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ABSTRACT 

Lowland rice is traditionally irrigated by flood systems, demanding high water 
consumption. Localized irrigation by subsurface dripping is proposed as an alternative, 
in addition to the replacement of the source of water intended for human consumption 
with another of lower quality, such as saline water. However, plants can be affected by 
saline and/or water stress in both conditions, and the use of thermal imaging emerges as 
a tool to assess the plant status. In this context, this study aimed to identify the stress of 
subsurface drip-irrigated arborio rice under different salt concentrations and soil moisture 
by thermographic images. The design consisted of randomized blocks in a (2×4)+2 
factorial with three replications, totaling 30 experimental plots. Soil solution salinity was 
assessed by electrical conductivity. The thermal images were processed by an algorithm 
to determine the normalized relative canopy temperature (NRCT) index at different crop 
development stages. Saline stress was identified by the NRCT index, with higher 
sensitivity of plants at the flowering stage with a rebalance over time, confirmed at grain 
filling and harvest stages. 

 
 
INTRODUCTION 

Rice is one of the main grains present in the Brazilian 
diet, with significant national production. In Brazil, the 
planted area in 2021 reached 1.66 million hectares and grain 
production was 11.38 million tons, with productivity of 
6,832.00 kg ha−1 (CONAB, 2022). Rice cultivation in Brazil 
is predominantly carried out under flood irrigation systems. 
Upland planting corresponds to 25% of the cultivated area 
and 10% of production, while flooded rice accounts for 75% 
of the cultivated area and 90% of production (ANA, 2020). 

Production in the flood system requires an average 
water volume from 6 to 12 thousand m3 ha−1 for an irrigation 
period of 80 to 100 days (SOSBAI, 2018), with an average 
of 8.9 thousand m3 ha−1 (ANA, 2020). The low efficiency 
of this system is related to losses by evaporation, 
percolation, and lateral flow, which corresponds to 44% of 
the total volume of water used in paddy fields (Chapagain 
& Hoekstra, 2011). 

Thus, practices and technologies to improve water 
use efficiency in rice cultivation are necessary for this 
scenario of water scarcity. Localized irrigation consists of a 
method with better water use efficiency than the flood 
system (Sharda et al., 2017), as it applies water at a high 
frequency and low volume. Additionally, the source of 
water intended for irrigation should consist of lower quality 
water, such as saline water, whenever possible. Thus, better 
quality water can be conserved for nobler uses, such as 
human supply. 

However, the presence of salts and soil moisture 
reduction in rice cultivation can lead to physiological and 
biochemical changes in plants, affecting production (Frukh 
et al., 2020; Mekawy et al., 2015). The incorporation of 
technologies in the field, such as remote sensing, has been 
increasingly applied to assess the crop status, thus helping 
the producer in decision-making regarding the management 
to be adopted (Khanal et al., 2017). 
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Remote sensing, incorporated in precision 
agriculture, refers to obtaining data without physical contact 
with the object of study (Shanmugapriya et al., 2019). This 
technology associated with advances in computational 
capacity, allows the collection of data and the extraction of 
crucial information for crop management with a temporal 
resolution (Sishodia et al., 2020). The use of images in this 
segment has shown good results in the monitoring of 
factors, such as nitrogen status (Li et al., 2014), water stress 
(Khorsandi et al., 2018), and pest and disease incidence 
(Mahlein et al., 2013). 

The use of images for remote sensing is subject to 
the availability of cameras that operate at different bands of 
the electromagnetic spectrum. Indices are commonly used 
in agricultural applications to assess the development of a 
crop by associating values measured at different bands of 
the electromagnetic spectrum (Liu et al., 2021), such as the 
thermographic camera, capturing images through radiation 
in the thermal infrared range (0.8 to 13 µm), emitted by the 
object under study, and the higher the radiation, the higher 
the object temperature (Elsayed et al., 2021). Therefore, 
thermal images are important tools in the development of 
indices for stress assessment (Gerhards et al., 2019) and can 
help in monitoring the physiological changes of plants 
irrigated with saline water with great repeatability and low 
cost compared to traditional methods (Kondo et al., 2021). 

The normalized relative canopy temperature 
(NRCT) index, developed by Elsayed et al. (2015), has been 
used as an indicator of crop water stress determined by 
thermal imaging (Elsayed et al., 2017; Elsayed et al., 2021). 
The main advantage is the use of characteristics present 
exclusively in a data source, without the need for additional 
measurements, such as weather variables (Idso et al., 1981). 

Thus, this research aimed to assess the potential of 
thermal imaging in stress monitoring in drip irrigated rice 
plants at different salinity doses measured by the electrical 
conductivity of the soil solution under two moisture 
conditions by determining the NRCT index and its 
relationship with canopy water status. 
 
MATERIAL AND METHODS 

Study area and experimental design 

The experiment was carried out in a protected 
environment with an area of  210 m2 at the School of Animal 
Science and Food Engineering (FZEA/USP) of the 
Department of Biosystems Engineering, Pirassununga-SP, 
Brazil, at an altitude of 627 m and geographic coordinates 
21°59′ S and 47°25′ W. The mean air temperature was 
monitored through the daily reading of the digital weather 
station located in the central area of the greenhouse. The 
global solar radiation was obtained by an LI-COR LI-200 
pyranometer installed at the weather station. 

The experiment was randomized in blocks in a 
(2×4)+2 (two controls) factorial scheme, with three 
replications, consisting of two soil moisture conditions 
(saturate–SAT and field capacity–FC) and four salinity 
doses, referring to electrical conductivity (EC): 1 dS m−1 
(1EC), 2 dS m−1 (2EC), 3 dS m−1 (3EC), and 4 dS m−1 (4EC) 
(Figure 1). The control treatments consisted of irrigation 
with potable water, with soil moisture at field capacity 
(0EC–FC), and irrigation with potable water, with moisture 
close to soil saturation (0EC–SAT). The experimental plots 
totaled 30 units consisting of fiberglass boxes with 1 m2 of 
surface area and 500 L of volume.

 

 

FIGURE 1. Experimental design. Electrical conductivity- EC. 
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Sowing and fertilization 

Sowing was carried out on August 24, 2020, with an 
inter-row spacing of 0.17 m, a density of 50 seeds m−1, and 
four rows per plot. The special arborio rice of the cultivar 
IAC 301 (used in Italian cuisine) was used. The cultivation 
cycle was 133 days. 

All plots received planting fertilization via 
fertigation, based on the results of soil analysis. A dose of 
60 kg ha−1 of P2O5 and 30 kg ha−1 of nitrogen (N) was 
applied to all treatments, 70 kg ha−1 of K2O was applied to 
treatments T1, T2, and T3, and 20 kg ha−1 of K2O was 
applied to the other treatments. Nitrogen and potassium 
were split into four applications with a daily frequency, 
while phosphorus was applied in a single dose. The sources 
were calcium nitrate (15.5% N and 19% Ca) and potassium 
nitrate (12% N, 43% K2O, 1% S, and 1% Mg), with 
solubilities in water at 20 °C of 310 and 300 g L−1, 
respectively, and phosphoric acid (H3PO4). 

Topdressing fertigation was performed in all 
treatments from seedling emergence, comprising the 
vegetative and early reproductive stages (Crusciol et al., 
2016). A dose of 100 kg ha−1 of N and 90 kg ha−1 of K2O 
was applied via fertigation. The sources consisted of 
calcium nitrate and potassium nitrate, split into five 
applications with a weekly frequency. 

Saline water, irrigation, and soil solution 

The saline solution was prepared in a 500 liter water 
tank. The useful volume for calculating the concentration 
was 330 liters. The solution was prepared for the upper 
electrical conductivity condition (4 dS m−1), using a 
concentration of 2.30 g L−1 of salt (sodium chloride). 

The subsurface drip irrigation system was adopted. 
Each plot had four 1 m long drip lines buried at a depth of 
0.15m (Sidhu et al., 2019), with drippers spaced at 0.15 m 
from each other and 0.20 m between irrigation lines. 
Netafim Aries integrated non-pressure compensating 
drippers with anti-siphon, a flow rate of 1.6 L h−1, and 
working pressure of 1.5 bar. 

The treatments were individualized by solenoid 
valves, one for each treatment, operated by a Hunter® Pro-
C controller panel, and two motor pumps, one for each 
water source (potable and saline water). The output of each 
motor pump consisted of a disc filter for solid retention and 
manometers for pressure control. Each treatment received a 
hydrometer to control the water volume, in addition to a 
pressure regulator of 1.7 bar. 

A water application uniformity test was carried out 
before the beginning of the experiment to determine the 
Christiansen uniformity coefficient in each plot, with 
volume collection of all emitters, whose average value was 
97%, which is considered excellent. Phosphorus for 
fertilization was applied by fertigation as phosphoric acid, 
thus favoring the cleaning of drippers to prevent clogging 
despite the short time of use. 

Irrigation management was carried out based on soil 
moisture determination by tensiometers installed in the 
central part of the experimental plot at a depth of 0.20 m, 
with three replications per treatment (blocks 1, 3, and 4), 
with two-day irrigation frequencies. The tension values 
obtained by tensiometer readings were transformed to 
moisture by the soil-water retention curve at a depth of 0.20 
m constructed at the Laboratory of the Department of 

Natural Resources and Environmental Protection of the 
Center for Agrarian Sciences at UFSCar. The data obtained 
in the laboratory were adjusted by the van Genuchten (1980) 
model, using the RETC software (van Genuchten et al., 
1991) version 6.00, which provided the moisture values 
adopted for field capacity (9 kPa) and saturation to define 
the water depths as a function of the adopted treatments. 

Porous capsule soil solution extractors were installed 
centrally in each plot at a depth of 0.20 m and 0.10 m from 
the tensiometers to monitor the electrical conductivity (EC) 
of the soil solution. The solution was collected monthly 
after applying a vacuum using a 60 mL syringe, comprising 
the tillering, flowering, grain filling, and harvesting stages. 
After collection, the solution samples were analyzed at the 
Laboratory of Biosystems of FZEA-USP for EC 
measurement using a benchtop conductivity meter. 

Thermal imaging 

Thermal images to determine canopy temperature 
were taken using a FLIR E60 handheld thermographic 
camera, with a resolution of 320×240 pixels, thermal 
sensitivity <0.05 °C, and a field of view of 25°×19°. This 
equipment can capture radiation emissions with a 
wavelength in the infrared and generate an image based on 
the intensities of this energy emitted from the object so that 
each pixel of the image represents the intensity measured at 
that point. 

The camera emissivity was set to 0.95 (Glenn, 2012). 
The camera was positioned perpendicularly to the central 
part of the plot using a holder to ensure a height of 2.0 m 
from the ground and, therefore, better image framing and 
standardization. The camera positioning allowed the 
assessment of an area of 0.25 m2 in the central part of       
each plot. 

Collections were carried out between 30 and 130 
days after seedling emergence, always in the morning, until 
11:00 am, in order to avoid reaching the highest 
temperatures of the day, together with the soil solution 
collection. The assessment dates were October 21, 2020 
(tillering stage), November 18, 2020 (flowering stage), 
December 16, 2020 (grain filling stage), and January 4, 
2021 (harvest). 

The processing of thermal images was performed 
using the FLIR Tools software, which provided emissivity, 
capture distance, ambient temperature (°C), and relative 
humidity (%), determined at the image capture time. 
Subsequently, an algorithm in Python language was used to 
segment the image and remove the background that does not 
correspond to the plant material. For this, a blurring filter 
was used to accentuate the contours present in the image so 
that the background could be later removed together with 
the lower and upper levels of the maximum and minimum 
temperature, which are at 2.5% from the extremes, leaving 
only temperature values between 2.5 and 97.5% of each 
image (Struthers et al., 2015). This method removes 
abnormal colder and warmer leaf temperatures due to the 
leaf angle effect (Jones et al., 2009). 

Then, the maximum (Tmax), minimum (Tmin), and 
mean (Tmean) temperature of each image was determined, 
with the mean temperature being calculated by the 
arithmetic mean present in the temperature matrix obtained 
with the removal of the background and thermal extremes 
through the segmentation by the Python language. 
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Plant canopy status assessment 

The rice plant canopy temperature data, obtained by 
processing the thermal images at each crop development 
stage, allowed the determination of the normalized relative 
canopy temperature (NRCT) index, adapted from Elsayed 
et al. (2015) for thermal cameras (Equation 1). 

𝑁𝑅𝐶𝑇 =
்௠௘௔௡ି்௠௜

்௠௔௫ି்௠௜௡
                        (1) 

Where:  

Tmean is the actual temperature measured in the 
canopy and Tmin and Tmax are the lowest and highest 
temperatures measured in the entire experimental plot, 
respectively. NRCT values range from 0 to 1, with more 
severe stress when values are close to 1 (Elsayed et al., 2015). 

The canopy water content (CWC) was determined at 
harvesting time by [eq. (2)] (Elsayed et al., 2015). 

𝐶𝑊𝐶(%) =
ி஻ௐି஽

ி஻ௐ
                                   (2) 

Where:  

FBW and DBW correspond to the fresh and dry 
biomass weight, respectively. The useful area considered for 
evaluation was 0.5 m2, with the manual harvest of plants and 
subsequent separation of grains and biomass. The biomass 
was dried in a forced-air circulation oven at 65 °C until 

constant weight. Subsequently, DBW was determined in a 
precision scale and the data were transformed into kg ha−1. 

Data analysis 

Analyses of variance were performed for the 
variables EC of soil solution and NRCT for each crop 
development stage. The means were compared between 
treatments by Tukey’s test in cases of significant differences 
(p<0.05). An analysis of variance was performed in the 
harvest for the variable CWC and regression analysis 
between NRCT x CWC. The analyses were performed in the 
software Sisvar 5.3 (Ferreira, 2019) and Minitab version 18. 
 
RESULTS AND DISCUSSION 

Climate variables and irrigation 

Figure 2 shows the average values of air temperature 
and global solar radiation obtained during the experiment, 
especially on the days that the thermal images were 
collected. Similar behavior is observed between 
temperature and solar radiation, whose temperature 
variation was 13 to 40 °C. The average solar radiation was 
642.52 w m−2, and the lowest value was recorded at the end 
of September (74.05 w m−2, September 20, 2020) and the 
highest value was recorded in November (716.57 w m−2, 
November 23, 2020).

 

 

FIGURE 2. Daily averages of air temperature (solid line) and global solar radiation (dotted line), from 08/24/2020 to 01/04/2021. 
The triangles represent the dates thermal images were collected. 

 
Studies have suggested that the optimal 

temperature during the vegetative stage is 28.4 °C, with 
minimum and maximum limits of 16.4 and 35.3 °C, 
respectively. The grain filling stage has an optimal 
temperature of 24.2 °C, with minimum and maximum 
limits of 20.7 to 31.3 °C, respectively (Sánchez et al., 
2014). A value of 33 °C has been identified as the 
threshold for spikelet sterility (Bheemanahalli et al., 
2016). A positive correlation is observed between solar 
radiation and rice grain production due to improved leaf 
photosynthetic performance, with increased biomass 
production and, consequently, grain yield (Arai-Sanoh et 
al., 2020). Thus, high values of solar radiation may alter 
the plant response under water stress and, consequently, 

the canopy temperature, as verified by Agam et al. (2013), 
who found a high water stress index of olive trees, with a 
null effect in well-hydrated trees. 

Soil tension was maintained within the management 
range adopted for the two soil moisture conditions 
throughout the cycle, and treatments with soil moisture at 
saturation presented average tension values of 1.22±0.78 
kPa and field capacity of 6.06±4.30 kPa. 

Figure 3 shows the water depths of the water sources 
applied to each treatment. FC showed an average water 
saving of 64% compared to the moisture at SAT, and the 
highest water depth occurred in the treatment 0EC at SAT 
(956 mm) and the lowest water depth was observed for the 
treatment 2EC at FC (485 mm).
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FIGURE 3. Total irrigation depth (mm) as a function of electrical conductivity dose (EC) and humidity (saturate – SAT and field 
capacity – FC). 0EC- 0 dS m-1; 1EC- 1dS m-1; 2EC- 2dS m-1; 3EC- 3 dS m-1; 4EC- 4 dS m-1. 

 
Coltro et al. (2017) found values of 1,400 mm for 

rice cultivation irrigated by flood and 900 mm by drip 
irrigation, whereas Sharda et al. (2017) reported values from 
860 to 904 mm for drip irrigation, values close to those of 
this study in the comparison within localized irrigation. 
Both report water savings of 42% (Coltro et al., 2017) and 
40% (Sharda et al., 2017) compared to the flood system, 
without compromising grain yield. 

Soil solution electrical conductivity 

Soil solution EC showed a difference during the crop 
development stages. Tillering, grain filling, and harvesting 
stages (Table 1) showed an interaction between dose and 
soil moisture, while soil solution EC was altered by the 
doses at the flowering stage (Table 2).

 
TABLE 1. Electrical conductivity (EC) of the soil solution according to the doses and moisture content (saturate – SAT and 
field capacity- FC), during the crop development stages. 

 Salinity doses  

Stages Soil moisture 0EC 1EC 2EC 3EC 4EC VC (%) 

Tillering 
FC 0.42Ba 0.53Ba 0.47Bb 0.77Ba 4.07Ab 

25.53 
SAT 0.34Ca 0.91BCa 1.52Ba 1.34BCa 5.64Aa 

Grain filling 
FC 0.50Ca 1.02Ca 1.57Ca 2.82Ba 4.89Aa 

21.79 
SAT 0.47Ca 1.17BCa 1.84Ba 1.84Bb 3.90Ab 

Harvesting 
FC 0.51Da 1.02CDa 1.51BCa 2.11Ba 4.48Aa 

18.17 
SAT 0.45Ca 1.16BCa 1.93Ba 1.79Ba 3.64Ab 

0 EC - 0 dS m-1; 1 EC - 1dS m-1; 2 EC - 2dS m-1; 3 EC - 3 dS m-1; 4 EC - 4 dS m-1; VC - coefficient of variation. Means followed by different 
lowercase letters in the column and uppercase letters in the row are statistically different by Tukey's test (p<0.05).  

 
Soil solution EC during tillering was higher at 

saturation moisture for the 2EC and 4EC doses. EC values 
in the soil solution were higher regardless of the moisture 
condition for the dose 4EC and the other doses were similar 
to the control (0EC), for moisture at field capacity,  whereas 
at saturation were 1EC and 3EC. 

An opposite behavior to that presented during 
tillering was observed at grain filling and harvesting when 
comparing the moistures within each EC dose, with higher 
values for the increment of salinity doses at the FC 
condition. It may be associated with the drip irrigation 
system, which concentrated the strip moisture in the surface 
layers under the adopted spacing condition, while water 
depth at SAT favored salt dissolution to deeper layers, thus 
reducing their contents on the surface (Zamann et al., 2018). 

During grain filling, the 1EC dose was similar to the 
control at saturation moisture and 1EC and 2 EC were 
similar to the control at FC. In contrast, the 1EC dose was 
similar to the control at harvest for both soil moistures (FC 
and SAT). 

 

The highest soil solution EC value during the 
beginning of flowering (Table 2) was observed for the 4EC 
dose. Except for 3EC, the other doses did not differ from the 
control. Thus, the 4EC dose for both moisture ranges 
presented the highest soil solution EC values regardless of 
the vegetative development stage. 
 
TABLE 2. Electrical conductivity (EC) of the soil solution 
at the beginning of flowering. 

Salinity doses EC 

0EC 0.57c 

1EC 0.97bc 

2EC 1.11bc 

3EC 1.70b 

4EC 4.08a 

VC (%) 32.35 

0EC- 0 dS m-1; 1EC- 1dS m-1; 2EC- 2dS m-1; 3EC- 3 dS m-1; 4EC- 
4 dS m-1; VC: coefficient of variation. Means followed by different 
letters are statistically different by Tukey's test (p<0.05).  
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The salinity dynamics in the soil solution can be 
observed during the development stages. The increased soil 
EC during the crop cycle is expected due to the higher input 
of salts via irrigation. Silva (2002) found a similar behavior, 
with soil solution EC varying over time. This author also 
observes that the concentration distribution in the soil 
solution is slower for values lower than 4 dS m−1. 

Rice is considered a moderately salinity-sensitive 
crop, tolerating an EC of up to 3.3 dS m−1 in the soil solution 
and up to 2.0 dS m−1 in the irrigation water without 
compromising its productive potential (Ayers & Westcost, 
1999). Therefore, saline waters with EC values of up to 3 
dS m−1 can replace higher-water quality during the tillering 
stage due to the dynamics of salinity in the soil solution, but 
this value changes to 2 dS m−1 during flowering. Water with 
EC values of up to 2 and 1 dS m−1 can be used at FC and 
saturation, respectively, during the grain filling stage. 
Therefore, higher-quality water sources can be partially or 
totally replaced by lower-quality water sources in irrigation 

systems in regions with water scarcity or the potential for 
reuse water. 

Normalized relative canopy temperature and canopy 
water content 

Figure 4 shows the thermal images before the NRCT 
determination. The crop canopy is represented by colors 
that correspond to the coldest temperatures and the 
background of the image (soil) is represented by colors that 
correspond to the warmest temperatures. The average 
temperature variation presented similar values for the 
images, with a minimum of 23.2 °C for the T8 treatment and 
a maximum of 24.6 °C for the T5 treatment. It occurred 
because the average temperature was calculated in only one 
of the leaves. Thus, the use of image processing through the 
algorithm developed by this research promoted the removal 
of the background and enabled the calculation of the NRCT 
index using only pixels referring to the plant canopy.
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Salinity dose Field capacity Saturate 

0EC 

  

1EC 

  

2EC 

  

3EC 

  

4EC 

  

FIGURE 4. Thermal images of special rice irrigated with saline doses at 130 days after sowing. Electrical conductivity- EC; 
0EC- 0 dS m-1; 1EC- 1dS m-1; 2EC- 2dS m-1; 3EC- 3 dS m-1; 4EC- 4 dS m-1. 

 
NRCT was changed by doses during the tillering, 

flowering, and grain filling stages (Table 3), and interaction 
between dose and moisture was observed at harvest (Table 

4). NRCT presented different behaviors at each development 
stage relative to the salinity dose, unlike soil solution EC, 
which increased with salt addition (Tables 1 and 2). 
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TABLE 3. The normalized relative canopy temperature (NRCT) index at each developmental stage according to the saline doses. 

Salinity dose 
NRCT  NRCT  NRCT 

Tillering Flowering  Grain filling 

0EC 0.36 a 0.39 a 0.31 b 

1EC 0.33 b 0.37 b 0.29 c 

2EC 0.34 ab 0.37 b 0.31 b 

3EC 0.35 a 0.37 b 0.33 ab 

4EC 0.35 a 0.38 ab 0.34 a 

VC (%) 3.02 2.49 2.82 

Electrical conductivity- EC; 0EC- 0 dS m-1; 1EC- 1dS m-1; 2EC- 2dS m-1; 3EC- 3 dS m-1; 4EC- 4 dS m-1; VC: coefficient of variation. Means 
followed by different letters are statistically different by Tukey's test (p<0.05).  

 
At the tillering stage, the 0EC and 1EC doses 

presented the highest and lowest NRCT values, 
respectively, the latter not differing from 2EC (Table 3). 
The highest values at the beginning of flowering were 
observed for 0EC and 4EC, with no difference between 
salinity doses, and the lowest value was observed for 1EC 
at grain filling. 

These results indicate that the negative effects of salt 
stress on rice depend not only on the salt dose but also on 
the sensitivity of the phenological growth stage to the dose. 
Elmetwalli et al. (2020) found that the usefulness of NRCT 
to assess soybean growth, yield, and water status depends 
on the irrigation level and growth stage. This distinct 
behavior is related to plant adaptation by regulating internal 
mechanisms, such as the storage of Na+ ions inside the 
vacuole, with plants strongly reducing ionic toxicity, 

resisting salinity, and reducing cell damage (Bertazzinni et 
al., 2018; Roy et al., 2014) as an adaptation to saline stress, 
in which plants seek adjustment to ionic and osmotic stress 
(Sarkar et al., 2019). 

Table 4 shows the interaction between salt doses and 
soil moisture for NRCT during harvest. A difference within 
moisture was observed only for the control treatment, but 
NRCT under moisture at field capacity presented a higher 
value than the moisture at saturation. It occurs because 
moisture at the saturation range presents a higher water 
volume available to the plants, keeping a more favorable 
absorption condition. Moisture did not interfere with the 
indices at the other doses. On the other hand, salt doses had 
inverse behavior within each moisture range: the highest 
NRCT values at FC and SAT were observed in the control 
and the highest dose (4 dS m−1), respectively.

 
TABLE 4. The normalized relative canopy temperature (NRCT) index for the interaction between salinity doses and soil 
moisture content (field capacity-FC and saturate-SAT), during harvest. 

  Salinity doses  

Soil moisture 0EC 1EC 2EC 3EC 4EC VC (%) 

FC 0.36 Aa 0.32 Ba 0.33 Ba 0.32 Ba 0.34 Ba 
2.34 

SAT 0.32 Bb 0.32 Ba 0.33 ABa 0.33 ABa 0.35 Aa 

Electrical conductivity- EC; 0EC- 0 dS m-1; 1EC- 1dS m-1; 2EC- 2dS m-1; 3EC- 3 dS m-1; 4EC- 4 dS m-1; VC: coefficient of variation. Means 
followed by different lowercase letters in the column and uppercase letters in the row are statistically different by Tukey's test (p<0.05).  

 
The highest NRCT values were found at the 

flowering stage, a period of highest sensitivity to salt and 
water stress of rice plants (Guimarães et al., 2016). The 
increase in the index during this stage may indicate 
physiological stress, compromising yield due to higher 
sterility of spikelets (Scivittaro et al., 2014) and early 
senescence, which shortens the grain filling stage, making 
them remain lighter and with a lower starch content (Prathap 
et al., 2019). Thus, resistance is acquired throughout the 
cycle, and NRCT decreases as the plant reaches the grain 
filling and harvesting stages. 

The shoot fresh and dry mass values of the rice plants 
allowed the determination of the canopy water content 
(CWC), which was altered by soil moisture (Table 5). The 
difference between the two moisture ranges shows the plant 
water status, as expected in the treatments that received the 
highest irrigation depths (saturation). 

 
 

TABLE 5. Canopy water content (CWC) according to soil 
moisture (field capacity-FC and saturate-SAT), during 
harvest.  

Soil moisture Canopy water content (%) 

FC 63 b 

SAT 65 a 

VC (%) 3.63 

VC: coefficient of variation. Means followed by different letters 
are statistically different by Tukey's test (p<0.05).  

 
Low CWC indicates a reduced transpiration rate as a 

water-saving strategy, which results in higher leaf 
temperatures (Elsayed et al., 2017). This relationship was 
observed only at harvest for the 0EC dose (Table 4), as the 
other cultivation stage showed no effect of moisture on 
NRCT (Table 3). 
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Elsayed et al. (2015) identified severe (50% of 
irrigation depth) and mild (100% of irrigation depth) water 
stress conditions in barley cultivation, with NRCT values 
equal to 0.83 and 0.33, respectively. The index ranged from 
0.73 to 0.42 (Elsayed et al., 2017), 0.71 to 0.26 (Elsayed et 
al., 2021), and 0.79 to 0.17 (Elmetwalli et al., 2020) for 
wheat, potato, and soybean, respectively, for an irrigation 
regime of 100, 75, and 50% of crop evapotranspiration. 

In our study, the index ranged from 0.39 (flowering 
stage, 0EC) to 0.29 (grain filling stage, 1EC) during the 
cycle, regardless of the soil moisture. The irrigation depth 
at saturation was 64% higher than that of FC (Figure 4), but 

it did not influence NRCT, as observed by Elsayed et al. 
(2015), indicating that the stress found in this study is 
related to salinity and not to water availability. 

Figure 5 shows the regression between NRCT and 
CWC. The best fit for the index behavior was the quadratic 
model. The NRCT value decreases while CWC increases to 
lower values up to 63% within the temperature range of this 
study. This result suggests an increase in the plant canopy 
water content, with a reduction in stress due to the 
transpiration effect, related to the higher water absorption 
by roots, leading to a reduction in canopy temperature and 
NRCT.

 

 

FIGURE 5. Regression curve of the normalized relative canopy temperature (NRCT) index and canopy water content (CWC) 
presented by the rice plants. NRCT values range between 0 and 1, with the most severe stress when the values are close to 1. R²: 
34%; NRCT = 2.82 – 0.0758 CWC + 0.0006 CWC². 

 
However, the model (Figure 5) presented limitations 

for CWC values greater than 63%, indicating less water 
absorption and a slight increase in stress. The results suggest 
continuity of studies, aiming to expand the scale of soil 
moisture, as the minimum value of the adjustment 
corresponds to soil moisture at FC (Table 5). The inflection 
point of the curve is justified by the moisture effect on 
saturation (Table 5), with an increase in salinity in the 
solution (Table 1), verified by an increase in NRCT in the 
4EC treatment relative to the control (Table 4). 
 
CONCLUSIONS 

The analysis of the electrical conductivity in the soil 
solution over time showed that soil moisture at field 
capacity concentrated the salts in the dripper moisture 
range, but with a dilution effect at saturation, although the 
volume of salts applied under this condition was higher. 

The use of the algorithm in the processing of thermal 
images allowed the determination of the normalized relative 
canopy temperature (NRCT), which indicated the saline 
stress at the different development stages of arborio rice. 
The NRCT determination by thermal images showed higher 
sensitivity to saline stress at the flowering stage, showing a 
rebalance over time, confirmed at the grain filling and 
harvesting stages. 

The assessment of the canopy water content (CWC) 
followed soil moisture (field capacity and saturation), as 
expected. The relationship between NRCT and CWC 
showed contradictory behavior, as the increase in canopy 
hydration increased the stress index, suggesting an 

influence of salinity on soil saturation conditions. 
The results of this study provide insights into the 

importance of continuously monitoring saline stress during 
plant growth under saline irrigation regimes, using simple, 
low-cost approaches, such as thermal imaging. This 
information will be important in irrigation management in 
the context of water resource conservation both by reducing 
consumption and quality. 
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