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ABSTRACT: 

 

Australia is the world’s largest producer (>50,000 tonnes) of macadamia nuts, contributing > 30% of the global crop at an annual 

value of >120 million. It can take up to 15 years for a macadamia tree to reach maturity and maximum yield. Hence, it is important to 

optimise the production of nuts by ensuring optimal tree condition. The objective of this work was to develop and test a mapping 

approach to discriminate individual macadamia tree crowns and assess their condition using Remotely Piloted Aircraft System 

(RPAS) imagery. In this context, we assessed condition based on visual clues for five different condition categories, i.e. 1 – 

Excellent, 2 – Good, 3 – Moderate, 4 – Fair, and 5 – Poor. Visual clues included: (1) plant projective cover; (2) branches without 

leaves; (3) canopy openness; (4) abnormal vertical growth; (5) signs of root disease; and (6) presence of mistletoe within canopy. In 

addition, photographs from the ground of macadamia trees, representing each of the five condition categories, were used to ensure 

consistency in the condition assessment. 

 
For a study area located in Bundaberg, Queensland, Australia, multi-spectral (green, red, red edge and NIR bands) RPAS imagery 

was collected with the Parrot Sequoia® sensor coincident with field inspections on the 4 February 2017. The RPAS flight was 50 m 

above ground level, with 80% forward and sideways overlap, at a speed of 5 m/s, taking photos once every second. The RPAS 

imagery was processed in Agisoft Photoscan® to produce an orthomosaic and a Digital Surface Model (DSM). Ten AeroPoints® 

ground control points were used for geometric correction of the imagery. Eight radiometric calibration targets with known reflectance 

values were used to convert the multi-spectral imagery to at-surface reflectance using an empirical line correction. 

 

The condition of 330 macadamia trees were field assessed. The condition score of 50 of these were randomly selected and kept aside 

for validation purposes, leaving 280 for model development. The macadamia trees were planted in rows with a spacing of 4 m. In 

most cases, there was an overlap between trees, which produced a hedgerow of trees. As it was very difficult to visually identify the 

boundaries of individual trees in the imagery, each of the 330 field assessed macadamia trees were manually delineated to ensure the 

best possible relationship could be produced between field assessed tree condition and image derived information. 

 

Scatterplots were produced to assess the relationship between the macadamia tree condition scores and image derived spectral, 

textural, and object shape variables. The highest R2 values were produced using linear and second order polynomial regression for 

the following image band and shape variables: NIR (0.62); NIR + Red Edge (0.60); Red Edge (0.53); Brightness (0.47); NDVI 

(0.36); Red (0.29); object length (0.29); and object perimeter (0.25). Using combinations of these variables, a cumulative logistic 

regression model for multinomial response variables was found most appropriate when modelling the relationship between field 

assessed condition scores (ordinal scale) and image derived variables (continuous data values). This allowed the calculation of the 

probability of each of the five condition scores. The condition score with the highest probability was assigned to the respective trees. 

The results showed that macadamia trees categorised as poor (category 5) did not overlap with any other condition categories. Only 

one observation overlapped between categories 3 and 4. However, categories 2 and 3 as well as 1 and 2 overlapped in many cases. 

Categories 1 and 3 did not overlap. Based on the 50 independent validation samples, an average misclassification error of 0.47 was 

obtained from an ordinal scale from 1-5 using the developed model. 

 

An object-based approach to automatically map tree crown condition of the remaining trees in the imagery was developed. As it was 

very difficult to delineate individual tree crowns, each individual hedgerow was first mapped based on the DSM and spectral bands. 

A centre line through each hedgerow was then created and the estimated centre location of each tree along each centre line was 

mapped, assuming a tree spacing of 4 m as measured in the field. A circle with a radius of 1.5 m from the assumed tree centre point 

was created to represent each tree crown. This radius was selected to avoid including overlapping tree branches from adjacent trees. 

The probability of each condition score was then calculated and the score with the highest probability was assigned to the individual 

circular tree objects. These results show that multi-spectral RPAS imagery could provide a suitable means of assessing macadamia 
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tree condition. With further development and testing, this approach may be useful as a management support tool to more effectively 

identify trees with deteriorating condition, requiring management action to maintain productivity. 

 

 


