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Drought resistance is often regarded as a complex trait, 

arising from different underlying constitutive or adaptive 

traits, each of which is potentially under complex genetic 

and environmental control. The assessment of leaf or 

canopy temperature (CT) has been proposed as a low-

cost indirect selection criterion for drought and heat stress 

resistance Canopy temperature is indirectly related to 

stomatal conductance and carbon exchange (Anderegg et 

al., 2021). The photosynthesis gets affected by elevated leaf 

temperature in response to high ambient temperature only 

or in combination with drought due to reduced stomatal 

conductance (Pradhan et al., 2022). Under unfavourable 

soil-water conditions, greater CTD and yield have been 

attributed to increased stomatal conductance and crop 

water use (Balota et al., 2008). Hence, the present study was 

mainly focused on understanding the effects of drought 

stress on canopy temperature and to test the hypothesis 

that cooler canopy is more critical for better performance 

under drought stress in sorghum genotypes.

The experiment was conducted under the AICRP - 

Sorghum at the Regional Agricultural Research Station, 

Vijayapura. Eighteen genotypes were studied which 

varied with phenological characteristics in both irrigated 

and stressed conditions. The irrigated regime was 

provided with water periodically until the physiological 

maturity stage while drought stress was induced by 

withholding the irrigation post 40 days after emergence 

uniformly. The gas exchange parameters were determined 

with LI - 6800 portable closed chamber infrared gas 

analyser (LI-COR Biosciences, Lincoln, NE, USA). An 

infrared thermocouple was used to record the canopy 

temperatures. The infrared thermocouple was placed at 

one meter height from the top most leaf of that particular 

genotype. The data for each genotype were the mean of 

four readings ( Jokar et al. 2018; Karimizadheh et al., 2011). 

The canopy temperature depression was obtained as a 

difference of the canopy temperature from the ambient 

air temperature. The analysis of variance (ANOVA) was 

done as suggested by Gomez and Gomez. The correlation 

and relationship studies were performed in the RStudio (B 

Corporation, Boston, MA) using “Corrplot”, “tidyverse” 

and “ggplot2” packages.

The difference in assimilation rate was 37%, transpiration 

rate was 32% and that of stomatal conductance was 36% 

between the irrigated and stressed regime. The best 

performance was recorded by Phule Anuradha and 

RSV 1876 under the stressed regime. They maintained 

photosynthetic rate at 16.30 µmol/m2/s and 16.22 µmol/
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m2/s respectively as depicted in Table 1. The lines showing 

higher photosynthetic activity under the drought stress 

are considered to be drought tolerant (Getnet et al., 2015). 

In view of this conclusion, the genotypes RSV 1876 and 

Phule Anuradha in the current study can be considered as 

drought tolerant. A concurrent performance was observed 

with the transpiration rate and the stomatal conductance. 

Phule Anuradha and RSV 18 were able to maintain 

transpiration rate of 4.48 mmol/m2/s and 4.1 mmol/

m2/s respectively while stomatal conductance stood at 

0.144 mol/m2/s and 0.138 mol/m2/s, respectively (Fig. 1). 

Rajarajan et al. (2021) expressed that the higher yields 

of sorghum are associated with higher transpiration rate 

under the water stress. In accordance with this statement, 

it was observed in the current study that the genotypes 

RSV 1876, Phule Anuradha and other genotypes when 

subjected to stress having higher transpiration rate also 

achieved higher grain yield and biomass accumulation 

as observed from the Table 1. There was a decline in the 

stomatal conductance when the genotypes were subjected 

to drought stress similar to what was observed by Goche 

et al. (2020).

Ambient air temperature while recording the observations 

was 36.2ºC. The lowest canopy temperature was 

maintained by CRS 99 (34ºC) followed by RNTN-13-39 

(34.1ºC) in the irrigated regime, but in the stressed regime 

the lowest canopy temperature was recorded in the RSV 

1876 (34.5 ºC) followed by Phule Anuradha (34.6ºC) as 

can be observed from the Table 1. The genotype depicting 

highest deviation from the ambient air temperature will 

be having the highest canopy temperature depression 

and vice-versa. In the stressed regime, genotype RSV 1876 

had lowest canopy temperature that resulted in highest 

canopy temperature depression of 1.7ºC followed by 

Phule Anuradha with 1.6ºC depression (Table 1). Drought-

susceptible genotypes would be impaired in growth, 

produce lower biomass and exhibit higher CT already 

at the beginning of the measurement period (Anderegg 

et al., 2021). Ndiso et al. (2016) reported lower canopy 

temperature in drought tolerant genotypes.

The higher yields of sorghum are associated with a 

higher transpiration rate under the water stress. Higher 

transpirational rate and lower stomatal conductance 

contribute in higher canopy temperature depression owing 

to lower canopy temperatures (Rajarajan et al., 2021). The 

drought tolerant genotypes RSV 1876 and Phule Anuradha 

had tighter control over the stomata when compared with 

the drought susceptible counterpart. The drought-sensitive 

genotype was less effective than the drought-tolerant 

counterpart in controlling stomatal responses as indicated 

by the prolonged delay in the reduction of stomatal 

conductance or the rise in leaf surface temperature, 

parameters which reflect stomatal closure/opening (Goche 

et al., 2020). Canopy temperatures under stress were also 

negatively correlated across genotypes with absolute 

grain yields (r= -0.67, P < 0.05) under stress (Fig. 2). 

Absolute grain-yield under drought-stress was correlated 

with canopy temperatures (Blum et al., 1989). The plants 

with cooler canopies are better able to regulate stomatal 

conductance leading to cooler leaves (canopy) compared 

to ambient conditions (Ginkel et al., 2006). Cooler canopy 

temperature at heading and grain filling stages led to 

increase in yield for each condition. They observed that 

the 1ºC change in the CTD altered the yield broadly by 

150-270 Kg/ha. Selection of cooler canopy temperature 

under conditions of soil-water depletion could favor the 

development of lines with high yield potential (Kepekhov, 

2022). Canopy temperature (CT) has been confirmed to 

be related to stomatal conductance and can be an indirect 

indicator of plant water uptake capability under drought 

(Mahmood, 2020).
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Fig 1: Canopy temperature in irrigated and stressed regime 

Fig 2: Correlogram of various attributes in sorghum genotypes
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This study confirms the dependability of canopy 

temperature on the gas-exchange parameters in sorghum. 

The cooler canopy is essential for the regular metabolic 

activity on the plant which is more evident in the drought 

tolerant genotypes. The positive association of that with 

canopy temperature depression in a genotype is of 

profound importance. Another observation is that the 

canopy temperature is not an independent attribute but, it 

is dependent on the gas exchange parameters transpiration 

rate and stomatal conductance properties unique to that 

genotype. 
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