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Describe the main focus of your research in agricultural science
Digital agriculture is an emerging farming philosophy that aims to increase 
crop yields with minimal environmental impact. This requires the development 
of sensing technologies that can work directly in the field to provide 
information about plant health. Our group develops an innovative sensing 
approach for confirmatory diagnostics of biotic and abiotic stresses in plants; 
this approach is based on Raman spectroscopy (RS), an analytical technique 
that provides information about molecular vibrations and, consequently, the 
structure of samples. Our findings show that RS can identify viral, fungal, and 
bacterial diseases in plants by detecting pathogen-induced changes in plant 
biochemistry. RS also has unique sensitivity and specificity in diagnosing 
abiotic stresses such as drought and salinity stresses.

Why is Raman spectroscopy well suited for this type of research?
The innovativeness of the Raman-based sensing approach arises from the 
label-free, non-invasive, and non-destructive nature of RS. Consequently, 
Raman-based identification of plant biotic and abiotic stresses requires no 
chemicals, which substantially reduces the direct costs of the analysis. The 
innovativeness of RS also originates from its portable nature, which eliminates 
the need to ship the samples, reducing the possible spread of pathogens and 
further decreasing analysis costs. Raman-based sensing is also innovative in 
the way it allows elucidation of changes in plant biochemistry.1,2 

Our own research findings3–13 and results reported by other groups14–17 
show that plant biochemistry drastically changes upon the development of 
biotic and abiotic stresses. These changes can be used for non-invasive, 
non-destructive and label-free detection and identification of plant biotic 
and abiotic stresses.3–12;14–17 Specifically, using RS, fungal diseases in corn, 
wheat, and sorghum can be diagnosed with nearly 100% accuracy.3,5 RS is 
also capable of detecting viral diseases in wheat and roses4,8 as well as the 
bacterial Huanglongbing (HLB) or Citrus Greening disease in citrus.11–13 Our 
findings suggest that pathogen-induced changes are likely to be unique for 
different pathogens.2 Thus, RS is likely to provide species-level sensitivity for 
pathogen diagnostics. 
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What are some of the challenges you have encountered?
The biggest challenge is to demonstrate that Raman-based sensing is 
pathogen specific. To prove this, my group investigated the extent to which 
RS could be used to identify biotic and abiotic stresses in wheat and corn. We 
found that Raman-based sensing can detect and identify these stresses, as 
well as distinguish between biotic and abiotic stresses.

How has the Agilent Resolve helped you overcome  
these challenges?
The Agilent Resolve handheld Raman spectrometer has been the workhorse 
of our lab during the past five years.

It has certain features that make it an excellent tool for this type of work. The 
unique 830 nm acquisition wavelength allows for overcoming chlorophyll 
fluorescence, whereas the optical design and high laser power enable 
acquisition of high-quality spectral data in just one second. 

The portability of the spectrometer is also an advantage, allowing for on-site 
analysis in the field. There’s no need to take the plant to the lab, we can take 
the “lab” to the plant.

Are there other areas of research where you have used the 
Agilent Resolve?
My group used the Agilent Resolve to identify the chemical composition of tick 
frass – that is, tick manure. Ticks are blood-feeding parasites linked to many 
diseases; timely detection of certain tick species on cattle can halt the spread 
of these diseases. We showed that frass from different tick species has 
drastically different chemical composition.18 As a result, optical sensing of tick 
frass can be used for on-site analysis of the tick species present on cattle.

We have also used the Agilent Resolve Raman spectrometer to demonstrate 
the potential of RS for analysis of the nutritional composition of foodstuffs 
such as potatoes, maize,19 ramen noodles,20 and baked goods.21

What is in the future for your research?
Once it has been developed into a robust and reliable sensing approach, 
RS can be used for detection and identification of diseases in wheat and 
corn. Such analyses can be performed in a greenhouse or a field using a 
handheld spectrometer. These analyses can inform site- and dose-specific 
administration of fungicides, antibiotics, and pesticides to cease threat 
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proliferation and minimize crop losses 
associated with these biotic stresses. The 
precise administration of chemical agents 
minimizes the environmental impacts of 
treatments and optimizes the economics 
of farming. The Raman-based approach 
for diagnostics of plant stresses is also 
innovative and significant because RS can 
be used for confirmatory detection and 
identification of abiotic stresses caused by 
nutrient deficiencies in macro elements in 
wheat and corn. This information can be 
used for site- and dose-specific application of 
water and fertilizers. 
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