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Project aims
This project was initiated by Murray Valley Winegrowers’ Inc. (MVWI) through the Australian
Grape and Wine Authority Regional Program in the 2016/17 financial year.
This report describes the results from the fourth year of study, as well as some background
to the project resulting from the first three years. The aims of the project in this fourth year
were to;
•

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

•

Adopt a more sophisticated method of oxygen injection in order to elevate dissolved
oxygen levels to those greater than obtained in previous years of the study

•

Determine if the treatment has a beneficial effect on wine quality and production.

•

Determine the effect on 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 a practice being
more 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 fourth 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 had 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 ownrooted 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
was 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 following 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 mid-November 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.
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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In the 2016/17 season more sophisticated oxygen injection equipment from the University of
Queensland was installed at the pumpsite (Figure 3).

Figure 3. Oxygen injector

Five individual rows were treated, with these five rows randomly located within ten rows at a
site located closest to the pumpsite (Figure 4). For this season the dissolved oxygen was
measured only seven times from October 2016 to early December 2016 due to personnel
availability but also because clear beneficial effects of the oxygen injector on dissolved
oxygen levels in the dripline had become apparent.

Figure 4. Treatment layout 2016/17
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Results and Discussion
Dissolved oxygen in irrigation water
The treated and untreated rows were sampled for dissolved oxygen on seven occasions in
the first half of the 2016/17 season. Figure 5 shows that the water exiting from the emitters
in the treated rows were significantly higher in dissolved oxygen than the control. Unlike the
previous 2015/16 season where the overall average for the aerated valve was 9.5 mg/L, and
the control 8.7 mg/L, the new injection equipment resulted the aerated rows averaging
24.8 mg/L, with the control 5.9 mg/L (Figure 5).

Figure 5: Dissolved oxygen in the irrigation water of control and aerated valves

This is substantially higher than the previous seasons results when the venturi was used to
inject atmospheric oxygen (2013/14 results 9.1 mg O2/L for treated valve compared to
6.7 mg O2/L for control), and 2014/15 (dissolved oxygen for irrigation water in the aerated
valve contained 8.6 mg O2/L, compared to 7.9 mg O2/L).
The first six readings were taken approximately 3-4 hours following an overnight irrigation.
The final reading (9/12/2016) was taken immediately upon completion of an early morning
irrigation. These readings showed the treated rows having higher dissolved oxygen levels
(averaging 31.9 mg O2/L), and the control much lower (3.7 mg O2/L) than the previous six
readings. This suggests that water siting in cups (or the soil) after being emitted from the
dripper begins to lose (or gain for the control) its dissolved oxygen to/from the atmosphere.

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
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taking place while at the same time attempting to minimise the influence of soil type variation
(Figure 6).

Figure 6. EnviroSCAN soil moisture probe locations

This response described by Dhungel et al., was found to be inconsistent and weak in the
EnviroSCAN data at the trial site. 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.
To overcome this additional probes (EnviroPro) were installed at six locations in closer
proximity to each other, with three probes in each row treatment (Figure 7).

Figure 7. EnviroPro soil moisture probe locations
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Soil moisture percentage (%) was monitored at 10 20, 30, 40, 60 and 80cm, with the 10cm
data presented in Figure 8. Again no real differences were observable in the soil moisture
traces obtained (Figure 8).

Figure 8. EnviroPro trace for aerated and control treatments from December 2016 to February 2017
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Fruit quality
Fruit quality measures were taken on three occasions between February 14 2017 and March
9 2017. No differences in treatments were observed for oBaume, pH, or titratable acidity
(Figures 9a, 9b, 9c), although oBaume showed some trend with the treated rows (red)
generally lower in maturity, however, with only two sample dates a true measure is difficult to
determine.

Figure 9a. oBaume levels from fruit samples taken in the oxygation and control treatments

Figure 9b. pH levels from fruit samples taken in the oxygation and control treatments
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Figure 9c. Titratable acidity (g/L) levels from fruit samples taken in the oxygation and control treatments
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Yield
Average yield across the whole patch was 30.6 t/ha, determined when commercial machine
harvesting took place.
Yield estimates for treated rows were carried out prior to this harvest.
Method
Each sampled row was divided into five sub-sampling plots, evenly spaced down the row:
vines 5, 25, 45 and 65 in each row, plus (depending on row length) vine 75 or 78 or 80 or 85.
The matching sub-sample plots in each pair of rows (treated and control) were treated as a
pair for the purpose of a t-test.
Bunch weight per sample plot was calculated by multiplying the bunch count in each 50-cm
transect by the average weight of five bunches from the same plot.
Yield (tonnes/ha) was derived from the bunch weight per plot, extrapolated to a hectare
recognising the 3-metre row spacing.
Yield (t/ha) from treated and untreated (control) plots were compared using a two tailed t-test
and Analysis of Variance. Equal variance was assumed for the t-test as the vineyard was in
other respects uniform.
Results
Mean yield was slightly higher in the control (untreated) rows than treated rows, but the tTest (Table 1 - appendix) shows that the t-statistic (0.2219) is less than the t-critical value
(2.010), and the p-value is greater than acceptable (0.8253 > 0.05) which means that the
null hypothesis cannot be rejected, i.e. yield from the treated and untreated rows are the
same.
Notably, variance in the yields from control (untreated) vines was greater than variance in
the treated vines, despite the vineyard being planted and managed as a single production
unit.

Figure 10. Extrapolated yield (t/Ha) from five subsamples in each row
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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 11.

Figure 11. Oxygen sensor locations

No variation in soil oxygen was observed between treatments, and as many of the sensors
proved unreliable, and additional data was required to confirm results.
In this season data from a reliable oxygen sensor was combined with a nearby EnviroSCAN
soil moisture monitoring sensor to highlight some interesting observations (Figure 12).
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Figure 12. 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. Greater detail of this can
be seen in the January rainfall event in Figure 13.

Figure 13. Soil oxygen (mg/L) and soil water content at 10cm depth between January and February 2016
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This graph clearly demonstrated 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 was 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 13 (mid-January to mid-February) was 7.2 mg/L, 80% of atmospheric
oxygen. For August to mid-February (Figure 12), 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).
The same oxygen sensors were re-installed in 2016/17 in each of the ten rows in similar
locations to the EnviroPro soil moisture locations (Figure 7). Again much of the data
appeared erroneous, however, data from two rows of each treatment is presented in Figure
14. Although a much higher elevated level of dissolved oxygen was measured in water
emitting from the treated row, no observable differences in soil oxygen is seen between the
oxygated treatment and the control 10cm below the soil surface level in 2016/17.

Figure 14. Soil oxygen (mg/L) at 10cm depth between September 2016 and February 2017
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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 the whole of this four year trial period. The fact that
soil oxygen levels do not appear to decline to critical levels in either treatment suggests that
this is understandable.
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.
The first three years of the trial indicated that dissolved oxygen levels in irrigation water were
not being elevated adequately enough by the venturi. A more sophisticated oxygen injector
was adopted in the fourth year of the study, which resulted in the dissolved oxygen levels in
the water emitted from the drip system being elevated approximately five times the level of
the control. This is a significant result. Unfortunately this effect appeared to dissipate at
only 10cm below the soil surface, where similar oxygen levels where then recorded.

Acknowledgments
Murray Valley Winegrowers Inc. (MVWI) for funding support
Alison MacGregor
Surya Bhattarai, Central University of Queensland, Rockhampton
Justin Kassulke, citrus and winegrape grower, Curlwaa NSW

References
Ben-Noah, I., Friedman, S., 2016. Aeration of clayey soils by injecting air through subsurface
drippers: lysimetric and field experiments. Agricultural Water Management, February.
Bhattarai, S., Balsys, R., Eichler, P., Midmore, D., Wassink, D., 2015. Dynamic changes in
bubble profile due to surfactant and tape orientation of emitters in drip tape during aerated
water irrigation. Int. J Multiphase Flow. 75, 137-143
Bhattarai, S., Midmore, D., Pendergast, L., 2008. Yield, water-use efficiencies and root
distribution of soybean, chickpea and pumpkin under different subsurface drip irrigation
depths and oxygen treatments in vertisols. Irrig. Sci. 26, 439-450
Dhungel, J., Bhattarai, S., Midmore, D., 2011. Aerated water irrigation (oxygation) benefits
to pineapple yield, water use efficiency and crop health. Adv. Hortic. Sci. 26, 3-16
Drew, M.C. and Stolzy, L.H. Plant Roots : The Hidden Half (3rd Ed) 2002. Ch. 20. pp397
Mazzei Injector Performance Table, Mazzei Injector Company, LLC. www. mazzei.net

16

Oxygation – an option for drip irrigated vineyards in Sunraysia

Appendix
Table 1. t-test: two sample assuming equal variance

Control
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
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28.04
96.59
25
80.48
1
48
0.2219
0.4127
1.6772
0.8253
2.011

Treated
26.48
64.38
25

