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Abstract:
Radiant frost during the reproductive stages of wheat (heading, anthesis) is a major
constraint to the Australian grains industry, causing considerable wheat yield
reductions and substantial economic losses. Frost is estimated to cost Australian growers an
average $M360 per year ($M120 per year in direct costs). As frost damage becomes an
increasing burden on wheat production, investment into frost mitigation and adaptation has
targeted four areas: improving methods for predicting frost events, development of frost
tolerant wheat strains, enhancement of farm management strategies to avoid frost or reduce
frost risk, and early detection of post event frost damage and yield impacts. My research
focuses on the latter aspect – post-event detection and mapping.
Remote sensing approaches for managing vegetation resources have developed rapidly over
the past 40 years, from the use of low spatial and spectral resolution airborne or satellite
based sensors, to the use of hyperspectral and/or higher resolution sensors including those
deployed on Unmanned Aerial Systems (UAS) or “drones”. Spectral information collected
by remote sensing devices provides insights into plant physiological conditions, but the
appropriate methods, spectral bands and sensor deployment techniques for mapping postevent frost damage is largely unknown. In particular, little use has been made of
hyperspectral sensors to more fully understand and identify regions of the electromagnetic
spectrum (EMS) which may be key in identifying frost induced damage or sterility.
To this end, this research applies a combination of laboratory and field-based remote
sensing techniques with the objective of identifying and investigating the changing spectral
response of wheat after a frost event, and with a view to reliably mapping damaged at the
paddock scale.
Overall, this research aims to answer four key research questions: (1) Are there regions of
the EMS that are particularly sensitive to frost induced damage in wheat? (2) Do these
regions differ across phenological stages? (3) Over what timescales is it possible to detect
change in the EMS using optical remote sensing techniques? (4) What temporal, spectral,
and spatial scales are most appropriate to capture data on the extent of frost damage in the
field? Whilst this research is still in the early stages, using a band averaging technique,

preliminary hyperspectral imagery of lab based frosted and unfrosted wheat plants was
compared with the spectral characteristics of commercially available sensors commonly
deployed on standard UAV platforms. Varied results indicate that to fully differentiate frost
damaged plants at the paddock scale, bespoke filters not currently available on the open
market may be required.
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