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ABSTRACT
An in-vitro test was conducted at the laboratory of the Department of Genetics and Plant Breeding,
Hajee Mohammad Danesh Science and University (HSTU), Dinajpur, Bangladesh to screen out
the tomato genotypes were screened for salt tolerance during germination. The test was
conducted in the Completely Randomized Design (CRD) utilizing three replications. Ten tomato
_____________________________________________________________________________________________________
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genotypes specifically BARI Tomato-2, BARI Tomato-3, BARI Tomato-5, BARI Tomato-11, BARI
Tomato-14, BARI Tomato-16, Mintoo, Unnoyon, Mintoo Super and Sawsan were germinated on
-1
sand bed watered with five levels of salinity treatment i.e. 0, 4,8,12 and 16 dSm . The test was
laid out in completely randomized design (CRD) with three replications. The days to 50%
germination was maximum in Unnoyon genotype in all the treatments [1]. BARI Tomato-3 showed
the minimum value in most of the cases. Root and shoot parameters like root length, shoot length,
shoot fresh weight, root fresh weight, shoot dry weight, root dry weight, ratio on root and shoot
fresh weight, ratio on root and shoot dry weight were the highest in BARI Tomato-2, Mintoo and
Unnoyon, in contrast, the lowest performance of these traits were revealed in BARI Tomato-16 and
-1
BARI Tomato-3 at higher salinity treatment (12 and 16 dSm ) than other genotypes in most of the
cases. The overall results of the experiment exhibited BARI Tomato-2, Mintoo and Unnoyon found
to be the more tolerant genotypes at higher salinity stress in respect of days to 50% germination
and root and shoot characters than other genotypes.
Keywords: Tomato; salinity; root; shoot traits.
seed development is credited to different
variables such as a reduction in water
accessibility, changes in the mobilization of
stored reserves and influencing the basic
organization of proteins [10,11,12,13]. Saltiness
slows down tomato shoot development and the
growth of younger seedlings; the higher the
saline concentration the larger the reduction in
shoot development [14]. The tomato response to
salt stress is in an unexpected way controlled in
several development stages [15]. In Bangladesh,
2
the coastal region covers nearly 29,000 km or
approximately (20%) of the country which to
covers more than (30%) of the overall cultivable
lands of the country. Approximately (53%) of
coastal zones are influenced by saltiness. In 147
Upazilas beneath 19 districts and 8, 33, 000
hectors (8, 330 km2) of land are saltiness
influenced. Out of which 48 Upazilas in 12
districts are exposed to the sea or lower
estuaries and 99 Upazilas lies within the insides
coast [16].

1. INTRODUCTION
Tomato (Solanum lycopersicum L.) is one of the
imperative vegetables grown throughout the
world and possessing prime position among
prepared vegetable. It belongs to the family
Solanaceae. It is one of the foremost, well known
and nutritious vegetable crop all over the world
counting Bangladesh. It is a top choice cultivable
vegetable generally grown within the winter
season in Bangladesh. It likes the cold and dry
climate for superior growth and development [2].
Presently, tomato is an all-around known
vegetable and is one of the most noteworthy
developed vegetables within the world which
leads all other vegetables in the total volume of
production [3]. It is the foremost commercially
important widely developed vegetable all through
the world. The production of tomato is expanding
day by day due to its differential utilization and
higher dietary value.
Among the abiotic components, salinity is as of
now one of the most serious factors that limit
agricultural production [4,5]. The efficiency of
many agricultural crops counting tomato is
diminished due to higher saltiness. For crop
production over the topsoil, saltiness can be a
major natural limitation. This increment is caused
by both natural phenomena and human
exercises [6]. Secondary salinization of
cultivated lands is caused by improper
agricultural practices such as the utilization of
much chemical fertilization and lacking water
system management. Besides, land debasement
caused by secondary salinisation is getting
increasingly an issue [6,7]. Agreeing to the
USDA report, tomato is tolerably sensitive to
saltiness out of all vegetables. Salinity stress
decreases water potential and causes ion
imbalance and toxicity [8,9]. The salt damage to

In saline zones, the yield of tomato diminishes
with the expanding saltiness level. So salttolerant tomato breeding materials are required.
The primary step towards identifying tolerant
cultivars is the hereditary characterization of
valuable germplasm. This study endeavoured to
find out the level of salt tolerance in 10 tomato
genotypes. The objective of the present
investigation was to identify the tomato
genotypes tolerant to expanding saltiness by
evaluating 50% germination and different rootshoot characters.

2. MATERIALS AND METHODS
2.1 Study Materials
Ten hereditarily assorted tomato varieties were
collected from BARI (Bangladesh Agriculture
2
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Research
Institute),
Joydebpur,
Gazipur,
Bangladesh and Lal Teer seed Ltd. Dhaka 1205,
Bangladesh with varying degree of salt tolerance
named BARI Tomato 2, BARI Tomato 3, BARI
Tomato 5, BARI Tomato 11, BARI Tomato 14,
BARI Tomato 16, Mintoo, Mintoo Super,
Unnoyon and Sawsan.

3. RESULTS AND DISCUSSION
3.1 Effect of Tomato Genotypes and
Different Concentration of NaCl
Solution on Shoot Fresh Weight
The values of the shoot fresh weight of the ten
tested tomato genotypes were found to be
generally lower with the rise of salinization level
(Table 1). The shoot fresh weight was obviously
decreased in all genotypes with the increment of
salinity level on comparing with the control
(Table 2). Under control treatment (T1) BARI
Tomato-14 showed the maximum shoot fresh
weight (45.07 g) which is statistically similar with
BARI Tomato-5 and Mintoo produced minimum
which also statically similar with BARI Tomato-16
(23.94 g). At lowest saline treatment (T2) BARI
Tomato-2 produced maximum and BARI
Tomato-14 produced minimum fresh weight in
both T4 and T5 treatment. With the highest
elevation of salinity treatment shoot, fresh weight
was reduced as compared to control. The reason
may be that the shoot length is affected
negatively by salt stress is due to the toxic effect
of salts as well as inhibition of cytokinesis and
cell expansion. Also, the decreases in hormones
that
invigorate
the
development
and
improvement can cause shorter root and shoot
length [18]. The increment in osmotic pressure
around the roots as a result of the saline
environment can moreover prevent water takeup by root and comes about with short root and
shoot length [19].

2.2 Study Design
The test was conducted in the Completely
Randomized Design (CRD) utilizing three
replications.

2.3 Preparation of Saline Solution
-1

For making 4, 8, 12 and 16dSm saline solution
0.64, 1.28, 1.92 and 2.56 g NaCl, separately
were diluted in 250 mL distilled water in different
volumetric flasks. Each plastic pot was prepared
by soaking with 2 mL of refined water or one of
the NaCl salt solutions (0, 4, 8, 12 and 16
dSm-1NaCl solution) [17].

2.4 Preparation of Study Materials
The collected seeds were then cleaned with a
solution of 10% sodium hypochlorite. After that,
they were washed with refined water a few times
to remove the adhering substances and put in
sand containing planting medium. The Petri
dishes were kept under artificial light (9 hrs/day)
at 20°C in a culture room to complete the
seedling development. The entire set up was
replicated thrice.

3.2 Effect of Tomato Genotypes and
Different Concentration of NaCl
Solution on Root Fresh Weight

2.5 Data Collection

The experiment results revealed that salt
concentrations and interactions of genotypeconcentration were significant at 1% respectively
(Table 1). While the highest root fresh weight
was obtained from the control treatment in
Mintoo Super (4.76 g) and the lowest root, fresh
weight (0.0 g) was obtained from (T5) in BARI
Tomato-5, BARI Tomato-14, BARI Tomato-16
and BARI Tomato-3 genotypes. As can be seen
in Table 3 root fresh weight decreased as salt
concentration increased in all the genotype.
Though clear variation was observed in lower
salinity treatment, in moderate to higher salinity
(T3 to T5) no variation was observed in the
genotypes in respect of root fresh weight.
Therefore, the results obtained in the present
study are in agreement with previous studies as
reported that the increase in salt concentration

On the 14th day of the experiment, data were
recorded on days to 50% germination, root
length, shoot length, shoot fresh weight, root
fresh weight, shoot dry weight, root dry weight,
the ratio on root and shoot fresh weight, the ratio
on root and shoot dry weight.

2.6 Statistical Analysis of the Collected
Data
The mean values of all the characters were
assessed and analysis of change was performed
by the ‘F’ test. To test the contrasts among the
genotypes Duncan’s Multiple Range Test
(DMRT) was performed by utilizing Statistical
Tool for Agricultural Research (STAR) form 2.0.1
2014.

3
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negatively affects root and shoot development
[20,21,22].

dry weight than other genotypes in minimum to
moderate salinity level (T2 to T4 treatment). On
the other hand, BARI Tomato-14 produced the
lowest value of shoot dry weight in the abovementioned treatment. Finally, at higher salinity
level (T5) Mintoo Super showed maximum shoot
dry weight value (0.057 mg) than other
genotypes of the study. The result is linear
with [21,22,23] who appeared that shoot dry
weight diminished with the increase of saltiness
level.

3.3 Effect of Tomato Genotypes and
Different Concentration of NaCl
Solution on Shoot Dry Weight
The analysis of variance showed significant
variation for shoot dry weight among the
genotypes in all the treatment (Table 1). Results
in Table 4 also showed that saline conditions
reduced the shoot dry weight in all mentioned
genotypes. In control treatment (T1) BARI
Tomato-11 produced maximum shoot dry weight
(0.90 mg) followed by BARI Tomato-2. And
minimum shoot dry weight was obtained from the
BARI Tomato-16 (0.147 mg) which is also
statistically similar with Unnoyon and BARI
Tomato-14 in control treatment (T1). BARI
Tomato-2, Mintoo along with Sawsan and BARI
Tomato-3 performed better in relation to shoot

3.4 Effect of Tomato Genotypes and
Different Concentration of NaCl
Solution on Root Dry Weight
From the research work it was found that as the
salt concentration increased, the root dry weights
differed depending on genotype (Table 3). The
highest root dry weights were obtained in the
control treatment for all the genotype studied. A

Table 1. Analysis of variance of ten important characters of the tomato genotypes
Characters

Shoot fresh weight (g)
Root Fresh weight (g)
Shoot dry weight (mg)
Root dry weight (mg)
Root and shoot fresh
weight ratio (g)
Root and shoot dry
weight ratio (mg)
Number of lateral
branches

Genotype
(9 d.f.)
138.60**
2405.45**
237.49**
23.68**
63.99**

Source of variation with mean square
Treatment
Gen: treat
Error
Coefficient of
variation (%)
(4 d.f)
(36 df)
(80 d.f.)
2632.94 **
72.36**
2.39
6.25
81936.59 ** 1758.39**
0.00
3.39
378.38 **
138.49**
0.00
12.93
154.56**
31.54**
0.00
8.11
932.81**
75.78 **
420979.75
18.08

492.05 **

1099.08 **

144.48**

0.03

7.16

385.35**

1825.42**

251.39**

0.00

6.11

** Significant at 1% level * Significant at 5% level and d.f. indicates degrees of freedom

Table 2. Mean performance of shoot fresh weight at different levels of NaCl solution on ten
tomato genotypes
Genotypes
-1

BARI Tomato-5
Mintoo Super
Unnoyon
BARI Tomato-14
BARI Tomato-16
BARI Tomato-11
BARI Tomato-2
Mintoo
Sawsan
BARI Tomato-3
LSD (0.05%)
CV (%)

T1 (0 dSm )
42.31ab
40.26b
33.60 cd
45.07a
27.11fg
29.27ef
32.10c-e
23.94 g
34.79 c
29.54 d-f
2.512
6.25

-1

T2 (4 dSm )
49.61c
47.31cd
41.59ef
56.28 b
29.49g
39.82f
75.99a
42.05ef
30.57g
44.22de

Salinity treatment
-1
-1
T3(8 dSm )
T4 (12 dSm )
32.68a
22.60 b
35.56a
18.07c
27.66bc
6.26e
33.52a
26.23 b
22.59 d
10.92d
16.49 e
13.55 d
26.57cd
36.22a
25.02cd
22.65 b
25.79cd
22.10 bc
31.63ab
11.25 d

4

-1

T5 (16 dSm )
0.00 b
12.22a
13.99a
0.00 b
0.00 b
12.06a
12.51a
14.31a
10.17a
0.00b
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decreasing trend was observed in accordance
with salt concentrations as the highest root dry
weight was obtained from BARI Tomato-3 in T2
interaction (0.0207 mg) and the lowest
root dry weight (0.00 mg) was obtained BARI
Tomato-5, BARI Tomato-16, BARI Tomato-3
and BARI Tomato-14 in (T5) interaction
(Table 5). The rise in root dry weight in tomato
beneath salt stress must be accompanied by
changes within the allocation of assimilates
between the root and shoot i.e. greater extent of
assimilates for root compared with shoot
[16,24,25,26].

shoot and root fresh weight ratio except
for control treatment (Table 3). But in lower
salinity level (T2) all the genotype produced
statistically similar result except BARI Tomato-16
which produced minimum value (9.9400 mg)
above them. With the increase of salinity
treatment, the shoot and root fresh weight ratio
increases up to T4 treatment from the control
treatment but decreases at T5 treatment
(Table 6).
Therefore, the results obtained in the present
study are in agreement with previous studies
reported by Albacete et al. 2008. But at a higher
level of salinity shoot and root fresh weight ratio
reduced due to salt concentration negatively
affects root and shoot development. From this
point of view, the results are in accord with the
already published results which reported that
increasing salt concentration negatively affects
root development [20,21,22].

3.5 Effect of Tomato Genotypes and
Different Concentration of NaCl
Solution on Root and Shoot Fresh
Weight Ratio
Significant differences among the genotype were
observed from the analysis of variance of the

Table 3. Mean performance of root fresh weight at different levels of NaCl solution on ten
tomato genotypes
Genotype
-1

BARI Tomato-5
Mintoo Super
Unnoyon
BARI Tomato-14
BARI Tomato-16
BARI Tomato-11
BARI Tomato-2
Mintoo
Sawsan
BARI Tomato-3
LSD (0.05%)
CV (%)

T1(0 dSm )
4.36 c
4.76a
0.83i
3.58e
1.02 h
2.25 g
3.38 f
4.02 d
4.566b
3.99 d
0.04
3.39

-1

T2 (4 dSm )
1.37a
1.27b
0.74 c
0.40 e
0.50 d
0.25 f
0.28 f
0.32 f
0.67c
0.01 g

Salinity treatment
-1
-1
T3(8 dSm )
T4 (12 dSm )
0.03a
0.00a
0.01 a
0.00a
0.00a
0.01a
0.00a
0.00a
0.07a
0.01a
0.00a
0.00a
0.00 a
0.00a
0.00 a
0.00a
0.00 a
0.00a
0.00 a
0.00a

-1

T5 (16 dSm )
0.00a
0.00a
0.00a
0.00a
0.00a
0.00a
0.00a
0.00a
0.00a
0.00a

-1

Means with the same letter are not significantly different; dSm : deciSiemens per metre; T: Treatment

Table 4. Mean performance of shoot dry weight at different levels of NaCl solution on ten
tomato genotypes
Genotypes
BARI Tomato-5
Mintoo Super
Unnoyon
BARI Tomato-14
BARI Tomato-16
BARI Tomato-11
BARI Tomato-2
Mintoo
Sawsan
BARI Tomato-3
LSD (0.05%)
CV (%)

T1(0 dSm-1)
0.12 c
0.06 b
0.02 c
0.01c
0.01c
0.9a
0.9a
0.01 c
0.01 c
0.01 c
0.00
12.93

Salinity treatment
T3(8 dSm-1)
T4 (12 dSm-1)
0.08a
0.08a
0.00c
0.01 e
0.01c
0.04 c
0.01 c
0.01 e
0.01 c
0.01 e
0.01 c
0.05 bc
0.01 c
0.05 bc
0.11a
0.08a
0.10a
0.01 e
0.01 c
0.07 b

T2 (4 dSm-1)
0.01 c
0.01c
0.05 b
0.01 c
0.01 c
0.09a
0.09a
0.08a
0.08a
0.08a

5

T5 (16 dSm-1)
0.00 b
0.05a
0.00 b
0.00 b
0.00 b
0.00 c
0.00 b
0.00 b
0.00 b
0.00 b
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moderate to higher salinity treatment (T3 to T5).
On the contrary, BARI Tomato-16 produced the
lowest value in all treatment (Table 7). This may
be due to the genotypic contrasts of the
genotypes and their resilience capability against
salt stress, and the root and shoot dry
weight ratio reduced as the salinity level elevated
[27].

3.6 Effect of Tomato Genotypes and
Different Concentration of Nacl
Solution on Root and Shoot Dry
Weight Ratio
The shoot and root dry weight of tomato
germplasm are presented in Table 7. In the
control condition, tomato germplasm produces
significant variation in shoot and root dry weight
ratio (Table 3). Root and shoot dry weight ratio
increases with the increase of salinity up to
moderate salinity. At higher salinity treatment
root and shoot dry weight ratio decreases from
the control treatment. BARI Tomato-14 produced
maximum root and shoot dry weight ratio value
(3.80 mg) under control treatment (T1) but the
highest value obtained from BARI Tomato-2
(8.21 mg) statistically similar with Mintoo in

3.7 Effect of Tomato Genotypes and
Different Concentration of Nacl
Solution on a Number of Lateral
Roots
The genotypes of the study showed a significant
variation on a number of lateral branches in each
salt treatment (Table 1). The maximum number
of lateral root (4.23) was obtained in BARI

Table 5. Mean performance of root dry weight at different levels of NaCl solution on ten tomato
genotypes
Genotype
-1

BARI Tomato-5
Mintoo Super
Unnoyon
BARI Tomato-14
BARI Tomato-16
BARI Tomato-11
BARI Tomato-2
Mintoo
Sawsan
BARI Tomato-3
LSD (0.05%)
CV (%)

T1(0 dSm )
2.35a-c
2.35a-c
2.55ab
2.77a
0.66 d
2.57ab
2.58ab
2.85a
1.87c
2.08 bc
0.00
8.11

-1

T2 (4 dSm )
2.27de
2.93 c
2.56 c-e
4.82a
2.08 e
2.85 cd
3.65 b
3.92 b
2.87cd
2.92 c

Salinity treatment
-1
-1
T3(8 dSm )
T4 (12 dSm )
4.22 cd
1.99 e
4.56 cd
2.26 de
6.39 b
4.85 b
4.04 d
2.19 de
1.59 e
0.81 f
4.08 d
2.75 d
7.07a
8.21a
7.00ab
8.19a
4.83 c
3.54 c
3.99 d
2.34 de

-1

T5 (16 dSm )
0.00 d
1.90 b
1.18 c
0.00 d
0.00 d
0.77c
5.22a
5.17a
1.95 b
0.00 d

-1

Means with the same letter are not significantly different; dSm : deciSiemens per metre; T: Treatment

Table 6. Mean performance of root and shoot fresh weight ratio at different levels of NaCl
solution on ten tomato genotypes
Genotypes
-1

BARI Tomato-5
Mintoo Super
Unnoyon
BARI Tomato-14
BARI Tomato-16
BARI Tomato-11
BARI Tomato-2
Mintoo
Sawsan
BARI Tomato-3
LSD (0.05%)
CV (%)

T1(0 dSm )
9.64abc
8.23 cd
9.25a-c
8.90 b-d
8.48 cd
7.47d
10.67a
10.45 ab
8.76 cd
5.81 e
10.54
18.08

Salinity treatment
-1
-1
T3 (8 dSm ) T4 (12 dSm )
18.98 bc
28.37 bc
18.28 c
26.98 cd
21.69 a
25.66 de
21.05 a
25.12 e
18.33c
0.00 f
17.94 c
25.39 de
20.81 a
30.42 a
20.80 a
31.32 a
20.55 ab
28.79 b
19.04bc
26.92 cd

-1

T2 (4 dSm )
11.57 b
12.49 b
12.90 b
11.42 bc
9.94 c
12.20b
15.14 a
15.25 a
12.54 b
11.92 b

6

-1

T5 (16 dSm )
0.00 e
17.08ab
14.7513 c
0.00 e
0.00 e
16.09 bc
18.28 a
17.99 a
18.33 a
11.45 d
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Table 7. Effect of genotypes and different concentration of NaCl solution on root and shoot
dry weight ratio
Genotype
BARI Tomato-5
Mintoo Super
Unnoyon
BARI Tomato-14
BARI Tomato-16
BARI Tomato-11
BARI Tomato-2
Mintoo
Sawsan
BARI Tomato-3
LSD (0.05%)
CV (%)

T1(0 dSm-1)
2.35 bc
1.4362d
2.55 bc
3.80a
0.66e
2.57bc
3.44a
2.85 b
1.51d
2.08c

T2 (4 dSm-1)
2.27 e
2.93 cd
3.03cd
4.82a
2.08 e
3.45 bc
3.65 b
3.92 b
2.87 d
3.08 cd

Salinity treatment
T3 (8 dSm-1)
T4 (12 dSm-1)
4.22de
1.98 de
4.56cd
2.26 cd
6.39b
4.85 b
3.98e
2.19 d
1.59g
0.81f
2.16f
2.75 c
7.07a
8.21a
7.00a
8.19a
4.83 c
1.48 e
2.47f
2.34cd
1.17
7.16

T5 (16 dSm-1)
0.00d
1.90b
1.18 c
0.00d
0.00 d
0.77c
5.22a
5.17a
1.95 b
0.0 d

-1

Means with the same letter are not significantly different; dSm : deciSiemens per metre; T: Treatment

Table 8. Mean performance of a number of lateral root of at different levels of NaCl solution on
ten tomato genotypes
Genotypes
BARI Tomato-5
Mintoo Super
Unnoyon
BARI Tomato-14
BARI Tomato-16
BARI Tomato-11
BARI Tomato-2
Mintoo
Sawsan
BARI Tomato-3
LSD (0.05%)
CV (%)

T1(0 dSm-1)
1.16 e
2.03 c
1.02 e
1.73 d
1.99 c
0.14 f
2.75ab
1.66a
1.49d
2.52 b
0.15
6.11

T2 (4 dSm-1)
2.25 b
2.19 b
1.42de
2.97a
1.61cd
1.76 c
2.12 b
1.63 cd
1.35 e
3.01a

Salinity treatment
T3(8 dSm-1)
T4 (12 dSm-1)
2.05e
1.51d
3.61b
1.52d
1.32g
0.00e
4.23a
2.58b
2.49c
0.00e
0.00h
2.03c
1.64f
2.03c
1.31g
2.98a
2.36cd
2.63b
2.24de
0.00e

T5 (16 dSm-1)
0.00c
0.00c
1.13b
0.00c
0.00c
0.00c
0.00c
1.66a
0.00c
0.00c

-1

Means with the same letter are not significantly different; dSm : deciSiemens per metre; T: Treatment

Tomato 14 at moderate salinity treatment (T3)
whereas the minimum (0.0) from higher salinity
level (T4 to T5 treatment) in most of the genotype
(Table 8). But only Mintoo genotype thrives at
higher salinity level than other genotypes. This
may due to genetical diversity among the
genotypes and defence component of the
genotype against salt stress by expanding their
lateral branch number. The density of risen
laterals is regularly decided for the whole length
of the parent root [28,29,30].

results of the test revealed that salinity stress
influenced the germination and subsequent root
and shoot growth of the tomato seedling and the
genotype BARI Tomato 2, Mintoo and Unnoyon
were comparative more tolerant to higher salinity
stress in respect of germination, root and shoot
characters than the other genotypes.

COMPETING INTERESTS
Authors have declared
interests exist.

that no

competing

4. CONCLUSION
REFERENCES

In this study, the genotype Unnoyon, Mintoo
super and BARI Tomato-2 were showed
maximum tolerance to salinity than other
genotypes in all the treatment. The overall

1.

7

Md. Omar Kayess, Md. Hasanuzzaman,
Md. Waliur Rahman, Md. Jalil Uddin, Md.
Rafiqul Islam. Identification of tomato

Kayess et al.; AJARR, 8(1): 1-9, 2020; Article no.AJARR.49982

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

(Lycopersicon esculentum L.) genotypes
for salt tolerance during emergence.
International Journal of Biosciences. 2016;
9(4):297-304.
Rashid M. Sabjibiggan (In Bengali),
Rashid Publishing House. Old DOHS.
Dhaka. 1999;94:526.
Ahmad S, Islam MS, Haque MA.
Performance of heat tolerant tomato
(Solanum lycopersicum) hybrids during the
rainy season. Bangladesh J. Agril. Res.
2011;36(2):189-196.
Rahman MM, Hossain M, Hossain KFB,
Sikder MT, Shammi M, Rasheduzzaman
M, Uddin MK. Effects of NaCl-Salinity on
Tomato (Lycopersicon esculentum Mill.)
Plants in a Pot Experiment. Open
Agriculture. 2018;3(1):578-585.
Al-Zubaidi AHA. Effects of salinity stress
on growth and yield of two varieties of
eggplant under greenhouse conditions.
Research on Crops. 2018;19(3):436440.
Ghassemi F, Jakeman AJ, Nix HA.
Salinisation of land and water resources:
human causes, extent, management.
UNSW Press; 1995.
Zheng YY, ZhenHui G, Yan L. Studies on
combining ability and genetic effects of
main quality characters in cherry tomato.
Journal of Northwest A & F University
(Natural Science Edition). 1995;35(5):179183.
De la Peña R, Hughes J. Improving
vegetable productivity in a variable and
changing climate. SAT e Journal (E
Journal. icrisat. org). 2007;4(1):1–22.
F Abdelgawad K, M El-Mogy M, IA
Mohamed M, Garchery C, G Stevens R.
Increasing ascorbic acid content and
salinity tolerance of cherry tomato plants
by suppressed expression of the
ascorbate oxidase gene. Agronomy.
2019;9(2):51.
Foolad MR, Lin GY. Genetic potential for
salt tolerance during emergence in
Lycopersicon species. Scientia Horticulture. 1997;32:296-300.
Almansouri SH, Paleg LG, Spinall DA.
Effect of water stress on growth, osmotic
potential and solute accumulation in cell
culture from Chilli pepper (A mesophyte)
and creosote bush (A xerophyte). Plant
Science. 2001;96:21-29.
Machado N, Giovannoni JJ, Jahn MM.
Saravanan R. Variations in response to
water deficit in the barley plant. Australian

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

8

Journal of Biological Sciences. 2004;26:
65-76.
Rahneshan Z, Nasibi F, Moghadam AA.
Effects of salinity stress on some growth,
physiological, biochemical parameters and
nutrients in two pistachio (Pistacia vera L.)
rootstocks. Journal of Plant Interactions.
2018;13(1):73-82.
Cuartero J, Bolarin MC, Asins MJ. Moreno
V. Increasing salt tolerance in tomato.
Journal of Experimental Botany. 2006;57:
1045-1058.
Foolad MR. Recent advances in genetics
of salt tolerance in tomato. Plant Cell
Tissue Organ Culture. 2004;76:101–119.
SRDI
(Soil
Research
Development
Institute). Soil Resources in Bangladesh
Assessment and Utilization. Dhaka; 2001.
Zafar AC. Manual for seed quality control.
Seed wing, Ministry of Agriculture. Govt. of
Bangladesh. Karim Printers and Packages.
2006;95-96.
Akhtar P, Hussain F. Growth performance
of Vicia sativa L. under saline conditions.
Pakistan Journal of Botany. 2009;41:
3075-3080.
Al-Karaki GN. Emergence, sodium, and
potassium concentrations of barley seeds
as influenced by salinity. Journal of Plant
Nutrition. 2001;24:511-512.
Dash M, Panda SK. Salt stress induced
changes in growth and enzyme activities
in germinating Phaseolus mungo seeds.
Biologia
Plantarum.
2001;44(4):587589.
Munns R. Comparative physiology of salt
and water stress. Plant, Cell Environ.
2002;25:239-250.
Delgado IC, Sanchez-Raya AJ. Effects of
sodium chloride and mineral nutrients on
initial stages of development of sunflower
life. Soil Science and Plant Nutrition. 2007;
38:2013-2027.
Oztekin GB, Tuzel Y. Comparative salinity
responses among tomato genotypes and
rootstocks. Pakistan Journal of Botany.
2011;43(6):2665-2672.
Hamed K. Hossein N. Mohammad F.
Safieh VJ. How salinity affect emergence
and emergence of tomato lines. Journal of
Biodiversity and Environmental Sciences.
2011;5(15):159–163.
Maggio A, Raimondi G. Martinoi A. DeParcale S. Salt stress response in tomato
beyond the salinity tolerance threshold.
Environmental and Experimental Botany.
2007;59(3):276–281.

Kayess et al.; AJARR, 8(1): 1-9, 2020; Article no.AJARR.49982

26.

Chookhampaeng
S,
Pattanagul W,
formative cell divisions in the arabidopsis
Theerakulpist P. Screening some tomato
root. Science. 2008;322:594–597.
commercial cultivars from Thailand for 29. Swarup K, Benková E, Swarup R. The
salinity. Asian Journal of Plant Sciences.
auxin influx carrier LAX3 promotes lateral
2007;6(5):788–794.
root emergence. Nature Cell Biology.
27. Ali SG, Abdur R, Khan NU, Nawab K.
2008;10:946-954.
Enhanced
proline
synthesis
may 30. Uehara T, Okushima Y, Mimura T, Tasaka
determine resistance to salt stress in
M. Fukaki H. Domain II mutations in
tomato cultivars. Pakistan Journal of
CRANE/IAA18 suppress lateral root
Botany. 2011;43(6):2707-2710.
formation and affect plumule development
28. De Smet I, Vassileva V, De Rybel B.
in Arabidopsis thaliana. Plant and Cell
Receptor-like kinase ACR4 restricts
Physiology. 2008;49:1025-1038.
________________________________________________________________________________
© 2020 Kayess et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/49982

9

