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CHAPTER 3.
PHYSICAL
HORTICULTURAL SITE

CHARACTERISTICS

OF

THE

3.1 Site selection
The research investigations were conducted at a 300 hectare horticultural lot of
irrigated land on which vegetable crops are grown in year-round rotation. The
property is owned by Coast Pastoral Property Pty Ltd. and operated by Beta Farms
Pty Ltd. It is located approximately two kilometres inland from the coast, near
Binningup, 120 kilometres south of Perth on the western edge of the Swan Coastal
Plain (Figure 1-2).
3.1.1

Study site overview

Horticulture was initiated at this site in 2004 and has been substantially expanded
since 2008. The water is extracted from three large ponds (W1, W2 and W3) that
were excavated 3 to 4 m into the water table (Figure 3-1). The Coastal Limestone
within which they are built enables the ponds to retain a box-shaped configuration
below the water table and allows water to be drawn preferentially from the surface
layer of the aquifer.
Pond W1 has been a water source since the beginning of the horticultural operation
and is in the middle of an area that has been cropped annually since 2002. It provides
good quality irrigation water in the surface three metres and is homogenous in
salinity profile.
Water quality between the three ponds has been shown to vary and it is thought the
reason for this is that the land had previously been cleared, planted and harvested
using a 15-year crop of Tasmanian blue gum. As a result, the upper levels of the
aquifer were modified by high evapotranspiration which would have varied with
intensity over the area currently used for horticulture.
Pumping is via large direct-drive diesel pumps, the property presently has a licence
to draw 2,100,000 m3 of water per year and this occurs predominately in the period
between November and April.
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Figure 3-1: The three ponds W1, W2 and W3 from which irrigation water is extracted.
Monitoring bore MB2 is also shown.

Work by Meagher (2010) indicated that the vegetable crops used an average of
between 10,000–13,000 m3 of water per hectare, approximating between 8.5 mm and
11 mm per day for a 17-week summer crop and is consistent with the intended
12 mm per day application for mid-to-late stages of a crop (M. Dell’Agostino pers.
comm.)
The property has four monitoring bores and is adjacent to an array of long-term
monitoring wells on Binningup Road managed by the Department of Water, Western
Australia (DoW). Monitoring bore two (MB2), shown in Figure 3-1, is located on the
eastern boundary of the property and, due to the small horizontal east to west
hydraulic gradient (Smith and Hick 2001), it provides an indication of the underlying
aquifer’s water quality before it passes below the property.
Consistent differences in water salinity exist between the three ponds on the
property, although the three are separated by 1.2 kilometres in distance running north
to south. Pond W1 is 550 m from both W2 and W3. The proximity of Coastal
Limestone to the surface and the shallow groundwater gives the leached solutes the
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ability to rinse away to the underlying aquifer which, under the increased hydraulic
gradients experienced in the winter months, may be transported from the vegetable
crop.
The property is six kilometres south of the Myalup agricultural weather station that
provides both historical and real-time data on the full array of weather detail relevant
to horticulture. The Bunbury Port Authority maintains a detailed oceanographic
station, monitoring tide, sea level, water temperature and wind velocity.
The horticulture operators maintain accurate records of water use from each pond,
together with fertiliser and chemicals application to crops. Thus, the property is set
out in a configuration that is similar to a large-scale laboratory experiment, with
appropriate test situations and controls.

3.2 Climate
The climate of the area is Mediterranean, where summer months provide hot dry
conditions and the winters are wet and cool. While the climate of the region is well
known, it was the weather and rain events that were of particular importance to this
research. Observations recorded at the Myalup automatic weather station maintained
by the Department of Food and Agriculture Western Australia (DAFWA) were used
in this investigation and Figure 3-3 to Figure 3-7 present average annual rainfall,
daily rainfall, daily minimum and maximum temperatures, solar radiation, pan
evaporation and mean wind speed are presented for 2011 respectively. There was
above average annual rainfall for the investigation year in comparison to the previous
year (2010), which recorded 50 per cent less rain over more rain days (Figure 3-2).
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Figure 3-2: Myalup average annual rainfall compared to rain days (DAFWA 2015c).

Figure 3-3 presents the daily rainfall data indicating the number of rainfall events at
greater than 30 mm. Rainfall events during the summer months are defined.

Figure 3-3: Myalup daily rainfall for 2011.

Figure 3-4 shows the comparison of summer and winter temperatures characterised
by the Mediterranean climate. This trend is further demonstrated in the following
graphs.
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Figure 3-4: Daily maximum and minimum temperatures for 2011.

Figure 3-5 shows the effect of solar radiation during the summer period as a
contributor to high summer evaporation rates.

Figure 3-5: Total solar radiation for 2011.
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There were extreme differences in evaporation rates between the summer and winter
months and pan evaporation ranged from 0.6 mm in winter to 11.9 mm in summer
(Figure 3-6).

Figure 3-6: Annual pan evaporation for 2011.

Wind patterns for the summer months included easterly winds during the morning
and south-westerly sea breezes during the afternoon (Figure 3-7). Winds during the
winter months were observed to be associated with frontal systems and were variable
in direction.

Figure 3-7: Mean wind speed for 2011.

In conclusion, the annual weather observations provided illustrate the Mediterranean
climate and in particular, the high temperature, low humidity and high
evapotranspiration conditions of the summer.
30

3.3 Geology
The geology of the area is well described by Rockwater Pty Ltd. (2009) in a
hydrogeology study from Dawesville to Binningup which states:
“The Quaternary to early-Tertiary formations in the area have been informally termed the
superficial formations (Commander 1988) and this terminology is used here. The entire
section of the superficial formations has previously been referred to [as] the Tamala
Limestone and, at the surface along the coast, the Safety Bay Sand. However, Semeniuk
(1995) has redefined the stratigraphy of the upper part of the Pleistocene and Holocene
section in the Yalgorup Plain area. For convenience, these new units are herein included as
part of the superficial formations. This work has provided detail which describes complex
lithological sequences. The lower part of the superficial formations remains undifferentiated
under Semeniuk’s (1995) scheme and the previous terms, Tamala Limestone and Ascot
Formation, have been retained here for this section. The available lithological data are not
as detailed for the lower part of superficial formations as for the upper part in the study
area” (p. 5).

Limestones, sands, karst surfaces, and calcretes underlying the Mandurah-Eaton
Ridge, the Yalgorup Plain, and the Quindalup Dunes of the Leschenault-Preston
barrier (Figure 3-8) form the hydrological framework of the area, with major intake
zones (recharge zones) influenced by the occurrence of quartz sand formations, and
pipe-punctured limestone, and the transmissivity of the Pleistocene formations
determined/influenced by the limestone grainsize, amount of cementation,
calcretisation, occurrence of calcrete sheets, and macrokarst and microkarst
development (Semeniuk 1997).
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Figure 3-8: Regional geology and geomorphology (Semeniuk 1997).

Semeniuk (1995) noted that Pleistocene limestones and quartz sand form distinct
tracts of terrain on the Yalgorup Plain. Previously, the limestone units in this area
were referred to as the Tamala Limestone, but they can be identified as distinct units
by their lithology, stratigraphy and geography. This author also noted that they are
lithologically distinct from the Tamala Limestone at its original location, at its type
section, and from the calcarenitic aeolianite regarded as Tamala Limestone in the
central Swan Coastal Plain of the Perth regional area.
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The research location predominantly overlies the upward shoaling limestone system
referred to as the Kooallup Limestone that underlies a Pleistocene landform termed
Kooallupland (Semeniuk 1995).

3.4 Soil
The Spearwood sands of the Spearwood dune system occur on the western slopes of
the Cottesloe Association at the junction with landscape developed on marine
limestone (Yoongarillup Association). The Spearwood dune system is generally
described as comprising two soil associations, the Cottesloe (to the west) and
Karrakatta (to the east) (Bolland 1998; McArthur 2004).
Eroded sand was blown inland, which exposed the darker coloured sand (Cottesloe)
and limestone as described by Bolland (1998), who concluded that the multitude of
names used for the sands of the Spearwood dune system, including Cottesloe and
Karrakatta, has led to confusion. The sandy yellow soils within the Spearwood dune
system, including those of the Karrakatta association, are commonly referred to as
Spearwood sands (Rowe et al. 2017) and will be used to refer to the yellow and
brown sands overlying the coastal limestone within 1.5 m of the surface.
Soils at the research location are characterised as shallow to moderately deep
siliceous yellow-brown sands with minor limestone outcrop and are therefore
referred to here as Spearwood sands for the purpose of characterising their physical
and chemical properties. The soils are fine to medium sands with a weak to very
weak consistence and single grain structure.
The Spearwood sands overlies the coastal limestone and varies in thickness from 0.5
to 2.5 m. Shallow soils of < 30 cm are common when associated with limestone
outcrops, as is experienced in some parts of the property not used for irrigated
horticulture.
The soil profile description (Table 3-1) with physical and chemical analyses of
Spearwood sands (Table 3-2) is consistent with soil mapping (McArthur 2004; Rowe
et al. 2017).
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Table 3-1: Description of the typical soil profile at the research site

Horizon

Depth (cm)

Description

A

0-30

Dark Brown, loamy fine sand, dry

B

30 – 50>100

Strong brown, loamy fine sand, moist soil

R

50>100 +

Limestone rock

Table 3-2: Physical and chemical analyses of Spearwood sands after Rowe et al. (2017)
Particle size (%)

Sample

pH

OC %

CaCO3 %

dS/m

depth
(cm)

EC

CS

MS

FS

<0.075mm

H 20

CaCl2

0-30

9

43

40

8

8.4

7.8

8

.77

3.3

30-100

6

35

53

3

8.3

7.4

3

.38

0.6

A cross-section of the soil (Figure 3-9) indicates that the surface 25–30 cm of topsoil,
in which the crops are grown, is dark-coloured and humic. It has a loamy sand
texture and is typical for topsoils with organic material present (Rowe et al. 2017).
While the change in colour is consistent with soil data for the local area, the sharp
contrast of the interface is believed to be representative of an artificial source, in this
case tilling of cover crops by tractor-drawn rotary hoe or cultivator. Cover crops of
oats and legumes are grown between crops on the property and are subsequently
ploughed in to the observed depth (M. Dell’Agostino pers. comm.). The karst
calcarenite hosts the superficial aquifer used on site and is illustrated in Figure 3-10.
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Figure 3-9: Interface of the tilled crop soil and undisturbed Spearwood sands at approximately
30 cm below the surface.

Figure 3-10: Cross-section of the soil and karst calcarenite layer from one of the irrigation
ponds.

3.5 Superficial aquifer
The quaternary deposits, along with tertiary accumulations are known locally as the
superficial formations and, when saturated, form an unconfined aquifer system
termed the ‘Superficial Aquifer’ (Smith and Hick 2001). The local components of the
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Coastal Limestone aquifer are depleted by a combination of leakage through the
shoreline, to local inlets and the occasional river system, plus in-situ
evapotranspiration of indigenous phreatophytic vegetation (Commander 1988).
The aquifer is known to become more saline at depth (Commander 1988) and
high-volume bores tend to draw it down and mix in more saline water. Occasionally
salinity levels are found to inhibit or preclude sprinkler irrigation.
The thickness of the unconfined Coastal Limestone aquifer beneath the study site is
known to be 14–20 m thick and have a heterogenic porosity of approximately 40 per
cent (Commander 1988; Rockwater Pty Ltd. 2000). The coastal strip of the
superficial aquifer is characterised by very high transmissivity, due to the secondary
porosity in the Coastal Limestone, and is generally associated with small horizontal
east-to-west hydraulic gradients (Smith and Hick 2001). Thus, although the aquifer is
regionally contiguous, it can be anticipated to have local preferential channelling of
groundwater flow. Steeper horizontal hydraulic gradients have however been
identified in hydrogeological logs from monitoring bores taken from the Department
of Water immediately north of the study site running east to west, along Binningup
Road.
The superficial aquifer contained in the Coastal Limestone occurs along the coast of
Western Australia from Geraldton to Bunbury. It is constrained to the west by
seawater intrusion and unconstrained to the east. It is replenished by a combination
of in situ rainfall and groundwater migration from an extension of the aquifer in
sandy soils to the east.
Results in Meagher 2010, indicate groundwater movement very different to
modelling previously conducted by Rockwater Pty Ltd. (2000; Figure 3-11) on the
site. The migration rate of groundwater observed below the property was found to be
such that the ponds can be rinsed completely on a daily basis, without any pumping.
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Figure 3-11: Modelling by Rockwater Pty Ltd. showing predicted groundwater flow underneath
the research location (Rockwater Pty Ltd. 2000).

3.6 Horticulture
The vegetable crops grown at the horticultural property are predominately potatoes
and carrots, with occasional onions. It is during the eight month, non-winter period
that large volumes of water are extracted from the underlying, but near-surface
aquifer (referred to as the superficial aquifer) and applied to the crops by overhead
sprinkler irrigation.
In addition to the climate and soil structure in the region, the availability of water and
TDS levels have a significant effect on horticulture. Without conditioning, the soils
are not fertile and are subject to rapid drying (Bolland 1998). The grower’s condition
the soil by planting cover crops, such as wheat, oats or lupins, then ploughing the
crop in while green (M. Dell’Agostino pers. comm.). This leads to local composting
and a build-up of humic material in the soil profile. The remnants of vegetable crops
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are similarly ploughed in. In carrot crops, this is substantial, because leaves are
stripped and turned into the soil during the harvesting process
3.6.1

Crop fertiliser

The property’s infertile soils necessitate that large quantities of fertiliser are applied
to crops. Average application rates are approximate to industry standards (as
described in Meagher (2010)) and accurate records are maintained by the operators
pursuant to their license conditions.
A suite of fertilisers appropriate for different stages of crop development are applied
and contain large quantities of the major nutrients nitrogen (N), phosphorous (P) and
potassium (K), moderate amounts of calcium (Ca) and magnesium (Mg), and small
quantities of trace elements.
The types of fertilisers typically applied include NPK (nitrogen, phosphorous,
potassium formula), K-Mag (potassium with magnesium and sulphur), sulphate of
potash (SOP), ammonium nitrate (AN), mono-ammonium phosphate (MAP), Hitrace (trace elements) and boron (B). Methods used to distribute the fertiliser include
banding, boom spraying and fertigation via the overhead sprinklers system. The total
elements applied to a typical crop from planting to harvesting are shown in Table 33.
Table 3-3: Quantities of elements applied to crops via fertilisation.

Element

Quantity (L or kg/ha)

Nitrogen (N)

265

Phosphorous (P)

170

Potassium (K)

631

Calcium (Ca)

14

Magnesium (Mg)

55

Iron (Fe)

0.8

Manganese (Mn)

0.65

Copper (Cu)

0.3

Zinc (Zn)

0.4

Boron (B)

1.7

Molybdenum (Mo)

0.1
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Overall application of fertiliser is relatively constant and varied between 43,000 to
47,000 kg in the years preceding the research period. Total nitrogen application rate
was recorded between 525 kg/Ha to 433 kg/Ha. Records of individual fertilisers and
fungicides, herbicides and insecticides are also applied during the crop growth when
required and records maintained by the horticultural managers.

3.7 Groundwater quality
Groundwater quality at the horticultural site is described in Meagher (2010) and TDS
and nitrogen from samples taken at MB2 and pond W1 are provided in that report,
where he describes the groundwater quality at MB2 as pristine and of low salinity
(200–300 ppm) and nitrogen (<0.5 ppm).
Results at W1 show that an average TDS of 800 ppm was maintained for the
monitoring period (2002–2010) and that nitrogen varied sporadically up to 5.8 ppm
(Meagher 2010). It is well known that leached nitrogen enters the water table beneath
vegetable crops on the Swan Coastal Plain. Long term TDS and nitrogen values are
provided in Figure 3-12 and Figure 3-13 respectively (Meagher 2010).

Figure 3-12: TDS values for W1 and MB2 from 2002-2010.

Figure 3-12 includes a regression line indicating that TDS levels at both W1 and
MB2 have remained relatively constant over the eight year monitoring period.
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Figure 3-13: Nitrogen values for W1 and MB2 from 2002-2010.

The nitrogen value in W1 has fluctuated widely over the eight year monitoring
period (Figure 3-14) in contrast to TDS, which has remained consistent at 800 ppm
with minor seasonal variation. There is a similar, but less conspicuous, trend in the
MB2 data. The occasional high MB2 nitrogen values in 2002–2004 were most likely
due to nitrogen input from another property to the east of the horticultural site.
The conclusion is that while there is some inevitable rinsing of nitrate and other salts
to the surface of the aquifer, infiltration and translocation of rainfall is sufficient to
maintain the basic water quality for sprinkler horticulture and thus the sustainability
of the practice. For example, the gradual rise and plateau of TDS in W2 and W3 is
more likely to have occurred from heavy drawdown, taking water from the western
side of the ponds, where the TDS is known to be higher - rather than from elevation
due to sprinkler irrigation to the east of the ponds.
3.7.1

Chemical composition

Pursuant to licence conditions, horticultural managers are required to obtain regular
water analyses for reporting purposes. The chemical composition of the groundwater
at W1, W2, W3 and MB2 (refer Figure 3-1) presented in Table 3-3 provides an
analysis of irrigation source water samples at the commencement of the research
project.
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Table 3-3: Groundwater chemical analysis at 08.02.2011.
Sample
code

pH

EC
25°

TDS
g/L
<
0.05

Chloride
mg/L <1

Sulfate
mg/L
<1

Orthophosphate
–P ug/P/L <2

NO3
+NO2
ug.N/L
<2

Total
P
ug.P/L
<5

Total
N
ug.N/L
<50

W1

7.6

1.3

0.83

140

310

14

3900

20

4400

W2

7.8

1.8

1.2

240

400

16

300

23

240

W3

7.7

1.3

0.78

180

140

18

<2

25

290

MB 2

7.3

0.3

0.23

23

60

22

140

69

710

3.7.2

Water use

There was extreme seasonal variation in water use on the property at the research
location (Figure 3-14 and Figure 3-15). There was also a marked short-term variation
in water application during the summer period. This variation, in part, reflects the
area and age of crops during summer. Predominantly however it was due to extreme
weather conditions (i.e. high temperature, low humidity and strong winds).

Figure 3-14: Volumes of water extracted between 2008 and 2010 (Meagher 2010).
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Figure 3-15: Volumes of water extracted between 2008 and 2010 (Meagher 2010).

Table 3-3 presents the volume of water extracted, in litres per month, at the property
in the research location during the winter and summer periods, and illustrates the vast
quantity of water required during the summer growing period.
Table 3-4: Historical records of water extracted (litres per month) (Meagher 2010).
Date

W1

W2

W3

Total

30/07/2008

2,058

28,221

1,130

31,409

30/08/2008

7,730

49,554

6,409

63,693

30/09/2008

8,630

74,309

5,260

79,569

30/10/2008

38,579

99,909

22,987

161,475

30/11/2008

30,242

115,419

26,262

171,923

30/12/2008

28,745

116,992

26,262

172,006

30/01/2009

24,550

116,477

26,262

167,289

28/02/2009

18,106

111,727

26,262

156,095

30/03/2009

4,503

108,127

62,266

175,396

30/04/2009

1,930

11,358

2,563

15,851

30/05/2009

1,623

12,061

2,564

16,248

30/06/2009

1,854

34,454

3,172

39,480

168,550

878,608

211,399

1,250,434

W1

W2

W3

Total

Date
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30/07/2009

1,854

35,484

7,093

44,431

30/08/2009

1,556

6,000

347

7,903

30/09/2009

15,986

48,586

22,297

86,869

30/10/2009

7,130

22,231

14,733

44,094

30/11/2009

20,034

75,650

20,098

115,789

30/12/2009

11,148

107,467

11,709

130,924

30/01/2010

53,028

103,123

20,055

176,206

28/02/2010

33,054

79,673

14,480

127,207

30/03/2010

28,895

85,160

18,957

133,012

30/04/2010

28,896

85,241

19,258

133,395

30/05/2010

17,444

46,565

17,479

81,488

30/06/2010

529

13,394

4,416

18,339

219,554

708,574

170,922

1,099,657

Approximately 1,000 mm of sprinkler water is applied to each area of crop in
addition to the average rainfall of 800 mm (Figure 3-16).
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Figure 3-16: Monthly crop water use in tonnes per hectare.

3.8 Evaporative conditions
Overseas experimental studies on sprinkler irrigation have reported losses up to 45 %
of the applied water through evaporation (Bavi et al. 2009; Uddin et al. 2014)
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however studies by Naughton (2009) have shown that evaporative losses at the
sprinkler head during the peak summer period can range from between 25 and 40 per
cent. This is as a result of occasional meteorological conditions at Binningup, such as
high temperatures, high wind and high solar radiation, coupled with low humidity.
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