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Enhancing salinity tolerance in tomatoes at the reproductive stage by 
increasing pollen viability
Nasratullah Habibi1,2*, Mohammad Yosuf Fakoor2, Shah Mahomoud Faqiri2, Zarir Sharaf2, Mohammad Sadiq Hotak2, Nelofar Danishyar2, 
Mohammad Mustafa Haris2, Khuwaja Safiullah Osmani2, Takashi Shinohara1, Naoki Terada1, Atsushi Sanada1, and Kaihei Koshio1

Abstract: This study was conducted to mitigate the adverse effects of sodium chloride stress on the reproductive 
parameters of tomatoes. This experiment was conducted in the greenhouse of the laboratory of tropical horticultural 
science, department of International agricultural development, Tokyo University of Agriculture. The design was a factorial 
CRD (completely randomized design) with five sodium chloride (0 mM, 50 mM, 100 mM, 150 mM, and 200 mM) treatments 
and four primings (0 MPa, 0.4 MPa, 0.8 MPa, and 1.2 MPa) treatments. Micro-Tom seeds were soaked in polyethylene 
glycol (PEG6000). Salinity was applied through irrigation water when the first flower bloomed. Reproductive-related 
parameters such as the number of flowers per plant, pollen viability, pollen germination, pollen tube length, number of fruits 
per plant, fruits size and yield per plant were measured. It was observed that salinity affected the tomato plants severely 
during the flowering stage, and many flowers did not bear fruit due to the decrease in pollen viability. In addition, electrolyte 
leakage increased under salt stress, while priming decreased this parameter. Priming improved the number of flowers, 
pollen viability, and fruits per plant. The best priming treatments were 0.8 MPa and 1.2 MPa for promoting and enhancing 
tolerance in the reproductive stage.
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Introduction
Tomato (Solanum lycopersicum L.) is one of the essen-

tial vegetables around the globe. Countries such as China, 
the United States, Turkey, Italy, India, and Egypt are the bi-
ggest producers of tomatoes1. Tomato producers face many 
challenges and many constraints that limit tomato produc-
tion2. Among abiotic stress factors, salinity is one of the most 
important abiotic factors that can be found in almost half of 
the world's soils3,4. Salt-affected soils include 63.2 million 
hectares of topsoil (0-30 cm) and 120.0 million subsoils (30-
100 cm)4. These soils are formed because of concentrated 
salts and ions like Na+, which causes degradation4.

The salt-affected soils are problematic for most plants, 
and salinity is a high injury factor for vegetable crops like 
tomatoes worldwide. In some areas, the irrigation source 
is only seawater. Therefore, further effort is needed to in-
crease water efficiency or plant tolerance5, but it might be 
difficult to find a solution for this problem6 easily.

Salinity affects tomatoes' vegetative and reproductive 
growth because it slows the absorption of nutrients due to 
the accumulation of toxic ions like Na+ and Cl-7. In vegeta-
bles, like tomatoes, the reproductive stage is susceptible, 
and flowers will be severely affected under salinity8. Further-
more, fruits per plant in tomatoes are also harmed due to 
this factor9-11, which leads to high leaf surface temperature; 
thus, stomata start to close, and the cell wall and electrons 
start to leak from leaf cells12. During the reproductive stage, 
it has been proved that pollen viability and pollen germina-
tion are the ideal parameters to be assessed for studying 

the tolerance of plants against constraints13 like salinity or 
heat stress, and both pollen viability and pollen viability and 
pollen germination decreased under salt stress conditions14.

There are studies on the breeding and development 
of salt-tolerant varieties, but most were ineffective for all 
regions due to climatic fluctuations. Therefore, some easy 
and effective methods with low cost can increase salt tole-
rance in the plant before facing stress, one of them is seed 
priming9, and it has already been proved that various seed 
priming agents10,38 such as polyethylene glycol (PEG) im-
proved growth parameters in tomato plants under sodium 
chloride stress11.

In addition, osmo-priming by polyethylene glycol mitiga-
tes the toxicity of the ions that are accumulated due to se-
vere salt stress by stabilizing the balance between cations 
and anions; therefore, polyethylene glycol diminishes the 
negative effects of Na+ and Cl- ions accumulated in leaves 
due to sodium chloride salinity stress13 by increasing the 
amount of K+ ions14.

Considering the adverse effects of salinity, tomato is 
susceptible during their vegetative and reproductive growth, 
especially in the flowering stage, which is critical against sa-
linity stress15. There is no previous study on the comparative 
effects of PEG6000 and sodium chloride on the reproduc-
tive parameters of tomatoes. Thus, the current study was 
conducted to (a) evaluate the negative effects of salinity on 
the growth and physiological parameters of tomatoes, (b) 
evaluate the comparative effectiveness of PEG and salini-
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ty on the growth and physiological parameters of tomatoes 
during flowering and fruit-bearing stages, and (c) study the 
interaction between PEG and salinity.

Materials and methods 
This experiment was conducted at the Tokyo University 

of Agriculture (Setagaya Campus) in 2021. The experiment 
was designed as a factorial complete randomized design 
with 6 replications, having 4 salinity levels and 4 priming 
treatments, and Micro-Tom seeds were used as plant ma-
terial. The sodium chloride salinity treatments were (a) con-
trol (0 mM), (b) 50 mM, (c) 100 mM, (d) 150 mM, and (e) 
200 mM, and priming treatments were (a) control (0 MPa), 
(b) 0.4 MPa, (c) 0.8 MPa, and (d) 1.2 MPa. PEG6000 was 
used to prime the seed before cultivation, and the seeds 
were soaked in the solution for 36 h. Then, the seeds were 
washed three times with pure water and dried for 3 hours 
at 25±5°C. The calculation for PEG6000 to be used in os-
mo-priming was according to Michel & Kaufmann16 and Aq-
vila & Carella17. The formula 1 was used to calculate the 
amount of PEG6000 to be dissolved in pure water to prepa-
re priming treatments.

The seeds were cultivated in seed trays at the green-
house (25±5°C temperature and 60±10 % humidity), and 
after 30 days, when the plants were 3 to 4 leaves (30 days 
after germination), they were transplanted to the plant bed 
made of wool and is called Rockwool.

Salinity was applied at the start of the flowering stage. 
Salt stress was applied within irrigation water. Irrigation was 
done using tap water, and we fixed the pH of irrigation to 
5.8 – 6, and it was adjusted using sodium hydroxide and 
hydrochloric acid. Then NaCl was added to the irrigation 
water in the appropriate molarity and mixed and used for 
irrigation. Temperature also plays a vital role during salinity 
stress; therefore, we recorded temperature using a digital 
thermo-recorder (TR-72WB; ThermoWorks, American Fork, 
UT, USA). Data were collected hourly, then the average of 
every 24 hours was taken and represented as daily tempe-
rature. The temperature in the greenhouse was adjusted at 
25±2 °C by the automatic electric heating system.

Temperature measurement
Temperature is an essential constraint on tomatoes du-

ring the reproductive stage. Many researchers have recent-
ly reported the negative effects of high and low temperatu-
res on flowering and fruit yield. In the current experiment, 
temperature data were recorded on an hourly basis from 
cultivation to harvest. The digital thermometer was used to 
record the temperature, and the device was kept at least 1 
meter from the ground.

Flowers per plant
The number of flowers per plant was counted daily, 

starting with the first flower blooming and then on the full 
flowering; the sum of all data was considered as the total 
number of flowers per plant.

Pollen viability
Pollen viability was determined by MTT (2,5-diphenyl 

mono-tetrazolium bromide) assay17. Some modifications 
were added to the method. Firstly, 500 mg of agar and 2.5 
g of sucrose were poured into a 100 ml beaker, and 47 ml 
of pure water was added. Then, the solution was kept insi-
de the heater under 70 °C temperature for one minute and 
mixed well using a strayer. The solution was poured into 
glassy Petri dishes and covered to avoid contamination. A 
circle was made in the middle of the medium to keep pollen 
grains. Then, 50 mg of MTT was taken in a 15 ml falcon, 
and 5 ml pure water was added and vortexed well. Flowers 
from all treatments were taken in the morning from 8:00 to 
10:00 AM, and pollen was dropped on medium using a ste-
rilized brush. Five flowers were taken from each treatment. 
The brush was washed using ethanol 100% to be used in 
each treatment. Then, 0.5 mL of MTT solution was quickly 
added to pollens using a single channel pipet made by ther-
mos fisher, Japan. Then, the Petri dishes were closed and 
incubated at 25 °C for one hour. Pollen pictures were taken 
using CellSense software by microscope (Olympus) with 
10x magnification. Pollen with dark colorations was counted 
as alive and light colorations as dead (Figure 1a). The po-
llen viability was calculated as formula 2.
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Figure 1. Represents live and dead pollens of tomato flowers (a), and germinated pollens (b).
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Pollen germination
Germinated pollen grains were selected from the pic-

tures taken by a microscope. The number of germinated 
and non-germinated were counted, and pollen germination 
percentage was calculated from them (Formula 3) and was 
measured at 4 hours, 6 hours, 8 hours, and 10 hours after 
incubation.

Pollen tube length
Pollen tube length was measured using ImageJ sof-

tware. The pictures taken by the Olympus microscope were 
analyzed by imageJ for the pollen tube length. Pollen tube 
Pollen tube length was measured at 4 hours, 6 hours, 8 
hours, and 10 hours after incubation.

Leaf injury rate
Leaf injury rate was concluded based on electrolyte 

leakage (EL) from leaf tissues. A handy meter was used 
to measure electric conductivity (LAQUATWIN-S070, Hori-
ba Scientific Ltd., Japan), as per the method as described 
by Habibi12. The samples were taken from 15 leaves per 
treatment and stainless-steel cork-borer with one centime-
ter diameter was used to make the disk for electric conduc-
tivity. Electric conductivity (EC) was measured two times for 
calculating electrolyte leakage. The first electric conductivity 
(E1) was measured after keeping the disk inside a vial filled 
with two milli liter pure water at 25 ± 1 °C temperature for 
20 minutes, then the samples were kept under 70 °C for 20 
minutes and back cooled to room temperature and electri-
city was measured for the second time (E2). The following 
equation was used to calculate the leaf injury:

Yield attributes
The number of fruits per plant was, and these data were 

taken from six plants in each treatment. Fully ripened fruits 
were harvested from six plants in each treatment, and then 
the yield per plant (g) was measured using a digital balance.

Statistical analysis
We used a CRD (complete randomized design) to set 

up our experiment design. For the data analysis and ex-
planation of the differences, we used two-way, Pearson's 
correlation analysis, and regression analysis. Analysis of 
variance was done using the R language, specifically RS-
tudio v3.6.2 statistical software, and correlation analysis 
with regression analysis and visualization was done using 
Python software v3.7.4 (Jupyter Notebook, https://api.ana-
conda.org).

Results
The flowering and reproductive stage was between 

April 5 to May 10; during this period, the temperature was 
between 18 to 30 °C, while the fruit growing or harvest sta-
ge occurred between May 11 to May 31 with a temperature 
between 23 to 37 °C. The average daily temperature during 
the flowering stage was 24 °C, while in the fruit growing and 
harvest stage, it was 27 °C (Figure 2). The temperature was 
not considered a factor and was kept constant in the range 
required for the tomato plant.

Number of flowers per plant
The number of total flowers per plant was significantly 

affected by salinity and PEG. There was a strongly negati-
ve interaction between salinity and PEG; salinity decreased 
the number of absolute flowers per plant, but PEG increa-
sed. Plants under 0.8 MPa and 1.2 MPa PEG produced a 
more significant number of flowers per plant under all sali-
nity treatments. There is a statistically significant difference 
between non-primed and primed treatments (Figure 3). The 
highest number of flowers per plant was recorded at 341 
in 0.8 MPa under 50 mM sodium chloride salinity, and 1.2 
MPa followed it under the same salinity level, producing 252 
flowers per plant.

Pollen viability
In this research, flowers were the most sensitive organ 

against salinity in the tomato plant. When plants face high 
salinity stress, most flowers die, and some cannot produce 
fruits. The reason was that pollens were severely injured 
by salt stress. The number of life pollens was significant-
ly decreased under salt stress treatments but significantly 
increased under priming treatments. Furthermore, the inte-
raction between salinity and priming (PEG) was also signi-
ficant. Only within the groups, the number of life pollen was 
not significantly different under 50 mM salinity, while for the 
100 mM, 150 mM, and 200 mM salinity, 1.2 MPa priming 
treatment had a more significant number of life pollen com-
pared to the control.

Furthermore, there were more dead pollen grains un-
der salinity treatments with no priming, while the number 
of dead pollen grains was significantly decreased under 
priming treatments, and there was a significant negative in-
teraction between salinity and priming. The total number of 
pollen grains also decreased under salinity, while priming 
significantly affected it. However, the all-over interaction 
between salinity and PEG was significant. Finally, pollen 
viability, considered an important factor for fruit production, 
was strongly decreased under salinity (p<0.001). However, 
PEG efficiently improved it; therefore, there was a signifi-
cant negative interaction between salinity and priming. All 
PEG treatments had more pollen viability than the control 
(Table 1). 

Figure 4 illustrates a visual comparison of pollen viabili-
ty in our study. It shows the difference between primed and 

Enhancing salinity tolerance in tomatoes at the reproductive stage by increasing pollen viability



4

non-primed tomato plants regarding pollen viability. The top 
row shows the control (non-primed) plants under different 
salinity levels, whereas the bottom row shows the pollen 
viability belonging to the pre-sowing seed-primed plants. 
This visualization indicates that in non-primed plants, the 
total number of pollens is sometimes more than in primed 
ones. However, the flowers belonging to the primed plants 
had more pollen viability and more living pollen grains. Tur-
ning to salt stress conditions, priming treatments increased 
the total number of pollens compared to the control (Figure 
4).

Pollen germination
Pollen germination decreased under salt stress, while 

priming increased it. Overall, there was a significant diffe-
rence in pollen germination within each salinity treatment. 
After 4 hours of incubation, 0.4 MPa and 0.8 MPa priming 

treatments showed better performance and the salinity and 
priming effects were strongly significant, while there was a 
negative interaction between salinity and priming. After 6 
hours after incubation, pollen germination was also affec-
ted by both salinity and priming and there was a significant 
negative interaction between salinity and priming, however, 
the 0.8 MPa priming treatment was the best one. In addition, 
the interaction between salinity and priming was negatively 
significant. Finally, after 10 hours of incubation, primed 
plants had better pollen germination than the non-primed 
ones under all salinity treatments (Table 2).

The difference between the highest and lowest pollen 
germination was 58.4 %, showing a 78,1 % decrease in po-
llen germination in the salt-stressed plant compared to the 
normal plants (Table 2). The primed plants with 0.8 MPa 
of PEG 6000 under no salinity had the highest germination 
percentage, whereas non-primed plants with 200 mM sa-

Figure 2. The average temperature during flowering and fruit-bearing stages.

Figure 3. Effect of priming on the total number of flowers per plant under salt stress. *, **, and *** indicate significance 
levels of P <0.05, P < 0.01, and P < 0.001 respectively.
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Figure 4. Represents the effects of priming treatments on pollen viability of tomatoes under salt stress compared to 
ambient conditions. Top row shows pollen viability in control – control (a), 50 mM – control (b), 100 mM – control (c), 150 
mM – control (d), 200 mM – control (e) treatments, while the bottom row shows pollen viability in control – 1.2 MPa (f), 50 
mM – 0.4 MPa (g), 100 mM – 1.2 MPa (h), 150 mM – 1.2 MPa (i), and 200 mM – 1.2 MPa (j) treatments.

Table 1. Effect of PEG priming on pollen-related parameters of tomato plants under salt stress.
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linity had the lowest value. The variation at 6, 8, and 10 
hours after incubation was 69.6 %, 65.2 %, and 60.4 %, 
respectively. The highest pollen germination for 6, 8, and 10 
hours after incubation belonged to 0.8 MPa, 1.2 MPa, and 
1.2 MPa treatments, whereas under 200 mM salinity had 
the lowest values under 6, 8, and 10 hours after incubation.

Pollen tube length
Pollen tube length was affected by salinity and priming, 

where salinity diminished the pollen tube length but oppo-
sitely, priming increased the pollen tube length, leading to 
a higher pollen tube growth speed. There was a significant 
effect of salinity on pollen tubes after four hours of incuba-
tion, while a positive impact of priming was found on pollen 
tubes. The statistical analysis showed an opposite interac-
tion between salinity and priming treatments.

According to Table 3, after 4 hours of incubation, the 
0.4 MPa priming treatment had higher pollen tube length 
(12.7 µm, 8.5 µm, 7.9 µm, and 6.9 µm) at 0, 50, 100, and 
200 mM salinity treatments, while in 150 mM salinity there 
was no significant differences of pollen tube length between 
primed and non-primed plants. At 6 hours after incubation, 
all priming treatments affected the pollen tube length at no 
salinity treatment (0 mM), while the differences were not 
significant for salinity treatments. At 8 hours after incubation 
0.4 and 0.8 MPa priming treatment had a good performance 
at 0 mM, 50 mM, 150 mM, and 200 mM salinity, while 1.2 
MPa was good at 100 mM and 200 mM salinity compared 
to the non-primed plants. At 10 hours after incubation, 0.4 
MPa priming treatment was the best at all salinity levels.

Leaf injury and survival rate
Leaf injury was decided based on electrons (elec-

trolyte leakage) that were leaked from leaf tissues. There 
was a positive relation between EL and salinity. A higher 
EL was observed in saline treatments compared to control 
during flower blooming and fruiting. Therefore, the flowers 
wilted, and fewer fruits were formed in saline treatments. 
Furthermore, salinity decreased the survival rate (%) in to-
mato plants under saline treatments compared to control, 
except for 50 mM NaCl stress (Table 4). Seed pre-sowing 
priming with PEG 6000 decreased EL during both flowering 
and fruit-bearing. In addition, there was a significant inte-
raction between salinity and priming treatments. In ambient 
conditions, 0.4 and 1.2 MPa priming treatments significant-
ly decreased the electrolyte leakage of leaves during the 
flowering stage, while in the fruit-bearing stage, 0.8 and 1.2 
MPa priming treatments could dramatically decrease the 
leaf electrolyte leakage compared to non-primed plants. In 
50 mM salinity, 0.4 and 1.2 MPa had the lowest electrolyte 
leakage in flowering and fruit-bearing stages. In 100 mM 
salinity, during the flowering stage 0.8 MPa priming treat-
ment and flowering stage, 1.2 MPa priming treatment had 
lower electrolyte leakage compared to others. In the 200 
mM salinity treatment, 0.4 MPa priming treatment was the 
best treatment during the flowering stage, but during the 
fruit-bearing stage, 1.2 MPa was the best priming treatment 
(Table 4).

Number of fruits per plant and plant yield
These two parameters were severely affected by sali-

nity. In this study, the number of fruits per plant decreased 
under salinity levels, but priming increased them compared 
to non-primed plants. The treatment of 0 mM salinity and 
1.2 MPa priming treatments had a higher number of fruits 
(45 fruits per plant), while 0.4 and 0.8 MPa were almost 

Table 2. Effect of PEG priming on pollen-related parameters of tomato plants under salt stress.
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Table 3. Effect of priming on pollen tube length of tomato under salt stress.

Table 4. Effect of PEG priming on leaf electrolyte leakage of tomato plants under salt stress.
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equal, but all priming treatments were better than non-pri-
med treatments. Priming was effective in all salinity levels, 
like In 50 mM, 100 mM, and 200 mM salinity level, plants 
under 1.2 MPa priming treatment had more number fruits 
per plant, while in 150 mM salinity 0.8 MPa priming treat-
ment was better than others (Figure 5A). Yield per plant was 
affected by salinity too. There was no significant effect of 
priming in control, but in 50 mM salinity, the differences be-
tween primed and non-primed plants were significant. The 
1.2 MPa priming treatment produced more yield than others 
in all salinity levels (Figure 5B).

Regression analysis
Based on linear regression analysis, the pollen viability 

and germination model explained 80 % of the variation of 
the data. Independently, pollen viability and the number of 
fruits per plant explained 79 %, and pollen viability and yield 
explained 69 %. It was found that there is a strong relations-
hip between pollen viability and pollen germination, which 

means that an increment follows an increment in pollen via-
bility in pollen germination. In addition, in flowers showing 
more alive, pollens also showed more germinated pollen 
grains. An increase in pollen viability caused a substantial 
increment in the number of fruits per plant, meaning that 
pollen viability directly affects the fruit set. Moreover, pollen 
viability is directly related to yield per plant (Figure 6).

In addition, there was a negative interaction between 
EL with pollen viability, number of fruits per plant, and yield. 
The linear models showed that EL gradually decreased po-
llen viability, leading to a lower number of fruits per plant 
and lower yield (Figure 6).

Correlation analysis
Pearson's correlation was conducted to study the rela-

tionship between pollen parameters and fruit set. The num-
ber of live pollen grains had a strong positive correlation 
with the total number of flowers, but in high salinity treat-
ments, even if some flowers remained, the number of live 

Figure 5. Effect of seed priming on fruits per plant (a) and yield per plant (b) of tomato under salt stress. *, **, and *** 
indicate significance levels of P <0.05, P < 0.01, and P < 0.001 respectively. ns: not significant.

Figure 6. Regression analysis of pollen viability, fruits per plant and yield per plant. PV: pollen viability, PG: pollen germi-
nation, FPP: fruits per plant, and YPP: yield per plant.
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pollen was less. Furthermore, the number of live pollens 
and death pollens had a significantly negative correlation. 
The total number of pollens had a strong positive correlation 
with the number of flowers per plant and the number of live 
pollens, which means that if there was a more significant 
number of flowers in a plant, there was more total number of 
pollen and more live pollen grains. Moreover, pollen viability 
had a positive correlation with the number of live pollen gra-
ins and the total number of pollen grains but had a negative 
correlation with the number of death pollen grains. Pollen 
germination had a strong correlation with flowers per plant, 
the number of live pollens, the total number of pollens, and 
pollen viability. Hence, the number of fruits per plant is an 
important yield parameter had a strong positive correlation 
with the number of flowers per plant, number of live pollen 
grains, total number of pollen grains, pollen viability, and 
pollen germination (Table 5).

Discussion
Temperature is a very important factor besides other 

constraints on tomato plants during the reproductive stage. 
Many researchers early up to recently reported the negative 
effects of high and low temperature17 on flowering and fruit 
yield18.

Flowers are the sensitive organ of plants that can be 
harmed very quickly due to unboreable environmental con-
ditions. Sodium ions accumulation due to salinity is very 
harmful to the number of flowers per plant, as previously re-
ported too12,18. It's reported that salinity decreases the total 
number of flowers per plant. Furthermore, according to the 
previous reported result, sodium chloride salinity delays, the 
flowering date, and plants under salt stress took more days 
to produce flowers8,21. Moreover, also it's stated that plants 
under salt stress produce a smaller number of flowers per 
plant compared to the control plant where no salinity was 
applied8,22. In addition, a delay in production was also re-
ported in tomatoes under salt stress23. All the reports are 
in parallel to our findings except for the effects of priming 
on the number of flowers per plant under salt stress, where 
there is very little information about this issue.

Moreover, it is important to be mentioned that some 
plants can produce flowers under salinity stress, but their 
flowers don't bear fruits due to inactive pollens. It is also 
been stated that pollen viability decreases as the salinity 
concentration increase24, and this research work was on the 
effects of salinity on pollen viability and pollen germination 
of different olive cultivars, and they believe that these para-
meters can be considered while testing the salt tolerance in 
plants. And a decrease in pollen viability, pollen germina-

tion, and pollen growth was25 in Maize while the plants were 
grown under sodium chloride salinity conditions. Therefore, 
we conclude that pollen viability is an important factor in ex-
plaining the tolerance of plants against abiotic stresses. The 
difference between their study and ours is, firstly, the plant, 
and secondly, they just did the screening on the effects of 
salinity but nothing about increasing the tolerance. At the 
same time, our study provides enough evidence that seed 
priming with PEG6000 enhances tomato pollen viability un-
der salt stress.

In high salt stress exposure, pollen viability and pollen 
germination decrement drastically, and it is reported that po-
llen viability and pollen germination in tomato plant decrea-
ses severely based on type and doses of salinity, and they 
reported that pollen germination is blocked in over 50 mM. 
Does of sodium chloride salinity23,26. Confirming this result, 
we also found the same result, but even under more than 50 
mM sodium priming could improve our experiment's pollen 
viability and germination.

It was also found that high sodium chloride salinity de-
creases the pollen and pollen germination ability for the to-
mato plant, and they observed that more Na+ was accumu-
lated in flowering organs like style, ovary, and anthers while 
K+ was decreased23. Besides, a significant decrease in po-
llen viability and pollen germination in chickpeas under 40 
mM sodium chloride compared to control was observed24,27.

Besides, 25 mM sodium chloride could significantly de-
crease the pollen germination percentage of four olive cul-
tivars24. Moreover, it is reported that pollen germination of 
canola flowers was negatively affected by seawater, where 
the high salinity treatment decreased the pollen germina-
tion to 31-35 % based on varieties25,28. In addition, a signifi-
cant decrease in pollen germination of tomato plant flowers 
is also reported under 25 and 50 mM of sodium chloride 
salinity37, which leads to a low fruit yield. The significance 
of our study is that we improved the pollen germination of 
the tomato plant's flowers by pre-sowing seed priming with 
PEG6000, which is a new finding, and there is no previous 
report about it. Based on reports23,26, salinity can decrease 
the pollen tube length, which confirms our finding, but the 
difference is that they used olive as plant material, and we 
used tomato. Furthermore, they used 0, 6.25, 12.5, 18.75 
and 25mM of NaCl as salinity treatments, while we used 
higher concentrations (0, 50, 100, 150, and 200 mM NaCl) 
in our experiment.  

It was observed that salt stress could increase elec-
trolyte leakage in lettuce and spinach26 because under high 
salt stress, the cell membrane will be broken and more 
electrons will come out of tissues, hence, it can the elec-
trolyte leakage could be concluded as cell injury indicator. 
It means as peroxidation happens in reproductive organs, 

Table 5. Correlation Matrix of reproductive-related parameters.

Enhancing salinity tolerance in tomatoes at the reproductive stage by increasing pollen viability



10

the cell membrane will be damaged, and electrons will leak. 
Therefore, the pollens will dye, and pollen viability will be 
decreased. Habibi reported that a decrease follows an in-
crease in electrolyte leakage in flowers per plant and yield 
per plant12,27. However, no research has been conducted 
before to show that seed priming with PEG6000 was effec-
tive on yield parameters of tomato plants und saline condi-
tions, and our result is the first report in this regard.

Moreover, salt stress affects fruits per plant and yield 
per plant and it is reported that salinity decreases the num-
ber of fruits in tomatoes while salinization time was not sig-
nificantly effective28,29, but in our study, we found that salinity 
substantially decreases the number of fruits per plant and 
fruit yield per plant too. Furthermore, it is reported that a 
salinity level of more than 150 mM is critical for the tomato 
plant, and they observe a huge reduction in tomato yield un-
der 200 mM sodium chloride30. While we also found that salt 
stress can severely decrease the number of fruits per plant 
and the yield per plant, the results from Cano31 and Harel32 

support our result that seed priming increases tomato yield 
under salt stress, but they primed the seeds with sodium 
chloride itself, while we primed the seeds with polyethyle-
ne glycol. A 9-10 % yield decrease in tomatoes under salt 
stress was reported, while seed priming with sodium chlo-
ride increased the yield compared to non-primed plants33.

In the current study, we did the regression analysis to 
find the relationship between pollen viability, fruits per plant, 
and yield per plant and consequently found that there was 
a strong relationship between pollen viability and fruits per 
plant and yield per plant which proves that more alive po-
llens will produce a greater number of fruits per plant which 
leads to higher yield production. Also, it is stated that po-
llen viability has a strong and direct relationship with fruit 
set and the number of fruits per plant34,35. In addition, it is 
also reported that a reduction in pollen viability and pollen 
germination caused the same reduction in fruit set of to-
mato plants under high temperature36, while a similar result 
was reported under high humidity and high temperature37. 
Therefore, the significance of our research is that there is 
no previous research work on the effect of seed priming by 
PEG6000 on the reproductive attributes of tomatoes under 
sodium chloride salinity.

Conclusions
Salinity severely affects the tomato plant during the re-

productive stage. It damages the metabolism of the plant 
by harming physiological processes in the plant, and also 
it damages the cell wall and increases electrolyte leakage 
in leaves. Furthermore, the flower, which is a very sensiti-
ve organ of the plant, is also affected severely due to cell 
membrane damage through electrolyte leakage; therefore, 
many flowers dye under high salinity before bearing fruits, 
and they have low pollen viability because mostly pollens 
immediately dye when they face high salt stress. Moreo-
ver, the fruits under salinity stress will be smaller in size. 
However, seed pre-sowing priming with polyethylene glycol 
(PEG6000) improves the pre-tolerance in plants in a very 
early young stage. The polyethylene glycol produces a ne-
gative pressure around the seed while priming and sucks 
the inside content of the seed. The same process happens 
when the plant faces salinity stress. Therefore, the plant 
adapts to such stress and hereafter, when it faces such 
stress it can tolerate it.
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