
With the global issue of water scarcity on the rise, the need 
for precise irrigation scheduling strategies has become essential for 
effective crop management. Irrigation management is crucial to 
optimize crop yield and also conserving limited water resources. The 
crop water status indicates the current condition from sufficiently 
watered to severely stressed. Plant physiological parameters like 
stomatal conductance and leaf water potential have been used as 
indicators to evaluate the crop water stress. Traditionally, irrigation 
scheduling has relied on the physiological indicators such as 
evapotranspiration and soil moisture measurements (Fernández-
Novales et al., 2018). However, these conventional approaches 
are labour intensive and require skilled personnel to handle the 
instruments effectively (Gutiérrez et al., 2018). To enhance 
irrigation management, there is a growing need for rapid, non-
destructive methods to monitor crop water stress. In this context, 
infrared thermal imagery has emerged as a convenient and efficient 
tool for detecting and quantifying water stress in crops (Meron et 
al., 2010; Pineda et al., 2020; Soni et al., 2023; Payares et al., 2025). 

Temperature plays a crucial role in regulating various 
physiological processes in plants. The advancement of infrared 
thermal sensing technology provides a precise and efficient 
approach for detecting and quantifying crop water stress (Patel et 
al., 2001; Zhou et al., 2021). Ground-based thermal imaging can 
serve as a primary decision-support tool for optimizing irrigation 
scheduling. Given the strong and direct correlation between canopy 
temperature and plant water status under specific solar positions 
and atmospheric conditions, irrigation strategies based on canopy 
temperature closely align with real-time water stress monitoring. 
This approach offers a more responsive and adaptive alternative 
compared to conventional calendar-based or meteorological-driven 
irrigation scheduling methods.

Canopy temperature, can be defined as the average 
temperature of multiple leaf assemblages aggregated from 

individual branches up to whole crowns. It strongly influences, 
and is influenced by ecosystem - atmosphere exchanges of water, 
energy, and carbon (Fig. 1). 

Spatial variability of canopy temperature is closely related 
to irrigation management practices, irrigation application uniformity, 
and more directly to water deficit. Canopy temperature is related 
to plant water stress because the evaporative cooling involved in 
transpiration may cool leaves below ambient air temperature. If 
soil water is limiting, plant water stress develops, transpiration 
decreases and the canopy temperature rises. This phenomenon can 
be observed in Fig. 2 where decrease in volumetric water content 
(VWC) during June month resulted in higher canopy temperature in 
comparison to the July month. Plants with adequate supply of water 
maintained their canopy temperature below the air temperature, 
whereas the plants with inadequate supply of water exhibited their 
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Fig. 1: Energy, water, and carbon fluxes influenced by and 
influencing canopy temperature
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canopy temperature above the air temperature. 

Infrared thermography presents distinct advantages over 
traditional gas-exchange measurements in plant phenotyping, 
particularly for assessing stomatal responses under varying 
environmental conditions. Stomatal closure, a key physiological 
response to abiotic stressors such as soil moisture deficits and 
elevated atmospheric vapor pressure deficit (Pokhariyal et al., 2023), 
directly influences the thermal gradient between air temperature (Ta) 
and canopy or surface temperature (Ts), making it a reliable proxy 
for water stress assessment (Fig. 3). During the early growth stages 
of the sugarcane crop, Ts exhibited higher values than Ta, indicative 
of plant water stress. Conversely, during the grand growth stage, 
adequate irrigation and precipitation contributed to a significant 
reduction in Ts relative to Ta, signifying optimal water availability 
and non-stress conditions. Furthermore, the Ts-Ta differential serves 
as an indicator of crop developmental stages.

In the initial phases of growth, young plants with 
underdeveloped root systems exhibit heightened susceptibility to 
water stress, leading to reduced transpiration and an increase in 
canopy temperature above ambient air temperature. A comparable 

pattern is observed during senescence, where aging or water-
deficient plants experience a decline in transpiration efficiency, 
causing Ts to rise above Ta.

During periods of vigorous vegetative growth, such as the 
grand growth phase in sugarcane, a well-established root system 
facilitates efficient water uptake, enhancing transpiration rates 
and consequently reducing Ts below Ta. Sufficient irrigation and 
precipitation further contribute to the maintenance of lower canopy 
temperatures, reflecting optimal physiological function and a non-
stressed state. If the Ts remains consistently higher than the Ta, 
it can be a strong indicator of ongoing water stress regardless of 
the growth stage. This could signal the need for irrigation or other 
management interventions.

Canopy temperature therefore provides direct insight 
into plant eco-physiological processes including rates of 
photosynthetic carbon dioxide assimilation and transpiration 
(Pineda et al., 2020; Farella et al., 2022). Thermal imagery could 
also be applied for disease detection, mapping soil properties, 
tillage mapping, drainage tile mapping, crop maturity mapping, 
and leaf water potential mapping. With the rapid advancements in 
imaging acquisition technologies and deep learning methodologies 
for canopy segmentation in thermal imagery and crop water stress 
prediction models, the integration of infrared thermal imaging for 
water stress assessment is poised to become increasingly prevalent 
in precision agriculture. Its widespread adoption in agricultural 
practices is expected in the near future, offering enhanced accuracy 
and efficiency in monitoring plant water status.
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Fig. 2: Thermal imaging of sugarcane crop in year 2023

Fig. 3: Pattern of surface temperature, air temperature and 
precipitation during the sugarcane growing period in year 
2023
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