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Four major questions were answered during the conduct of this research.

They are:
1. Under what conditions will there be a measurable positive effect of aeration?

a)

b)

Cropping cycle: We endeavoured to determine the long-term benefits [and draw-
backs] of oxygation delivered through sub-surface drip irrigation [SDI] for cotton
grown in a large replicated field trial on a heavy clay soil [a vertisol] in central
Queensland. Yields in all years benefitted from oxygation, although the difference
was not statistically different in each year, and the overall benefit was 14.7%.

Lint vield (bales/ha) in vertisol over six seasons

Trt 04/05 | 05/06 | 07/08 | 809 | 0910 | 10/11 | Combined
Oxvgation| 9.32 933 | 884 | 850 | 511 9.04 8.756
Control 7.35 8.02 | 785 [ 6.47 | 8.33 7.71 7.628
Pvalue | 0.078 [0.005| 0.031 [ 0.532|0.242 | 0.112 0.166
SED 0.541 | 0.30 | 0.24% ns ns 1.151 0.670

with oxygation closer than more distant from the emitters. Light interception and leaf
chlorophyll content close to boll filling were enhanced by oxygation. We did find

effects of oxygation on soil penetrometer resistance, which was greater with
oxygation due most likely to the more effective water uptake and drying of soil with

oxygation.
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Distance from venturi source of air: Field data from the same trial in 2005/6 suggest
that there is no major difference in terms of benefit of oxygation allowing a drip line
until beyond 165 m from the start of the drip line. Likwsie in 2008/9 and 2011/2 there
was no differential effect of oxygation according to distance from the venturi,
although in both the latter years there was an indication [non-significant] of a greater
positive effect further from the venturi.

Soil type and emitter depth: Our data from some large container trials [LxBxH: 3.1 X
0.85 x 0.6 m®] showed that cotton yield increased significantly at emitter depth (30 cm
vs 10 cm) more so in a vertisol than a ferrosol, and the values of the fresh biomass
and dry matter of cotton in oxygation treatments were somewhat greater (7—34%, 1—
31%) compared with the control. Interaction effects between emitter depths and



oxygation were noted for fresh biomass and dry matter yield of cotton; oxygation was
more effective at 10 than 30 cm emitter depth. The same was noted for measurement
of soil respiration, the increase with oxygation being greater at 10 cm emitter depth
than 30 cm depth for both ferrosol and vertisol.
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2. Why should there be a measurable effect?

a) Size distribution of air bubbles in pipes: using a Beckman Multisizer we studied the
size distribution of bubble generated with a Mazzei venturi. Bubbles of <20 microns
disappeared soon after aeration, leaving those <20 microns in a suspended state. It is
these latter that reach greater distance along drip tubes.
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Measurcment of bubbles sizes and distribution at higher acration rate of 12%
during oxygation (a) initially, (b} after five minutes of oxygation and (c) after ten minutes
of oxygation using Beckman Coulter Counter Multisizerd.

b) Distance from venturi: we studied the effects of distance from the venturi on bubble
size distribution, and found that often more air was released from emitters closer to
the venturi than more distant. The following graph, developed from our bubble
visualisation technology, shows the decline in percentage air (as bubbles) with
distance from the venturi, distance 1=15.6 m, 2=36.5 m, 3=71.5 m, 4=96.6 m,
5=121.3 m, 6=176.8 m.
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3. How to better deliver aeration to irrigation water to achieve the desired effects?

a) Surfactants: as seen in the graph above, the addition of surfactant [at 2 ppm
BS1000™1 prior to the venturi, enables achievement of higher aeration percentages
along the irrigation drip tube.

b) Microbubbles and Seair: we compared Seair and Mazzei aerators [Seair has claims of
bubbles of 5 microns — we were not able to verify this], and found no significant
difference between the two, indeed, in that trial we did not measure significant effects
of oxygation on anything other than leaf chlorophyll concentration. In part the effect
of shallow emitters in this trial causing effervescence reduced the benefit of
oxygation.

c) Other approaches: oxyfertigation is a recent invention where a sealed air or oxygen
injector chamber is connected to a small-pore diffuser [such as a material used to make
porous caps for tensiometers] near the outlet assembly of the drip irrigation system where
dissolved oxygen concentration as high as 25.6 mg L-1 is deliverable. This has been sued
to good effect in Spain.

4. What other possible benefits may be obtained with aeration?

a) A noted increase in crop WUE by 27% on average over all years with oxygation for
the cotton field trial.

b) In parallel to research with cotton we have trialled a range of other crops, including
pineapple, alfalfa, figs, apricots and grapes, with all showing some benefit to
oxygation.

c) We are now in the process of requesting funding to look at the possible beneficial
effects of oxygation in reducing the emissions of NOXx, which occur in anoxic or
hypoxic soils, especially with sugarcane.
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