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Abstract 

Soil constraints can significantly reduce the health of our soil resources if untreated. Increasingly, 
variable rate solutions are being used to enable targeted amelioration of surface soil, with Grid Soil 
Sampling being a proven strategy. Concurrently, satellite imagery is more frequently being used to 
define management zones for soil sampling and the development of variable rate solutions. This paper 
investigates the relationship between NDVI, yield, and surface soil properties across 29 paddocks in 
central NSW. No consistency was found in the correlation between different soil properties NDVI and 
yield data. NDVI was found to be inconsistent across years for the same paddock, with many paddocks 
having less than an 0.5 correlation value between years for 50% or less of the comparisons. When 
paddocks were divided into high, medium and low zones based on multi-year NDVI, in over 90% of 
paddocks there was no relationship between NDVI zones and identified soil constraints.  

 

1. INTRODUCTION 

Soil constraints such as acidity and nutrient availability significantly reduce crop yields, limit crop choice, 
and damage the health of our soils when untreated. Lime and fertiliser are significant annual investments 
in the production system and farmers are increasingly looking for reliable evidence to optimise such 
inputs through more targeted variable rate amelioration.  

Grid soil sampling is a proven basis for targeted amelioration of surface soil across a paddock using 
Variable Rate (VR) lime and nutrient applications. The development of management zones based on 
grower knowledge, historic yield data and satellite imagery (e.g. NDVI) is another strategy increasingly 
being used to define surface soil sampling locations and variable rate amelioration.   

A recent analysis of grid sampled surface soil properties (Barlow et al 2019) showed that the variation 
in a range of soil properties is not well spatially correlated in the majority of paddocks, and that different 
VR strategies are required to ameliorate different soil constraints. The underlying assumption in the 
delineation of management zones is that the zones will represent the variability in measured soil 
properties allowing for the variability in soils to be measured and managed.  

Comparative studies between the grid and zone-based methods are often quite limited in scope (one-
two paddocks), utilise different methods for zone development and different grid-based sampling 
approaches. Even studies on the development of zones are not always conclusive: for example, 
Flowers, Weisz & White (2005) found that randomly drawn zones were equally effective at reducing 
within-zone variability as the 4 different methods of carefully delineated management zones.                                                                   

This project investigated the relationships between NDVI, yield (where available) and grid mapped 
surface soil properties in 29 paddocks in central NSW. Specifically, it aimed to determine the ability of 
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multiple years of NDVI to develop management zones that captured the measured variation in surface 
soil properties.  

2. METHODS 

29 paddocks from 6 properties across Central NSW were selected for the project, based on their 
distribution across the region, availability of grid mapped soil data and willingness to be involved in the 
project. All paddocks were grid soil sampled between December 2018 and January 2019. Each 
paddock was divided into 2ha grids, consistent with commercial grid sampling in the region. While 2ha 
is towards the top end of recommended grid sizes (based on research using single or clustered 
sampling), by sampling on a transect within each grid, this hybrid approach which treats each grid as a 
‘sub-paddock’ creating an acceptable degree of accuracy with regard to the true average value. This 
provides the level of confidence necessary to consider the grid results a true reflection of soil 
conditions for the purposes of this study. Each transect consists of eight 0-10cm soil cores which were 
collected along a diagonal transect and combined to form a composite sample for each grid. The 
composite samples were sent to a commercial, accredited laboratory for analysis of soil pH(CaCl2), 
exchangeable cations and Colwell P (Rayment and Lyons, 2011).  

NDVI images from the Sentinel 2 satellite constellation for August, September and October 2016-2019 
were collated. The images were clipped to a 0.00055 degree buffer to reflect the grid used in soil 
sampling and the average NDVI values extracted for each grid point used in the analysis (Figure 1). In 
addition, management zones were developed 4 years of late season (August) NDVI. The zones were 
generated by ranking the NDVI in each grid from low to high each year and then averaged so that the 
low zone generally had low NDVI year on year and the high zone generally had high NDVI year on year. 
The grid soil data within each of these soil management zones was then analysed to determine whether 
the zones had different soil test values and a lower Coefficient of Variation (CoV) than the whole 
paddock.   

Where available, yield data was obtained from property owners, processed, and clipped in a similar 
fashion to the NDVI. Unfortunately, there was limited yield data available for these paddocks, limiting 
the value of this as a data set. Similarly, Digital Elevation data (Geoscience Australia’s ELVIS – Elevation 
– Foundation Spatial Data portal) was also considered in the analysis. 

 

a)   b)  

 

Figure 1: Spatial maps showing (a) whole paddock NDVI, and (b) the clipped NDVI data used to 
create an average NDVI for each sampling grid used in the analysis. 
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Correlations and regression analysis was used to investigate the potential relationships between 
different data layers. In particular:  

 Relationship between NDVI and yield in individual years. 
 Correlations between NDVI measured in consecutive years. 
 Relationships/correlations between NDVI, yield and elevation and the soil test value. 

 

4. RESULTS AND DISCUSSION  

Across the 29 paddocks, pH, Colwell P and the exchangeable cations were highly variable both within 
and between the paddocks. Many of the paddocks had one or more, potentially limiting soil properties.  
Overall, the: 

 average pH in the paddocks ranged from 4.5 to 7.3 with an average Coefficient of Variation 
within paddocks of 5.2%. 

 average Colwell P ranged from 20 to 122 mg P/kg, with an average Coefficient of Variation 
within paddocks of 28%.  

 average exchangeable Potassium ranged from 200 to 623 mg/kg with an average Coefficient 
of Variation within paddocks of 24%. 

As in Barlow et al. (2019), there was generally poor correlation between the different soil test analytes 
within any single paddock, which means for example that the areas where pH is low were often different 
to the areas where phosphorus is low. This suggests that different management zones were required 
for different soil properties.  

There was also a variable relationship between multiple years of NDVI and yield. In most paddocks, 
the correlation between NDVI over consecutive years varied (low NDVI was in different parts of the 
paddocks in different years). The average inter-year correlation between NDVI was just 0.2, with the 
correlation in over two thirds of the paddocks ranging from negative to positive in different years. This 
suggests that seasonal drivers between years, rather than more stable surface soil constraints, are 
driving the variability in NDVI.  
 
Similarly, while there was generally a positive correlation between NDVI and yield, the actual 
correlations ranged from -0.34 to 0.88. Overall, 55% of the time there was a good positive correlation 
between Yield and NDVI (>0.5) indicating that high NDVI, indicative of high biomass, resulted in 
higher yields.  Where there wasn’t a strong positive relationship between NDVI and yield, this could be 
the result of late season factors influencing the final yield including abiotic (e.g., frost, heat, water 
availability) and biotic (e.g., disease and pest damage) factors. 
 

4.1 Relationship Between Soil Tests and NDVI 

The relationships between soil test value (pH, P, K, Mg) and four years of NDVI were all analysed with 
similar results in terms of the variation within paddocks and the variable correlation between NDVI and 
soil test values. We present the pH results as they are reasonably representative of the within 
paddock variation and correlation with NDVI observed in the paddocks and across the different soil 
properties.  
 
Soil acidity affects 50% of Australia’s agricultural land and our agricultural systems will continue to 
acidify without intervention (Gazey 2019).  Acidic soils can cause significant losses in production, 
reduced crop choice and, if not treated further, reductions in the health of the soil resources (Gazey 
2019).  
 
Soil pH varied significantly across the 29 paddocks. 17 of the 29 paddocks had a minimum pH that fell 
below a 5.0 critical value where it can be reasonably expected that pH will affect crop growth. It was 
hypothesised that limited crop growth in these acidic areas would be reflected in NDVI values. On this 
basis we would expect to see positive correlations between pH and NDVI where soil pH was a 
constraint.  
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Correlation plots did not reveal a consistent pattern for correlation values between pH and NDVI. 
Some paddocks (such as M6 and L2) had a strong positive correlation for some years and a strong 
negative correlation for others. Not only was there great variation within paddocks between years, but 
also between paddocks there appeared to be no overarching pattern either.  
 
 

 
 

Figure 2: Soil pH(CaCl2) by Paddock, with the orange bar representing the minimum to average 
pH and the blue bar represents the average to maximum pH values.  

 
 

 
 

Figure 3: Correlations between soil pH(CaCl2) and NDVI Values by Paddock. The paddocks are 
sorted in the same order as Figure 2. 

 

4.1 Case Study 

The results of a representative paddock demonstrate in detail the findings outlined above. Grid soil 
mapping results for this paddock suggested that soil pH as well as P and Mg availability in the surface 
soils could be limiting crop production in certain areas of the paddock. The spring NDVI varied from year 
to year (correlation coefficients of between -0.25 and 0.63) potentially reflecting different crops, seasonal 
conditions and other biotic and abiotic factors. When the soil test results were compared to NDVI (2016-
2019) over the 4 years, there was a variable correlation from negative to positive for all three soil 
characteristics.    



Investigating the relationship between NDVI and surface soil properties Snell 

 

SSA/NZSSS JOINT CONFERENCE 2021 Snell, Barlow, and Dowell Page 5 of 6 
 

Table 2: Results Summary for Case Study. 

 Mean Range CoV Correlation to NDVI Zone 1 Zone 2 Zone 3 
pH 4.8 4.4-5.4 5% -0.33 to 0.43 4.9 4.8 4.7 

Colwell P 33 10-93 56% -0.29 to 0.58 31 31 37 
Magnesium 127 69-294 39% -0.48 to 0.40 140 111 132 

 

Four years of NDVI was used create management zones in the paddock. There were no statistically 
significant differences between soil test values between the three zones for any of the three potentially 
limiting soil properties. This would result in uniform lime application across the paddock, with low 
(uniform) rates of P also likely to be applied. These management zones would not accurately ameliorate 
the soil constraints and variability seen through the grid soil mapping results.   

 

  

Figure 4: Management Zones (Light Grey – Dark Grey) created from 4 years of NDVI compared 
to the nutrient constraints identified from grid mapping. There was no correlation between 
constraints and NDVI-based zones and multiple locations that had more than 1 constraint. 

 
This case study was representative of most of the paddocks in the study, with 25 of the 29 paddocks 
showing no consistent correlations between NDVI and limiting soil properties. Across all these 25 
paddocks, soil test values did not vary significantly between zones and low NDVI did not align with low 
soil test properties.  

 

5. CONCLUSIONS  

NDVI and yield maps provide a measure of the variation in crop growth and a point of time and overall 
production in a season. This variation is the result of many variables including surface and sub-surface 
soil properties, soil type, elevation, management, pest, disease and frost. 

The key finding of this study was that across multiple years and different paddocks, there was no 
consistency in the correlations between NDVI and soil data. In over 90% of the paddocks surveyed 
NDVI zones did not identify soil constraints or the variation in surface soil properties. In addition, the 
variation in soil properties within management zones (coefficient of variation) was like the variation 
across the full paddock. 

The results suggest that NDVI is unable to adequately define the variability in surface soil properties in 
this study (pH, P and exchangeable cations) and therefore cannot replace direct measurement 
strategies, like grid, for identifying surface soil constraints and their variability.  
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