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ABSTRACT
Progress in the last 20 years in airborne-, space- and 
drone-based imaging spectroscopy has advanced 
tremendously. These innovations have allowed 
improved large-scale monitoring of crop physiological 
processes with unprecedented detail. Successes have 
been obtained in the context of biotic and abiotic stress 
detection, particularly with new developments in sensor 
miniaturisation and physically-driven and artificial 
intelligence-driven modelling techniques. In 20 years, 

the spectral detail employed to detect stress has been exceptionally enhanced: 
cameras and technological imaging devices have moved from gathering data 
at the ‘hundreds of nanometers’ spectral scale down to the ‘sub-nanometer’ 
resolution, even reaching the Armstrong physical unit. Due to these rapid 
technological developments, the main focus has shifted recently, moving from a 
technology push in the last decade to the current algorithm-push to understand 
better the physiologcal interactions of crops undergoing biotic- and abiotic-
induced stress. Xylella fastidiosa is currently the major transboundary plant pest, 
the number one threat for Australia, and the world’s most damaging pathogen 
in terms of socio-economic impact. As with several other pathogens under 
natural crop conditions, i.e. where the abiotic-induced variability due to water 
and nutrients co-exists with the pathogen-induced stress, its detection requires 
advanced remote sensing monitoring technology and algorithms to disentangle 
the biotic vs abiotic physiological interactions. These advanced methods use 
high-resolution hyperspectral and thermal imaging cameras onboard drones 
and piloted aircraft, demonstrating that uncoupling the biotic–abiotic spectral 
dynamics reduces the uncertainty in the disease detection, reaching accuracies 
over 90%. Although most currently operated drones are not carrying imaging 
spectrometers, efforts should be made to enable advanced remote sensing 
technology and algorithms with low-cost and easy to operate platforms for 
widespread hyperspectral technologies worldwide. These hyperspectral 
methods coupled with proper algorithms will advance the early detection of 
devastating pathogens, to reduce billions of losses worldwide.

This talk is focused on advanced monitoring techniques, particularly for 
biosecurity and early disease detection. The photo in Figure 1a was taken in 
October 2013 in southern Italy, and it shows olive trees affected by a pathogen 
that later was identified officially as a bacterium, Xylella fastidiosa. At that 
time the growers were very worried about those branches that were showing 
symptoms, with necrotic and defoliating leaves. It was a major issue. By two 
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Figures 1a–c (top–bottom). Olive trees affected by Xylella fastidiosa in Italy,  
showing the progress of the infestation over a few years.
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years later, the big orchards of the area had been fully devastated (Figure 1b), 
heavily affected by what – by then – was recognised as X. fastidiosa that 
had come to Italy from the Americas. In fact, the whole area was devastated 
(Figure 1c), at a cost of billions of euros, because of the bacterium.

Although X. fastidiosa was officially identified in 2013, it had been present in the 
Americas for many years (Figure 2). It was identified officially in Spain, in France, 
and then in countries in Asia, including Taiwan, and also in Israel, for example. 
Right now, it is the number one threat worldwide, including for Australia, 
because it can affect more than 550 plant species and is considered a major 
transboundary plant pest. Some modelling in Europe (Almeida 2016) estimated 
that X. fastidiosa is capable of causing losses of up to 5.2 billion euros annually in 
Europe in the olive sector alone – a major threat and impact. Xylella infection is 
now considered a global epidemic. 

Back in 2016, academic journals such as Science or Nature were raising alarm 
about the potentially large socioeconomic impacts the bacterium could cause, 
and they were asking whether it was possible to stop it. It was identified very 
clearly that the development of fast methods for the early detection of the 
disease across large areas was critical. Therefore, remote sensing was being seen 
as a very important tool when the objective was to detect X. fastidiosa infection 
in its early stages. 

Figure 2. 
Distribution 

of Xylella. 
fastidiosa at 
September 

2021. 

Figure 3. 
The disease 

must be 
detected in 
its earliest 

stage, before 
it becomes 
visible by 

eye. 
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Early detection is critical. At moderate or severe levels of infection we can see it 
by eye, in the field (Figure 3), but we need to detect the early symptoms of the 
disease via asymptomatic or pre-visual assessment when the trees are infected 
and spreading the bacterium but not showing symptoms. In vascular diseases 
like this one, it could be active for more than a year before the effects become 
visible, and that is why it is so critical that we have techniques to detect it as 
early as possible.

Using imaging spectroscopy
The answer is imaging spectroscopy. Instead of getting a few spectral bands 
using multispectral remote sensing, we obtain hundreds or thousands of 
spectral bands to form the image, and by using either physically based models 
or matching learning or deep learning models we can address and identify the 
physiological changes due to the infection (Figure 4). In a recent paper (Zarco-
Tejeda et al. 2021) we show that there are specific spectral indicators that are 
related to pathogens and are specific to a species such as almond or olive for 
example. We have been obtaining accuracies beyond 90% (Figure 5). 

Progress has been made in the last 20 years on assessing hyperspectral and 
thermal remote sensing for biotic-induced stress, and we have demonstrated 
this in a number of different pathogen-induced stress situations or conditions 
– such as with Xylella fastidiosa, and with Verticillium dahliae which causes 
Verticillium wilt in olives. 

Nevertheless, it is critical that we have the right types of platforms for the 
imaging, such as drones or piloted aircraft that can carry hyperspectral and 
thermal technologies when the objective is to carry out this asymptomatic 
detection. Satellite sensors are very useful at the very large scale, but they are 
lacking the spectral information that we need for the early detection. They are 
more useful for assessing the severity of advanced conditions. 
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Figure 4. Use of imaging spectroscopy.
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Figure 5. Specific spectral-based RS indicators across species almond vs olive  
and across pathogens Xf vs Vd.  Accuracy >92%. Source: Zarco-Tejeda et al. (2021).

The box below summarises these important take-home messages. We need to 
avoid limitations that prevent drone technology from carrying hyperspectral 
imagers. That is a difficulty we are seeing – that is, we have the technology from 
the remote sensing side, but drones are actually limited from using some of this 
latest imaging technology to collect data and images that would be useful in the 
case of particular outbreaks.
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Take-home messages
1. Progress has been made in the last 20 years on assessing hyperspectral and  

thermal remote sensing for biotic-induced stress detection across species  
(OA>0.8–0.9; k>0.6).

2. Drones (~hundreds of hectares) and piloted aircraft (~thousands of hectares) 
should carry hyperspectral and thermal technology for asymptomatic detection.

3. Satellite sensors are more suited for advanced severity detection and monitoring.

4. Should avoid limitations to drone technology carrying hyperspectral imagers.
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