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Abstract 

Alkaline dispersive subsoils are common in cropping areas of south-eastern Australia, which exhibit a range 

of physiochemical properties including dispersion, poor structure, impeded drainage, waterlogging and high 

soil strength. These properties restrict the rooting depth of crops, resulting in yield penalties due to reduced 

extraction of water and nutrient. In a multiyear field screening trial, we combined the use of high-resolution, 

low-altitude aerial imaging for rapid phenotyping of crops with physiological and agronomic measurements 

to identify the traits contributing tolerance to alkaline dispersive subsoil. The intense drought conditions 

experienced in the study years revealed considerable genotypic variation with some genotypes having more 

than a 3-fold higher grain yield than others. Observed grain yield was correlated with harvest index but not 

biomass indicating the ability of high yielding genotypes to alleviate the drought stress by accessing subsoil 

water. Observed traits associated with this greater yield performance should prove to be crucial in future 

breeding programs. 
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Introduction 

Alkaline soils (pH>8) cover 24% of Australian land (Northcote and Skene 1972). Among different types of 

alkaline soils, dispersive sodic soil is the most common in cropping areas of south-eastern Australia (Nuttall 

et al. 2003). Alkaline dispersive subsoils exhibit a range of physicochemical properties including the 

presence of high subsoil exchangeable Sodium (Na) concentrations which cause soil dispersion leading to 

poor subsoil structure, impeded drainage, waterlogging, denitrification and high soil strength. These 

physicochemical properties of alkaline dispersive subsoils result in poor crop establishment, limiting root 

growth and functions which subsequently restrict the crops access to soil water and nutrients (Passioura and 

Angus 2010). 

Under dryland farming systems which are subject to terminal drought conditions, a key to improving crop 

productivity is to improve root growth in and through the alkaline dispersive subsoils to enable use of subsoil 

water later in the growing season. A range of engineering and farm management solutions (e.g. deep ripping, 

primer crops and subsoil manuring) have been practicing for ameliorating subsoil constraints with variable 

results (Adcock et al. 2007; Gill et al. 2008). However, the adaptation of this approaches is largely limited by 

significant financial risk resulting from the initial high upfront investment. 

Genetic improvement is also frequently advocated as an avenue for improving crop productivity and 

adaptation under different hostile soil conditions (McDonald et al. 2012; Nuttall et al. 2010). Little is known 

about genetic variation for tolerance of subsoil constraints and how they relate to different plant traits such as 

elemental toxicity tolerance, canopy cover, rooting depth and harvest index and the integration of these 

factors in yield response of different genotypes. This limited knowledge is also due to the practical 

difficulties in measuring dynamic and variable soil constraints under field conditions. This paper presents 

results from a genotype screening trials conducted in 2018 and 2019 at Grogan in southern NSW for 

identifying wheat genotypes and traits linked to alkaline dispersive subsoil tolerance under field conditions. 

Methods 

A field screening trial was conducted in 2018 and 2019 in a grower’s paddock in Grogan southern NSW. 

Soil physicochemical properties of the experimental site are reported in Uddin et al. (2020). The soil profile 

was slightly acidic in the top 10 cm (pH (1:5 water) = 5.9) and pH dramatically increasing with depth, 

reaching 9.6 at 60 cm depth and below. The changes in soil exchangeable sodium percentage (ESP) followed 
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a similar trend of soil pH with ESP only 10% at the topsoil increasing to 36% in the subsoil. The trial 

consisted of 17 wheat genotypes arranged in a randomised complete block design with four replicates. Each 

plot was 6 m long, 1.4 m wide, and consisted of six rows with 0.244 m spacing. Plots were sown on 17 May 

and harvested on 3 December and 18 November in 2018 and 2019, respectively. At sowing 80kg MAP (20kg 

P/ha and 9kg N/ha) was drilled in all plots and 69kg N/ha was surface applied just prior to stem elongation. 

The site received 276.4- and 361-mm annual rainfall of which only 128- and 163 -mm typically felled during 

the 2018 and 2019 crop growing seasons, respectively. 

At different growth stages multispectral images (MicaSense RedEdge-MX) were collected using an 

Unmanned Ariel Vehicle (UAV) to determine different vegetation indices including normalised differences 

in vegetation index (NDVI), normalised differences in red edge (NDRE) and leaf chlorophyll index (LCI).  

These indices were used as surrogates for canopy attributes and plant physiological processes (Satir and 

Berberoglu 2016; Zhang et al. 2019). Water content at different soil depths was monitored using a neutron 

moisture meter. 

Quadrat samples were taken at anthesis (0.375 m2) and physiological maturity (1 m2) to measure plant 

biomass and yield and harvest index. Results were analysed in a linear mixed model with block/replication as 

random effects and genotypes as fixed effect. 

Results 

Significant (P < 0.001) genotypic variation occurred in grain yield among the genotypes in both studied 

years. The studied genotypes showed a similar trend in both studied years and their grain yield ranged from 

only 0.6 t/ha (Gregory, Sunco and Trojan) to ~2.0 t/ha (Scepter, Emu Rock, Mace and Corack; Figure 1). 

Harvest index was also significantly (P < 0.001) differed among the studied genotypes (Figure 1) and it 

showed a strong and positive correlation with the grain yield especially in 2019 (data not shown). 

Figure 1. Grain yield and harvest index of different wheat genotypes grown in an alkaline dispersive subsoil in 

Grogan, SNSW in 2018 and 2019. Bars represent the mean (n = 4). The vertical bars indicate the significant 

difference between the genotypes mean (P < 0.05) for 2018 (narrow) and 2019 (bold). 
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During 2019 growing season, all the non-destructive vegetation indices, i.e. NDVI (P < 0.01), NDRE (P < 

0.001) and LCI (P < 0.001) measured at stem elongation showed significant and positive correlation with 

biomass at anthesis (Figure 2). The biomass at final harvest did not significantly (P = 0.11 and 0.46 for 2018 

and 2019, respectively) differed among the studied genotypes (data not shown). 

Figure 2. Linear regressions between vegetation indices (measured at stem-elongation) and anthesis biomass of 

17 wheat genotypes grown in alkaline dispersive subsoil in Grogan, SNSW in 2019. Data points represent the 

mean (n = 4). NDVI = normalised differences in vegetation index; LCI = Leaf chlorophyll index; NDRE = 

Normalised difference red edge. 

Soil water measured at harvest significantly differed between Hartog and Mace at 40 and 65 cm depths in 

both studied years (Figure 3). At the end of the growing seasons, cultivar Mace had less water left in the soil 

profile than cultivar Hartog. 

Figure 3. Neutron probe reading taken at the end of the growing season in 2018 and 2019. Results are based on 

the neutron activity (raw data) where higher values represent higher water content in the soil profile. Data 

points represent the mean (n = 3). The horizontal bars indicate significant difference between the genotypes 

mean (P < 0.05). 

Discussion 

Despite, demonstrating significant improvement in grain yield with subsoil incorporation of organic and 

inorganic amendments (Gill et al. 2008) the widespread adoption of these practices is still limited by the cost 

effectiveness. Identifying traits associated with the superior tolerance to different soil constraints may be a 
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low-cost technique to tackle this issue (McDonald et al. 2012). Given the intensive drought condition in the 

study years, considerable genotypic variation was observed with some varieties having 3- folds higher grain 

yield than the other varieties. Based on controlled-environment studies, the high yielding varieties at Grogan, 

Mace and emu Rock, are moderately tolerant to tolerant to high pH and have roots that can grow relatively 

well through soils of high bulk density, whereas low yielding varieties such as Gregory, Hartog and Sunco 

are sensitive to one or both of these stresses (data not shown). 

Harvest index is one of the main traits describing grain yield variability under dryland conditions, which is 

highly linked with the post-anthesis water use (Passioura 1977; Unkovich et al. 2010). The very low harvest 

index in the trials suggests that there was severe stress around flowering to reduce grain set, as well as during 

grain filling. Under such intensive drought conditions, production of biomass did not necessarily translate 

into grain yield and resulted in very poor correlation between grain yield and biomass (Uddin et al. 2020). 

Therefore, the vegetation indices although were good indicators of explaining biomass but failed to explain 

any yield variability observed among different genotypes. The strong correlation between grain yield and 

harvest index suggests that perhaps the ability to maintain root growth helped to alleviate the stress in 

varieties like Mace, Emu Rock and Scepter. This statement is confirmed by the varietal difference in subsoil 

water extraction (Figure 3). These different traits associated with this greater yield performance of wheat 

genotypes under alkaline dispersive subsoil conditions are crucial aspects of future breeding programs. 
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