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Abstract 

Increasing salinity in irrigation water and soil 

represents a crucial problem against plant 

growth and development especially the 

agricultural crops.  A number of plants own 

the ability to adapt to salt by recruiting a set of 

genes that are expressed and regulated under 

salt stress conditions. Using the model plant; 

Arabidopsis in studying gene function and 

regulation has a great importance in plant 

biotechnology. This research mainly aims to 

estimate the level of salt stress resistance of 

Arabidopsis plants by measuring plant canopy 

temperature. After adaptation to salt stress, 

Columbia 0 ‘wild type’ and sus1 mutant of the 

gene sucrose synthase ‘SUS1’ plants were 

grown to the appropriate stage and then treated 

with NaCl solution at 0.0, 100 & 200 mM. 

Plant canopy temperature, plant morphological 

changes, plant survival, and leave chlorophyll 

content were estimated. The results showed 

that there were no significant differences 

between the wild type and the mutant in plant 

temperature and plant survival. The 

morphology of sus1 mutant plants was 

severely affected by salinity at 100 mM NaCl 

after 7 days comparing to wild type which may 

indicate a function of the SUS1 gene in salt 

stress response. Leave content of chlorophyll 

a, b, and total chlorophyll was significantly 

increased in both Columbia 0 and sus1 plants 

when treated with 200 mM NaCl comparing to 

0.0 and 100 mM but Columbia 0 plants 

preserved higher amount of chlorophyll 

comparing to sus1. Having found a less 

amount of chlorophyll in leaves in the mutant 

might be refereed to presences of a T-DNA 

within the SUS1 gene sequence which 

knocked out the gene, and thus may indicate a 

role of SUS1 gene in chlorophyll synthesis. 

More investigations are needed to confirm the 

possible leaf structural changes that allow 

plants to preserve more chlorophyll under 

higher salt levels and also, the possible 

function of the SUS1 gene in chlorophyll 

synthesis. 

Keywords: T-DNA, salt stress, thermal 

imaging, chlorophyll, Arabidopsis 

Introduction   

Salinity stress is one of the most effecting 

abiotic stresses on the distribution and growth 

of plants and agricultural crop worldwide. 

Plants show different physiological, 

biochemical, and molecular responses to 

different abiotic stress conditions. Among 

these stressful conditions, soil salinity which is 

considered to be the most important abiotic 

stress that negatively affects plants in a 

number of ways, depending on the extent and 

duration of the stress. Salinization occurs as a 

result of the accumulation of high levels of 

different minerals used in field fertilization 

and irrigation leading to receding wide spaces 

of crop cultivation and production. In the last 

two decades, scientist focused on how to 
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overcome the effects of the salinity on the 

agricultural crops after the amazing progress in 

plant biotechnology research seeking to 

producing plant with high capability of salt 

adaptation and tolerance. To study the gene 

function and regulation, a huge number of 

Arabidopsis mutants using transferred DNA 

(T-DNA) strategy were produced. The focus 

was mainly on the abiotic stresses involved 

genes and transcription factors; especially salt 

stress. It is well known that the site of the 

inserted DNA significantly effects on the level 

of expression of the targeted gene; the knock-

out mutant usually results no protein from the 

gene in which T-DNA is inserted in (Krysan, 

Young, and Sussman, 1999a). Studying the 

salt stress related genes, a set of sucrose 

synthesis (SUS) genes were found to be 

expressed in different plant tissues under stress 

conditions such as drought (Xiao et al., 2014). 

Also, the relationship of the sucrose synthase1 

gene to salinity stress throughout triggering the 

expression of this gene was confirmed by Lu 

et al., (Lu, Li, and Jiang, 2010). On the other 

hand, it had been proofed that sucrose synthase 

gene was found to be expressed under drought, 

cold, and high osmosis (Baud, Vaultier, and 

Rochat, 2004).  

In recent, scientists tend to using remote 

sensing to diagnose the abiotic stress levels 

plants suffer. The thermal and inflorescence 

imaging are being applied and suggested to be 

an alternative non-destructive and fast 

technique to diagnose and determine the plant 

response  and tolerance to different abiotic 

stresses such as salinity and drought (Esmaeili 

et al., 2017) (Stutsel et al., 2021), (Yao et al., 

2018) and (Pineda, Barón, and Pérez-Bueno, 

2021) (Stoll and Jones, 2007) (Urrestarazu, 

2013; Menegassi et al., 2022). It has been 

found that the thermal imaging was very active 

in scanning a wide range of the temperature of 

wheat vegetative group under slat stress 

(Bayoumi et al., 2014). In soybean, measuring 

the temperature of the vegetation was proved 

as a fast and active mean to evaluate the level 

of stress plants exposed to comparing to the 

classical physiological methods (Kim et al., 

2014). The research shows that the salinity 

stress creates a wide range in canopy 

temperature; so the mean can distinguish 

between stressed and non-stressed vegetation 

(Bayoumi et al., 2014). In general, the salinity 

affects the morphological properties of plants 

including the changes in leave color resulting 

from the accumulation of anthocyanin which 

indicates the plant response to stress condition. 

Studies show that the anthocyanin 

accumulated in significant amounts in corn 

leaves upon exposing plants to 150 mM NaCl 

(Donghyun, 2020). On the other hand, many 

investigations showed that the abiotic stresses 

such as salinity may cause increase in leave 

chlorophyll content. In Columbia 0, treated 

plants with 75 mM NaCl accumulated more 

chlorophyll and showed dark green color of 

leaves (Ruiz Carrasco et al., 2007).  

Materials and methods 

This experiment was done in a controlled 

growth chamber to diagnose the salt stress 

level of Arabidopsis thaliana using a thermo-

camera (Testo 875). A T-DNA mutant line 

“sus1” (SALK_112854), N676548 of Sucrose 

Synthase 1 “SUS1” gene (At5G20830) 

containing 13 exons and 12 introns, was used 

for this study comparing to Columbia 0 plants. 

This gene is located on the reverse strand on 

the chromosome 5 consisting of 5179 bp 

located between 7055398…..7050217 base 

pairs. The T-DNA is inserted in the intron 1 of 

the gene (Fig.1).  

Small pots were filled in with the same amount 

of peat moss according to the weight and then 

were watered with the same amount of water 

according to the volume. Seeds were then 

surface sown using a small sterilized (70% 

ethanol) tweezer. Directly after sowing, post 

were covered by kling film and kept under 4c° 

temperature and continuous light for 4 days.  

After 4 days, room temperature was 
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modified to 20 ±2 and 10 hrs light; with light 

intensity 115μmol/m2/s, and 14 hrs dark. The 

relative humidity in the growth room was kept 

between 50-65%. Fife days after germination, 

small holes were made in the kling film and 

was left for a week. The kling film was then 

completely removed and regular irrigation was 

done using 50 ml of tap water. After 7 days, 

only one seedling per pot was selected 

according to the size and regular watering was 

kept until salt treatment was done. The 

experiment included two factors; NaCl 

concentration (0.0, 100 and 200mM) and 

Arabidopsis genotypes (Columbia 0 ‘wild 

type’ and sus1 mutant line). The 

SALK_112854 mutant line ‘stock no. 

N676548’ of the gene SUS1 was used for this 

study. Upon reaching a specific growth stage 

according to (Boyes et al., 2001), plants from 

both lines specified for salt treatment were 

watered with low salt concentrated solution 

(20mM NaC) for 4 days (Elhaj, 2009) using 50 

ml of the salty solution and the control plants 

from both lines were watered with tap water. 

All plants were then left for 4 days without 

any treatment. Two days after treating plants 

with high salt concentrations, plant leave 

samples for chlorophyll determination were 

collected. higher salt  treatments using 100 and 

200mM NaCl continued for 5 times “day by 

day” using 50 ml volume of the solution, and 

the 0.0mM plants of both lines were watered 

with distilled water (EC=2.5ppm) using the 

same volume.  During the period of the salt 

treatment, plants were watched for 

morphological changes; wilting, yellowing, 

and dryness. After 10 days of starting salt 

treatment, plants were extensively washed 

with tap water. Then, plants were accounted 

for survival after one day later. All period long 

of the experiment, thermal and normal images 

were taken and the temperature degrees were 

analyzed using the version 3.3 Testo IRSOFT 

software. 

 

Fig. 1: The Sucrose Synthase 1 gene structure in Arabidopsis showing the T-DNA insertion site; 

exons (in blue), introns (red lines), UTRs (empty triangles), site of T-DNA (black arrow), 

redesigned from TAIR (TAIR, 1999) 

 

 

 

 

For chlorophyll a, b and total chlorophyll 

determination, samples after collection were 

kept refrigerated for later use. Next day, 

samples were ground in 5 ml acetone 80%. 

Mixtures were filtered and the supernatants 

were collected in small flasks. Solutions were 

completed to the final volume (25 ml), and a 

small amount (5ml) of each sample was taken 

to estimate the chlorophyll contents and a 

sample of acetone 80% was used as a blank. A 

spectrophotometer apparatus; JENWAY 6300 

was used for the purpose and then the amount 

of the chlorophyll was calculated in mg/g fresh 

weight according to (Arnon, 1949), (Porra, 

Thompson, and Kriedemann, 1989) (Gogoi 

and Basumatary, 2018) and (Ozrecberoglu and 

Kahramanoglu, 2020). 
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Chlorophyll a = 
(𝟏𝟐.𝟕 𝒙 𝐀𝟔𝟔𝟑 − 𝟐.𝟔𝟗 𝒙 𝐀𝟔𝟒𝟓 )

𝐬𝐚𝐦𝐩𝐥𝐞 𝐰𝐢𝐠𝐡𝐭 𝒙 𝟏𝟎𝟎𝟎  
𝒙 𝒗𝒐𝒍𝒖𝒎𝒆              Chlorophyll b = 

(𝟐𝟐.𝟗 𝒙 𝐀𝟔𝟒𝟓 − 𝟒.𝟔𝟖 𝒙 𝐀𝟔𝟔𝟑)

𝐬𝐚𝐦𝐩𝐥𝐞 𝐰𝐢𝐠𝐡𝐭 𝒙 𝟏𝟎𝟎𝟎  
𝒙 𝒗𝒐𝒍𝒖𝒎𝒆 

 

 

 

Total chlorophyll = 
(𝟖.𝟎𝟐 𝒙 𝐀𝟔𝟔𝟑 + 𝟐𝟎.𝟐 𝒙 𝐀𝟔𝟒𝟓)

𝐬𝐚𝐦𝐩𝐥𝐞 𝐰𝐢𝐠𝐡𝐭 𝒙 𝟏𝟎𝟎𝟎  
𝒙 𝑣𝑜𝑙𝑢𝑚𝑒 

 

Statistical analysis was done using Minitab 5; 

ANOVA, General Linear Model. References 

were sited using EndNote 6 program and APA 

style was used for listing references. This 

experiment aims to the study of response of 

Arabidopsis sus1 mutant of Sucrose Synthase 

1 (SUS1) gene under salt stress using thermal 

imaging including some morphological and 

physiological investigations. 

Results and discussion 

Measuring plant canopy temperature  

Results show that there were not significant 

differences in canopy temperature between 

Columbia 0 and sus1 mutant plants (Fig. 2), 

but the salt concentration affected significantly 

the temperature of the vegetation which was 

higher in plants treated with 200mM than 

100mM NaCl comparing to control. Thermal 

images show the normal water content (blue 

color) in the control plants of both genotypes 

but the normal color started to disappear by 

disappeared after 9 days at 200 mM NaCl (Fig. 

3). These results indicate the effect of the salt 

on the absorption of the water which is 

reflected by increasing the temperature of the 

plant canopy, but at the same time did not 

clarify whether the sus1 mutant was more 

sensitive to water deprivation than the control 

plants. Applying higher salt concentrations 

might be needed to get more clarification 

about the effect of salt on sus1 mutant water 

uptake in relation to our expectation 

considering the involvement of the SUS1 gene 

in salt and water deficiency response.  

 

Fig. 2: Effect of salt stress on Arabidopsis Columbia 0 and sus1 mutant canopy temperature at 

day 0 (after salt adaptation), 7 and 9 days after high salt concentration (0.0, 100 and 200mM) 

treatment 
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Fig. 3: Effect of salinity on the plant canopy temperature of Columbia 0 and sus1 mutant at day 

0 (the last day of salt adaptation at 20 mM NaCl) and, after 7 and 9 days from salt treatment 

(NaCl) at 0.0, 100 and 200 mM 

 

 

 

 

 

Considering the morphological changes that 

take place upon the exposure to salinity stress, 

wilting, discoloration, and desiccation were 

visually estimated and counted in both 

genotypes. A significant difference was found 

between sus1 mutant and Columbia 0 ‘wild 

type’ when treated with 100 mM after 7 days 

exposure period; the mutant was less affected 

by salt treatment than the wild type as 

estimated by less wilting, yellowing and 

dryness (Fig. 4 and 5). Apart from time of 

exposure, both genotypes were affected 

similarly by salt when treated with higher salt 

concentrations (200mM). These results 

indicates that the mutant was more tolerant to 

salt comparing to wild type in keeping the 

morphology of plants but only at certain salt 

concentration and for certain period of time. 

These results may indicate a function of the 

sucrose synthase 1 in the salt stress response. 

The SUS1 gene holds a T-DNA within the 

gene sequence; in the intron 1 (Fig. 1), and 

according to Krysan et al., Krysan, Young, 

and Sussman, 1999a and Wang, 2008, this 

gene was knocked out and will not produce a 

functional protein as its first part of the 

sequence is interrupted by the insert. Thus, 

there is a possibility that another neighboring 

gene was activated instead (Tamura et al., 

2016) under the salinity conditions, or the 

inserted T-DNA might have increased the gene 

expression in this null mutant under salt as it 

located in the first initial part of the gene 

(Missihoun, Kirch, and Bartels, 2012). 
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This can be referred to presence of some 

specific salt response cis-acting elements in 

the left border of the insert that increase the 

level of expression of the targeted gene. 

Similar results were obtained by Elhaj (Elhaj, 

2009) upon exposing some salt stress 

responsive mutants; kup1 and chx17. This 

explanation was based on the fact that 

inserting a T-DNA may lead to gain of 

function of a gene (Krysan, Young, and 

Sussman, 1999b) depending on the cis-acting 

elements present at the left border, flanking the 

promoter or at the beginning of the gene. The 

results show that there were no significant 

differences between Columbia 0 ‘wild type’ 

and sus1 mutant plants in survival average 

after 10 days of imposing salt stress (Fig. 6 

and 7). Being similarly affected by salt, this 

might be referred to the long exposure time 

(10 days) of salt which negatively smashed the 

growth of both phenotypes.   

 

Fig. 4: Effect of salinity on the plant  morphology of Arabidopsis Columbia 0 and sus1 mutant at 

day 0, 4 and 7 days salt treatment (0.0, 100 and 200 mM NaCl). ‘Day 0’= the last day of salt 

adaptation (20 mM NaCl) 

 

 

 

 

Fig. 5: Effect of salinity on the plant  morphology of Arabidopsis Columbia 0 and sus1 mutant at 

day 0, 4 and7 days salt treatment (0.0, 100 and 200 mM NaCl). ‘Day 0’= the last day of salt 

adaptation (20 mM NaCl) 
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Fig. 6: Effect of salinity on the survival average of Arabidopsis Columbia 0 and sus1 mutant 

after 10 days of salt treatment (NaCl) at 0.0, 100 and 200 mM. 

 

 

 

 

Fig. 7: Effect of salinity on the survival average of Columbia 0 and sus1 mutant after 10 days of 

salt treatment (NaCl) at 0.0, 100 and 200 mM. 

 

 

 

 

Effect of salinity on leaf chlorophyll content 

The chlorophyll content was determined in 

leave samples two days after of imposing salt 

stress after plants been adapted to salt at 20 

mM. The results show that there was an 

increase in chlorophyll a, b and total 

chlorophyll after treating plant with 200 mM 

NaCl especially in Columbia 0 ‘wild type’ 

plants (Fig. 8). Increasing leave chlorophyll 

content has been reported in many plants such 

as tomato (Ruiz Carrasco et al., 2007)  and 

rice (Misra et al., 1997). In sunflower, it was 

found that the salinity has led to a decrease in 

the chlorophyll content only on the long term, 

but on the short term the level of chlorophyll 

in leaves was increased under salt stress 

(Heidari, Bandehagh, and Toorchi, 2014). 

Similar results were obtained when 

Arabidopsis plants exposed to a lower salt 

concentration of NaCl (Rolly et al., 2020).  
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The explanation of such results was interpreted 

as the salt stressed plants had some structural 

changes like leave thickness or the increase of 

the number of chloroplast in the stressed 

leaves which have led to more tolerance to salt 

stress by keeping higher level of chlorophyll 

content (Ruiz Carrasco et al., 2007). In our 

experiment, even though there was an increase 

in the chlorophyll content with the increase in 

salt concentration, the mutant sus1 had 

significant less chlorophyll a, b and total 

chlorophyll than the Columbia 0 ‘wild type’ 

treated with 200 mM NaCl. These results 

might indicate a specific function of the SUS1 

gene in the chlorophyll synthesis that was not 

reported before (Fig. 8 and 9). Disruption of 

the SUS1 gene by the T-DNA insert as the 

gene was knocked out (Krysan, Young, and 

Sussman, 1999b) may explain why the 

chlorophyll levels were significantly reduced 

in the mutant comparing to the wild type 

plants. 

 

Fig. 8: Effect of salt stress  on chlorophyll a, b and  total chlorophyll content of Arabidopsis 

Columbia 0 and sus1 mutant after 4-days salt adaptation (20mM NaCl) followed by 2-days high 

salt concentration treatment (0.0, 100 and  200mM NaCl) 

 

 

 

 

Fig. 9: Effect of salt stress on chlorophyll a, b and total chlorophyll content of Arabidopsis 

Columbia 0 and sus1 mutant after 4-days salt adaptation (20mM NaCl) followed by 2-days high 

salt concentration treatment (0.0, 100 and 200mM NaCl) 
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