5.

What happens to soil water in summer?
Unlike the growing season there are fewer plants growing during summer. Most crops are in fallow
and most annual species have senesced. On this basis it would be fair to assume most summer
rainfall would accumulate in the soils and be available at the autumn break. This does not appear to
be the case.
Significant amounts of water are lost over summer due to water moving up the profile with capillary
rise and evaporating from the soil surface. The relatively high clay content of soils around Lake Bolac
increase the upward draw on water through micro pores over summer, meaning that summer
rainfall is not effectively stored. Even moderate levels of stubble or dry pasture are insufficient to
prevent this from occurring.
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Modelling of soil water over summer from 1980 to 2014 reveals most summer rainfall is lost from
the soil before the autumn break. This is despite some summers with rainfall exceeding the long
term average of 104 mm (figure 38).

Pasture

300.0

Crop

Summer rainfall

Long term average summer rainfall

250.0
200.0

Water (mm)

150.0
100.0
50.0
0.0
-50.0

-100.0
1980

1985

1990

1995

2000

2005

2010

2015

Figure 38. Summer rainfall (black dots) and change in stored soil moisture from the beginning to end of
summer in a fallow crop paddock (green) and dormant pasture paddock (yellow) at Lake Bolac.

Stockdale
Soils around Stockdale are typically lighter loams over medium to heavy clays, sometimes with a
gravelly layer between the A and B horizons. The following table describes key soil-water
characteristics of soils in the area. Data is from the APSOIL data base (Clayey Sand (Inverleigh No
737)) and Victorian Resources Online soil pit records (CFTT20).
Stockdale
Soil type
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Kurosol

Depth (cm)

0-30

30-80

80-90

Texture

Sandy loam

Medium
heavy clay

Medium
heavy clay

Bulk density (g/cc)

1.3

1.4

1.5

WP (mm)*

12

130

22

FC (mm)*

45

230

39

Total PAWC (mm)*

33

100

17

*Soil water is given here as the number of mm per soil layer. Appendix 3 outlines the different units
for reporting on soil water.

Autumn
When do we get the autumn break?
Historic rainfall data from 1889 to 2015 has been analysed to identify the autumn break, based on
the definition for crop and pasture described previously and occurring between March 1 and August
30 (ie. including the possibility of a winter break). The reliable rainfall at Stockdale meant the
autumn break criterion was met every year for both pasture and crop. Probability distributions for
the break timing at Stockdale are in appendix 9.
For pasture
The average date for the autumn break was 27 March.
The middle date (median) for the autumn break was 10 March, suggesting there were a few
very late breaks that dragged the average break later. There have been 17 autumn breaks
before 10 March in the past 30 years.
There was a 70% chance of getting the autumn break by the end of March, 84% by the end
of April (82% by ANZAC Day) and 90% by the end of May.
For crop
The average date for the autumn break was 6 April
The middle date for the autumn break was 21 March
There was a 52% chance of getting the autumn break by the end of March, 80% by the end
of April (77% by ANZAC Day) and 98% by the end of May.
Graphs show the variability around timing of the autumn break (Appendix 9).
How much rain do we get in autumn?
Average autumn rainfall at Stockdale is 168 mm
The median amount of rainfall over autumn is 143.6 mm
A rainfall range of 102 to 210 mm could be expected half of the time.
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Autumn rainfall - Stockdale
80.0%

74.1

10.0%

289.8

Rainfall (mm)
Figure 39 - Probability distribution of autumn rainfall (mm) at Stockdale (1913 to 2015).

How much water is used by the plants and through soil evaporation?
Average water losses during autumn are 148 mm for pasture and 139 mm for crop (~1.6
mm/day).
The lowest 10% of values (decile 1) are 74 mm for pasture and 62 mm for crop.
The highest 10% of values (decile 9) are 218 mm for pasture and 201 mm for crop.
This means that in around 44% of years average rainfall will exceed average plant water use,
resulting in an increase in soil water over autumn.

How full is the soil-water bucket by the end of autumn?
Rarely is the soil completely dry at the start of autumn. Often late summer rain will leave some soil
water. Modelling indicates the soil PAWC at the beginning of autumn is about 85% full (128 mm of
water). Soil water can vary anywhere from below wiling point to near field capacity though
depending on the amount and timing of summer rainfall.
The difference between average rainfall and average plant water use in autumn is +21 mm for
pasture and +29 mm for crop. If the soil profile was completely dry at the start of autumn then this
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excess water would fill the soil profile by 14% (pasture) and 20% (crop). If there was already 40 mm
of water in the profile, then the soil profile would be about 46% (pasture) and 40% (crop) full going
into winter.
Long term modelling of daily evapotranspiration and rainfall from 1980 to 2014 indicates the soil
profile in pasture has 144 mm of water (96% full) and crop has 148 mm (98% full) at the end of
autumn. This can range anywhere from 112 mm (75% full) in the lowest 10% of years to 166 mm
(111% full) in the wettest 10% of years.

Winter
How much rain do we get in winter?
Average winter rainfall at Stockdale is 156 mm
From over 120 years of data, the middle winter rainfall amount was 141 mm.
A rainfall range of 96 to 196 mm could be expected half of the time

Winter rainfall - Stockdale
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80.0%

10.0%

264.6

Rainfall (mm)
Figure 40 - Probability distribution of winter rainfall (mm) at Stockdale
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How much water is used by the plants?
Average water losses during winter are 152 mm (1.7 mm/day)
The lowest 10% of values (decile 1) are below 88 mm
The highest 10% of values (decile 9) are 234 mm
This means that average rainfall will exceed average plant water use in 39% of the years.
How full is the soil-water bucket by the end of winter?
In almost all winters, rainfall exceeds plant water use and the profile fills with water. If the average
starting soil water is 146 mm, and a further 156 mm is added through rainfall but 152 mm is used by
the growing crop or pasture, then we would expect the soil ‘bucket’ to have 150 mm of water
remaining (100% full). However each year results in a unique set of starting winter soil water,
rainfall and plant water use.
Modelling would indicate the following soil water at the end of winter (31 August) in the lowest
median and highest 10% of years (figure 41).

Figure 41. PAW at Stockdale in a decile 1 year (left), median year (centre) and decile 9 year (right).
The soil ‘bucket’ at Stockdale will be at field capacity about 2 years in 10. Waterlogging10 is a high
possibility in those years.

Spring
How much rain do we get in spring?
Spring is the second most variable season for rainfall, after summer
Average spring rainfall at Stockdale is 193 mm
The middle amount of rainfall during spring is 191 mm
A rainfall range of 140 to 238 mm could be expected half of the time

10

This is assuming soil is saturated at field capacity
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Spring rainfall - Hamilton
80.0%

109.0

10.0%

287.2

500

450

400

350

300

250

200

150

100

50

Frequency

10.0%

Rainfall (mm)
Figure 42 - Probability distribution of spring rainfall (mm) at Stockdale

Stockdale has relatively reliable springs, with the possibility of very wet springs in some years.
How much water is used by the plants?
Plant water use becomes much more variable in spring. In a typical spring at Stockdale,
evapotranspiration rates will be around 2.2 mm/day.
Evapotranspiration under pasture in spring ranges from 272 mm in the highest 10% of years,
to 121 mm in the lowest 10% of years.
Under crop, it ranges from 280 mm in the highest 10% of years, to 187 mm in the lowest
10% of years.
What happens to soil water in spring?
Spring is typically a risky period. At beginning of spring under pasture the bucket is on average 89%
full (134 mm). Rapid draw down on soil water reserves by crops during spring means that by the end
of November the soil water bucket is on average 71% (crop). Pasture water use was not as high, with
plants on average utilising a similar amount of amount of water as spring rainfall, resulting in an 89%
full profile by the end of spring.
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If the soil bucket is full at the start of spring, which is a less than 1 year in 10 probability, plant water
use can quickly deplete the stored soil water. This is indicated by real time soil moisture monitoring
at Rosedale in 2015 (figure 43).
Rainfall in 2015 had been average to slightly above average for most of the year until spring. The flat
line of the soil moisture graph reflects the fairly consistent year round rainfall that Gippsland
receives. When the season turned in spring (decile 2), plants fairly rapidly depleted water reserves.

Spring

Figure 43. Soil moisture probe graph for Rosedale in 2015.

The growing season analysis would suggest crops and pasture in the Stockdale area will commonly
have adequate stored soil water, even in a dry spring, to completely satisfy growth potential.

Summer
How much rain do we get in summer?
Stockdale receives on average 25% of its annual rainfall is received during summer. Average summer
rainfall at Stockdale is 171 mm although the most frequent rainfall is 155 mm or 16 mm less than the
long term average.
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Summer rainfall - Stockdale
80.0%

85.8

10.0%

271.8

Rainfall (mm)
Figure 44. Probability distribution of summer rainfall (mm) at Stockdale

Figure 44 also shows that in historically at least 272 mm of rain will fall in 1 summer in 5.

What happens to soil water in summer?
Unlike the growing season there are fewer plants growing during summer, although the significant
summer rainfall at Stockdale makes it more likely that summer crops or pastures will be grown.
Assuming for now though that little is growing over summer, it would be expected that most
summer rainfall would accumulate in the soils and be available at the autumn break. However even
without anything growing, this does not appear to be the case.
Significant amounts of water are lost over summer due to water moving up the profile with capillary
rise and evaporating from the soil surface. This leads to significant amounts of soil water being lost
over summer, with moderate levels of stubble or dry pasture being insufficient to prevent this from
occurring. Although less water is lost via capillary rise at Stockdale than other areas because of the
lighter top soils, losses are still significant (figure 45).
Modelling of soil water over summer from 1980 to 2014 reveals most summer rainfall is lost from
the soil before the autumn break. This is despite some summers with rainfall exceeding the long
term average of 171 mm (figure 45). There is only a very weak relationship between the amount of
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soil water at the end of summer and summer rainfall (R2=0.2).
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Figure 45. Summer rainfall (black dots) and change in stored soil moisture from the beginning to end of
summer in a fallow crop paddock (green) and dormant pasture paddock (yellow) at Hamilton.

Winchelsea
Soils around Winchelsea can range from sandy loams over clays through to self-mulching clays.
Seeing as the modelling for Inverleigh (~20km away) was based on a lighter soil type, modelling for
Winchelsea is based on heavier clay soils. The following table describes key soil-water
characteristics of soils in the area. Data is from the APSOIL data base (Heavy Clay (Murdeduke
No825)) and Victorian Resources Online soil pit records (SW87).
Winchelsea
Soil type
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Vertosol

Depth (cm)

0-15

15-60

60-90

Texture

Light medium
clay

Heavy clay

Medium clay

Bulk density (g/cc)

1.2

1.1

1.2

WP (mm)*

30

90

60

FC (mm)*

56

178

110

Total PAWC (mm)*

26

88

50

*Soil water is given here as the number of mm per soil layer. Appendix 3 outlines the different units
for reporting on soil water.

Autumn
When do we get the autumn break?
Historic rainfall data from 1889 to 2014 has been analysed to identify the autumn break, based on
the definition for crop and pasture described previously and occurring between March 1 and August
30 (ie. including the possibility of a winter break). Variability in rainfall timing and amounts meant
the autumn break criterion was not met for 7% of the time with pasture and 2% for crop. Probability
distributions for the break timing at Winchelsea are in appendix 10.
For pasture
The average date for the autumn break was 1 May.
The middle date (median) for the autumn break was 26 April, suggesting there were a few
very late breaks. There have only been 11 autumn breaks before 26 April in the past 30
years.
There was a 28% chance of getting the autumn break by the end of March, 53% by the end
of April (49% by ANZAC day) and 71% by the end of May.
For crop
The average date for the autumn break was 7 April
The middle date for the autumn break was 31 March
There was a 52% chance of getting the autumn break by the end of March, 80% by the end
of April (76% by ANZAC Day) and 91% by the end of May.
How much rain do we get in autumn?
Average autumn rainfall at Winchelsea is 127 mm
The median amount of rainfall over autumn is 126 mm
A rainfall range of 96 to 155 mm could be expected half of the time.
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Autumn rainfall - Winchelsea
10.0%

80.0%

10.0%

186.3

Rainfall (mm)
Figure 46 - Probability distribution of autumn rainfall (mm) at Winchelsea (1889 to 2015).

How much water is used by the plants and through soil evaporation?
Median water losses during autumn are 92 mm for pasture and 85 mm for crop (~1.0
mm/day).
The lowest 10% of values (decile 1) are 39 mm for pasture and 51 mm for crop.
The highest 10% of values (decile 9) are 183 mm for pasture and 145 mm for crop.
This means that in around 69% of years average rainfall will exceed average plant water use,
resulting in an increase in soil water over autumn.

How full is the soil-water bucket by the end of autumn?
Rarely is the soil completely dry at the start of autumn. Often late summer rain will leave some soil
water. Modelling indicates the soil PAWC at the beginning of autumn is on average 51% full (84 mm
of water). Soil water can vary anywhere from around 15% full to above field capacity though
depending on the amount and timing of summer rainfall.
The difference between average rainfall and average plant water use in autumn is +18 mm for
pasture and +27 mm for crop, ie there a net accumulation of soil water over autumn. If the soil
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profile was completely dry at the start of autumn then this excess water would fill the soil profile by
11% (pasture) and 16% (crop). If there was already 40 mm of water in the profile, then the soil
profile would be about 35% (pasture) and 41% (crop) full going into winter.
Long term modelling of daily evapotranspiration and rainfall from 1980 to 2015 indicates the soil
profile at the end of autumn in pasture has on average 94 mm of water (58% full) and crop has 150
mm (68% full). This can range anywhere from 64 mm (39% full) in the lowest 10% of years to
168mm (103% full) in the wettest 10% of years.

Winter
How much rain do we get in winter?
Average winter rainfall at Winchelsea is 166 mm
From over 120 years of data, the middle winter rainfall amount was 167 mm
A rainfall range of 133 to 194 mm could be expected half of the time
Winter rainfall - Winchelsea
107.4

10.0%

228.6

80.0%

Rainfall (mm)

Figure 47 - Probability distribution of winter rainfall (mm) at Winchelsea

How much water is used by the plants?
Average water losses during winter is 150 mm (1.6 mm/day)
The lowest 10% of values (decile 1) are 95 mm
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The highest 10% of values (decile 9) are 200 mm
This means that average rainfall will exceed average plant water use in 24% of the years.
How full is the soil-water bucket by the end of winter?
In almost all winters, rainfall exceeds plant water use resulting in a net accumulation of water by the
end of winter. If the average starting soil water is 116 mm, and a further 169 mm is added through
rainfall but 154 mm is used by the growing crop or pasture, then we would expect the soil ‘bucket’
to have 131 mm of water remaining (59% full) at the end of winter. However each year results in a
unique set of starting winter soil water, rainfall and plant water use.
Modelling would indicate the following soil water at the end of winter (31 August) in the lowest
median and highest 10% of years (figure 48).

Figure 48. PAW at Hamilton on August 31st in a decile 1 year (left), median year (centre) and decile 9
year (right).
The soil ‘bucket’ at Winchelsea approaches field capacity under pasture, but rarely exceeds it as the
pasture water use is higher in autumn so the soil contains less water coming into winter. Crop on the
other hand is quite likely to exceed field capacity over winter because more water has been stored
over autumn. This poses a significant risk of waterlogging (appendix 2).
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Spring
How much rain do we get in spring?
Spring is the second most variable season for rainfall, after summer
Average spring rainfall at Winchelsea is 162 mm
The middle amount of rainfall during spring is 161 mm, showing the risk of a dry spring is the
same as that of a wet spring.
A rainfall range of 123 to 197 mm could be expected half of the time

Spring rainfall - Winchelsea
80.0%

94.7

236.0

10.0%

Rainfall (mm)
Figure 49 - Probability distribution of spring rainfall (mm) at Winchelsea

Spring rainfall at Winchelsea is fairly normally distributed (figure 49).
How much water is used by the plants?
Plant water use becomes much more variable in spring. In a typical spring at Winchelsea, crop
evapotranspiration rates will be around 2.3 mm/day. This is quite a bit higher than the typical winter
evapotranspiration rate (1.7 mm/day) reflecting the rapid spring growth.
Evapotranspiration under pasture in spring ranges from 236 mm in the highest 10% of years,
to 176 mm in the lowest 10% of years.
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Under crop, it ranges from 177 mm in the highest 10% of years, to 241 mm in the lowest
10% of years.
What happens to soil water in spring?
Spring is typically a risky period. With a relatively large soil water bucket and fairly reliable rainfall
there is generally adequate water for crops to finish well. At beginning of spring under pasture the
bucket is on average 69% full (113 mm) and under crop it is 103% full (168 mm). Rapid draw down
on soil water reserves during spring means that by the end of November the soil water bucket is on
average 51% full (pasture) and 77% full (crop).
If the soil bucket is full at the start of spring, which is a 7 in 10 probability for crop at Winchelsea,
plant water use can quickly deplete the stored soil water. This is indicated by real time soil moisture
monitoring at Winchelsea in 2014 (figure 50).
After a reasonably good winter in 2015 (decile 5), soil water coming into winter was high but with
little waterlogging. The dry spring (decile 1) saw plants draw on the soil water reserves to finish,
using all the water available in the profile. Rainfall in mid-November lead to a temporary spike in soil
water which was partially useful for plants, but being near the end of the season anyway a
proportion of it was left over to be carried into summer.

Figure 50. Soil moisture probe graph for Winchelsea in spring 2014

The growing season analysis would suggest crops and pasture in the Winchelsea area will commonly
have adequate stored soil water, even in a dry spring, to satisfy growth potential.

62

Summer
How much rain do we get in summer?
Summer rainfall is the most variable period during the year at Hamilton. While 19% of average
annual rainfall is received during this period, it is highly variable (figure x). Average summer rainfall
at Winchelsea is 103 mm although the most frequent rainfall is 93 mm; 10 mm less than the long
term average.

Summer rainfall - Winchelsea
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Figure 51. Probability distribution of summer rainfall (mm) at Winchelsea

Figure 51 also shows that in historically at least 138 mm of rain will fall in 1 summer in 5.

What happens to soil water in summer?
Unlike the growing season there are fewer plants growing during summer. Most crops are in fallow
and most annual species have senesced. On this basis it would be fair to assume most summer
rainfall would accumulate in the soils and be available at the autumn break. This does not appear to
be the case.
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Significant amounts of water are lost over summer due to water moving up the profile with capillary
rise and evaporating from the soil surface. The heavy soils around the Winchelsea have smaller pore
spaces which have greater upward draw on water compared to somewhere with a lighter top soil.
This leads to significant amounts of soil water being lost over summer, with moderate levels of
stubble or dry pasture being insufficient to prevent this from occurring.
Modelling of soil water over summer from 1980 to 2014 reveals most summer rainfall is lost from
the soil before the autumn break. This is despite some summers with rainfall exceeding the long
term average of 103 mm (figure 52). There is only a weak relationship between the amount of soil
water at the end of summer and summer rainfall (R2=0.45).
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Figure 52. Summer rainfall (black dots) and change in stored soil moisture from the beginning to end of
summer in a fallow crop paddock (green) and dormant pasture paddock (yellow) at Winchelsea.
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Appendix 1 – How soils store moisture
Soils store water differently, mainly because of their texture and structure. Soil-water storage is
often analogised with a bucket, with bigger buckets being able to hold more water before
‘overflowing’ or reaching their capacity.
Heavier soils with higher clay contents are able to hold more water (bigger bucket), but they
also hold onto water more tightly so there needs to be more moisture in the profile before
plants can access it.
Lighter soils with higher sand content are freer draining so do not hold as much water
(smaller bucket), but the water they do hold is not held as strongly so plants can access
moisture more readily.
This trade-off is seen in figure 1, where sandier soils reach field capacity (FC)11 at lower soil water
content, but half of the water present is available for the plant to use.
The clay has higher total plant available water, but at field capacity only approximately a third of the
water in the profile is accessible to plants. This is because clay has a higher wilting point (WP)12,
meaning the soil has to hold more water before it becomes accessible to plants than if it was more
clayey.
Soil types across the HRZ
Soil characteristics such as texture and structure have a big influence on how rainfall:
Moves through the profile
Is stored, and
Extracted by plants
Evaporated from the soil surface
Victoria has a wide range of soil types, so seven sites were selected to represent the HRZ (figure 2).
Characteristics of these soils are detailed in table 1. Across the region, soils are typically duplex or
texture-contrast (see below box) but there are exceptions such as Hamilton (table 1) which is a clay
Vertosol.

11
12

Field capacity is the amount of water a soil can hold after excess has drained away
Wilting point is a soil water threshold that has to be overcome before plants can access the water present
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Duplex soils
Soils in south west Victoria are commonly duplex (Sodosol, Chromosol, Kurosol). This means they
have lighter topsoils with heavier subsoils. Some implications of this texture change include:
Reasonable drainage of the topsoil
Subsoils wet up but do not allow substantial deep drainage, leading to perched water tables
and lateral drainage at the transition between the top and subsoils
Lateral drainage leaches nutrients from the A2 horizon (bottom of the top soil), leading to a
layer of bleached soil
Fine soil particles translocated with water movement down the profile are deposited in this
A2 horizon, leading to a hard packed layer with little soil structure and difficult for roots to
penetrate
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Appendix 2 – Waterlogging may need to revisit this with different
distributions
Victoria receives the majority of rainfall in winter. Although it can still be variable, there is almost
always enough water to fill up the profile, with the greater risk being waterlogging rather than a water
deficit.
In winter, the important characteristic is how much water the soil can hold before getting
waterlogged
This is where we see the heavy clays really stand out in their water holding capacity. Looking at Table
3, Hamilton and Winchelsea are obvious in not exceeding field capacity as frequently as the other
locations, despite Hamilton being the wettest of the seven locations.
It is difficult to measure when a soil is waterlogged, so for the sake of discussion, we will assume that
when soil water is above FC, plants are stressed because of too much water. That plants are stressed
by too much as well as too little water explains why in table 3 there is still a reasonable chance of
water stress over winter.

Table 3. Proportion of the time soil water exceeds wilting point or field capacity over winter, or
likelihood of being water stressed (water is a growth limiting factor of >0.5)
Winter
WP
Balliang
Stockdale
Casterton
Hamilton
Inverleigh
Lake Bolac
Winchelsea

Water
stress

FC
100%
100%
100%
100%
100%
100%
100%

30%
90%
60%
11%
51%
51%
7%

26%
21%
44%
22%
31%
27%
29%

We have seen how heavy and light soils respond differently when water is scarce; they also respond
differently in long, wet winters when water is in abundance. Figure 3 shows winter rainfall at four
sites: Inverleigh, Stockdale, Hamilton and Winchelsea. Winchelsea and Inverleigh have similar
rainfall over winter while Hamilton receives slightly more. The variability in rainfall at Stockdale
means that although the median amount is lower, it actually doesn’t receive significantly less winter
rainfall than Hamilton (mean is <1 standard deviation from the mean at Hamilton).
If we rank the four locations just in order of median winter rainfall, it looks like the following.
Winter rainfall amount:
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Stockdale < Inverleigh ≈ Winchelsea < Hamilton

Figure 3. Winter rainfall at Inverleigh, Stockdale/Bengworden and Hamilton and Winchelsea
However rainfall does not directly translate to soil water, with the differences observed above
ground in rainfall being exaggerated when we look at what’s happening below ground. Take a look
at figure 4 which shows soil water at the same four locations.

Figure 4 – soil water %vol in 0-100cm at Inverleigh, Stockdale and Hamilton and Lake Bolac. Black
arrows mark field capacity at each site. Data from SGS Pasture model using Annual Ryegrass as the
pasture species

The exaggeration makes sense when we couple the rainfall probabilities with soil type. If we rank
the locations by clay content, the order looks like this:
Soil clay content:
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Stockdale < Inverleigh < Winchelsea ≈ Hamilton

The effect of increased clay content is especially evident at Inverleigh and Winchelsea which, despite
having similar winter rainfall, Winchelsea has substantially more moisture in the profile over winter
than Inverleigh. In southern Australia, our soil water ‘bucket’ is topped up in winter when we get the
majority of our rain. Often the limitation is not how much rain we get, but how much can be stored.
Figure 5 illustrates the above locations in terms of their soil water holding capacity and winter
rainfall.

Figure 5 – Size of the soil water bucket at four HRZ locations, and their water content in a
median winter (apex of the distribution curves in figure 4)

As the bucket size increases, the soil is able to store more water before the soil becomes waterlogged.
Stockdale has a relatively small bucket but is still high rainfall, so in a median winter the bucket is
overflowing and plants are inundated. This is also evident in figure 4, where the black arrow marking
FC is left of the top of the curve. Hamilton on the other hand has a relatively large bucket as well as
the rainfall to almost fill it in a median year. Winchelsea sits between the two – it has a large bucket
but a lower rainfall, so in a median year it is not filled to capacity. This effectively acts as a buffer, so
that in wet years rather than the soil becoming waterlogged as quickly as other areas, the soil is able
to store more water for plant use.

Managing waterlogging
Many growers in the HRZ face the challenge of cropping country that gets waterlogged over winter.
Waterlogging has implications beyond plant water stress, including nitrogen loss, soil structure and
ease of farm operations. Waterlogging is too big of an issue to address comprehensively here, but
here are a few key considerations around reducing the risk.
Drying-out the profile with summer active species. Using summer rainfall to grow feed or
crops depletes the soil profile coming into the growing season, reducing the chance of
waterlogging
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Sowing early. A lot will note that plants established early on have a greater resilience to
waterlogging. Getting crops and pasture in the ground earlier allows them to put roots
down before the soil gets waterlogged. They will also be using more water, potentially
delaying the onset of waterlogging
Mechanical options such as raised beds and sub surface drains. These are designed to
separate the plants from excess moisture. They have been highly successful in allowing
cropping in the HRZ. There are down sides though, including that they promote drainage
even in dry years, so some trials have found reduced yields of pasture and crop with
drainage
Chemical options such as gypsum to amend soil structure. Many soils in south west
Victoria are highly sodic, leading to clay particles becoming suspended in wet soils and
moving through the profile to form hard pans that promote perched water-tables. Gypsum
helps reduce sodicity and thus the risk of hard pans and a perched water-table.
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Appendix 3 – Soil water conversions
Soil water can be discussed in several units. In this paper we have used mm, that is the total volume
of water by the depth of the layer being discussed.
Eg. soil depth is 60cm and there is 120mm soil water
This is easily converted to a volumetric percentage (%v/v) by dividing the amount of water by the
depth of the layer. Be sure to use the same units for both!
Eg. 120mm water in 60cm, or 600mm, of soil is

120
600

× 100 = 20%

120
600

= 0.2 mm/mm

Or similarly it can be in mm/mm
Eg. 120mm water in 60cm, or 600mm, of soil is

Converting between gravimetric (mass) and volumetric (volume) water content requires knowing
the bulk density of the soil. It effectively is saying ‘for every gram of soil you have, there is x grams
of water’. The volumetric content is divided by the bulk density to give the gravimetric water
content.
20

Eg. if soil water is 20 %v/v and the bulk density is 1.4g/cm3, 1.4 = 14.3 %
Gravimetric water content is quite easy to test. It involves taking a soil sample, recording it’s wet
weight, drying it in an oven at 100 degrees Celsius for 24 hours and then recording it’s dried weight.
The percentage weight change is the gravimetric water content.

72

****REMOVE ZERO VALUES FROM DISTRIBUTIONS OF PASTURE
BREAK*****
Appendix 4 – Balliang
Break timing
Autumn break (pasture) - Balliang
1-April

34.8%

33.8%

1-June

Day of the year
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31-Jul

22-Jun

15-May

06-Apr

28-Feb

Frequecny

31.4%

Autumn break (crop) - Balliang

43.6%

31.6%

24.8%

151.0

Day of the break
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31-Jul

22-Jun

15-May

06-Apr

28-Feb

Frequency

91.0

Appendix 5 – Casterton
Autumn break (pasture) - Casterton
1-April

47.1%

41.6%

1-June

Day of the break
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31-Jul

22-Jun

15-May

6-Apr

28-Feb

Frequency

11.3%

Autumn break (crop) - Casterton
1-April

50.3%

14.4%

1-June

Day of the break

Appendix 6 – Hamilton
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31-Jul

22-Jun

15-May

6-Apr

28-Feb

Frequency

35.3%

Autumn break (pasture) - Hamilton
25.6%

55.7%

18.7%

1-June

31-Jul

5-Jul

10-Jun

15-May

20-Apr

25-Mar

29-Feb

Frequency

1-April

Day of the break

Autumn break (crop) - Hamilton
52.4%

39.1%

8.5%

1-June

Day of the break
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31-Jul

5-Jul

10-Jun

15-May

20-Apr

25-Mar

29-Feb

Frequency

1-April

Appendix 7 – Inverleigh

Autumn break (pasture) - Inverleigh
1- April

39.8%

29.8%

1-June

Day of the break
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31-Jul

22-Jun

15-May

06-Apr

28-Feb

Frequency

30.4%

Autumn break (crop) - Inverleigh
1-April

35.0%

14.5%

1- June

Day of the break

79

31-Jul

22-Jun

15-May

06-Apr

28-Feb

Frequency

50.5%

Appendix 8 – Lake Bolac
Autumn break (pasture) - Lake Bolac

1-April

39.3%

28.6%

1-June

Day of the break
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31-Jul

22-Jun

15-May

06-Apr

28-Feb

Frequency

32.1%

Autumn break (crop) - Lake Bolac
1-April

35.8%

14.2%

1-June

Day of the break

81

31-Jul

22-Jun

15-May

06-Apr

28-Feb

Frequency

50.0%

Appendix 9 – Stockdale
Autumn break (pasture) - Stockdale
1-April

31.9%

2.5%

1-June

Day of the break
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31-Jul

22-Jun

15-May

06-Apr

28-Feb

Frequency

65.7%

Autumn break (crop) - Stockdale
1-April

19.1%

10.4%

1-June
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31-Jul

22-Jun

15-May

06-Apr

28-Feb

Frequency

70.5%

Appendix 10 – Winchelsea
Autumn break (pasture) - Winchelsea
1-April

43.0%

28.9%

1-June

Day of the break
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31-Jul

22-Jun

15-May

06-Apr

28-Feb

Frequency

28.1%

Autumn break (crop) - Winchelsea
1-April

39.2%

9.0%

1-June

Day of the break
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31-Jul

22-Jun

15-May

06-Apr

28-Feb

Frequency

51.8%

