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1 Introduction
In Feb 2015, the Lowbank Agricultural Bureau successfully applied for project funds through
the NRM Agricultural and Fishing Innovations Grants to improve the performance of poorly
producing sands in the district. The project site was on the Schmidts property on Paschke
Rd, not far from the Maggea road.
Spading highly nutritious organic matter was one of the most successful treatments for sand
amelioration at the New Horizons trial site at Karoonda. Chicken manure has become
readily available and affordable in the area due to major chicken farm developments near
Swan Reach/Blanchetown, and farmers have begun spreading it on the surface of their
sandy soils with some benefits evident.
The aims of this trial were to improve both the profitable production and protection of
poorly performing sandy soils in the Waikerie District and across the northern Mallee. This
was mainly to be done through the profiling (spading) of chicken manure, compared against
other possible options such as clay spreading, biological treatments, winery waste products
(through collaboration with the Bureaus Mallee Challenge initiative), commercial fertiliser
application, deep ripping and surface applied treatments. These were tested at various
rates comparing surface spreading (current farmer practice) with spading the manure to a
depth of 35-40cm across various soil types to assess both the practicality and economic
value of applying such treatments. The trial is now set up for long term evaluation of
treatments.
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2 Project Plan
Figure 1. .Site layout showing main 3 sandhills (orange) and replicated site treatments
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The paddock was EM38 mapped and soil tested for both nutrition, soil qualities and root
disease (see Fig 1.) Each trial replication spans across 2 sand hills, mid-slopes and flats. Each
treatment plot is 15m wide and 400m long (0.6ha), so it could be sown and reapt using
farmer equipment.
The site was established with the assistance of 10 Lowbank Agricultural Bureau members,
who also contributed farm machinery for treatment application. It should also be noted that
while the original site planning, rates of 2.5t/h and 5t/ha of chicken manure are written, the
spreading process is not an exact science, and those applying the manure thought that it
had been spread at rates closer to 3t/ha and 6t/ha, which is how these plots are referred to
in the results and discussion.
There was some product remaining after the main site treatments were established, which
resulted in a few extra strips, including 12t/ha chicken manure spaded, as well as a mix of
chicken manure and grape marc on the end of the first trial replication.
Figure 2. Lowbank Agricultural Bureau members discussing trial site establishment

Figure 3 Spreading the chicken manure
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Figure 4. Multiple farm machines used to establish various treatment plots

Figure 5. Deep ripper used to a depth of approx. 40cm depth

Figure 6. Deep ripper in action showing maintenance of surface stubble cover
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Figure 7. Fresh grape marc being loaded for spreading

Figure 8. Straw based chicken manure used for spreading

Figure 9. Chicken manure at approx. 6t/ha spread on surface prior to spading
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Figure 10. Chicken manure at approx. 6t/ha spread on surface prior to spading

Figure 11. Spading machine in action

Figure 12. Spading various treatment plots to 35-40cm depth on the sand
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3 Results and Discussion
3.1 Soil Test Results
Four soil tests were undertaken across the trial area. Table 1 shows the deep sand to have reasonable
phosphorous levels but extremely low organic carbon. This means that it has extremely limited ability to
mineralize nitrogen, which is evidenced by the very low ammonium and nitrate levels down the profile.
There is no subsoil constraints recorded to 80cm but the soil is very infertile.
The mid slope sand has low phosphorus (14ppm) and a low organic carbon. There are no subsoil
constraints so root activity should be able to exceed 80cm depth.
The loamy soils and heavy flats have good levels of phosphorus in the surface, a reasonable organic
carbon of around 1% but start to run into subsoil constraints (transient salinity and boron) in the 50-80cm
zone. There are some stony fragments in these soils (up to 10%).
Root disease tests reveal high levels of Rhizoctonia on the sand and medium levels on the flat. There was
also concerning levels of Bipolaris (common root rot) on the sand. This would suggest that treatments
with lower nutrition (N, P, Zn) could be more susceptible to root disease attack.

Table 1. Topsoil and Deep Soil Test Results
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Table 2. Root disease test results for flat and sand at site, prior to treatment application

3.2 Crop Monitoring Results
Table 3. Crop monitoring counts on top of sandhill, Rep 1, 27/8/2015
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Table 3 shows significant differences in crop yield potential, with the spaded chicken manure
treatments often having twice the number of tillers/m row than the control areas. The visual
crop growth rating was also much higher as the plants were greener with stronger tillers
and larger head formation. Figures 13 and 14 show clear visual differences between crops
which were evident throughout the year. It is felt that the yield differences between
treatments could have been higher if not for the poor finish to the season, based on these
differences in crop growth.
Figure 13. Comparative crop growth of treatment plots on sand hill, rep 1. Sept 2015

Figure 14. Comparative crop growth of treatment plots on sand hill, rep 1. Sept 2015
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3.3 Soil Moisture Comparisons
The spading of chicken manure has resulted in much improved soil moisture retention and deep root
growth to extract this moisture as is evidenced in Figures 16 to 18. Figure 16 shows a 10mm rain in July
penetrated past the 30cm sensor whereas Figures 17 and 18 show a spike only in the surface. Figure 16
also shows the crop roots using deep moisture to 70-90cm far earlier than the other sites. Figure 18
shows the control had very little moisture extraction in the 30-50cm soil zone. Soil pits dug at the end of
the growing season showed the control area still had wet sand below 30cm whereas the “kitchen sink”
plot had healthy root growth and a dry soil profile to 150cm depth (see Figure 15).
Figure 24 shows the difference in soil moisture extraction between these treatments was approximately
15mm, which does not seem very high, but is a reflection of the fact that these non-wetting sands have an
inability to hold much water at all. However, an extra 15-20mm of plant available water in September will
make a very large difference to yield potential. Figure 25 reveals one of the key reasons for the improved
yields in the spaded treatments. The sand penetration resistance graph taken from a CSIRO sand trial at
Loxton in 2015 reveals sand compaction between 20cm and 40cm depth which is too strong for roots to
penetrate. It is only spading or deep ripping that will break this compaction and allow crop roots to
explore the deeper layers. It also explains why so many of our mallee sands remain wet at depth after
crop senescence in October.

Figure 15. Root growth pit comparisons between treatments
Control area pit

Spaded, clayed, manure, high
fertilizer area

Very few roots & soil wet, Oct 2015

Many roots & dry soil, Oct 2015
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Figure 16. Moisture probe stacked, Sand hill, 6t/ha Chicken manure spaded, May-N0v 2015

Figure 17. Moisture probe stacked, Sand hill, 3t/ha Chicken manure Deep ripped, May-N0v 2015

Figure 18. Moisture probe stacked, Sand hill, Control, May-N0v 2015
50cm Sensor

30cm Sensor

10cm Sensor
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Figure 19. Moisture probe summed, Sand hill, 6t/ha Chicken manure spaded, May-N0v 2015

Figure 20. Moisture probe summed, Sand hill, 3t/ha Chicken manure deep rip, May-N0v 2015

Figure 21. Moisture probe summed, Sand hill, Control, May-N0v 2015
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Figures 19 and 20 compare soil moisture extraction between the spaded chicken manure and
chicken manure deep ripped (60cm tine spacing to 40cm depth). This reveals that the deep
ripping led to almost the same final moisture extraction. With less organic matter profiled
through the top 40cm it did not show the same ability to hold moisture in the top 40cm and
also lacked the same fertility through this zone. Figure 21 used the NRM moisture probes
only to 50cm depth, so is not directly comparable with the previous 2 graphs. It is worth
noting that both the spaded and deep ripped plots had extracted 10mm more moisture from
the top 50cm than the control.
Figures 22 and 23 show moisture extraction on the mid slope sands using the NRM moisture
probes. While there is reasonable moisture extraction at the 30cm sensor there is still poor
moisture extraction from the 5ocm zone similar to that of the deep sand control (Figure 18).
Figure 22. Moisture probe results, Midslope, Control, Stacked, May-N0v 2015

50cm Sensor

30cm Sensor

10cm Sensor

Figure 23. Moisture probe results, Midslope, Control, Summed, May-N0v 2015
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Figure 24. End of season soil moisture measurement comparison taken from soil pits

Figure 25. End of season soil moisture measurement comparison taken from soil pits
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3.4 Yield, Grain Quality and Gross Margin Analysis
The yield data from each plot was obtained using the farmers’ header with yield mapping
technology. The yield maps were then analyzed over the EM38 soil zone maps so that a
more accurate comparison of treatments to various soil types could be made. Grain samples
were obtained from each plot and soil type.
Figures 26 and 27 show treatment yield results for the deep sands, midslope sands and
loamy soils. Rep 1 shows very similar trends to Rep 2 results. There was some missing data
from the Rep 1 harvest results and also some soil improvements from the western side to
the eastern side. The full gross margin analysis has therefore been applied to Rep 2 results as
this gave more consistent results between the control strips at either end and in the center
of the plots (see Table 4).
These harvest results reveal the following:


The spading of 6t/ha of chicken manure lifted crop yields by 0.86t/ha (nearly double).
If this same increase was realized next season this treatment would have recovered
costs within 2 years.



The difference between spading 3t/ha and 6t/ha of chicken manure was shown to be
approximately 0.15t/ha suggesting that the lower rate may be the most economic.
However, this will depend on how long the benefits of the extra 3t/ha will last, and
emphasizes the need to continue monitoring this trial in future years.



The common practice of spreading 3t/ha of chicken manure on the surface improved
yields by 0.2t/ha over the control.



On each occasion where the same treatment was applied on the surface next to
being spaded the spading significantly increased the yields by 0.4-0.5t/ha. This
suggests that the advantages gained were due to both breaking soil compaction and
increasing soil nutrition and water holding capacity within the top 40cm.



While the trial was aimed at improving grain production on the sandy soils it was
clear that there were strong benefits obtained from most treatments on the loamy
soils.



The deep ripped 3t/ha chicken manure plots gave some yield advantage over the
surface spread chicken manure. In rep 2 loamy soils responded strongly to deep
ripping, but this was not the case in rep 1.



Deep ripping provides an easier, cheaper and safer option for treating these mallee
sands, but has not provided the same yield advantage as spading in the first year.
This may be the best option for many farmers until more spading machinery becomes
locally available and is better modified to reduce wind erosion (see Figure 29).
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Spading in high levels of commercial fertilizer (including trace elements) gave an
excellent yield response while still breaking even in the first year. However, other
trials suggest that the benefits of these treatments may not be long lasting.



The bio-conditioning plots were applied late (post sowing) and appeared to show
very little difference against the control plots.



The winery waste mix (essentially flush water from liquid fertilizer manufacturing
containing base level trace elements including Zn, Mn, Fe, Mg, Seasol and formbic
acid) may have provided a small benefit, but was not consistent.



The grape mark application with the winery mix appeared to show more benefits in
the mid-slope to loamy soils than the sand.



Spading clay spread at 80 t/ha produced a 0.5t/ha yield increase over the control. Its
higher treatment costs mean that it may take 4 years or more to break even at this
rate, which suggests it may be too risky as a strategy for the northern mallee.
However, as it changes the soil texture, it may provide the longest lasting benefits.

Table 4. Rep 2 yield results with gross margin comparisons
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Figure 26. Rep 1 yield results (t/ha)*

*there was loss of yield data in Rep 1 that made the final plots unable to be represented in this graph.

Figure 27. Rep 2 yield results (t/ha)

20

Figure 28. Rep 2 yield results (t/ha) of 4 treatments by EM38 ranges

Figure 28 shows how various treatments performed against the incremental ranges of
EM38, with 10-20 representing deep sand, while 50-70 indicates loams. It shows the larges
benefits of spading chicken manure lie between EM38 20-50, the deep and midslope sands.
Tables 5 and 6 show the grain quality results of Reps 1 and 2. The majority of the wheat
samples were of high quality with low screenings and high protein. Generally there were
higher protein results from plots which supplied the higher chicken manure or fertiliser.
Many of the winery waste sites resulted in low protein as this product did not supply high
rates of nitrogen. Some of the control areas had reasonable protein but this was often
associated with low yield, and therefore still a low “N use”.
The “N use” is of particular relevance as it provides an estimation of how much nitrogen is
removed due to the yield and protein levels of each plot. The control areas are often
showing an N removal of 40-60kg/ha, which is in stark contrast to the higher input areas
such as “kitchen sink” spaded, 6t/ha chicken manure spaded and high fertilizer treatments
that are often shown to be removing 100-140kg/ha. If the increased yields of different
treatments is mainly N driven then it is feasible that the benefits may only last for a few
years.
For instance, each ton of chicken manure contains approximately 25kg/ha of N and 4.8kg/ha
P. Applying 6t/ha is essentially 150kg/ha extra N. If this high yielding treatment is removing
an extra 50kg/ha N per year over the control, then after 3 years the majority of the extra N
may be used up. However, it is expected that the benefits of improved soil health and
breaking compaction through spading manure to 40cm, resulting in increased root growth
and higher organic matter turn over should result in longer lasting benefits than just
higher N availability. This is another reason why it is vitally important that this trial be
monitored long term.
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Table 5. Grain quality results, rep 1.
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Table 6. Grain quality results, rep 2.

23

Figure 29. Spading machine with large presswheels to leave ground ridged and firm

4 Summary
Spading Chicken Manure at rates of 3t/ha and 6t/ha has almost doubled yields at a farmer
scale sand trial south of Waikerie. This is due to a combination of breaking deep soil
compaction, increasing soil fertility and improving soil moisture holding capacity, leading to
increased rooting depth and moisture extraction through spring.
There has been a great deal of farmer interest in the trial that is practical for local farmers to
implement given the increasing numbers of chicken farms in the area. There is some
concern over the erosion risk of spading large areas of these sandy soils. It is advised that
spading is done as close as possible to seeding time, and that the spading machine has large
presswheels trailing to ridge and firm soil, to help minimise this risk.
Initial economic analysis suggests these treatments are affordable with costs recoverable in
short term. It is intended that this site will be monitored over coming years to assess the
long term effects of various treatments.

24

5 Acknowledgements
This project would not have been possible without the commitment of the Lowbank
Agricultural Bureau members. In particular, the Schmidt family, whose property, time and
equipment were used to host this trial, as well as Bureau chairman Brenton Kroehn.
Viterra Loxton provided support for grain analysis.

This project was funded through the South Australian Murray-Darling Basin Natural
Resources Management Board and the Australian Government’s National Landcare
Programme.

25

