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Abstract
Background and Objective: Salinity stress is one of the main factors affecting the optimal yield of many vegetable crops
considered as salt sensitive at early growth stages. The objective of this study was to study the salt tolerance of some tomato
(Solanum lycoversicum L.) cultivars under laboratory conditions using different levels of NaCl. Materials and Methods: The experiment
was carried out in vitro under laboratory conditions. Out of 10 varieties, only two cultivars namely “Rams” and “C10” were selected for
investigation based on their physical characteristics. Both cultivars were subjected to 0, 20, 40, 60, 80 and 100 mM NaCl concentrations.
The physiological characters such as seed germination, plant length, fresh weight, dry weight and number of leaves were studied against
the salt stress. Also, the concentration of K, N, Na and Ca was determined in plant leaves. Results: The results showed that the cultivar
Rams performed better than C10 for all the physical properties i.e., germination (%), fresh and dry matter yield etc. Also, the cultivar Rams
accumulated less Na and K ions compared to cultivar C10. The cultivar Rams proved more salt tolerant even at high levels of salinity.
Conclusion: Based on the studying findings, cultivar Rams proved more tolerant to salinity compared to other cultivars. Therefore, it can
successfully be used in future breeding programs for its better salt tolerance capabilities to achieve optimal crop yield.
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(family Solanacea) is one of the best crops to study salt
tolerance in the dicotyledonous crops due to its well-known
genetics and effortlessly transforming capabilities17. Tomato
is moderately tolerant to salinity by regulating water and ionic
homeostasis according to Martinez-Rodriguez et al.18. High
salinity adversely affects seed germination and inhibit growth
and fruit development in tomato19. In recent years, cultivation
of tomato in Saudi Arabia increased from 310,401 ha in 1994
to 525,000 ha in 2012. However, it is still low when compared
to the world average productivity because of exposure to
salinity stress occurring under arid region conditions20 due to
saline irrigation. The objective of this experiment was to study
the salt tolerance of selected tomato cultivars under various
levels of NaCl concentration in vitro. The experiment also
delves explicitly on the effect of NaCl on these tomato
cultivars concerning plant growth and its mineral
composition. The purpose of this study was to alleviate the
deleterious impact of salinity stress on the vegetative growth
of specific tomato cultivars to improve growth and quality
production of tomato crops in the country. Little research is
available on these effects on the growth and yield of tomato
crops.

INTRODUCTION
High soil salinity coupled with heat stress are two of the
most important constraints for crop production among
various a biotic stresses1. Although the losses due to salinity
are difficult to estimate, but according to a study around
950 Mha of surface land and 230 Mha of agricultural land is
affected by salt2,3. Primarily, the high salt concentrations in the
plant cells are due to osmotic and ionic stress combination4,5.
Soil salinity is a global menace to plant growth and
development causing significant economic losses to tomato
and other crop plants6,7. Plants usually suffer from adverse
effects due to osmotic stress during salinity. Because salinity
causes a significant deficit in water uptake from soil that
ultimately disturbs the osmotic balance in the affected plants8.
Consequently, the water deficiency leads to secondary effects
of salinity such as oxidative stress and ionic imbalance. Various
plants develop diverse mechanisms to withstand high
concentrations of salts in their surrounding environment9,10.
The ability of plants to detect these ionic changes and their
appropriate response to these changes is a pre-requisite
for long-term survival under saline environment11. A
counter-defense strategy is the accumulation of proline
contents in their cells that helps in osmotic adjustment,
scavenging free radicals and stabilizing sub-cellular
structures12. Moreover, accumulation of proline also induces
salt stress-responsive genes. The plants under high soil salinity
stress can also synthesize various antioxidant enzymes to cope
with oxidative stress13. Due to extreme aridity and continuous
loss of water from soil surface, salts are accumulated in the
upper soil layers that create water stress and imparts nutrient
imbalances that trigger metabolic damage and cell death14.
Salt stress triggers and provokes several signaling pathways to
maintain ionic homeostasis and osmotic adjustment. Salt
stress reduces plant growth and influence a series of
physiological processes and finally suppress photosynthesis
resulting in yield reduction4,1.
The crop production can be enhanced by improving the
salt tolerance capacity of crop plants15. Micropropagation
using tissue culture technology is very useful and efficient tool
for mass production. Other modern biotechnological tools and
contemporary approaches in molecular biology has made it
entirely possible to study the expression of different genes
implicated in stress tolerance of plant species. In plant tissue
culture, different explants such as shoot apex, nodal
segments, seeds and root segments are used to propagate
tomato16.
Tomato (Solanum lycopersicum L.) is a vegetable crop
grown for its high agro-economic value in the world. Tomato

MATERIALS AND METHODS
Preparation of plant material: This experiment was
conducted at the Department of Biotechnology, King Faisal
University (KFU), Saudi Arabia during the cropping season of
2017.

The

seeds

from

10

local

tomato

cultivars

(Super Marmande, Super strain B, Castle Rock, Sultana 7, Rams,
C10, Liyan hybrid, Mahaly, Edkawy and Peto 86) were used to
grow in vitro tomato plants (Table 1). The seeds were washed
with autoclaved water for 15 min and sterilized by soaking in
Clorox (Sodium hypochlorite) solution for 10 min, followed by
Table 1: Screening of tomato (Solanum lycoversicum L.) cultivars under different
concentrations of NaCl
Treatment dose of NaCl (dS mG1)
---------------------------------------------------------------------Cultivar

0 (control)

4

6

10

12

Super Strain B

5

5

3

1

0

Liyan Hybrid

5

5

3

1

0

Edkawy

5

5

5

3

2

Super Marmand 1

5

5

2

1

0

Peto 86

5

5

2

0

0

Castle Rock

5

5

2

0

0

C10

5

5

5

5

4

Soltana 7

5

5

2

0

0

Rams

5

5

4

4

3

Mahaly

5

5

3

0

0

0: No growth (plant dead), 1: Weak growth, 2-3: Moderate growth, 4: Good
growth, 5: Very good growth
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thoroughly rinsing in tap water. Then the seeds were

RESULTS AND DISCUSSION

immersed in 70% ethanol for 1 min and immersed in Clorox
for 25 min followed by washing with sterilized distilled water.

It was observed from the study results that the

All the above-mentioned steps were carried out under laminar

performance of all the treated germ plasm was similar when

airflow cabinet.

compared to control at 0 and 4 dS mG1 NaCl. However, the
cultivar Rams and C10 performed better at higher NaCl

Nutrient medium for seed germination development: The

concentrations than all the other cultivars (Table 1). Based on

sterilized seeds were transferred to the Murashge and Sokge

their performance under salt stress conditions, two cultivars

(MS)-media supplemented with 30 g LG1 sucrose, 40 mg LG1

“Rams” and “C10” were selected for further analysis. The

1

germination (%) at 0, 20, 40, 60, 80 and 100 mM NaCl

myo-inositol, 0.1 mg LG1 biotin, 170 mg LG1 NaH2PO4,

for cultivar Rams was 16, 14.5, 14.3, 12, 11.3 and 10% while it

0.1 mg LG1 thiamine HCl, 0.5 mg LG1 pyridoxine, 0.5 mg LG1

was 12, 8, 7.1, 4, 2 and zero percentage for C10, respectively.

adenine-sulfate, 200 mg LG

1

glutamine, 100 mg LG

1

nicotinic acid, 3.0 mg LG 2-isopentenyl adenine and 7.0 g LG

1

It is clear that the lowest concentration of NaCl showed little

agar. In all studied experiments, 30 g LG1 sucrose and BA at

effect on the germination but with an increase in salt

1

1

1.0, 1.5, 2.0 mg LG with NAA at 0.5, 1.0, 1.5 mg LG were

concentration the germination (%) of both tomato cultivars

added to culture nutrient medium. The pH of the media was

i.e., Rams and C10 was reduced (Fig. 1a). Regarding the

adjusted at 5.7 by 1M NaOH and the culturing jars were

fresh weight (Fig. 1b) and dry weights (Fig. 1c). The data for

immediately capped and autoclaved at 121EC for 20 min.

some leaves and plant length showed that the cultivar

The seed explants were then incubated at 27±2EC and

Rams out-classed the cultivar C10 with better performance

16 h/daylight provided by white fluorescent tubes giving the

(Fig. 1c, d). The cultivar Rams performed better under high salt

intensity of about 2000 lux. After every three weeks interval,

levels than other cultivars. However, at the highest salt

the explants were sub-cultured using the same media.

concentration, the cultivar C10 did not produce any plantlet
growth compared to cultivar Rams (Fig. 1e). Previously, the salt

Culture conditions and NaCl concentration: After treatment

tolerance ability of many plants was evaluated by in vitro

with different concentrations of NaCl, the cultures were

tissue culturing technique23,24. Also, the effect of different

transferred to growth chamber for 25 days. The experiment

growth regulators was also investigated for morphogenic

was designed by following the complete randomized

tomato cultures25,26.

design (CRD) with three replicates for each treatment and

The accumulation of minerals such as Na, K, Ca and N was

20 seeds per replicate were used for this experiment. There

found in both the cultivars i.e., Rams and C10 (Fig. 2). Also, the

were six levels of NaCl concentration treatments ranging from

cultivar Rams accumulated less Sodium at all the NaCl

0, 20, 40, 60, 80 and 100 mM NaCl. These salt treatments were

concentrations compared to cultivar C10 (Fig. 2b). Whereas,

applied after seed germination.

the accumulation of K element was less in cultivar Rams than
the cultivar C10 (Fig. 2a). This was obvious that cultivar Rams

Plant

physiological

accumulated less Na ion in its leaves and therefore; the

measurements included total fresh weight, total dry weight,

growth

measurements:

The

accumulation of K was reduced (Fig. 2b). The data in Fig. 2c

seed germination, number of leaves and plant length.

showed that the accumulation of Ca element was less in

Moreover, the leaf Na, K, Ca and N were also determined.

cultivar Rams when compared to cultivar C10 in some salt
treatments. Similar, Fig. 2d showed that concentration of N

Statistical analysis: The experimental data were subjected to

was slightly was higher in cultivar Rams than cultivar C10

two-way analysis of variance and the mean values were

under different treatments.

compared using least significant difference (LSD) test at the

This can also be explained by the high Na/K ratio of

5% level of probability using SPSS statistical software as given

the cultivar Rams (Fig. 3a) compared to the cultivar C10

in SASs Institute, Inc.21. All the data were also statistically

(Fig. 3b). The Na/Ca ratio showed decreasing trend with

analyzed using factorial with Complete Randomized Design

increasing in NaCl concentration in Rams cultivar (Fig. 3c),

(CRD) using the same software. Lastly, the percentages were

when compared to C10 cultivar (Fig. 3d). This indicated that

transformed to the arcsine to find the binomial percentage

cultivar Rams showed better salt tolerance capacity over

22

other cultivars.

according to McDonald .
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6
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Fig. 1(a-e): Effect of different levels of NaCl on (a) Seed
germination, (b) Fresh weight, (c) Dry weight,
(d) Number of leaves and (e) Plant growth of the
tomato cultivars Rams and C10, respectively
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The results of this study agreed with the findings of
Tuna et al.27, whereas, the seed germination was decreased
with increasing the dose of NaCl. Salinity usually causes
adverse effects on the seed germination and also suppresses
plant growth and development in tomato cultivars19.
Similar results were obtained in rice by Karlidag et al.28 and
Horie et al.29 and strawberry by Keutgen and Pawelzik30 in
terms of seed germination. In better salt adapted or salt
tolerant plants, the Na/K and Na/Ca ratios are vital. Salt
tolerant plants contain less dynamic Na nevertheless
more Ca and K in their cells according to Chen et al.31 and
Flowers et al.4. The salinity stress applied through Na salts not
only reduces Ca availability but also reduces the mobility of Ca

Fig. 2(a-d): Effect of different levels of NaCl on (a) K, (b) Na,
(c) Ca and (D) N in the tomato cultivars Rams and
C10, respectively
into the growing parts in the plant. Moreover, the high salinity
induced N deficiency in tomato, Cabbage and Lettuce as
reported by Yokas et al.32. High levels of Na concentration in
the plants increases the osmotic potential thus causing low or
decreased water uptake. Otherwise, the concentration of K
plays an important role in the plant since it shows little
changes under salinity stress. Thus, the increase of K in the
plant means it can be used by breeding programmers in
61
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0.012

reduction of plumule fresh weight indices of flat ch irani, cal ji
and chef flat amrica cultivar; however the fresh weight of
plumule was not significantly different between cal ji and flat
ch irani.

(a)

Na/K (%)

0.010
0.008
0.006
0.004

CONCLUSION

0.002

The results showed that the response to salinity differs
significantly among various tomato cultivars. However, this
study provided useful information on the salt tolerance
mechanism for in vitro screening of tomato plants under high
salt stress conditions. The cultivar Rams proved to be the best
suited for salt stress conditions. Furthermore, field trials of this
cultivar would be an important step for the selection and final
validation of its performance under field conditions. In
conclusion, the study findings under high salt stress
conditions would be useful for the plant breeders to select
and choose this cultivar in ongoing tomato breeding
programs for sustainable tomato production.

0.000
0.0110

(b)

0.0108

Na/K (%)

0.0106
0.0104
0.0102
0.0100
0.0098
0.0096
0.0094
0.0092
0.0042

(c)

0.0041

Na/Ca (%)

0.0040
0.0039

SIGNIFICANCE STATEMENT

0.0038
0.0037

This study discovered highly detrimental effects of high
salinity on different growth parameters of various tomato
cultivars. The study findings under high salt stress conditions
are useful and will help the plant breeders to select and
choose an appropriate tomato cultivar in the ongoing crop
breeding programs for sustainable tomato production.
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0.0044
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Fig. 3(a-d): Different levels of (a-b) Na/K and (c-d) Na/Ca ratios
in the leaves of two tomato A, C: Cultivars Rams
and B, D: C10, respectively
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