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Abstract:  
Context and purpose of the study - Bushfires are a common occurrence throughout Australia and their 

incidence is predicted to both rise and increase in severity due to climate change. Many of these bushfires 

occur in areas close to wine regions, which receive different levels of exposure to smoke. Wine produced 

from smoke-affected grapes are characterised by unpalatable smoky aromas such as “burning rubber”, 

“smoked meats” and “burnt wood”. These smoke tainted wines are unprofitable and result in significant 

financial losses for winegrowers. This study investigated the use of near-infrared (NIR) spectroscopy and 

machine learning (ML) modelling for the rapid and non-destructive detection of grapevine smoke exposure 

by analysing grapevine leaves and/or grape berries.  

Materials and methods - The trial was conducted during the 2018/2019 season at the University of 

Adelaide’s Waite campus in Adelaide, South Australia (34° 58’ S, 138° 38’ E) and involved the application of 

five different smoke and water misting treatments to Cabernet Sauvignon grapevines at approximately 

seven days post-veraison. Treatment vines were exposed to straw-based smoke for one hour under 

experimental conditions described previously by Kennison et al. (2008) and Ristic et al. (2011). Near-infrared 

(NIR) measurements were then taken from berries and leaves a day after smoking using the microPHAZIR 

TM RX NIR Analyser (Thermo Fisher Scientific, Waltham, USA) which has a spectral range of 1600-2396 nm. 

The NIR spectra were then used as inputs to train different ML algorithms, which resulted in two artificial 

neural networks (ANNs) with the best classification performance for either berry or leaf readings according 

to the different smoke treatments. 

Results - Both ANN models found were able to correctly classify the leaf and berry spectral readings with 

high accuracy. The leaf model had an overall accuracy of 95.2%, 97.7% accuracy during training with a mean 

square error (MSE) 0.0082, 90.9% during validation with a MSE of 0.0353 and 88.1% during the testing stage 

with a MSE of 0.0386, while the berry model had an overall accuracy of 91.7%, 95.2% accuracy during 

training with a MSE of 0.0173, 86.4% during validation with a MSE of 0.0560 and 80.2% during the testing 

stage with a MSE of 0.0560. These results showed the potential of developing a rapid, non-destructive, in-

field detection system for assessing grapevine smoke contamination following a bushfire using NIR 

spectroscopy and artificial neural network modelling.  
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1. Introduction. 
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