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Abstract 
Crop water-use on sandy soils is often poor with productivity constrained by the presence of water 
repellence, compaction, low water holding capacity and/or poor nutrient and biological fertility. Treatments 
that addressed these constraints were applied in a field trial on the Eyre Peninsula in 2014. Crop responses 
and changes in soil fertility have been measured. Physically mixing the soil to 0.3 m by spading was 
beneficial on this sand; yield responses in the order of 70 to 100 % were seen in 2018, five years after 
treatments were applied (unmodified control = 2.35 t/ha); further yield increases in the first two years were 
obtained with the incorporation of lucerne hay in the spading operation.  
 
Similar results were seen in comparable trials in the Murray Mallee and South East of SA, confirming that 
crop performance on sandy soils can be substantially improved when their inherent constraints are addressed. 
Understanding the nature and interaction of the constraints is vital to identify the optimum amelioration 
strategy. 
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Introduction 
Sandy soils account for approximately 20% of the cropping land on the Eyre Peninsula (EP) in South 
Australia; crops grown in these soils typically suffer poor water-use. A field trial was established in 2014 in 
the lower EP with the aim of testing whether crop productivity can be substantially improved when subsoil 
chemical, physical and biological constraints in sandy soils are treated. 

A range of treatments were applied to overcome constraints including compaction, water repellence, low 
water holding capacity and poor fertility. The treatments included the addition and incorporation of clay, 
fertiliser and lucerne hay, and combinations of these. The impact of the treatments on crop production was 
monitored by PIRSA in 2014 and 2015 (as part of the New Horizons soil improvement program, under 
which three field trials were conducted) and these trials were then incorporated into the GRDC Sandy Soils 
project (CSP00203) with monitoring continuing 2016-2018. Results from the Brimpton Lake site are 
presented here to demonstrate the impacts on crop production when constraints in sandy soils are 
ameliorated. The other two trials were established at Karoonda in the SA Mallee and Cadgee in the south-
east of SA in 2014.  

Methods 
The trial was located at Brimpton Lake [-34.077 S; 135.562 E] on a flat to gently undulating site used for 
cropping (cereal, canola, and lupins) in rotation with annual grass and legume-based pastures. The soil 
profile comprises a grey sandy topsoil of 0.08 - 0.1 m over a bleached white sand with sodic clay at 0.3 – 0.5 
m deep. Constraints present included compaction below 0.1 m (bulk density = 1.69 g/cm3), severe water 
repellence in the surface, low nutrient status and low water holding capacity. Grain yields at the site are 
generally less than half the yields of better soils in the district (water limited yield potential ~ 4.7 t/ha).  
 
Treatments 
The trial consisted of twelve treatments (Table 1) implemented pre-sowing in 2014 and were not re-applied 
(randomised block design; 4 replicates; plots 25 x 4m). Treatments 2, 3, and 4 did not show strong responses 
in the first two years and were omitted from intensive monitoring from 2016; data for those treatments is not 
reported. 
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Table 1.  Details of the twelve treatments applied at Brimpton Lake in 2014 to overcome identified constraints. 

Treatment Detail 
Constraints addressed1 

WR N P OC WHC 

T1 unmodified control (UC) Managed as per best commercial practice      
T2 deep nutrition (DN) Additional mineral fertiliser (60 N:30 P:50 K:20 S:4 

Zn:6 Mn:3 Cu kg/ha) applied at 0.3 m using tines (not 
mixed) prior to sowing. 

     

T3 shallow clay (SC) 450 t/ha clay applied on surface and incorporated 
‘shallow’ (0.1 m) using tined implement as per 
common practice. 

    ? 

T4 shallow clay + deep nutrition 
(SC+DN) 

Combination of T2 and T3.     ? 

T5 Spading (Spaded) Spaded to 0.3 m. ?     
T6 spading + nutrition 

(Spaded NuPak) 
Additional mineral fertiliser (60 N:30 P:50 K:20 S:4 
Zn:6 Mn:3 Cu kg/ha) applied to the surface, 
incorporated to 0.3 m by spading. 

?     

T7 spading + clay 
(Spaded clay) 

450 t/ha clay applied to the surface and incorporated to 
0.3 m by spading. 

     

T8 spading + clay + nutrition 
(Spaded clay + NuPak) 

Combination of T6 and T7.      

T9 spading + lucerne 
(Spaded luc) 

10 t/ha lucerne hay applied to surface and incorporated 
to 0.3 m by spading. 

?    ? 

T10 spading + luc + nutrition 
(Spaded luc + NuPak) 

Combination of T6 and T9. ?    ? 

T11 spading + clay + luc 
(Spaded clay + luc) 

Combination of T7 and T9.      

T12 spading + clay + luc + nut 
(Spaded clay + luc+ NuPak) 

Combination of T6, T7 and T9.      

1WR = water repellence; N = nutrient deficiency; P = physical limitation (high bulk density and/or high soil strength); OC = low 
OC; WHC = increase water holding capacity. 

 
Crop Management 
Annual crop and rainfall details are listed in Table 2. Unmodified control treatments were managed as per 
best commercial practice and provided with fertiliser to match yield potential; basal NP fertilisers were 
applied annually at seeding in all treatments.  In-crop nutrition (primarily nitrogen) was matched to the likely 
potential of each treatment. Weeds and pests were controlled as required using commercial practices.  

Table 2.  Annual crop type and rainfall at Brimpton Lake over five years.  
Year Crop sown Annual rainfall, mm 

(decile) 
Growing Season rainfall, 

mm (Apr-Oct) 
2014 Corack wheat 445 (5) 345 

2015 Emu Rock wheat 350 (2) 305 

2016 Spartacus barley 560 (8) 425 

2017 Wonga Lupins 420 (4) 270 

2018 Grenade wheat 375 (3) 315 

 
 
Measurements 
Monitoring of crop performance included annual measurements of establishment, biomass at anthesis, grain 
yield and quality. Changes in soil physical and chemical/nutrient fertility were measured post-treatment 
application in 2014, pre-sowing (annually) and post-trial in February 2019 to quantify the magnitude and 
longevity of effect following five years of cropping; data is currently being analysed and is not reported here.  
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Results 
Mixing the soil via spading ± luc or NuPak reduced water repellence to moderate and to very low when clay 
was included in the treatment. Water repellence affected crop establishment in 2017 and 2018 only, owing to 
very dry conditions at sowing. Despite a reduction in the severity of repellence with spading, only the inclusion 
of clay in the treatment increased crop establishment substantially in those years (Figure 1a).  However, this 
increased plant density did not result in higher grain yields in either year above spading alone (Table 3).  
 

 

Figure 1.  Establishment (plants/m2) at Brimpton Lake for the 2014 to 2018 years. Establishment was only 
increased by treatments in 2017 and 2018 when water repellence was expressed; only the treatments that 
included spaded clay increased plant numbers in both years.  
*LSD P=0.05: 16 (2017); 36 (2018)   

 
Spading alleviated compaction in the surface 0.3 m, consistently reducing bulk density <1.6 g/cm3, and led to 
large increases in grain yields in all years with rainfall decile 5 or less (Tables 2 and 3); a 4 year average 
increase of 58% was recorded for the 2014, 2015, 2017 and 2018 years (no effect of treatments on crop 
performance in 2016). Spading produced an additional 1.8 t/ha of wheat in 2018, 5 years after the 
intervention was applied; it received the same inputs as the control with no negative impact on grain protein 
or quality observed.  
 
The addition of lucerne with spading increased grain yields in 2014 and 2015, but this response has declined 
over time (Table 3 and Figure 2); the addition of clay added little benefit above spading alone, particularly in 
later years. 
 

Table 3.  Annual grain yields at Brimpton Lake (t/ha). Bold figures denote statistical significance from the 
unmodified control (LSD P=0.05). 

Treatment 
Grain Yield t/ha 

2014 2015 2016 2017 2018 

Unmodified control 1.40 1.89 3.63 1.07 2.35 

Spaded 2.29 2.71 3.67 1.58 4.17 

Spaded NuPak 1.56 2.68 3.22 1.97 4.52 

Spaded clay 2.48 2.85 3.97 1.59 4.22 

Spaded clay + NuPak 1.69 2.48 3.90 1.6 4.30 

Spaded luc 2.96 3.69 3.94 1.5 4.04 

Spaded luc + NuPak 2.85 3.82 3.91 1.66 4.58 

Spaded clay + luc 2.62 3.42 3.63 1.59 4.76 

Spaded clay + luc + NuPak 2.81 3.38 4.01 1.69 4.79 

LSD (0.05) 0.60 0.55 NS 0.45 1.05 

 
In the very high rainfall year of 2016 (decile 8), treatment responses were absent, suggesting that either soil 
moisture conditions were sufficient to mask the effects of the primary physical constraint, or that rainfall 
sufficiently met crop requirements without the plant needing to access extra soil moisture.      

* *

* *
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a.  b.  
Figure 2.  Treatment responses relative to the unmodified control (%), comparing the response from the 
first two years of trial monitoring (a) with the last two years of monitoring (b).   

 
Temporal trends show the treatments responding differently with time (Figure 2). Whereas the response to 
spading only has remained relatively constant, along with spaded clay and spaded clay+luc, the response to 
spaded lucerne has declined in later years, while spaded NuPak delivered over 80 % increases in 2017 and 
2018 (up from 11 and 42 % in 2014 and 2015 respectively).    
 
Alleviating compaction has led to improved grain yields in most years for all treatments that included 
spading, adding >4 t/ha of grain over the five years (Table 3 and Figure 3). Including lucerne in the treatment 
± clay and/or NuPak further increased yields >1.5 t/ha; despite this, when applied at 10 t/ha, the cost of this 
organic amendment has not yet been recovered.  
 

Figure 3.    Total grain produced (2014 to 2018). Bars show the baseline control (blue), gains from the 
implementation of spading (grey), and additional gains from the incorporation of clay or lucerne hay 
(dark blue) and NuPak (very dark  blue).

   
Conclusion 
Overcoming the physical constraint in a sand on the EP led to a cumulative five year grain yield increase of 4 
t/ha; the cost of this treatment, (spading @ approximately $150 – 180/ha) would have been recouped in the 
first year. Yields were often improved with the 2014 addition of lucerne and/or fertilisers, though their 
responses differ temporally, with the response to lucerne declining over time and the response to fertiliser 
increasing. The major benefit of including clay was to improve establishment in years when repellence was 
expressed at sowing, but this did not translate into higher grain yields (in contrast to spading alone).  
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