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FullStop salt monitoring at Angas Bremer

2005 Progress report

INTRODUCTION

The Angas Bremer Water Management Committee obtained 3 prototype FullStop Wetting Front Detectors from CSIRO in 2000.  The prototypes were dismantled, copied and modified, and 18 of the Angas Bremer version were installed around the district during the 2001-02 irrigation season.  The committee then decided to roll out Wetting Front Detectors across the whole district as another component of the Angas Bremer Irrigators Code of Practice.  Growers were already reporting the total water used and the depth to groundwater.  Irrigation Annual Reporting was now extended to include the response of the FullStops, and a salinity reading from the water captured in the deeper FullStop. 

Funding is provided each year through the Angas Bremer Water Management Committee and the South Australian Murray Darling Natural Resources Management Board to collate the irrigator reports each year and provide feedback and recommendations to growers. 

This report is written in three sections

Section 1

· summary FullStop data for the 04-05 irrigation season

· a comparison with data collected from the 02-03 and 03-04 seasons

Section 2

· explanation to growers on how to interpret salt data

· recommendation to growers as to how to respond to the information collected

Section 3

· Workshop with growers

· Where to from here

SECTION 1: Summary of 04-05 season and comparison with previous years
Ninety five percent of growers applied less than 300 mm of irrigation per season.  Some applied water in fewer than 10 irrigation events over the season, while others applied much smaller amounts of water in 50 to 100 separate applications.  This variation played itself out in the FullStop responses as described later.  

The average amount of water applied in 02-03 was 174 mm, falling to 159mm in 03-04 and 149 mm in 04-05 (Figure 1).  

[image: image13.jpg]/ Cooperative Research Centre for
/% IRRIGATION FUTURES




Figure 1.  Total seasonal water applied in the 02-03, 03-04 and 04-05 seasons.  The number of complete records from irrigators is shown in each of the graph titles

FULLSTOP RESPONSE RATES AT 50 cm DEPTH 
Twenty to twenty five percent of growers did not activate the FullStop at 50 cm depth, whereas a quarter to a half (depending on the season) recorded six to twenty responses in the season (Figure 2).

This variability in response does not correspond to the total water applied i.e. those who did not see responses at 50 cm depth are not necessarily the irrigators who used the least seasonal water.  The non-responses do relate fairly well with amount of water applied at one time.  In other words growers who applied little amounts of water often tended to have no or few FullStop responses at 50 cm depth, regardless of the total quantity of water applied.  This has consequences for salt distribution in the root zone – as will be shown later.

The computer program “WetUP” was used to simulate the depth and the width of wetting patterns under Angas Bremer conditions.  The simulation showed that depth of wetting is highly dependant on the shape of the wetting pattern, which itself is soil type dependant.  On some soils a FullStop at 50 cm depth could be activated by as little as 6 litres from an emitter above it.  In other situations over 30 litres would be required at one time.

We conclude that the different width of wetting patterns at different sites goes a long way to explaining why some growers observed few responses and others observed frequent responses from the 50 cm FullStop.  However, there were growers who applied 40 litres or more at one time and still saw no response.  We investigated several of these situations on site and found the following

· FullStop not directly under a drip emitter

· Emitter partially blocked, or pressure much lower than expected

· Mistake as to the flow rate of the emitter (thought it was 4 l/h but t was 2 l/h)

· Water not penetrating soil above FullStop - running off bed and into furrow 

Even when the above mistakes are taken into account, it is clear that 50 cm is too deep for the majority of growers.  Growers need to see the “shallow” FullStop responding after 50% or more of the irrigation events, as this helps them to learn how deep a given quantity of water goes at a particular time of year.  

About 40 sites were identified that definitely required a shallower placement than 50 cm.  These were identified after the 03-04 season and the newly released commercial version of the FullStop were provided without cost to the selected growers, for installation at a depth of 30 cm.  Unfortunately these new FullStops were not installed until the start of the 06-07 irrigation season.  

The FullStop responses at 50 cm depth do show some change over the three seasons.  In the first season most growers activated the shallow FullStop more than 6 times.  By the third season, half the growers reported 1 to 5 responses, with roughly a quarter showing no response and a quarter more than 6 responses.  The change may relate to the slight decrease in irrigation annual volume – 14% less water was applied in season 1 compared to season 3.    
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Figure 2.  Total number of times the FullStop at 50 cm depth responded through the three seasons.  Results are given as a percentage of the total number of growers that provided complete records for each season

FULLSTOP RESPONSE RATES AT 100 cm DEPTH 
Between 50 and 60% of growers reported no response from the deep 100 cm FullStop, with about a third reporting 1 to 5 responses and a few growers more than 6 responses (Figure 3).  There were no major shifts across seasons, apart from the group that recorded more than 6 responses dropped from 12% in season 1 to 6% in season 3.

A portion of the non-responses would be “false negatives” for the same reasons as described for the 50 cm depth (placement relative to drip emitter, blocked emitter etc).  However it is clear that the strong wetting fronts required to activate a FullStop do not reach 100 cm at the majority of sites.

The “WetUp” Modeling showed that 70 litres or more may be required from an emitter at one time to activate a FullStop at 100 cm depth.  Few growers applied this quantity of water.  A site visit confirmed this analysis.  The grower reported that neither the 50 nor 100 cm depths had responded.  We applied 24 litres above the 50 cm detector via a capillary tube and it responded after 24 litres.  The deep detector did not respond when 75 litres was applied over several hours.  Another 75 litres was applied, after which the FullStop tripped.  The salt concentration of the water caught in the 100cm FullStop was very high, suggesting that not a lot of water had passed the 100 cm depth to flush out the salt.        

We decided therefore to pick a number of sites where the deep detector had not responded before and apply 200 litres of water.  The intention was to see if it was possible to activate a deep FullStop on all of the soil types in the region.  Of the 20 sites selected, the 100 cm FullStop was activated at 17.  Of the 3 that did not respond, one was found to have been hit by an implement and broken below ground, at one site the water ran off the planting mound into the furrow and there was no obvious problem at the third site.  

The experiment confirmed that the FullStop would respond at 100 cm depth if enough water was applied, but it did not resolve the issue of how useful a FullStop at this depth really is.  Although 200 litres activated the FullStop, what would have happened if only 50 or 100 litres had been applied?  This ‘weaker’ wetting front could have taken several days to reach 100 cm depth, carrying salt with it but not activating the FullStop because the soil was not sufficiently wet (i.e. wetter than 2 kPa).

At 5 of the 17 sites, the salt content of the water removed from the FullStop was high (>4000 ppm).  This is what we expected, because our assumption is that if a FullStop is not activated, it is likely that salt is accumulating above it.  However the salt content was under 3000 ppm at half the sites.  The story is further complicated by very different readings at 50 and 100 cm depth.  At two sites there was water in the 50 cm FullStop before the 200 l drum test at concentrations of 7260 and 9680 ppm.  After the test the salt concentration was 2940 and 1680 ppm respectively.  

We conclude that a “one-off” test is not sufficient to understand salt dynamics in the root zone.  Salt fronts and wetting fronts do not always ‘move together’ down the profile, and the salt may not be picked up in the first water sampled by the FullStop.  Overall we conclude that the 100 cm placement depth was too deep for wetting front detectors of this design.
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Figure 3.  Total number of times the FullStop at 100 cm depth responded through the three seasons.  Results are given as a percentage of the total number of growers that provided complete records for each season

SALT CONCENTRATIONS AT 50 cm AND 100 cm DEPTHS 
Growers were originally asked to measure the salt concentration from the FullStop at 100 cm depth.  Only half of these FullStops responded and not all growers provided a salt measurement, but results were obtained from 23–32 properties – depending on the season 

To simplify the data, we report the maximum salt concentration reported for each site for each season.  In the first year, half of the growers reported a maximum salt concentration of below 2400 ppm at 100 cm depth.  This was surprisingly low – with irrigation water generally ranging between 600 ppm and 900 ppm, the salt concentration at 100 cm was at most 4 times the irrigation water (Figure 4).  

With the low leaching fractions typical of the region we would have expected to have measured higher salt levels. Less than 20% of growers who activated FullStops at 100 cm depth returned maximum salt readings above 4800 ppm.

A number of growers who did not activate their deep detectors provided salt concentrations from their 50 cm FullStops, even though they were not asked to do so (Figure 5).  The salt data at 50 cm depth proved to be very interesting.  The maximum salt concentrations were considerably higher than that recorded at 100 cm, and demonstrate what we believe to be the typical situation in the region – salt accumulating in the root zone.  Forty percent of those who provided data reported maximum salt concentrations above 4800 ppm.  Our current understanding is that such concentration throughout the entire rootzone would be deleterious to vine health.

There was a clear change in behaviour over the three seasons.  Table 1 shows the average of the maximum readings at 100 cm depth, which was 3120 ppm in 02-03.  Fewer growers measured salt at 50 cm depth, but this revealed an average value of 5860 ppm.  On average it appears that there has been some ‘district level’ response to this.   Over the following two years the concentration of salt decreased at 50 cm and increased at 100 cm depths as salt was moved down the profile.

Table 1. The average irrigation amount and salt content of the water extracted from FullStops at 50 and 100 cm depths.  The number of properties is given in parenthesis.

	Season
	2002-2003
	2003-2004
	2004-2005 

	Average Irrigation (mm)
	177
	159
	149

	Max salt at 50 cm (ppm)
	5860 (14)
	5080 (14)
	4430 (23)

	Max salt at 100 cm (ppm)
	3120 (26)
	3480 (32)
	3820 (23)
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Figure 4.  Maximum salt concentration (ppm) reported by growers at 100 cm depth.  Results are given as a percentage of the total number of growers that provided complete records for each season
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Figure 5.  Maximum salt concentration (ppm) reported by growers at 50 cm depth.  Results are given as a percentage of the total number of growers that provided complete records for each season

SECTION 2:  Report to growers on how to interpret and respond to FullStop salinity data
A small amount of salt is added to the soil with each irrigation, but plants take up very little of it through their roots.  Therefore all irrigation areas tend to concentrate salt.  

Most irrigated crops get more water than they need, which washes the salt downwards.  Sometimes leaching occurs naturally with rain or flooding.  Salt washed out of the root zone ends up in the groundwater and moves to rivers and finally to the sea.  Across much of Australia, the groundwater moves very slowly to rivers and tends to rise upwards instead, causing salt outbreaks at the surface.

Ground water levels do not appear to be rising across the Angas Bremer region.  Moreover, a recent study showed that Angas Bremer wines contain much less salt than wines from other areas of the State.  However, it is still necessary to proceed with caution.  Angas Bremer irrigators irrigate with saltier water than many, and they generally apply quite small amounts of water.  This means that salt could accumulate in the root zone.

The deployment of FullStops across the region gives Angas Bremer irrigators the opportunity to watch how the salt levels rise and fall within and across seasons.  This helps irrigators to know if and when to leach the rootzone.  

When we put the FullStop information together with other data collected in the region, like bore logs and aquifer dynamics, we can get a better understanding of how to practice irrigation for the long term.

We realise that the FullStop depths were not optimised for a number of growers (too deep) and that the way the FullStop was deployed does not fit well with some crops other than grapes.  However, through the dedication of many growers we have collected a large amount of data, and now it’s our job to turn it into something useful.  

What does the data say?

We can look at the data in a number of ways.  Figure 6 shows one growers record over three seasons.  This grower applied 231 mm in 02-03, 154 mm the next season and 108 mm the next.  The diamond shaped markers show the salt concentration in the 100 cm deep FullStop.  The highest reading in 02-03 was 4,800 ppm, and this increased to 7,500 and to 10,000 over the next two seasons.

It seems from this example that when less water is applied, the salt builds up in the root zone.
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Figure 6.  The solid line shows the cumulative amount of water applied during each of the three seasons at one property.  The diamond shapes show the level of salt at 100 cm depth when the FullStop responded.

Most growers did not get as much FullStop data from their 100 cm FullStop.  In fact only half the growers got any response from the 100 cm deep FullStop.  The depth the water gets down to depends on the amount of water applied through a single dripper at one time, the initial wetness of the soil and on the type of soil.  

The graph below shows all the salt data that was sent to us.  It’s a bit messy to read, but there are a few important trends.  First, the maximum numbers are high and at 50 cm depth this would not be healthy for most crops. 

Second there is a general rising trend during the irrigation season, as we would expect.  Third, the salt drops over the winter, but there is a lot of variability here.  Some growers still start the season with quite high salt readings.  

[image: image7.emf] 

0

2000

4000

6000

8000

10000

12000

14000

16000

Jun-02 Dec-02 Jun-03 Dec-03 Jun-04 Dec-04 Jun-05

Salt (ppm)

50 cm 100 cm

 


Figure 7  All the salt data submitted in the annual reports to Jun 06.  The filled triangles show the salt concentration at a depth of 50 cm and the open squares the salt at 100 cm depth

What to do next

Angas Bremer is the first region in the Australia that has measured how deep wetting fronts move and where the salt is located in the root zone.  Therefore we are still learning.

Ninety five percent of grape growers applied less than 300 mm of irrigation per season.  Some applied water in fewer than 10 irrigation events over the season, while others applied much smaller amounts of water in 50 to 100 separate applications.  This means there will be a lot of variation in how deep the water goes and where the salt accumulates.

These recommendations are for grape growers.  We stress that they are only our best understanding to date, and we still do not know the correct salt thresholds.

We can divide the growers into three groups.  Identify which group you may be in and try the recommendations.

Group 1

Group 1 activated their 50 cm and 100 cm FullStops several times during the season.  Some recorded high salt readings at 100 cm depth, but this water is leaving the rootzone, so we expect high salt – say readings in excess of 4,000 ppm.  If the readings are less than about 4,000 ppm at 100 cm depth, then less water should be applied at one time.

Group 2

Group 2 activated their 50 cm FullStops several times during the season and sometimes the deep one as well.  If the salt concentration in the 50 cm FullStop gets up around 4,000 ppm, it’s getting too high.   Try longer irrigations less often to push the salt down.

Group 3

Group 3 never saw any response at any depth.  This occurred with the non-grape growers, but also a significant proportion of the grape growers (about 20%).  Some growers applied more water (40 litres through a dripper at one time) and still got no response.  If we assume that these FullStops are in working order and located directly under a functioning dripper, then it is concerning that fronts did not get this deep, because salt could also be concentrating at a shallow depth.

These growers need new FullStops at 30 cm depth.  This has been organised, but the roll-out has been slower than expected.  When the FullStop depths are optimised for each property, we can learn much faster.

Important Disclaimer:

CSIRO Land and Water advises that the information contained in this publication comprises

general statements based on scientific research. The reader is advised and needs to be aware

that such information may be incomplete or unable to be used in any specific situation. No

reliance or actions must therefore be made on that information without seeking prior expert

professional, scientific and technical advice. To the extent permitted by law, CSIRO Land and

Water (including its employees and consultants) excludes all liability to any person for any

consequences, including but not limited to all losses, damages, costs, expenses and any other

compensation, arising directly or indirectly from using this publication (in part or in whole) and

any information or material contained in it.  

SECTION 3: Where to from here?

The Angas Bremer growers have made a huge commitment to collect data and have given us the first regional snapshot of how salt accumulates in irrigation regions that use only a small amount of water.  However, a regional picture is harder to interpret than a single on-farm study, because there are more variables to contend with.  Not only do soils vary through the district, but there are large differences in the way growers manage irrigation.  

As stated in section 2, it’s not possible to simply state a threshold salinity and tell growers to stay below it.  For starters we do not know what the threshold value should be, and managing salt with more (or less) water will have flow-on implications for yield and quality.  The best strategy is to set up an adaptive management approach, where we formulate our “desired state” and then keep monitoring and observe the FullStop salinity in response to various management options.   

This ‘learning-by-doing’ approach requires us to get together and discuss the data.  On 6 December 2006, about 60 growers attended a workshop at Lake Breeze Winery to discuss the salt data from the FullStop.  We set up practical demonstrations to illustrate how wetting fronts and salt move through a column of soil.   The illustrations were set up to mimic Angas Bremer conditions (amount of water and salt applied) and members from the audience carried out the experiment and tabulated the data.
The exercise proved to be an eye-opener for many and convinced us of the value of hands on training.  The next step will be to look at a few sites in much more detail so we can fine-tune the recommendations given in section 2.
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