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Abstract 

Soil maps are fundamental for agricultural management. However, mapping 

soils is a difficult task because of their high spatial variability and the 

challenge of choosing representative field sites for soil analysis. Globally, soil 

information is becoming a prioritized agenda, due to the increasing demand 

for soil information for quantitative ecological, environmental and agronomic 

modelling. Hence, improved digital soil mapping techniques are required to 

fulfill this demand.  

The Plant Available Water-holding Capacity (PAWC) is a key soil property in 

most agricultural management activities as it determines the maximum water 

that can be readily extracted by plants. Globally, there is an increasing 

demand for spatially explicit soil PAWC data for understanding the potential 

consequences of climate change and development of adaptation strategies. 

The coarse resolution of current PAWC information limits the spatial detail of 

future predictions and decision support.  

Plant growth in water-limited Mediterranean climates is predominantly 

controlled by soil water availability. In rain-fed cropping systems, differences 

in PAWC can explain a large proportion of the spatial and temporal crop yield 

variability. The overall aim of this research was to develop a methodology to 

estimate spatial pattern of PAWC at a high spatial resolution using satellite-

based remote sensing techniques. The underlying hypothesis is that the 

spatio-temporal plant growth patterns contain integrated information about 

soil properties and plant-soil-water interaction in the profile. The objective was 

to evaluate if phenological metrics derived from MODIS-NDVI (Moderate 

Resolution Imaging Spectroradiometer Normalized Difference Vegetation 

Index) can be used to infer about PAWC. The study was conducted in the 

South Australian agricultural region, which is one of the major grain 

producing regions of the country. 

Central to facilitating the research was the design and development of a 

flexible software package (CropPhenology) to extract phenological metrics that 

are indicators of crop condition at different growth stages. The CropPhenology 

package was developed in R to be used for analyzing data for all later stages 

of the project. It is available in the public domain repository GitHub.  
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Initially, the sensitivity of remote sensing phenological metrics for differences 

in soil PAWC was assessed in a controlled situation. Phenological metrics for 

crop grown in soils of contrasting PAWC values under identical agricultural 

management were compared. The results identified potential phenological 

metrics to be used as indicators for soil PAWC. The findings support that the 

soil signal can be extracted from time-series vegetation growth dynamics.  

The research further evaluated the efficacy of the phenological metrics for 

assessment of spatio-temporal crop growth variability for management 

practices. The association between phenological metrics and management 

zones were analyzed in a South Australian cropping field. The result shows 

that phenological metrics have potential to inform about both spatial 

variability and temporal variability, highlighting a pathway towards alternative 

approaches for assessing the spatio-temporal variability in cropping fields.  

Finally, an approach was developed for spatial PAWC estimation. Multiple 

linear regression models were developed that analytically associate of the 

measured soil PAWC values with MODIS-NDVI phenological metrics. The 

PAWC map shows significant agreement with the landscape-scale soil map of 

the region with realistic detail of PAWC variability within the soil map units 

across management units. The evidence from this result indicates the 

potential of phenological metrics from satellite remote sensing for soil PAWC 

mapping at unprecedented detail over a broad regional extent. Advances in 

PAWC mapping as demonstrated in this thesis will improve models assessing 

future climate change development of adaptation strategies and will narrow 

the gap in spatial detail between regional decision making and farm-based 

precision agriculture. 
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