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Abstract  

The present work is addressed photosynthetic rate, growth rates and quantification of aquaporin 

genes expression on sunflower plant to examine the expression and regulation profiles of some 

aquaporins, their role in regulating water transport during salt stress and their role in improving plant 

tolerance to stresses. The differential regulation of aquaporins might contribute to increased 

resistance/susceptibility to a specific stress, in a species-specific way. Aquaporins fine regulation 

helps plants maintain a positive water balance under detrimental environmental conditions. Both 

down- and up-regulation of aquaporin expression leading to changes in membrane permeability have 

been described and proposed to be beneficial for plants experiencing water deficit. Plants may 

decrease the water permeability of their cell membranes to avoid excessive loss of water from the 

root to the soil and / or aquaporins might play a role in stress avoidance by enhancing root water 

uptake, when the water potential gradient between soil and root xylem is still favorable. The 

contribution of both types of responses may depend on the plant species, the intensity and duration 

of the stress and aquaporin isoform. The salt tolerance is a complex trait but might be partly due to 

the expression of stress-inducible aquaporin isoforms. The plant shows different expression level of 

PIP1;5, PIP2;1, PIP2;3, TIP1;1 as well as different  water transport activity.. 
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Introduction 

Salinity is an important factor that causes serious 

economic reduction in agriculture productivity 

worldwide. The excess presence of sodium ions in 

root growing zone and in irrigation or ground 

water has tremendous negative effects on the 

distribution of species in any given environment. 

Worldwide, it is estimated that salinity affects 

more than 800 million ha (Tester and Davenport, 

2003). The response of plant to salinity stress 

occurs in two phases: a rapid response to the 

increase in external osmotic pressure, and a slower 

response due to the accumulation of Na+ in leaves 

(Cramer 2002; Fricke and Peters 2002; Gilliham 

and Tester 2005).  

Excess of NaCl in soil and irrigation water causes 

hyperosmotic and hyperionic stress effects, which 

if sufficiently severe can result in plant death 

(Bressan et al., 2008). The hyperosmotic effect 

results from concentration of extracellular solutes, 

which causes a flux of water out of the cell, a 

decrease in the osmotic potential within the cell, 

and in the cellular turgor pressure (Lichtenthaler, 

1996). The hyperionic effect resulting from 
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exposure to high salinity leads to “toxic sodium 

effect”, whereby excess Na+ in the cytoplasm 

causes an unbalance of other essential ions such as 

K+ and Ca+ (Bohnert and Jensen, 1996; 

Hasegawa et al., 2000). High concentration of Na+ 

ion in the cytosol causes metabolic toxicity, in part 

due to the competition between K+ and Na+ for 

binding sites for several enzymes (Tester and 

Davenport, 2003).  

Plants have the capacity to rapidly alter their cell 

and tissue hydraulic conductivity to control their 

water balance. Such mechanism is mostly 

achieved via the regulation of the abundance and 

activity of water channels in the cell membrane 

known as aquaporins (Chaumont and Tyerman 

2015). Despite the relatively high water 

permeability of biological membranes, they 

contain water-selective channels which can 

facilitate and regulate the passage of water. 

Aquaporins belong to the ancient family of major 

intrinsic proteins (MIPs) which are small integral 

membrane proteins.  

Aquaporins in plants are important in regulating 

water flow through the plant body and in 

maintaining cellular water homeostasis in all 

environmental conditions (Hachez et al., 2006b). 

However, aquaporins not only transport water but 

also represent important membrane-selective 

pathway for small-uncharged solutes, including 

glycerol, urea, ammonia, carbon dioxide, 

hydrogen peroxide, and the metalloids boric acid, 

silicic acid, and arsenite (Chaumont and Tyerman, 

2015). These multifunctional channels are 

important not only in water homeostasis, but also 

in plant metabolism, nutrition, and signaling 

processes (Tyerman et al., 2002; Maurel et al., 

2008; Gomes et al., 2009; Hachez and Chaumont, 

2010; Ma, 2010; Miwa and Fujiwara, 2010; 

Bienert and Chaumont, 2011; Bienert and 

Chaumont, 2013; Kaldenhoff et al., 2013). 

Aquaporins are tightly regulated at multiple levels 

to control their expression profile, trafficking, 

abundance and activity. These regulatory 

mechanisms therefore play an essential role in 

reversibly fine-tuning the plant hydraulic 

conductivity in response to external stimuli 

(Martinez-Ballesta et al., 2003; Boursiac et al., 

2008; Postaire et al., 2010; Hachez et al., 2012; 

Prado et al., 2013). Many aquaporin isoforms 

show differential expression in response to abiotic 

stresses such as drought, salinity and cold, some 

being up-regulated while others get repressed 

(Sakurai et al., 2005; Zhu et al., 2005; 

Alexandersson et al., 2005). 

Conflicting data regarding the transcriptional 

response of specific Arabidopsis PIP genes to salt 

stress were reported. In two week-old plants, Jang 

et al. (2004) found that salt exposure (150 mM 

NaCl) triggers up-regulation of PIP mRNA 

expression except for PIP1;5 in roots and PIP2;6 

in leaves that were significantly down-regulated. 

Similarly, PIP2;7 (initially referred to as Salt-

Induced MIP (SIMIP)) was reported to be strongly 

up-regulated by short (<6 h) NaCl treatment (150 

mM NaCl) in 8 day-old seedlings (Pih et al., 1999) 

and a twofold up-regulation was observed in 2 

weekold seedlings by Jang et al. (2004).  

However, other reports point to an opposite 

response of Plasma membrane intrinsic proteins 

(PIPs) to salt stress in Arabidopsis. Boursiac et al., 

(2005), Lee and Zwiazek, (2015) and Martinez-

Ballesta et al., (2003) showed that exposure of 

Arabidopsis plants to salt (up to 100 mM) induces 

a general transcriptional down-regulation of PIPs. 

PIP2;7 gene expression is, in this case, repressed 

by salt treatment. Such transcriptional down-

regulation of PIP genes including PIP2;7 is also 

measured after drought stress (Alexandersson et 

al., 2010) or other abiotic stresses (Kilian et al., 

2007) as detected in microarray data available on 

the eFP browser (Winter et al., 2007). It was 

proposed that PIP down-regulation might limit 

water loss and create a hydraulic signal that could 

induce stomatal closure (Jang et al., 2004; 

Boursiac et al., 2005).  

Salt stress not only affects the transcriptional 

regulation of PIPs but also alters the abundance of 

PIP proteins in the Plasma membrane (PM) and 

their cycling between the PM and endosomal 

compartments including the trans-Golgi network 

and the early endosomes (TGN/EE) (Boursiac et 

al. 2005, 2008; Li et al. 2011; Luu et al. 2012; 

Hachez et al. 2014a). Dynamic changes in 

aquaporin subcellular localization were observed 

in osmotically challenged cells. For instance, 

mannitol-induced osmotic stress in ice plant 

suspension cells induces the relocalization of 

McTIP1;2 from the tonoplast to a putative 

endosomal compartment (Zhu et al., 1998). This 

process is dependent on aquaporin glycosylation 

and a cAMP-dependent pathway. In salt-treated 

Arabidopsis roots, AtTIP1;1, but not the AtTIP2;1 

homolog, is relocalized in vacuolar bulbs (Chen et 

al., 2007). Under salt stress, the rate of AtPIP2;1 

cycling between the PM and the TGN/EE 

increases as compared to resting conditions (Li et 

al. 2011; Luu et al. 2012). In addition, the 

phosphorylation status of PIP aquaporins is 

modified by salt stress and is positively correlated 
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to changes in root hydraulic conductivity (Prak et 

al. 2008; Di Pietro et al. 2013). Indeed, this 

posttranslational modification was previously 

shown to regulate PIP aquaporin activity/gating 

and PM abundance (Johansson et al. 1998; 

Tornroth-Horsefield et al. 2006; Prak et al. 2008; 

Van Wilder et al. 2008). 

The present work used sunflower plant to examine 

the expression and regulation profiles of some 

aquaporins, their role in regulating water transport 

during salt stress and their role in improving plant 

tolerance to stresses. 

Materials and methods 

Plant material  

Seeds of Sunflower (Helianthus annuus L. cv. 

Sakha-53) accessed from the Field Research 

Institute; Agricultural Research Centre, Giza, 

Egypt  

Experimental field and treatment 

Sunflower seeds were soaked in aerated water for 

1 day at 22oC. Then they were transferred to 

plastic pots filled with perlite and the pots were 

kept in 50x50 cm trays containing Ruakura 

nutrient solution (Smith et al., 1983). The trays 

were incubated in the green house conditions of 

the experimental field of Botany Department 

(Faculty of Science, Damietta University). The 

climatic conditions over the experiment period 

were: 27-31/22-25ºC day/night temperature, 65-

75% relative humidity during the day (RH), 12-13 

h photoperiod and 2,850 µmole m-2 s-1 maximum 

light intensity (full sunlight). Each pot contained 4 

seeds that were thinned to one seedling per pot 

when the plants were 8 days old.  

At the age of two weeks, the seedlings were 

exposed to salt stress. The plants were 

categeroized into five groups as follows: the 

control group that was watered with Ruakura 

nutrient solution every two days, the second and 

third groups were treated with 25 and 150 mM 

NaCl, respectively and the fourth and fifth ones 

were treated with 25 and 150 mM KCl, 

respectively. The concentration of 150 mM NaCl 

and KCl was applied gradually starting from 25 

mM and 50 mM increment every day until 

reaching the final concentration.  

Measurement of Photosynthetic rate (A) 

Photosynthetic rate was measured for the second 

leaves in the control and treated intact plants by 

using LCi-SD gas exchange system (Analytical 

Development Company, ADC Ltd, Hertfordshire, 

UK) after 9 days of the treatments. The 

measurements were made at five different time 

periods during the day (9:00, 11:00, 13:00, 15:00 

and 17:00). 

Determination of fresh and dry weights, water 

contents (WC) 

The plants materials were harvested after 10 days 

of the treatment onset. After recording the fresh 

weights (FW) of leaf, root, stem, they were dried 

in oven at 80oC for 2 days and the dry weights 

(DW) were recorded. Five plant replicates were 

used for each treatment. The water content (WC) 

of the leaves and petiols samples were collected at 

(5:00, 9:00, 11:00, 13:00, 15:00, 17:00) and 

calculated as follows: Water content (WC %) = 

(FW-DW)/FW × 100 

Harvesting of the plant material 

For each treatment, samples from the second top 

leaf were collected and frozen immediately in 

liquid nitrogen after 10 d of the treatment and 

stored in -80oC for the subsequent analyses. Five 

replicates were collected at (9:00, 13:00, 17:00).  

Quantification of aquaporin genes expression  

Total RNA from 50 mg frozen leaves was 

extracted using (Quick- RNA Miniprep) kit, 

according to the manufacturer’s instructions with 

some modification:  10% polyvinylpyrrolidone 

(Fischer Scientific, Belgium) was added to the 

extraction buffer and then after extraction and for 

further purification, RNA was re-suspended in 

ethanol and re-washed by the washing buffer 

provided within the kit. Semi quantitative RT-

PCR was performed by using the primers sets 

(Table 1). Primers for (PIP1;5,  PIP2;1, PIP2;3, 

TIP1;1)  were designed to recognize the 

conserved regions resulting from the alignment of 

the characterized genes from other species found 

in NCBI and ExPASy databases. The PCR 

conditions were adjusted as follows: initial 

denaturation at 95°C for 3min followed by 35:40 

cycles of denaturation at 95°C for 30s, annealig at 

52:54°C for 30s and extension at 72°C for 1min.  

For each gene, the number of PCR cycles was 
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optimized to show the maximum differences 

among samples within the linear phase of 

amplification. The conditions and cycle numbers 

were determined to avoid the DNA saturation. The 

PCR products were resolved on 1% agarose gels, 

stained with ethidium bromide (EtBr) in 1× TAE 

buffer (Tris–acetic acid–EDTA) and visualized by 

UVIsave gel documentation system (UVITECH, 

UK). Image Studio v 12.0 software (Li-COR 

Biosciences, USA) was used to measure the band 

sizes. The measurements were normalized for 

equal 18S rRNA. For each aquaporin gene, three 

replicates from different RNA extractions were 

used.  
 

Table 1: The forward and reverse primers with annealing temperature and number of cycles used in Semi quantitative RT-

PCR 

gene F PRIMER R PRIMER Annealing 

temperature(ta) 

Number 

of cycles 

PIP1;5 CATGCAGTGCCTGGGCGC GTGCCGGTGATGGGGATG 52 37 

PIP2;1 GCGCCGCTGATCGACGCG CACTGCGCCACGATGTAGAG 54 40 

PIP2;3 GGCATCTCAGGTGGGCAC GCCAACACCGGGACGTGGG 54 40 

TIP1;1 AGCCACCAGGAGGTGTAC ACGAAGGCGCCGAAGGTC 52 40 

Statistical analysis 

Two-way ANOVA analyses with Fisher’s least 

significant way difference (LSD) post hoc test 

were performed using SigmaPlot v 11.0 at 

significant level of P≤ 0.05. 

Results 

The effect of salt stress on fresh weight (FW) and 

Dry weight (DW) 

Shoot fresh weight (FW) of H. annuus L. was 

significantly affected by different concentrations 

of salt treatment (Fig. 1, Fig. 2 A). There were no 

significant difference in the reduction of the shoot 

FW of Both 25 mM concentrations of Na+ and K++. 

But at 150 mM of salt treatment, K++ showed the 

lowest FW of the shoot when compared with Na+ 

as it was about 24.6% of the control. Generally the 

same trend was shown in the shoot dry weight 

(DW) as the control plants showed the highest 

value of shoot DW (Fig. 2 B). There was no 

significant difference between the shoot DW at 25 

mM of both types of salts. The difference was 

shown at 150 mM as the K++ ions significantly 

caused a reduction in the DW of the shoot more 

than the reduction caused by Na+ ions. 

The results of the root FW differed completely 

from that of shoot. As the highest value was 

recorded for the plants treated with 25 mM KCl, 

then the values for control and 25 mM Na treated 

plants that showed almost equal values (Fig. 3 A). 

The most significant decrease in the root FW was 

shown by the plants treated with 150 mM salts 

which reduced to be 61.7% of the control. 

Contrarily, the highest DW for the roots recorded 

was for the control and the treated plants with 25 

mM Na+ (Fig. 3 B). There were no significant 

difference in the root DW of the plants treated with 

150 mM Na and those of the same concentration 

of K+, recording the lowest value of the root DW.  

 

Fig. 1. Growth of H. annuus L. after 10 d in the green house; 

control (A) or salt conditions (B: 25 mM NaCl, C: 150 mM 

NaCl, D: 25 mM KCl, E: 150 mM KCl). A scale bar of 20 cm 

is shown. 

 

Fig. 2. Effect of salt treatment on the growth of  H. annuus L. 

in terms of shoot fresh weight and dry weight (A, B) 

respectively. Bars are means of 5 replicates ± SE. Bars  ±SE 

labeled with different small letters are significantly different 

at p<.05. 
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Fig. 3. Effect of different salt treatments on the growth of H. 

annuus L. in terms of root fresh weight and dry weight (A, B) 

respectively. Bars are means of 5 replicates ± SE. Bars  ±SE 

labeled with different small letters are significantly different 

at p<.05. 

The effect of salt treatment on water contents 

(WC)  

WC of the control leaves (Fig. 4 A) decreased 

slightly at 13:00 compared to 9:00. Similarly, the 

WC of leaves decreased gradually during the day 

to reach the minimum value at 13:00 then 

increased again at 17:00. The decrease in WC for 

the leaves of 150 mM NaCl stress was slight but 

significant at 13:00 compared to 9:00 to be 90% of 

that at 9:00. Similarly, both 25 and 150 mM KCl 

stressed leaves showed a decrease at 13:00 in its 

WC compared to 9:00. The leaf WC significantly 

decreased for all salt treatments compared to the 

control at all-time points. 

A gradual decrease in petiole WC was observed 

during the day in the control plants (Fig. 4 B) to be 

87.4% at 13:00 of that at 9:00. This value 

increased again at 15:00. Similarly, 25 mM NaCl 

treated plants showed a significant decrease in 

their petiole WC at 13:00 compared to that at 9:00 

but followed by an increase in this value at 17:00. 

A similar trend to control plants was shown by 150 

mM NaCl treated plants and 25 mM KCl treated 

plants. 150 mM KCl treated plants had a different 

pattern where their petiole WC increased at 11:00 

from that at 9:00 followed by a decrease at 13:00 

to be 89.2% of that at 9:00.  

 

Fig. 4. Effect of salt treatment on the leaf WC (A) and petiole 

WC (B) of  H. annuus L. Bars are means of 5 replicates ± SE. 

Bars  ±SE labeled with different small letters are significantly 

different at p<.05. 

The effect of salt treatment on Photosynthetic 

rate (A) 

Generally, photosynthetic rate value decrease 

from 9:00 to 11:00 and the value is fixed at the 

mid-day (11:0 till 13:00). The depression was 

shown again at 15:00 and 17:00. (Fig. 5).  

When comparing the control plants with the salt 

stressed ones, generally photosynthetic rate 

reduced in response to different salt treatments at 

all the time points except for the treatment with 25 

mM KCl, it showed similar value of the 

photosynthesis with the control at 9:00, 13:00 and 

17:00 but even higher value at 11:00. The 

reduction in photosynthetic rate occurred only at 

15:00 to be 92.4% of the control at this time. 

Generally, the treatment of 150 mM of both salts 

resulted in the maximum reduction in 

photosynthetic rate at all-time points.  

 

Fig. 5. Changes in photosynthetic rate during the day in H. 

annuus L. in response to different salt treatments. Bars are 

means of  5 replicates ± SE. Bars  ±SE labeled with different 

small letters are significantly different at p<.05. 
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Responses of aquaporin expression to salt stress 

PIP1;5 expression in leaf of H. annuus L. 

The expression of PIP1;5 in the leaves of the 

control plants showed a gradual depression during 

the day till it reach its minimum level at 17:00 

(Fig. 6). Contrarily, the expression of this gene in 

the plants treated with 25 mM NaCl increased 

significantly at 13:00 followed by a significant 

decrease at 17:00 to be 53.3% of that at 13:00 then 

a significant increase were observed at 24:00.  For 

the plants treated with 150 m M NaCl, the 

expression of this gene in their leaves increased 

progressively during the day, the maximum level 

of the expression was recorded at 17:00 but this 

level decreased significantly at 24:00. Generally, 

the expression of this gene in the sets treated with 

NaCl was higher than that of the control sets 

except at 9:00 when the expression in the control 

set was higher. The set which treated with the low 

concentration of KCl showed the same level of 

expression of this gene at 9:00 and 13:00 but this 

expression decreased at 17:00 to be 66.4% of that 

at 13:00, followed by a significant increase at 

24:00.  Contrarily, the application of higher 

concentration of KCl resulted in a significant 

increase in the expression of PIP1;5 in the leaves 

of these plants at 13:00 and 17:00 to be higher than 

that for the control plants. 

 

Fig. 6. Changes in the expression of PIP1;5 in 

leaf of H. annuus L. after different salt 

treatments. Bars are means of 3 replicates ± SE. 

Bars  ±SE labeled with different small letters are 

significantly different at p<.05. 

PIP2;1 expression in leaf of H. annuus L. 
The expression of PIP 2;1 in the leaves of the 

control plants significantly increased at 13:00 

compared to 9:00, followed by a decrease in the 

expression level to be undetectable at 17:00 (Fig. 

7). Contrarily, the expression of this gene 

gradually increased during the day in the leaves of 

plants treated with 25 mM NaCl but no gene 

expression was observed at 24:00. The leaves of 

the plants treated with high concentration of NaCl 

showed a significantly higher gene expression at 

9:00 and 17:00, but the expression was not 

detectable for these plants at 13:00 and 24:00. The 

expression of PIP2;1 in the leaves of the plants 

treated with both low and high concentrations of 

KCl was of the same pattern as it was undetectable 

at 13:00 and 24:00 for the two sets, but it was 

higher than that of the control plants at 9:00 and 

17:00.  

 

Fig. 7. Changes in the expression of PIP2;1 in leaf of H. 

annuus L. after different salt treatments. Bars are means of 3 

replicates ± SE. Bars  ±SE labeled with different small letters 

are significantly different at p<.05. 

PIP2;3 expression in leaf of H. annuus L. 

A significant increase in the expression of PIP2;3 

in the leaves of the control plants at 13:00 which 

record the highest expression during the day for all 

the treatments (Fig. 8), followed by a significant 

decrease in the expression level at 17:00 to be 

24.6% of that at 13:00. The same pattern of 

expression was observed in the plants treated with 

low concentration of NaCl but the difference is 

that the expression of this gene in the former set 

was much lower than of the latter one. Contrarily, 

the expression for the plants treated with the high 

concentration of NaCl was of the same level as 

that for the control plants at almost all time points, 

except at 17:00 where it was higher for the latter 

set. The expression pattern for the plants treated 

with KCl was completely different from the 

previous as it significantly decreased at 13:00 but 

increased again at 17:00 and was not detected at 

24:00. The expression for the plants treated with 

KCl was lower than that of the control plants at all 

the time points except at 17:00. 

 



Role of Aquaporins in Salt Tolerance of Common Sunflower … Scientific Journal for Damietta Faculty of Science 9 (1) 2019, 20-31 

26 

 

Fig. 8. Changes in the expression of PIP2;3 in leaf of H. 

annuus L. after different salt treatments. Bars are means of 3 

replicates ± SE. Bars  ±SE labeled with different small letters 

are significantly different at p<.05. 

TIP1;1 expression in leaf of H. annuus L. 

TIP1;1 expression in the leaves of the control 

plants showed a gradual increase in its expression 

during the day to record the highest level of 

expression at 24:00 (Fig. 9). The same trend was 

shown by the expression of this gene in the leaves 

of 25 mM NaCl set except that the expression 

lowered at 24:00 to be 43.6% of the control at this 

time. For 150 mM NaCl set, the expression of this 

gene increased significantly at 13:00 compared to 

9:00 and to be higher than that in the control 

plants, followed by a decrease at 17:00 which 

remained the same level of expression until 24:00. 

The expression of TIP1;1 was the highest at 9:00 

and 24:00 in the leaves of 25 mM KCl treated set, 

but decreased at 13:00 and 17:00. The same trend 

was shown by the plants treated with the higher 

concentration of KCl except it was higher in the 

latter set. 

 

Fig. 9. Changes in the expression of TIP1;1 in leaf (A) and 

root (B) of H. annuus L. after drought treatment. Bars are 

means of 3 replicates ± SE. Bars  ±SE labeled with different 

small letters are significantly different at p<.05. 

Discussion 

One of the major environmental stresses, which 

restrict plant growth, is salinity (Mahajan and 

Tuteja 2005). Figure 1 and 2 showed the 

difference in the growth between the control 

plants that was the highest in the growth rate and 

shoot FW, DW and the salt stressed ones. 

Contrarily the salt stressed plants showed a 

depression in the growth. For a moderate salinity 

stress, an inhibition of lateral shoot development 

becomes apparent over weeks and over months 

there are effects on reproductive development, 

such as early flowering or a reduced number of 

florets. During this time, a number of older leaves 

may die. However, production of younger leaves 

continues. All these changes in plant growth are 

responses to the osmotic effect of the salt, and are 

similar to drought responses (Munns and Tester, 

2008). Our results showed that the higher the 

concentration of the salt, the lower the growth 

appeared. As high salt concentration also causes 

ion toxicity, nutritional disorders and oxidative 

stress which result in alteration of major 

physiological processes, such as photosynthesis, 

cell division and elongation, maintenance of 

membrane integrity, protein synthesis as well as 

energy and lipid metabolism (Hilal et al., 1998). 

Together, these effects reduce plant growth, 

development and yield. Contrarily, the root FW 

and DW showed a different results where the 

higher FW was recorded for 25 mM KCl treated 

plants and the higher DW for 25 mM NaCl (Fig. 

3). This could be explained by the less affected 

root growth than leaf growth, and root elongation 

rate recovers remarkably well after exposure to 

NaCl or other osmotica (Munns, 2002). 

Initial exposure to salinity immediately triggers an 

osmotic stress as high salt concentration in the soil 

decreases the soil water potential. WC directly 

reflects the water status of plants and its reduction 

indicates that salinity resulted in water deficit in 

plants. Thus our results showed a depression in 

WC of the leaves and petioles of the salt stressed 

plants (Fig. 4). Along with our results Yang 

et al. (2009) and Jiang et al. (2014) indicated that 

the negative effect on plant water relations was 

induced by an increase in soluble salts which 

decelerate the uptake of water and nutrients 

causing osmotic effects and toxicity. Also the 

pattern of leaf WC during the day for both control 

and the treated plants showed a depression at 

midday due to the high temperature and VPD. 

Although sunflower is classified as one of the 

most salt-tolerant types of plants and is considered 

https://www.tandfonline.com/doi/full/10.1080/17429145.2018.1424355
https://www.tandfonline.com/doi/full/10.1080/17429145.2018.1424355
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as a pioneer plant in the reclamation of saline soils, 

its growth and photosynthetic rate are negatively 

affected by high salt levels in soil (Vasilakoglou 

et al., 2011). Thus our results showed a depression 

in photosynthetic rate almost along the day for the 

NaCl stressed plants compared to the control (Fig. 

5). It is always difficult to know whether a reduced 

rate of photosynthesis is the cause of a growth 

reduction, or the result. With the onset of salinity 

stress, a reduced rate of photosynthesis is certainly 

not the sole cause of a growth reduction because 

of the rapidity of the change in leaf expansion rates 

described earlier (Cramer and Bowman, 1991; 

Fricke et al., 2004; Passioura and Munns, 2000), 

and also because of the increase in stored 

carbohydrate, which indicates unused assimilate 

(Munns et al., 2000). However, with time, 

feedback inhibition from sink to source may fine 

tune the rate of photosynthesis to match the 

reduced demand arising from growth inhibition 

(Paul and Foyer, 2001). Also at high salinity, salts 

can build up in leaves to excessive levels. Exactly 

how the salts exert their toxicity remains 

unknown. Salts may build up in the apoplast and 

dehydrate the cell, they may build up in the 

cytoplasm and inhibit enzymes involved in 

carbohydrate metabolism, or they may build up in 

the chloroplast and exert a direct toxic effect on 

photosynthetic processes. 

 Besides the osmotic effect, high salt 

concentration also causes ion toxicity, nutritional 

disorders and oxidative stress which result in 

alteration of major physiological processes, such 

as photosynthesis, cell division and elongation, 

maintenance of membrane integrity, protein 

synthesis as well as energy and lipid metabolism 

(Hilal et al. 1998). Although sunflower plants 

were found to have high yield with high K+ levels 

than plants with low K+ supply (Soleimanzadeh et 

al. 2010a) but our results showed that the leaves 

treated with 150 mM NaCl or KCl caused a 

reduction in photosynthetic rate when compared 

with their corresponding controls. This could be 

explained by the lack of a retranslocation system 

due to the high potassium concentrations (> 200 

mM KCl) which accumulate in the leaves as a 

consequence of high transpiration rates (Smith and 

Stewart 1990). But the diurnal physiological 

behavior of both ions was quite different as the 

accumulation of Na+ ions resulted in a further 

decrease in photosynthetic rate at 13:00 than 9:00 

and compared to that in leaves treated with 150 

mM KCl, suggesting that sunflower was more 

sensitive to NaCl than KCl treatment. As K+ 

promotes enzyme activity, which contributes to 

carbohydrate, protein and fat metabolism of 

sunflower (Tisdale et al. 1985). This also could 

explain the high or even equal A in 25 mM KCl-

treated plants during the day compared to their 

control while 25 mM NaCl-treated plants showed 

the reverse. 

Understanding the role of aquaporins in this 

context now requires integration of numerous 

observations made at the molecular, cell, and 

tissue levels.25 mM NaCl treatment induced high 

expression of PIP1;5 and TIP1;1 at 13:00 which 

may be required for improving the hydraulic 

conductivity (Fig. 6 and 9). Although Martinez-

Ballesta et al. (2003) showed that exposure of 

Arabidopsis plants to salt (up to 100 mM) induces 

a general transcriptional down-regulation of PIPs, 

our results showed also high expression of PIP1;5 

and TIP1;1 for 150 mM NaCl-treated plants at 

13:00 when compared with their corresponding 

controls.  Where as Heinen et al., (2014) suggested 

that PIP1;5 has a role in CO2 transport in the 

leaves.  Our results indicated that the expression 

pattern in the control leaves was higher at 9:00 

compared to 13:00 where the A was highest. This 

suggests that PIP1;5 has role in CO2 transport. 

The expression of PIP2;1 (Fig. 7) was upregulated 

at 9:00 and 17:00 for 150 mM NaCl stressed 

leaves and KCl treated plants compared to their 

control. This expression pattern walked with the 

finding that transcript and protein levels of the 

barley HvPIP2;1 gene were down-regulated in 

roots but up-regulated in the shoots of plants under 

salt stress (Katsuhara et al., 2002). 

Our results showed high expression level of 

PIP2;3 at 13:00 compared to 9:00 for the control 

and NaCl stressed plants (Fig. 8). Meanwhile 

many reports have shown that PIP2;3 have high 

water transport activity. Daniels et al. (1994) and 

Johanson et al. (2001) reported high water 

permeability in oocytes expressing AtPIP2;3 

(Arabidopsis thaliana) (RD28).Thus this gene 

might have role in mesophyll conductance. 

Along with our results, the differential regulation 

of aquaporins might contribute to increased 

resistance/susceptibility to a specific stress, in a 

species-specific way. aquaporins fine regulation 

helps plants maintain a positive water balance 

under detrimental environmental conditions. Both 

down- and up-regulation of aquaporin expression 

leading to changes in membrane permeability 

have been described and proposed to be beneficial 

for plants experiencing water deficit. There are 

different hypotheses explains mechanisms. On 

one hand, plants may decrease the water 

permeability of their cell membranes to avoid 
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excessive loss of water from the root to the soil 

(Martinez-Ballesta et al., 2003; Aroca et al., 

2006). On the other hand, aquaporins might play a 

role in stress avoidance by enhancing root water 

uptake, when the water potential gradient between 

soil and root xylem is still favorable (Lian et al., 

2004; Hachez et al., 2012). The contribution of 

both types of responses may depend on the plant 

species, the intensity and duration of the stress and 

aquaporin isoform (Bogeat-Triboulot et al., 2007; 

Galmes et al., 2007; Qian et al., 2015).  

The salt tolerance is a complex trait but might be 

partly due to the expression of stress-inducible 

aquaporin isoforms (Chang et al., 2016; 

Yamamoto et al., 2015). Studies in Hordeum 

vulgare (barley) leaves suggest that increased 

abundance of HvPIP1;6 transcripts in response to 

salt may reflect a role for this aquaporin in 

promoting residual growth of the leaf under stress 

(Fricke et al., 2006).  

 Conclusion 

Soil salinity had an adverse effect on the growth 

and photosynthetic activity of plants. Plant water 

status depends on efficient water supply at the root 

level and distribution through the plant body. 

Recent research on aquaporins has confirmed their 

crucial role in plant water relations. Given that 

expression of some aquaporins may improve 

overall tolerance to drought or salt stress, these 

aquaporins isoforms could be identified and 

selected for via breeding programs or engineered 

in crop species to confer improved salt stress 

tolerance. However, it appears that the 

mechanisms regulating plant stress are highly 

complex and involved various interconnected 

hormonal and hydraulic signals that lead to 

regulation of cell and tissue permeability through 

modifications of aquaporin expression, 

trafficking, and activity. Much remains to be 

discovered about the function and regulation of 

aquaporins during salt stress. Understanding the 

role of aquaporins requires integration of 

numerous observations made at the molecular, 

cell, and tissue levels. Fundamental regulation 

properties that explain the remarkable ability of 

plant cells to withstand osmotic stress have 

emerged from basic knowledge of plant cell water 

relations and from more recent research on 

aquaporins. 
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 الملخص العربي

 مقاومة الإجهاد الملحي في نبات دوار الشمسدور الأكوابورينات في  عنوان البحث:

  1جادالله أبوجابر مختار  ،1ريهام محمد ندا ،1سامي حسين ربيع ،*1سلوان عبدالحكم

 جامعة دمياط –كلية العلوم  – النبات والميكروبيولوجيقسم 1

 الملخص العربي

دوار  يفالتعبير الجيني لجينات الأكوابورين الموجودة  وتقدير كمية ومعدلات النمو الضوئيإن هذا البحث يتناول دراسة البناء 

اومة تحسين مق فيللنبات وكذلك دوره  الملحيتنظيم نقل الماء خلال الإجهاد  ودوره في الجينيهذا التعبير  وذلك لدراسةالشمس 

بزيادة مقاومة أو قابلية النبات للإجهاد بحيث  علاقةللأكوابورينات له  الجينيالتنظيم  اختلافالنبات للإجهاد. من الممكن أن يكون 

بات تحت ظروف للن المائيللأكواورينات يساعد النبات على الحفاظ على التوازن  الجينييختلف من نبات إلى آخر. إن تنظيم التعبير 

 البلازميالغشاء  نفاذية فيتغيير للأكوابورينات يؤدى إلى إحداث  الجينيزيادة أو نقص التعبير  وكذلك فإن. المختلفة البيئيالإجهاد 

لتربة أغشيتها للماء حتى تقلل من فقد الماء من الجذور إلى ا نفاذيةتغلب النبات على الإجهاد. فالنباتات تتعمد تقليل  فيمما قد يساعد 

 تجابةاس. إجمالا فإن الجذر فيتوصيل الماء من خلال الأكوابورينات  زيادةبالتغلب على الإجهاد عن طريق  أيضاالنبات  وقد يقوم

 جينيال. وقد يعتمد النبات على تنظيم التعبير وشدتهالنبات للإجهاد تختلف من نبات إلى آخر وأيضا تعتمد على مدة الإجهاد 

نات للأكوابوري الجينيالتعبير  اختلاف)مقاومة الملوحة(. من خلال هذه الدراسة تبين  المعقدةتلك الخاصية  فيللأكوابورينات 

PIP1;5, PIP2;1 PIP2;3, TIP1;1  تعرضت للإجهاد  التيالنباتات  فينبات دوار الشمس و كذلك اختلف نشاط نقل الماء  في

 .عن غيرها الملحي

 
 


