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CHAPTER 5.

RESULTS

This chapter describes the results obtained from investigating if seasonal rainfall is
sufficient to effectively rinse the soil profile of salts and replenish the irrigation
source water. The following data for the P003 winter Ruby Lou potato crop and the
C003 summer carrot crop are presented: rainfall and irrigation application; soil water
content; and crop salinity. This is followed by a description of the groundwater
quality data, including TDS and nitrogen concentrations.

5.1 P003 winter Ruby Lou potato crop
5.1.1

Crop precipitation

Weather data
Mean pan evaporation data recorded by the Myalup weather station for the winter
investigation was 2.25% (Figure 5-1). Five rainfall events of more than 30 mm
occurred, a number before the crops were planted and total rainfall over the 85 day
investigation period was 451 mm.

Figure 5-1: Precipitation and evaporation data recorded at the Myalup weather station
illustrates the low evaporation rates experienced during investigation P003.
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Rain gauge data
Total crop precipitation/irrigation was 597 mm for the investigation period (Figure
5-2) while the total irrigation water received by the crop was 146 mm.

Figure 5-2: P003 crop rain gauge results highlight three heavy rainfall events which occurred on
25/06/11, 28/06/11 and 13/08/11 respectively.

In comparison, the control rain gauge installed just outside the crop collected a total
precipitation/irrigation value of 564 mm (Figure 5-3).
Given these results, total applied water to the crop for the investigation was
calculated at 146 mm while the total applied water at the control was 113 mm. The
increased volume recorded by the crop rain gauge in the early stages of the
investigation can be attributed to exposure to increased volumes of applied water.
This was a result of the rain gauge placement within the crop and within the area
covered by the overhead sprinkler array. The control rain gauge was placed at the
outside edge of the irrigated area and thus only exposed to the water applied by one
sprinkler head.
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Figure 5-3: P003 crop and control rain gauge results illustrate minor differences observed
between gauges; in particular, toward the end of the investigation as the crop reaches maturity.

In the early stages of crop development, the rain gauges were also found to be
subject to mild silting within the instrument’s funnel due to sand being splashed by
heavy rainfall. High wind, absence of adequate windbreaks, minimal ground cover
and foliage appeared to cause a moderate amount of soil to be displaced, which was
evident by soil on the side of the rain gauges (Figure 5-4).

Figure 5-4: The effect of high wind and rain on the soil during the investigation on 01/07/2011.

It was observed that the volume of water recorded and the time at which it passed
through the funnel may not have reflected the actual time of precipitation and/or
irrigation. This affected observations in both the crop and control rain gauges at
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certain times. However, it was considered that the discrepancy did not materially
affect the interpretation of results.
During the latter stages of crop maturation, the rain gauge funnel was occasionally
found to be shaded by the plant leaves. This had the effect of either deflecting and/or
channelling rainfall and/or sprinkler application, depending on the how the foliage
obstructed the instrument (Figure 5-5).

Figure 5-5: The rain gauges situated under foliage within a potato crop (left) and in an onion
crop (right).

This observation is evident in Figure 5-3 indicating that toward the end of the crop,
the crop rain gauge was found to receive less precipitation and/or irrigation than that
of the control.
Wind speed and direction were also found to affect the uniformity of irrigated water
dispersion. Strong winds, prevalent from the east during the morning watering period
in summer months, often carried water across the crop resulting in uneven
application. It was considered however that the volume of water received at the soil
surface corresponded adequately with the soil water content recorded by the
associated capacitance probe.
Precipitation and irrigation water
A comparison of results from the in situ rain gauge are plotted with Myalup weather
station rainfall data in Figure 5-6. The absence of weather station rainfall data and
the presence of in situ data are indicative of an irrigation application. This was
verified by records maintained by the horticultural managers.
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Figure 5-6: A comparison of rain data from the Myalup weather station and in situ rain gauge
identifying days in which rain fell, days in which irrigation water was applied, and days of both
irrigation and rain.

As noted earlier, irrigation is applied during the winter growing period for initial preirrigation practices, fertigation and frost control. In comparison to the summer, very
little irrigation is required during the winter growing period. Of the 597 mm total
crop precipitation/irrigation recorded, rainfall comprised approximately 75 per cent
(451 mm) and irrigation 25 per cent (146 mm).
The Myalup weather station records data from 09:00 to 09:00 on the following day.
The Odyssey rain gauges recorded data between 00:00 and 00:00 on the following
day. Figure 5-6 shows how a number of showers may comprise a daily total. It also
shows that the similarity of readings is good, other than for the high rainfall events
between 24/06/11 and 01/07/11.
Rainfall intensity and duration
Documentation of rainfall percolation through the soil profile of crops to determine
if, when, and how rinsing of accumulated salt occurs was essential to the
investigation and three high rainfall winter events of short duration were
investigated. A summary of the winter rainfall events that were analysed is presented
in Table 5-1 and graphically in Figure 5-7 to Figure 5-9.
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Table 5-1: Summary of P003 rainfall events.
Date

Event

Crop precipitation

24/06/2011

A

64 mm

28/06/2011

B

71 mm

13/08/2011

C

49 mm

Figure 5-7: P003 rainfall Event A occurring 24/06/2011 with rainfall intensity shown in 15
minute intervals.

Results for Event A indicate that crop precipitation was 64 mm over 12 hours, with
the highest intensity (11 mm) falling over a 15-minute period. Crop precipitation was
64 mm, the Myalup station recorded 50.4 mm and the control rain gauge indicated
51.3 mm. As crop precipitation was 12.7 mm greater than the control and 13.6 mm
greater than the weather station record, it is probable that additional water was
applied to the crop by the horticultural managers during this event.
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Figure 5-8: P003 rainfall Event B occurring on 28/06/2011 with rainfall intensity shown in 15
minute intervals.

Event B crop precipitation was 71 mm over about six hours although an additional
fall was captured and recorded as the same event. Approximately 18 mm fell in one
15-minute interval. Event B was the highest recorded daily rainfall total for the
investigation period. The Myalup weather station recorded 49.6 mm (however, it
recorded 25.2 mm the following day) and the control rain gauge indicated 61.6 mm.
Event C had 49 mm precipitation over five hours with nearly 30 mm recorded in one
hour (Figure 5-9).
In general, results from all three events indicate that the control rain gauge recorded
24 per cent less applied water than that of the crop rain gauge.
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Figure 5-9: P003 rainfall Event C occurring 13/08/2011 with rainfall intensity shown in 15
minute intervals.

5.1.2

Soil water content

Gravimetric soil moisture
Gravimetric soil water content measured during the P003 investigation demonstrated
that the soil retained high moisture through the soil profile with the exception of the
50 cm interval on 20/08/2011 (Figure 5-10).
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Figure 5-10: Gravimetric soil water content is presented for two occasions through the
investigation period. No data was recorded at the 20 cm interval on 01/07/2011.

Soil samples were taken at 08:00 on the 01/07/2011 and 14:00 on 20/08/2011.
Probe soil moisture
In the results presented here, it is important to note that the traces are not given in
order down the profile, nor do they reflect true quantitative results. Interpretation was
facilitated by taking soil samples and directly analysing them for both moisture
content and TDS of the soil moisture. Changes in soil compaction and growth of
vegetables close to the probe sensors led to changes in sensitivity that would have
required continual recalibration. It was concluded that precise quantitative data was
not required to answer the research question in regard to sustainability. To address
this, the qualitative results down the soil profile in response to potential rinsing
events are required and qualitative raw data was used from the P003 and C003
investigations.
Uncalibrated soil moisture values for P003 are given in Figure 5-11 during which
time the crop was maturing and the soil compacting. Uncalibrated soil moisture
values for the control moisture probe are given in Figure 5-12. Crop precipitation
volume and intensity at 15-minute intervals is also given or comparison in Figure
5-11 and Figure 5-12, along with Rain events A, B and C.
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Figure 5-11: P003 uncalibrated soil moisture illustrating effective infiltration through the 10-, 20-, 30- and 50 cm intervals down the profile in response to daily
water. Note that the 10 cm and 20 cm sensors read below the 50 cm sensor which is an instrument aberration in read-out.
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Figure 5-12: Uncalibrated ‘control’ soil moisture output illustrates effective infiltration through the 10-, 20-, 30- and 50 cm intervals down the profile in response to
daily water.
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There was an escalation in soil moisture approximately seven weeks into the
investigation (Figure 5-11) from 10/07/2011 at 10 cm and 20 cm, but little response
at 30 and 50 cm. There is a marked response at all levels after 18/07/2011. Soil
moisture recorded at the control site (Figure 5-14), just outside of the cropped area,
also showed escalation at the 20 cm and 30 cm intervals on 18/07/2011. No rainfall
was recorded on 18/07/2011. However, the rain gauge did record 6.4 mm, likely a
result of applied water or fertigation from the irrigators.
The sharp increase and decrease of the 50 cm soil moisture curve (Figure 5-13)
indicates that soil saturation limits had been reached. The four clear responses
observed in the 50 cm moisture curve include Events A, B and C.
Response to rainfall events
Figure 5-13 through to Figure 5-15 show rainfall data overlayed with soil moisture in
response to Events A, B and C respectively. The qualitative data demonstrate the rate
of infiltration and indicate approximate times at which percolation through the soil
profile past the root zone occurred, thus rinsing it.

Figure 5-13: P003 soil moisture increases are shown at each interval down the soil profile in
response to rainfall from Event A.

69

Figure 5-14: P003 soil moisture increases are shown at each interval down the soil profile in
response to rainfall from Event B.

Figure 5-15: P003 soil moisture increases are shown at each interval down the soil profile in
response to rainfall from Event C.

While the time taken for water to percolate from the surface to the 10 cm receptor is
cannot be determined, the time taken between the other receptors is evident in the
data. Based on the time taken to travel from the 10 cm interval to the 20 cm interval,
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it would appear to be 15–20 minutes. In general terms, the time taken for peak
saturation to travel the 40 cm between the 10 cm and 50 cm sensors can be calculated
to be from 1.5 to 3.5 hours.
Approximate response times for Events A, B and C to percolate through components
of the soil profile are given in Table 5-2 excluding the time taken for water to move
from the surface to the 10 cm interval.
Table 5-2: Moisture response times for rainfall Events A, B and C.
Interval (cm)

Response from previous
interval (mins)

Time moisture detected (approx.)
A

B

C

A

B

C

10

13:30

06:30

19:10

×

×

×

20

14:45

06:45

19:25

15

15

15

30

15:00

07:00

19:55

15

15

30

50

16:00

09:45

21:40

60

165

105

Response times observed between the 10-, 20- and 30 cm intervals in general are
similar, with the exception of Event C.
5.1.3

Soil salinity

Low TDS values generally occurred over the investigation period (Table 5-3).
Results from samples taken on 01/07/2011 were preceded by rainfall events A and B.
While salinities from 20/08/2011 all show an increase in TDS levels across all
intervals. The 20 cm interval could not be compared to a previous salinity measure.
During the course of soil sampling, the results for the 20 cm profile were lost and are
therefore presented accordingly as ‘no data’ (ND).
Table 5-3: Summary of salinity results for P003.
Date

Interval

Gravimetric
moisture (%)

EC

TDS (ppm)

01/07/2011

10

8.3

587

376

20

ND

ND

ND

30

7.2

819

524

71

20/08/2011

50

7.2

1255

803

10

7.3

4238

2712

20

6.5

1843

1179

30

6.3

1291

826

50

4.1

3301

2113

ND = no data

Standardised soil moisture
Standard values were calculated at 4, 6 and 8% as they realistically reflect the range
of soil moisture observed during the winter growing period and Figure 5-16 and
Figure 5-17 give TDS at these values against the observed soil moisture for the two
sampling events respectively. For the first sampling event, TDS increased with depth
and appeared to be the effect of salts rinsing through the soil profile to reach the 50
cm interval. Similarly, on 20/08/2011, there was an increase of TDS at the 50 cm
interval; however, the greatest TDS concentration was observed at the surface
interval.

Figure 5-16: TDS at standardised and observed percentage of soil moisture on 01/07/2011.
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Figure 5-17: TDS at standardised and observed percentage of soil moisture on 20/08/2011.

While there were a number of rainfall events before the investigation, the total
rainfall recorded at Myalup from its start (28/05/2011) to the first sample collection
on 01/07/2011 was 242.8 mm. Total crop precipitation/irrigation was 334.4 mm and
total applied water 91.6 mm, the latter having a TDS of 900 ppm. Using Brouwer
and colleagues (1985) estimation, total salts applied to the crop during the
investigation can be calculated as follows:


91.6 L of applied water per m2 of crop = 916,000 litres per hectare



0.9 g/L × 91.6 L = 82 g of salt per m2 = 0.82 tonnes of salt per hectare.

Total applied water recorded for the investigation was 146 mm and expected salts in
the crop without rain or rinsing can be calculated as:


0.9 g/L × 146 = 1.31 g of salt per m2 = 1.3 tonnes of salt per hectare.

Salinity and yield
Using the soil salinity yield threshold given for potatoes by PIRSA (2007, Table
5-4), soil salinities were below the threshold value at all observed levels, with the
exception of the 10 cm interval on 20/08/2011 (Figure 5-18 and Figure 5-19).
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Table 5-4: Potato yield threshold values (PIRSA 2007).
Yield

100% (EC/TDS)

75% (EC/TDS)

50% (EC/TDS)

Potato

3,400/2,176

7,600/4,864

11,800/7,552

P003 Salinity and Yield
8000
7000

TDS (ppm)

6000
5000

P003 Soil

4000

100 % yield

3000

75 % yield

2000

50 % yield

1000
0
10 cm

20 cm

30 cm

50 cm

Inteval

Figure 5-18: Soil TDS observed on 01/07/2011 show that they do not exceed recommended yield
threshold values.

P003 Salinity and Yield
8000
7000

TDS (ppm)

6000
5000

P003 Soil

4000

100 % yield

3000

75 % yield

2000

50 % yield

1000
0
10 cm

20 cm

30 cm

50 cm

Interval

Figure 5-19: Soil TDS observed on 20/08/2011 show only a minor exceedance of the
recommended yield threshold values.
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Crop soil salinity was shown to be below the recommended 100 per cent yield
threshold value at all observed levels, with the exception of the 10 cm interval on
20/08/2011.

5.2 C003 summer carrot crop
5.2.1

Crop precipitation

Weather data
Pan evaporation and rainfall were recorded by the adjacent Myalup weather station
(Figure 5-20) and it is evident that high evaporation occurred over summer months
compared to winter (7.75% vs 2.25% respectively). While two rainfall events greater
than 20 mm were recorded by the station, the crop rain gauge only recorded one
event at greater than this value.

Figure 5-20: Rainfall and evaporation data recorded at the Myalup weather station for
investigation C003.

Rain gauge data
Data from the rain gauge at C003 illustrates the two high rainfall events occurring in
the carrot summer crop over the investigation period (04/12/2011-27/01/2012, Figure
5-21).
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Figure 5-21: C003 crop precipitation/irrigation results.

C003 precipitation and irrigation
Figure 5-22 provides a comparison of the in situ rain gauge data and rainfall recorded
at the nearby Myalup weather station. The graph differentiates between days in
which rain fell and days in which sprinkler water was applied. Data between
18/01/12 and 27/01/12 were lost as a result of an error in the data logger. Observed
differences in the volumes of rainfall recorded by the Myalup weather station and the
rain gauge are attributed to the same reasons stated in the winter investigation.
Total Myalup rainfall was recorded at 58.8 mm and total crop precipitation/irrigation
recorded by the rain gauge was 379 mm to 19/01/2011. Given these results, the total
applied water to the crop for the investigation period was 320.2 mm. Thus rainfall
comprised approximately 15 per cent of total precipitation and applied water 85 per
cent.
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Figure 5-22: Rain gauge data from the Myalup weather station differentiates precipitation and
irrigation.

Sprinkler applications occurred daily during the C003 investigation and their
duration varied from between 60 and 75 minutes between 07:00 and 12:00 hours.
Horticultural managers strive to apply 10–11 mm of irrigation water daily (even on
rainy days). So assuming 10–11 mm of sprinkler water during a one-hour period, the
difference between applied water and daily rain gauge records can be attributed to
the high evaporation rates experienced during the summer months (Figure 5-23).

Figure 5-23: Rain gauge data and Myalup pan evaporation.

The data indicates the difficulty irrigators have in supplying sufficient water to the
crops in excess of evaporation and that, on most days, 11 mm supplied at the
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sprinkler head is not realised at the crop surface. It also shows that in most instances
the applied water received at the crop surface is less than the recorded evaporation.
Rainfall intensity and duration
Two rainfall events were recorded during the C003 investigation and a further 3 mm
of rainfall was recorded at the Myalup weather station on the 05/01/12. Irrigation
water was applied simultaneously (Table 5-5).
Table 5-5: C003 rainfall event summary.
Date

Event

Crop precipitation (mm)

07/12/11

D

18.8

12/12/2011

E

34.2

05/01/2012

F

13.1

For the purpose of this investigation the rainfall event occurring on the 12/12/2011
was selected for further analysis and the intensity of hourly rainfall for this day is
given in Figure 5-24.

Figure 5-24: C003 rainfall Event E.
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The graph demonstrates the intensity and duration of the applied water by rainfall.
Importantly, this graph presents not just the daily rainfall volume but the intensity
with which it falls.
5.2.2

Soil water content

Gravimetric soil moisture
The gravimetric soil water content through the profile was representative of the time
of day that the samples were taken and the maturity of the crop (Figure 5-25). It also
demonstrates the range of soil moisture expected during the summer growing season.
As a result of the horticultural managers preference to irrigate early in the day,
samples were often taken after irrigation water had been applied. Thus the following
observations were recorded with the results:


04/12/2011 – sampling conducted approximately one hour after irrigation.



11/12/2011 – sampling conducted approximately 30 minutes after irrigation.



20/11/2011 – sampling conducted immediately after irrigation.



27/01/2012 – sampling conducted first thing in the morning with no irrigation
since the previous day.

Figure 5-25: C003 Gravimetric soil water content.

79

5.2.3

Probe soil moisture

Uncalibrated soil moisture values for C003 illustrate effective infiltration through the
10-, 20-, 30- and 50 cm intervals down the profile in response to daily water (Figure
5-26). It should also be noted that during this period, the crop was maturing with
associated soil compaction (Figure 5-27).
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Figure 5-26: C003 soil moisture at 10-, 20-, 30- and 50 cm.
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The summer data illustrate a similar escalation in soil moisture to the winter
investigation (Figure 5-26) and six weeks into the investigation, an escalation in the
four soil intervals was observed. Irrigation applications are evident by the sharp
increase and decrease observed at the 10 cm interval. As noted earlier, there is a low
holding capacity of the porous soil at this interval. Although not as extreme, the 20
cm interval showed corresponding increases in soil moisture as shown in the 20 cm
interval curve.

Figure 5-27: Proximity of carrots within the soil profile illustrating soil compaction.

Rainfall events
The soil moisture data shows the 50 cm interval for the duration of the investigation
and defines the occurrences of effective rinsing at that depth (Figure 5-26). As noted,
equipment malfunction caused a data gap from 19/01/2012 to 27/01/2012. However,
the weather station records indicate no rain fell during this period. It was assumed
that daily irrigation water was applied at the same rate, thus the escalation in
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moisture should not be attributed to any increased amounts of irrigation water or
rainfall.
Response to rainfall events
Figure 5-28 presents a graphical illustration of C003 soil moisture at the 10-, 20-, 30and 50 cm intervals in response to rainfall Event D on 12/12/2011–13/12/2011. The
C003 soil moisture graph shows soil moisture registered at the 50 cm interval at
02:30 on 13/12/2011 and rainfall for 12/12/2011 was 17.9 mm between 08:00 and
12:00. Moisture was initially registered at the surface and 20 cm interval with only a
slight indication at the crop root 30 cm interval and no registration at 50 cm.

Figure 5-28: C003 soil moisture increases are shown at each interval down the soil profile in
response to rainfall Event E.

Further rainfall received later during the evening on 12/12/2011 showed 12.8 mm
between 20:00 and 22:00. This subsequent event was registered by the 20-, 30- and
50 cm, suggesting rinsing down the profile beyond the root zone. The soil moisture
reading at the 50 cm interval registered at approximately 03:00 on 13/12/2011.
Approximate moisture response times for Event E are given in Table 5-7 along with
the time taken between intervals, excluding that at 10 cm.
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Table 5-6: Moisture response times for rainfall Event E.
Interval (cm)

Time moisture detected (approx.)

Response from previous
interval (mins)

10

08:45

×

20

09:15 and 11:00

60 mins

30

15:00

345 mins

50

02:30 (13/12/2011)

690 mins

Effective rinsing
The substantial summer rainfall event defined as Event E showed that rainfall
infiltration extended through the soil profile to beyond the 50 cm interval.
5.2.4

Soil salinity

The effectiveness of this rinsing/dilution event is clarified by further examining the
amount of root zone salts rinsed by the event. Soil samples were taken on
04/12/2012, 11/12/2012, 20/12/2011 and 27/01/2012 and analysed for gravimetric
moisture, EC and net TDS (Table 5-7).
Table 5-7: C003 Soil salinity and associated soil moisture results.

Date

Interval
(cm)

Gravimetric
moisture
(%)

Net EC µS/cm

Net TDS (ppm)

4/12/2011
12:30 WST

10

5.4

28,030

18,128

20

6.5

18,986

12,291

30

3.6

25,045

16,459

50

4.1

6,062

3,903

10

7.1

12,102

7,745

20

7.7

12,400

7,936

30

7.0

13,304

8,514

50

6.1

7,133

4,565

10

7.3

9,170

5,869

11/12/2011
10:00 WST

20/12/2011
09:30 WST
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27/01/2012
07:30 WST

20

5.7

16,801

10,753

30

7.6

10,584

6,774

50

3.6

8,294

5,308

10

4.8

19,389

12,409

20

5.4

27,309

17,478

30

4.1

29,178

18,674

50

3.1

26,974

17,263

Note: µS/cm = microsiemens per centimetre. WST = Western Standard Time.

Crop soil salinity pre-rainfall and post-rainfall events
Rainfall Event D (07/12/2011) reduced salinity in the 10-, 20- and 30 cm intervals.
However, there was an increase at 50 cm. Accumulated salts from the surface and
crop root zone appear not to have fully percolated to the 50 cm interval (Figure
5-29).

Figure 5-29: A reduction in soil profile salinity was observed subsequent to each rain event.

Rainfall Event E (12/12/2011) further reduced salinity in the 10 cm and 30 cm
intervals and an increase in the 20 cm and 50 cm intervals was observed; indicating
that salt had been rinsed down the soil profile but not necessarily rinsed out it.
No rain was recorded between 20/12/2011 and 27/01/2012, at which date this
investigation ended and a large increase in salinity was observed across all intervals.
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Salinity at the 50 cm interval was shown to increase throughout the investigation.
Gravimetric soil moisture content for each sample is given in Figure 5-30.

Figure 5-30: Gravimetric soil water content plotted against salinity at each sampling event
demonstrates the variation in soil water content of the soil samples taken.

Standardised soil moisture and salinity
Soil moisture and gravimetric data show that the moisture content varied markedly
through the daily watering cycle from as high as 9.5 per cent of dry soil weight
which approximates pore space saturation to 4.0 per cent. Assuming that the salt
stays in situ, this indicates that the salinity of soil moisture varies substantially in
response to percolation and evapotranspiration.
A standard value was calculated at three moisture percentages realistically
representing the observed range of soil moisture content (4, 6 and 8%, Table 5-8).
The data would appear to explain much about the soil moisture and TDS fluctuation
in the crop. The samples taken on 04/12/2011 were prior to an irrigation application.
It also shows that the salt appears to remain in the top 50 cm of the soil.
Table 5-8: Standardised TDS at 4%, 6%, and 8% moisture across all soil intervals
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Date

4/12/2011

11/12/2011

20/12/2011

27/01/2012

Interval

Gravimetric
Moisture %

TDS at
Actual

4%

6%

8%

10

5.4

18,128

24,473

16,315

12,236

20

6.5

12,291

19,973

13,315

9,986

30

3.6

16,459

14,813

9,875

7,407

40

3.2

13,093

10,474

6,983

5,237

50

4.1

3,903

4,001

2,667

2,000

10

7.1

7,745

13,747

9,165

6,874

20

7.7

7,936

15,277

10,185

7,638

30

7

8,514

14,900

9,933

7,450

40

6.9

7,838

13,521

9,014

6,760

50

6.1

4,565

6,962

4,641

3,481

10

7.3

5,869

10,711

7,141

5,355

20

5.7

10,753

15,323

10,215

7,662

30

7.6

6,774

12,871

8,580

6,435

40

4.5

8,511

9,575

6,383

4,787

50

3.6

5,308

4,777

3,185

2,389

10

4.8

12,409

14,891

9,927

7,445

20

5.4

17,478

23,595

15,730

11,798

30

4.1

18,674

19,141

12,761

9,570

40

3.1

20,900

16,198

10,798

8,099

50

3.1

17,263

13,379

8,919

6,689

TDS at 6 per cent soil water content
The calculated 6 per cent moisture is given in Figure 5-31 with the two rainfall
events shown as D and E. This indicates the comparative TDS content at each profile
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interval that could have been expected to occur at some time during the watering
cycle. The crop also received daily sprinkler irrigation of approximately 11 mm.

Figure 5-31: The response to rainfall events is shown to reduce salinity in the soil profile.

The 20 cm interval contained the highest average TDS (12,361 ppm). Data
demonstrates the effect of the fortuitous summer rainfall events in reducing salinity
in general and the absence of a rainfall event between 20/12/2011 and 27/01/2012
was coincident with the rapid escalation of salinity in the mature crop in midsummer.
Measurement of TDS from collector trays, after the water had travelled from the
sprinkler to the ground, showed an increase in TDS of 5–35%, depending on
temperature, relative humidity and wind speed. Thus, in periods when the crop was
under maximum evapotranspiration stress, the applied water had an effective TDS of
1,300 ppm and a reduced volume.
Accumulated salts without a rainfall event
In this case, the total crop precipitation/irrigation was 379 mm and total applied
water 320.2 mm. Expected salts applied to the crop were calculated assuming TDS of
the applied water during the summer to be 1,300 ppm (Meagher 2010) with 320 litres
of applied water per m2 crop = 3,200,000 litres per hectare (ha):


g/L × 320 L = 416 g of salt per m2 = 4.16 tonnes salt per hectare.
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A summary presenting the percentage increase and/or decrease in TDS at a
calculated 6 per cent soil moisture is given in Table 5-9.
Table 5-9: Percentage increase or decrease TDS post-rainfall.
Interval (cm)

04/12/11–11/12/11
(post-rain) +/– (%)

11/12/11–20/12/11
(post-rain) +/– (%)

20/12/11–27/01/12

10

–44

–22

+39

20

–24

+0.3

+54

30

+0.6

–14

+49

50

+74

–31

+180

(no rain) +/– (%)

Salinity thresholds
Figure 5-30 shows the soil salinity results during the investigation period against the
yield threshold values for carrots given by PIRSA (2007, Table 5-10). Data from this
study determined that TDS levels at all four intervals on 04/12/2011exceeded the
50% limits (Figure 5-32).
Table 5-10: Yield threshold values for carrots.
Yield

100% (EC/TDS)

75% (EC/TDS)

50% (EC/TDS)

Carrot

2,000/1,280

5,800/3,710

9,200/5,890
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Figure 5-32: Soil TDS observed during the investigation shows that exceedances of
recommended yield threshold values.

There was a reduction in TDS on 11/12/2011 after rainfall Event D. However,
exceedance of the 50% yield threshold for the 10-, 20- and 30 cm intervals still
occurred, while TDS at the 50 cm interval (beyond the crop root zone) was between
the 50% and 75% yield limits.
After further rainfall (i.e. Event E) on 20/12/2011, further reduction in soil salinity
was also observed. Exceedance of the 50% threshold was seen in the 20 cm and
30 cm intervals and the 10 cm and 50 cm intervals were between 50% and 75%. On
27/01/2012, all intervals exceeded the 50% limits.
Figure 5-33 to Figure 5-35 display the standard interval salinity calculated at 4%, 6%
and 8% soil moisture reflecting levels representative of the lowest, average and
highest moisture values observed.
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Figure 5-33: TDS levels and yield expected at 4 per cent soil moisture reflects the lowest soil
moisture content observed reached during periods of high ET demand.

TDS calculated at 4% soil moisture provides indicative results for the lowest
expected soil moisture readings and indicates the effect of shrinking soil water
volume with consequential increased salt concentration in available soil water. At
this TDS level all crop growing intervals exceed the 50% threshold and only the 50
cm interval on 04/12/2011 and 20/12/2011 remained within the 50% threshold.
Figure 5-34 presents the standardised TDS for 6% soil moisture at each interval and
indicates an exceedance of the 50% threshold for the growing period at the 10-, 20and 30 cm intervals throughout the duration of the investigation.
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C003 6 % soil moisture
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Figure 5-34: TDS levels and yield expected at 6 per cent soil moisture.

The 50 cm interval only exceeded the 50% threshold on 27/01/2012 and no rainfall
event occurred between 20/12/2011 and 27/01/2012. This demonstrates the
importance of maintaining moisture levels above 6 per cent between the surface and
30 cm intervals. Further analysis was conducted by applying the calculated 8% soil
moisture to the results and are presented in Figure 5-35.
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C003 8 % soil moisture
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Figure 5-35: Shows TDS levels and yield expected at 8 per cent soil moisture.

Expected crop salts
The general trend was that, in summer, the occurrence of rainfall reduced the soil
TDS at all levels while its absence had the effect of increasing it across all levels
(Table 5-11). Escalating TDS also aligns with the general escalation in soil moisture
across all intervals towards the latter period of the investigation.
Table 5-11: Expected total salts in the soil profile (ppm) at calculated soil water content.
Date

Observed

4%

6%

8%

04/12/2011

50,781

63,259

42,173

31,630

11/12/2011

28,760

50,885

33,924

25,443

20/12/2011

28,704

43,682

29,121

21,841

27/01/2012

65,824

71,006

47,337

35,503
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5.3 Groundwater Quality
5.3.1

Irrigation water quality

The source water W1 pond was centrally located with observed TDS levels that
ranged from 832 to 906 ppm during 2011 (Figure 5-36).

Figure 5-36: TDS at W1, W2 and W3 shows the stability of TDS levels in the irrigation source
water throughout the investigation period (see Figure 3-1 for locations).

TDS at W3, located at the southern end of the horticultural property ranged from 829
to 911 ppm, was very similar to W1. In contrast, TDS at W2 was consistently higher
than both W1 and W3 (1,119 to 1,187 ppm) during the same period. W2 is located
550 m from W1 and approximately 1.2 km from W3.
Laboratory analyses
Laboratory analyses, routinely undertaken by the horticultural property management,
were carried out during the investigation period at W1, W2, W3 and MB2 on
08/02/2011 and 11/10/2011 (Figure 5-37). Data indicated that TDS levels of the
irrigation source water at MB2, before it passed beneath the horticultural property,
were considerably lower than those at W1, W2 and W3.
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Figure 5-37: Laboratory analyses of W1, W2, W3 and MB2.

Nitrogen values at W1, W2, W3 and MB 2 taken on 08/02/2011 are provided in
Figure 5-38 and indicate that nitrogen returning to the groundwater underlying the
crops has little effect on the observed TDS of the groundwater supply.
Nitrogen levels at MB 2 indicate the TDS of groundwater at the eastern boundary of
the property, prior to it moving under the cropped area and becoming available as
irrigation source water.
The nitrogen levels show differences in water sources across the property. The
centrally located W1 water source shows elevated nitrogen levels of W2, at the north
western edge of the property.
MB2 is considerably lower than the three ponds, as was shown in Figure 5-37 with
regards to TDS.
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Figure 5-38: Total nitrogen at W1, W2, W3 and MB2.

C003 Irrigation water salinity
During the C003 summer investigation, irrigation water was collected in pans placed
among the crops and this was undertaken to assess evaporation and changes in TDS
that occurred between the sprinkler head and the ground. Analysis indicated that
TDS increased with evaporation (Table 5-12).
Table 5-12: Evaporation calculated on 27/01/12.

Date

27/01/12

Observed
TDS

Temperature
(°C)

Source
water

07:30

30.9

840

1,154

24 %

08:30

33.4

840

1,124

22%

10:30

34.2

1,150

1,341

20 %

11:30

35.4

1,150

1,529

24 %

Time

Evaporation

(at ground)

96

