Oxygation — an option for drip
irrigated vineyards in the Murray
Valley — 2015/16 season results
Jeremy Giddings, Irrigation Development Officer,
NSW DPI Dareton

T

Oxygation – an option for drip irrigated vineyards in Sunraysia

Table of Contents
Project aims

2

Background

2

Methodology

3

Results and Discussion

5

Dissolved oxygen in irrigation water

5

Distribution of dissolved oxygen within irrigation unit

6

Soil moisture in the profile

7

Vine health and production

1

Normalised Difference Vegetation Index (NDVI)

3

Soil oxygen levels

4

Conclusions and recommendations

7

Acknowledgments

7

References

7

1

NSW Department of Primary Industries, August 2016

Oxygation – an option for drip irrigated vineyards in Sunraysia

Project aims
This project was initiated by Murray Valley Winegrowers’ Inc. (MVWI) through the Australian
Grape and Wine Authority Regional Program in the 2015/16 financial year.
This report describes the results from the third year of study, the aims this year being to;
•

Continue to verify that additional levels of dissolved oxygen are being applied to the
treated vineyard area through the drip irrigation system.

•

Expand the level of soil moisture monitoring to determine if additional applied rootzone
oxygen influences root activity.

•

Determine if the treatment is beginning to have a beneficial effect on wine quality, vine
health and production.

•

Measure oxygen levels in grapevine rootzones.

Background
All irrigated crops can be exposed to saturated soil under certain conditions. This includes crops
which are drip irrigated as water is delivered to the rhizosphere from a point source creating
sustained wetting fronts, particularly in heavy soils of low permeability. This scenario has been
termed the ‘irrigation paradox’ (Bhattarai et al., 2015) — irrigation is applied to meet the plant’s
water requirements but at the same time purges air and therefore oxygen out of the rootzone,
potentially affecting root activity.
Alleviation of this low oxygen environment can be achieved with the use of aerated water for
irrigation, increasing oxygen availability in the rootzone. Oxygation is the term used for aerated
irrigation water applied through drip irrigation, and has been shown to benefit the growth of a
range of crops, particularly in heavier soils.
The introduction of aerated systems could be beneficial in improving irrigation outcomes where
highly frequent (often daily) irrigations occur in hot climates such as the Murray Valley. Recent
studies have suggested that poor soil aeration can be a permanent limitation in fairly drained soil
(medium textured soil, S. Bhattarai pers comm 2015) when the irrigation rate is near potential
daily crop evapotranspiration demand (Dhungel et al., 2012). This scenario is created when
daily irrigations are applied to a crop, which is the practice being widely adopted by drip irrigators
in the Murray Valley, including the trial site described in this project.
This report describes the results obtained from the third year of monitoring a vineyard where
oxygation is being trialled, in Curlwaa, south-western NSW.
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Methodology
A relatively inexpensive Venturi system used to aerate irrigation water has been operating for
three seasons on a vineyard in Curlwaa, south-western NSW. A 25 mm poly Mazzei Venturi (MI
1078) was installed (Figure 1) in November 2013 on a 1.4 Ha valve of own-rooted Shiraz,
irrigated with Netafim Dripline 2025. Emitters were spaced every 0.5 m discharging 1.2 L/h.
The treated valve had a flow rate of approximately 4.6 L/s. The Venturi is located in the middle
of a 90 m submain, supplying water to 30 laterals spaced 3.0 m apart. Row lengths ranged from
140 to 170 m.

Figure 1. Mazzei Venturi air injection system (circled) installed at the valve

A neighbouring valve without a Venturi but having the same soil type, winegrape variety and
irrigation system acted as a comparison (control). The control area comprised of 25 rows
ranging from 110 to 140 m in length covering approximately 1.0 Ha with a flow rate of 3.3 L/s.
The dripline in both valves was located on the soil surface, run along the mounded vine row
(Figure 2).
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Figure 2. Vineyard layout

Soils in the Curlwaa irrigation area are generally fine textured, often having light to heavy clay
within 30 cm of the surface. Mounding is recommended in this situation, as well as the
application of organic matter to maintain a soil structure conducive to effective irrigation. Given
the shallow nature of these soils frequent irrigation is required in summer, and sustained wetting
fronts can develop in the rootzone as a result.
In the 2013/14 season dissolved oxygen measurements (mg O2/L) were taken on five occasions
by collecting the water exiting from emitters at fixed locations throughout both the treated and
untreated valves using an intermittently available Horiba water quality meter.
In the 2014/15 season a dissolved oxygen meter (Sper Scientific DO Pen) was purchased by
MVWI and readings were taken on 18 occasions, with 20–30 readings recorded from aerated
and control treatments on each of these occasions (875 readings in total). The oxygen meter
required frequent calibration, which took place prior to each recording date. Soil moisture
monitoring also commenced using EnviroSCAN soil moisture probes. These were used in an
attempt to determine any differences in root activity between treatments. No production
information was available due to a major hailstorm occurring in November 2014.
In the 2015/16 season the same dissolved oxygen meter was used on 32 occasions throughout
the season, commencing mid October 2015. Approximately 50 readings were taken on each of
these occasions across the aerated and control treatments (1,520 readings in total). After seven
initial readings it was becoming apparent that only minor differential pressure existed across the
valve, and therefore relatively low air injection rates were occurring. Subsequently, in midNovember a larger 40mm Venturi was installed in an attempt to increase the level of air injection.
Readings were taken on a further 25 occasions with this larger venturi, including four readings
from irrigation events occurring with the venturi closed to determine if elevated levels of
dissolved oxygen are a result of the venturi. The final reading was taken late March 2016.
In addition extra soil moisture monitoring probes were installed in order to determine any
different effect on root activity or water penetration. Soil oxygen probes were additionally
installed, and grapevine yield, canopy health and fruit quality measures also taken.
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Results and Discussion
Dissolved oxygen in irrigation water
The treated and untreated valves were sampled on 32 occasions throughout the 2015/16
season. Figure 3 shows that the water exiting from the emitters in the treated valve was
generally higher in dissolved oxygen than the control. The overall average for the aerated valve
was 9.5 mg/L, and the control 8.7 mg/L. The standard error of both control and treated was
0.02. A paired sample equal variance t-test comparing mean dissolved oxygen (mg/L) over 28
days of measurement for control and aerated, indicated that dissolved oxygen (mg/L) on a day
was significantly higher for the aerated valve than for control (P<0.001).

Figure 3: Dissolved oxygen in the irrigation water of control and aerated valves

This trend is consistent with the 2013/14 results (9.1 mg O2/L for treated valve compared to
6.7 mg O2/L for control), and 2014/15 when dissolved oxygen for irrigation water in the aerated
valve contained 8.6 mg O2/L, compared to 7.9 mg O2/L. The results for the third year (2015/16)
continue to show the trend of reduction in differences in comparison to the first season. Three
potential reasons for this are;
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•

The dissolved oxygen pen may not have been as precise as the Horiba meter unit used
in the first year of the study.

•

Vineyard expansion had occurred during the second season. This resulted in additional
flow rates from the pump and therefore less pressure present at the valve. Less pressure
differential was therefore created at the valve, resulting in less oxygen injected via the
Venturi. When high pressure was available prior to vineyard expansion, the pressure
differential was 150 kPa across the valve (290 kPa upstream and 140 kPa downstream).
With less pressure at the valve in the second season, the differential was reduced to only
50 kPa (190 and 140 kPa). This resulted in lowering the air injection rate from
approximately 6.1 l/min down to 1.6 l/min. (Mazzei Injector Performance Table).

•

A variable speed drive (VSD) was installed in the third year (2015/16) of the study,
resulting in significantly lower pressures being delivered to the valve in order to reduce
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energy costs, again resulting in a reduced pressure differential and therefore level of air
injection. A larger Venturi (50mm) was installed after seven readings were taken in the
current season in an attempt to raise the level of atmospheric air being injected into the
drip system.
The time that this larger Venturi was installed is represented by the red vertical line (Figure 3). It
can be seen from Figure 3 that oxygen levels were initially elevated compared to previous
readings, however, appeared later to be consistent with earlier readings for the remainder of the
season. The average for the aerated treatment before and after installing the larger venturi was
very similar (Table 1).
Rising energy costs and the irrigation managers response to this (such as installing VSD’s,
improving irrigation hydraulics etc) has resulted in a lowered pressure differential across valves.
Therefore the adoption of a relatively cheap, and easy to manage, oxygen injection method such
as a Venturi may not achieve the results necessary to improve rootzone oxygen levels. Other
injection methods may need to be investigated if low rootzone oxygen levels can be proven to be
limiting vine health and production.
In addition the venturi was deliberately closed for four readings late in the season to try and
determine its effect. The period the Venturi was closed is represented by the two blue vertical
lines (Figure 3). This was found to reduce the average difference (Table 1), further confirming
that the Venturi does indeed make a difference to dissolved oxygen levels in dripline irrigation
water. The question remains, however, as to whether the treatment is having a strong enough
effect on vineyard performance.
NUMBER OF
READINGS

CONTROL

AERATED

AVERAGE
DIFFERENCE

OVERALL

32

8.66

9.55

0.87

25 mm VENTURI

7

9.03

9.67

0.64

40mm VENTURI

25

8.56

9.51

0.96

OPEN VENTURI

28

8.72

9.66

0.94

CLOSED
VENTURI

4

8.21

8.73

0.51

Table 1. Summary of average dissolved oxygen readings 2015/16

Distribution of dissolved oxygen within irrigation unit
Uniform aeration across a field is important for consistent crop production. When accounting for
the location of sampling sites and therefore the distance of water travel from the Venturi, it was
found that there was very little spatial variation in dissolved oxygen levels within either treatment
in the 2015/16 season. This is consistent with previous seasons’ results.
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Soil moisture in the profile
Previous studies have found that aerated sites have maintained lower soil moisture, suggesting
that water use from the rhizosphere is greater through transpiration for plants with the oxygen
treatment (Dhungel et al., 2015). There was a slight suggestion that this was occurring in the
2014/15 season, however, further monitoring was recommended.
In 2015/16 four EnviroSCAN probes were paired (P1/P3 and P2/P4) only three rows apart near
the boundary of the control and oxygation treatment to determine if this effect was taking place
while at the same time attempting to minimise the influence of soil type variation (Figure 4).

Figure 4. EnviroSCAN soil moisture probe locations
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This response described by Dhungel et al., 2015 and inferred from the soil moisture probes is inconsistent between the paired probes. This response was
observed in the P2/P4 pairing, with reduced water penetration and therefore lower soil moisture in the oxygation site P4 compared to P2 (Figure 5).

CONTROL – P2

Water penetration to
50cm

OXYGATION – P4

Water retained above
50cm

Figure 5. EnviroSCAN trace for aerated and control treatments from August to March 2016
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However, this trend appears weak and inconsistent for P1 and P3, with the control (P1) this time appearing to have less water penetration to 50cm,
therefore inferring that the topsoils are consistently dryer in this case (Figure 6). Greater moisture appears to penetrate the oxygation probe (P3). The
inconsistencies between sites suggests that the variation observed is simply due to soil texture variation which is widely recognised in the Curlwaa
Irrigation Area.

CONTROL – P1

Water retained above
50cm

OXYGATION – P3

Figure 6. EnviroSCAN trace for aerated and control treatments from August to March 2016
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Vine health and production
Fruit quality measures were taken on five occasions between January 8 and February 5 2016.
No differences in treatments were observed for oBaume, pH, titratable acidity or anthocyanins
(Figures 7a, 7b, 7c, 7d)

o

Figure 7a. Baume levels from fruit samples taken in the oxygation and control treatments

Figure 7b. pH levels from fruit samples taken in the oxygation and control treatments
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Figure 7c. Titratable acidity (g/L) levels from fruit samples taken in the oxygation and control treatments

Figure 7d. Anthocyanin (mg/L) levels from fruit samples taken in the oxygation and control treatments

Yield
Average yield across both patches was 26 t/ha. Some anecdotal improvements were observed
by the manager in the aerated treatment compared to previous seasons.
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Normalised Difference Vegetation Index (NDVI)
NDVI is a means of assessing vegetation condition from aerial or satellite imagery. Imagery can
provide an overview of canopy condition and variability across a vineyard (Sunrise21 2013).
The colour scale highlights variability in the vineyard canopy. The higher NDVI values (greens)
represent healthier and more extensive canopies. The lower NDVI values (orange-reds) indicate
weaker sections of canopy.
The aerial images in Figure 8 show that the oxygation treatment (bordered in black) displayed no
difference to the untreated valves either side at any of the four time periods aerial imagery took
place. The variation observed throughout the whole vineyard is likely to be a reflection of
canopy health resulting from soil type variation.
The highest reading (associated with greater density and greenness of the plant canopy) was
observed in late November 2015. Overall readings were much lower than that usually
experienced for grapevines in the Murray Valley (typically 0.4–0.5). These lower readings may
be due to the relatively smaller grapevine canopies typical of Curlwaa.

Figure 8. NDVI imagery taken throughout season
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Soil oxygen levels
In season 2015/16 ICTO2 soil oxygen sensors
(http://au.ictinternational.com/pdf/?product_id=314) were purchased and installed in order to
determine the treatment effect on soil oxygen levels within rootzones. Three sensors were
placed in each treatment 10cm below the surface and within 5cm from a drip emitter. Sensors
were continuously logged throughout the season with readings recorded hourly. Their
approximate location is shown in Figure 9.

Figure 9. Oxygen sensor locations

No variation in soil oxygen was observed between treatments, and as many of the sensors
proved unreliable, an additional years of data is required to confirm results.
Data from a reliable oxygen sensor was combined with a nearby EnviroSCAN soil moisture
monitoring sensor to highlight some interesting observations (Figure 10).
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Figure 10. Soil oxygen (mg/L) and soil water content at 10cm depth between August 2015 and February 2016

Soil oxygen was maintained between 9–10 mg/L prior to intensive daily irrigations commencing
(October 1st 2015). Soil oxygen levels then begin declining once intensive irrigation began.
Diurnal variation in oxygen levels increased significantly approximately one month following this.
Interestingly there were two periods when daily irrigations were halted — November 26–29 (due
to system failure) and January 22–25 (following approx. 50mm rainfall). During both these
periods soil moisture levels declined, and the diurnal variation in soil oxygen levels ceased. Soil
oxygen levels were maintained at a higher level for these periods. This reinforces the ‘irrigation
paradox’ described earlier. Further evidence of this can be seen in the January rainfall event in
Figure 11.
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Figure 11. Soil oxygen (mg/L) and soil water content at 10cm depth between January and February 2016

This graph clearly demonstrates the inverse relationship between soil moisture and soil oxygen,
with daily additions of soil moisture resulting in a daily, or diurnal reduction in soil oxygen levels.
This inverse relationship is further demonstrated from January 22–25 when daily irrigations were
withheld following 50mm rainfall, resulting in a rise in soil oxygen.
This data is from a sensor located in the control valve. There is very little literature covering
critical soil oxygen levels for perennial crops. Drew and Stolzy (2003) mention a critical oxygen
pressure where respiration becomes affected of 10% (4.3 mg/L). At no stage did the soil oxygen
level decline to this critical value of 4.3 mg/L throughout the season, suggesting that soil oxygen
levels (at least at the depths monitored) did not decline to a level where they may have affected
vine health and production.
Further to this, it was found that injecting atmospheric air did not contribute at all to the aeration
of soils where the existing oxygen concentration was 95% or more of atmospheric. Atmospheric
oxygen is approximately 8.9 mg/L. Average soil oxygen during the sample period in Figure 11
(mid-January to mid-February) was 7.2 mg/L, 80% of atmospheric oxygen. For August to midFebruary (Figure 10), average soil oxygen levels were 8.2 mg/L, or 92% of atmospheric oxygen.
These results appear reasonably consistent with Ben-Noah and Friedman (2016).
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Conclusions and recommendations
Obviously for any technology or management practice to be considered worth adopting by
industry it must provide production benefits. No yield or fruit quality effects have been observed
for the oxygation treatment in this trial period. The fact that soil oxygen levels do not appear to
decline to critical levels suggests that this is understandable. Soil oxygen levels on average
were similar to that of atmospheric levels, also suggesting little benefit was likely to be
experienced.
Oxygen levels in the soil were monitored immediately under the emitter where waterlogging is
most likely to occur. Vine roots occupy a larger area than this, where it is likely water and air is
in greater balance, allowing the vine to function adequately. Responses from other studies
involving vegetables has shown significant responses probably because a greater volume of
rootzone is located within this waterlogged region for these crops.
In this trial soil oxygen meters were installed 10cm below the surface. This was at the interface
between topsoil with significant levels of added organic matter, and reasonably heavy silty clay
soils. It is proposed that next season these sensors be placed at greater depth to determine if
highly frequent irrigation application results in dissolved oxygen levels dropping below 10%
(4.3 mg/L) in heavier parts of the soil profile.
What is also evident from the third year of results is that oxygen levels are not being elevated
adequately enough by the venturi. Unfortunately more complex and costly injection methods
appear necessary in order to raise soil oxygen levels to significant levels in this situation. Only
then can it be determined if the current levels of soil oxygen are having a negative impact on
vine health and production.
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