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Abstract 

Subsoil physicochemical constraints that restrict the growth of crops are widely present in south-

eastern Australia.  Amelioration of subsoil with different amendments has sometimes resulted in large 

crop and soil responses, but results have been inconsistent, especially in the medium rainfall zone 

(MRZ).  A micro-irrigation experiment was established on a subset of treatments in a larger 

experiment where surface and subsoil placement of various organic and inorganic amendments had 

been established in 2018 on a sodic vertosol soil in the MRZ of western Victoria.  The experiment 

aimed to assess the influence of pre-sowing subsoil water reserves on the effect of the amendments on 

crop growth.  In non-irrigated plots, soil amelioration treatments had no significant effect on plant 

biomass or grain yield.  But in irrigated plots, a significant treatment × irrigation interaction in soil 

water content at sowing, and plant biomass and grain yield at maturity was observed.  The presence of 

subsoil water reserves appears to be an important predictor of the ability of soil amelioration to 

improve crop growth where subsoil physicochemical constraints are present.  
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Introduction 

Many soils in south-eastern (SE) Australia possess physicochemical constraints that restrict the 

growth of crops by limiting root growth, reducing water and nutrient-use efficiency (Adcock et al. 

2007).  Amelioration with various inorganic and organic amendments can produce large crop and soil 

responses (Sale et al. 2019).  Responses to amelioration in medium rainfall zones (MRZ) of SE 

Australia however have been inconsistent, and this has anecdotally been attributed to poor seasonal 

conditions, particularly lack of subsoil water.  A multi-site project (DAV00149) across SE Australia 

was started in 2016, as part of which several field trial sites were established in western Victoria, 

aiming to demonstrate that deep incorporation of organic amendments into constrained subsoil may 

provide significant improvements in grain yield, associated with changes in subsoil properties and 

improved root growth.  To better understand the influence of subsoil water, we established a micro-

irrigation experiment on a subset of treatments at one site with a sodic vertosol soil, to measure the 

effect of substantially increasing the soil profile water content prior to sowing, compared to natural 

dryland conditions. 

Methods 

The experiment was established at the AVR Plant Breeding Centre (PBC), Lower Norton 

(36°44'50.6"S 142°06'59.1"E), in the MRZ of the Wimmera region of Victoria in 2018.  The parent 

experiment comprised 12 treatments in a randomised complete block design with four replicates, 

where various pelletised organic amendments and inorganic treatments were applied either to the 

surface or at a depth of 20-30 cm using a custom-built subsoiler, to plots 24 x 3.6 m, at an equivalent 

rate to 15 t/ha.  Amelioration treatments included a deep-ripping ‘check’, surface and subsoil 

application of chicken manure, legume plant-based amendment and gypsum (10 t/ha).  In addition, all 

experiments had a nutrient-only treatment (phosphorus (P) plus N rates equivalent to 50% of that 

contained in organic material with supplementary N applied over the subsequent three crops.  This 

strategy accounted for a predicted 50% mineralisation rate of N from the amendment each year so that 

the sum of N applied was equivalent to that in the organic material after three years) and a treatment 
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comprising wheat straw plus nutrients.  Amendments were applied once so that the residual value 

could be assessed in subsequent years.  Baseline soil characteristics are shown in Table 1. 

In 2020, a subset of five of these treatments (Control, Deep nutrients, Deep wheat straw + nutrients, 

Deep chicken manure, Surface chicken manure) had micro-irrigation plots established within them 

(ca. 4.3 m2), where the equivalent of 185 mm of rainfall was applied in four lots over a period of 3 

days via 13 mm gravity-fed dripper irrigation lines, about 4 weeks prior to sowing.  The site was sown 

to barley cv. Gairdner @ 70 kg/ha with MAP @ 70 kg/ha on 5/05/20.  Soil profile water 

measurements were taken using a neutron probe moisture gauge at 2-3-week intervals, and at key 

growth stages to coincide with crop sampling.  Crop reflectance was measured at 2-week intervals 

using a hand-held Crop Circle ACS-430 sensor.  Data were analysed using split-plot ANOVA in 

Genstat v18. 

Table 1. PBC soil characteristics 

Depth 

(cm) 

pH 

(CaCl2) 

EC 

(dS/m) 

ESP Organic C 

(%) 

Total N 

(%) 

Soil o.m. 

(%) 

Colwell P 

(mg/kg) 

FC 

(%w/w) 

PWP (% 

w/w) 

0-10 7.7 0.32 4.0 1.09 0.1 1.98 36 40 23 

10-20 7.9 0.29 5.8 0.69 0.065 1.28 10 43 25 

20-40 8.2 0.52 10.9 0.60 0.06 1.14 7 44 23 

40-80 8.1 2.15 16.7 0.37 <0.05 0.69 7 48 25 

80-120 8.2 2.75 20.4 0.21 <0.05 0.39 7 49 25 

Results 

The irrigation produced significant increases in volumetric soil water content to depths of 100 cm at 

the time of sowing.  However, the irrigated control treatment had less additional total soil profile 

water compared to the dryland control (116 mm), in comparison to the other treatments (average 184 

mm).  There was a trend for this increased water to reach lower in the soil profile in amended 

treatments (applied to both topsoil and subsoil) compared with the irrigated control treatments (Figure 

1a).  Treatment differences were present at multiple depths, and there was a significant treatment × 

irrigation interaction at 10-20 cm and 60-80 cm depths at sowing (Figure 1a).  As the growing season 

progressed, the treatment-irrigation interactions were no longer significant, but treatment differences 

were still present at anthesis, and to a lesser extent at maturity, where treatment differences were only 

seen in the 10-40 cm depths (Figure 1b, c). 

NDVI crop reflectance data showed significant treatment differences at PBC at mid-tillering (GS25) 

and at soft dough development (GS85), while significant treatment-irrigation interactions (P<0.001) 

were found from stem elongation (GS32) to medium milk development (GS75) (Figure 2). 

In the absence of subsoil water reserves, there was no significant difference (P<0.05) in wheat grain 

yield between soil treatments (mean = 4.05 t/ha non-irrigated treatments) (Figure 3b).  In the irrigated 

microplots, grain yield increased on average by 2.48 t/ha (61%).  The impact of subsoil water varied 

with the type of amelioration imposed, ranging from 28% in the Control and Deep chicken manure to 

78% with Deep nutrients and 84% for both Deep wheat + nutrients and Surface chicken manure.  The 

highest grain yields (8.51 t/ha) were recorded for the Deep wheat straw + nutrients treatment.  

Differences in grain yield were reflected in total wheat biomass (Figure 3a) with a trend of lower 

harvest index in irrigated microplots (P=0.073). 
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Figure 1.  Volumetric soil water from 0-150cm depth in non-irrigated (‘dry’) and irrigated (‘irri’) 

microplots at: sowing (a); anthesis (b); and maturity (c), respectively.  Bars represent l.s.d. (P0.05) at 

depths where treatment differences (black bars), or treatment-irrigation interaction (red bars) were 

statistically significant (P<0.05).  

 

 

Figure 2.  Crop reflectance (NDVI) from mid-tillering to medium milk development growth stages, in 

non-irrigated (‘dry’) and irrigated (‘irri’) microplots.  Bars represent l.s.d. (P0.05) at depths where 

treatment differences (black bars), or treatment-irrigation interaction (red bars) were statistically 

significant (P<0.05). 

(a) (b) 

(c) 
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Fig. 3. PBC barley biomass DM (a) and grain yield (b) at maturity from quadrat cuts in non-irrigated 

(Dry) and irrigated (Irri) sub-plots.  Bars represent l.s.d. (P0.05).   

  
Conclusion 

Irrigation water applied prior to sowing increased soil volumetric water content at deeper depths in 

amended treatments compared to the undisturbed Control plots, indicating that soil permeability had 

been improved by both surface- and deep-placed amendments, possibly due to increased root growth 

in previous years.  Soil macroporosity measurements currently underway may shed more light on this.  

Significant treatment-irrigation interactions were observed during the middle sections of the growing 

season in crop reflectance NDVI and the interaction carried through to maturity in biomass dry matter 

and grain yield.  The interaction would appear not to be purely a nutritional-water effect, since the 

largest yield response was seen in the wheat straw + nutrients treatment, where it would be expected 

that the plant-availability of at least some of the mineral N added would be reduced through 

competition with soil microorganisms. 

This experiment provided evidence that the presence of subsoil water appears to influence response to 

organic and inorganic amendments.  Soil amelioration can affect crop productivity by overcoming 

physicochemical constraints such as low fertility and poor structure occurring in both the topsoil and 

subsoil.  The effect of subsoil water on amendment response is not surprising given that subsoil water 

has the potential to produce twice the grain yield per mm of water used compared to surface soil water 

(Lilley and Kirkegaard 2007), and the finding that subsoil constraints can only limit grain yields when 

crops are reliant on subsoil water to realise yield potentials (Nuttall and Armstrong 2010). 
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