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ABSTRACT

Tomato is a model plant for studying the mechanisms of plant salt tolerance. Responses of Tomato (Lycopersicon esculentum
Mill) to various concentrations of salt and changes in some protein expression levels were investigated. Seeds of three (3)
varieties of tomato namely, Roma vf, Rio Grande and UC 82 B were germinated on a nursery bed and seedlings were transferred
to polythene bags supplemented with 0, 20, 40 and 60 mM NaCl. After 24 days, growth parameters, floral number, free Proline
content, Glycine betaine content, shoot dry weight were measured using standard methods and procedures. Leaf samples were
collected for protein extraction and the alterations in expression levels induced in leaf proteins under salt stress treatments were
studied by one-dimensional SDS-PAGE. Increasing concentration of NaCl decreased in all growth parameters (floral number,
number of leaves, plant height and dry weight) evaluated. Free Proline and Glycine betaine content increased significantly (P <
0.05) in salt-treated plants compared with the control. The content ranges from 1.56-1.99 mM in Roma vf, 1.32-1.99 mM in UC
82 B, and 1.77-1.99 mM, 1.95-1.99mM in Rio Grande. SDS-PAGE showed up-regulation of at least nine proteins with a
molecular weight of 46, 35, 25 and 12 kD in leaves of UC 82 B, 45, 25, 19 and 17 kD in leaves of Roma vf and 38 kD in leaves
of Rio Grande. At least three proteins with a molecular weight of 29 kD in leaves of Roma vf and 45 and 53 kD in leaves of Rio
Grande were down-regulated. From the results of this study, it was observed that Tomato Roma vf is more tolerant to salt stress
followed by UC 82 B and the Rio Grande, and therefore could be selected as the salt-tolerant variety to ameliorate production

loss.
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INTRODUCTION

Saline soils, is a major environmental issue, as it limits
plant growth and development, causing loss of
productivity, especially in crop species that are glycophyte
(Hasegawa et al., 2000; Qadir et al. 2008). Salt-affected
soils are characterized by excessively high levels of water-
soluble salts, including sodium chloride (NaCl), sodium
sulfate (Na2SOa), calcium chloride (CaClz) and magnesium
chloride (MgClz), among others (Tanji, 2002). NaCl has a
small molecule size and when oxidized by water, produce
sodium ions (Na*) and chloride ions (CI"), which are easily
absorbed by the root cells of higher plants and transferred
to the whole plant using xylem uploading channels
(Rodriguez- Navarro and Rubio, 2006). Salinity problem
has been aggravated by the requirement of irrigation for
crop production in arid and semiarid environments. Salt
stress in plant cells is primarily caused by a combination of
osmotic and ionic stress resulting from high Na*
concentration in the soil (Hasegawa et al., 2000). Metabolic
acclimation via the accumulation of compatible solutes is
often regarded as a basic strategy for the protection and
survival of plants under abiotic stress (Shabala and Cuin,
2006). Many plant species accumulate significant amounts
of glycine betaine, proline, and polyols in response to high
salinity (Di Martino et al., 2003). Multiple functions for
these compounds have been suggested. In addition to the
conventional role of these compatible solutes in cell
osmotic adjustment (Bray, 1993), they are also suggested to
act as low molecular- weight chaperones, stabilizing the
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photosystem 1l complex, protecting the structure of
enzymes and proteins, maintaining membrane integrity and
scavenging ROS (Noiraud et al., 2001). Tomato (
Lycopersicon esculentum Mill.) belongs to the family
Solanaceae or Nightshade and the Genus Lycopersicon. It
is one of the most widely used vegetables in the world. It is
an annual plant, which can reach a height of over two
metres. Economically, tomato requires relatively cool
weather for optimum yield (Rodriguez, 2007). Tomato is an
important commercial crop in the world, has a nutritional
value which makes it a widely accepted vegetable by
consumers (ljato et al., 2010). Tomatoes contribute to a
healthy, well-balanced diet.

This research aimed at investigating the salt stress
responses of three (3) varieties of Tomato at a
morphological, biochemical and molecular level and to
identify a variety that is more tolerant, so that it could be
selected as the salt-tolerant variety to ameliorate production
loss.

MATERIALS AND METHODS

The study was conducted in the Biological Garden,
Department of Biological Sciences and Central Laboratory,
Usmanu Danfodiyo University, Sokoto-Nigeria. The seeds
of tomato (Lycopersicon esculentum) namely Roma vf, Rio
Grande and UC 82B were obtained from Sokoto
Agricultural Development Programme (S.0.S.A.D.P),
Sokoto State, Nigeria.
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Plant Growth Condition

Seeds were surface-sterilized by soaking in 5% (v/v)
sodium hypochlorite solution for 15 min followed by three
washes with sterile distilled water. Viable seeds were first
sown in a nursery bed for 3 weeks (21 days), after which
uniformly germinated seedlings were transplanted into
polythene bags containing the soil. Sodium chloride (NaCl)
was weighed and dissolved in distilled water to make 20,
40 and 60 mM solutions of salt which were used to water
the plants. The solutions were stored in airtight containers
to prevent evaporation. The seedlings of Tomato were
divided into four (4) treatments: the first represented the
control where no NaCl was added to the water solution, the
second, third and fourth treatments received 20, 40 and 60
mM NaCl respectively. The treatments were for 24 days.
Each treatment was replicated three (3) times and each
replicate consists of three (3) plants.

Evaluation of Floral and Vegetative parameters

After 24 days of salt treatment, the seedlings were
harvested. Floral counts (number of flowers), number of
leaves, shoot length (cm) and dry mass DM (g/plant) of
plants were determined. For floral number, matured flowers
borne by plants of the same treatment were counted. Shoot
length was measured using meter rule at the horizontal
length of the shoot. For dry mass determination, shoots and
roots were left in desiccators at 80°C for 2 days and
parameters were computed according to the formulas of
Hunt (1981).

Parameters/plant = Total number of parameter in treatment
Number of plants in the treatment

Determination of Free Proline Accumulation

Extraction and determination of free proline were
performed according to the methods of Bates et al., (1973).
Ground samples (1g) of plant material was extracted with
3% sulphosalicylic acid and filtered through Whatman
No.1 filter paper and the extract (2 ml) was held for 1 hour
in boiling water by adding 2 ml ninhydrin and 2 ml glacial
acetic acid, after which cold toluene (4 ml) was added.
Proline content was measured by a spectrophotometer at
520 nm and was calculated as uMolg*DW against standard
proline.

Determination of Glycine Betaine Accumulation
Extraction and determination of betaine were carried out
according to the method of Grieve and Maas (1984).
Betaine was extracted by stirring finely ground-dried
sample with demineralised water at 100°C for 1 hour.
Betaine content was determined spectrophotometrically
after reaction with potassium iodide (KI-12) at 365 nm.

Protein extraction for SDS-PAGE.

Approximately 1g of the fresh leaf was homogenized first
in 5ml liquid nitrogen. Then, 2ml of extraction buffer
(50mM Tris—HCI, ImM PMSF, 2mM EDTA, 1mM 2-
mercaptoethanol, pH 7.5) was added followed by stirring at
4°C for 5min. The homogenate was centrifuged for 25 min
at 14000 rpm at 4°C. The supernatant was collected and
mixed with 1ml of cold acetone. Then samples were kept at
—80°C For 5min followed by centrifugation for 15 min at
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14000 rpm at 4°C. The supernatant was then removed, and
the pellets were air-dried at room temperature. Thereafter,
the pellets were re-suspended in 1ml of extraction buffer
and centrifuged for 5 min at 14000 rpm at 4°C (Amini et
al., 2007). Finally, the supernatant was collected for protein
assay and the quality of protein was checked using
ultraviolet absorption method and then SDS-PAGE.

SDS-PAGE

SDS-PAGE was carried out in 12.5% separating gel and
5% stacking gel according to the method of Hames and
Rickwood (1990). Gels were run at the ambient
temperature of (20°C) for 4 hours at a constant power of 80
mA until the tracking dye reached the end of the gel. After
electrophoresis, the gel was stained with Coomassie blue
according to the method of Reed et al. (1998). The relative
molecular weight of each protein was determined using a
standard protein marker.

Statistical Analysis

The result was expressed as a mean of three replicates and
the data were subjected to one-way analysis of variance
(ANOVA) test. Differences between means were
determined by Tukey HSD All-Pairwise Comparisons test
using Statistics 8.0 Statistical Software (Statistix 2007).

RESULTS AND DISCUSSION

The results for the salt stress responses of the three (3)
different varieties of Tomato (Lycopersicon esculentum
Mill.) namely Roma vf, Rio Grande and UC 82 B to
different salt concentrations are summarized in Figures 1-5
and Table 1. In this work, reductions in plant height,
number of leaves, number of flowers and dry weight were
observed in the salt-stressed plants. NaCl treatment resulted
in an overall decrease in growth measurements of all the
cultivars also proline and glycine betaine accumulation
were observed. In Tomato Roma vf, salinity stress
significantly (P < 0.05) decreased the floral number. The
control had the highest number of flowers averaging 15.3
per plant followed by 20 mM which averagely had 5.3
flowers per plant while 40 mM and 60 mM treatments had
2.6 and 1.6 flowers/plant respectively (Fig. 1). However,
comparisons of the means indicated that 40 mM and 60
mM treatments were not significantly different (P > 0.05).
In Tomato UC 82 B, salinity stress also significantly
(P<0.05) decreased the floral number. The control had the
highest number of flowers averaging 10.3 per plant
followed by 20 mM which averagely had 5.3 flowers per
plant while 40 and 60mM treatments had averaging 1.3
flowers each per plant (Fig. 1). However, comparisons of
the means indicated that 40 mM and 60mM treatments
were not significantly different (P<0.05). In Tomato Rio
Grande salinity stress significantly (P < 0.05) decreased the
floral number. The control had the highest number of
flowers 5 per plant followed by 20 mM which averagely
had 2.3 flowers per plant while 40 and 60mM treatments
had averaging 1.6 andl per plant respectively (Fig. 1).
However, comparisons of the means indicated that 20mM,
40mM and 60mM treatments were not significantly
different (P > 0.05). The number of flowers in all the salt-
stressed cultivars of tomato (20-60 mM NaCl) was
significantly lower than the control (OmM) plants. It was
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shown that the number of flowers decreases with increasing
concentration of salt. Gumi et al. (2013) reported the same
results about the effect of salinity on flowering.

In Tomato Roma vf, the number of leaves per plant was
markedly affected by salinity stress. The control (OmM)
had the highest number of leaves (138.3/plant) followed by
20mM treatments with 75/plant. 40mM and 60mM
treatment recorded 62.3 and 32 leaves per plant
respectively (Fig. 2). Comparison of the means for the four
different treatments revealed that there was a statistically
significant difference between OmM, 20mM and 60mM
treatments but there were no statistically significant
differences between 20mM and 40mM treatments. In
Tomato UC 82 B, the number of leaves per plant was also
markedly affected by salinity stress. The control (OmM)
had the highest number of leaves (149.3/plant) followed by
20mM and 40mM treatments having 84.6 and 56.3 per
plant respectively. 60mM treatment recorded 26 leaves per
plant (Fig. 2). Comparison of the means for the four
different treatments revealed that there was a statistically
significant difference (p< 0.05) between the control and the
three other treatments i.e 20mM, 40mM and 60mM. but
there was no statistically significant differences (p > 0.05)
between the three treatments i.e 20mM, 40mM and 60mM.
In Tomato Rio Grande, the number of leaves per plant was
markedly affected by salinity stress. The control (OmM)
had the highest number of leaves (84.6/plant) followed by
20mM treatments with 56/plant. Treatment with 40mM and
60mM salt recorded 31.3 and 14 leaves per plant
respectively (Fig. 2). Comparison of the means for the four
different treatments revealed that there was statistically
significant difference(p < 0.05) between OmM and 20mM
treatments but there was not significantly different(p >
0.05) between 40mM and 60mM treatments. These results
corroborate the findings of Dolatabadian et al. (2011) while
studying G. max observed that salinity stress significantly
decreased leaf number, plant height. Elizamar et al. (2008)
also observed the same in young umbu plants. This is
because, in plants, where Na* and CI~ build up in the
transpiring leaves over a long period of time, the resulting
high salt concentration may lead to leaf death. Leaf injury
and death are attributed to the high salt load in the leaf that
exceeds the capacity of salt compartmentation in the
vacuoles, causing salt to build up in the cytoplasm to toxic
levels (Munns, 2002, 2005; Munns et al., 2006).

In Tomato Roma vf, with increasing concentration of salt,
the height of the plant (cm) decreases. 60 mM treatment
has the least plant height (30.3cm), while the control has
the highest height (74.7cm). Treatment with 20 mM and 40
mM salt recorded (45cm) and (42.3cm) respectively (Fig.
3). The results between control (OmM) and 60mM differ
significantly(P < 0.05) while there is no significant
different(p > 0.05) between 20mM and 40mM.In Tomato
UC 82 B, the height of the plant (cm) also decreased with
increasing concentration of salt. The 60mM treatment has
the least plant height (31.13cm), while the control had the
highest height (73.46cm). The 20mM and 40mM recorded
40.13cm and 35.53cm respectively (Fig. 3). The results
differ significantly (P < 0.05) between the control and the
order treatments but there was no significant difference (p
> 0.05) between treatment groups. In Tomato Rio Grande,
the height of the plant (cm) also decreases with increasing
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salt concentration. The control (OmM) has the highest
length (48.2cm), while 60mM treatment has the least plant
height (10.9cm). 20mM and 40mM recorded 34.1cm
and17.4cm respectively (Fig. 3). The results differ
significantly (P < 0.05) between control and 40mM, 60mM
treatments. This is consistent with the findings of Babu et
al., (2012) on Tomato cultivar pkm1; Shabani et al. (2012)
on cherry Tomato; Hasanuzaman et al. (2009) in Oryza
sativa and Elizamar et al. (2008) in young Umbu plants. In
salt stress condition, reduced plant height may result from
the toxicity of Na* and CI-. Disorder in translocation and
distribution of minerals especially K* and Ca?* can be
another reason for growth reduction (Khalafalla et al.,
2010).

In Tomato Roma Vf, the dry matter (g/plant) was reduced
by increasing concentration of salt stress. The control
(OmM) shows the highest dry matter (3.9 g/plant) followed
by 20mM (1.9 g/plant) while 40mM and 60mM had 1.5
g/plant and 1.3 g/plant respectively (Fig 4). The result
differs significantly (P < 0.05) between control (OmM) and
the order treatments but there was no significant difference
between treatments. In Tomato UC 82 B, the dry matter
(g/plant) was also reduced by increasing concentration of
salt stress. The control (OmM) shows the highest dry matter
(2.8 g/plant) followed by 20mM (1.4 g/plant) while 40mM
and 60mM had 1.3 g/plant and 1.0 g/plant respectively (Fig
4). The result differs significantly (P < 0.05) between
control (OmM) and 60mM but there was no significant
difference between. In tomato Rio Grande, the dry matter
(g/plant) was also reduced by increasing concentration salt.
60mM treatment had the lowest dry matter (0.9 g/plant)
while the control (0 mM) has the highest dry matter with
(2.2 g/plant). 20mM and 40mM 1.5 g/plant and 1.4 g/plant.
The result differs significantly (P < 0.05) between control
(OmM) and 60mM but there was no significant difference
between treatments. A similar result was reported by Gumi
et al. (2013) and Amini et al. (2007) on tomato and Babu et
al. (2012) also on tomato cultivar pkm1.

Effect of salt concentration on free proline (uMolg™) and
glycine betaine (UMolg™) content of the three (3) varieties
of tomato is presented in Table 1. The result revealed that
there was significant difference (p<0.05) in Roma vf
proline content (uMolg) between control (0.52) and 20
mM (1.61) treatment and also Glycine betaine content
(uMol™g) shows significant difference (p>0.05) between
control (1.25) and 20 mM (1.56) concentrations. The
results also show that there was a significant difference
(p<0.05) in Tomato UC 82 B proline content between
control (0.58) and 20 mM (1.32) except for 40, and 60 mM
shows no significant difference. However, in Glycine
betaine content there was a significant difference (p<0.05)
between the control (1.26) and 60 mM (1.98). The results
show that in Rio Grande proline content, there was a
significant difference (p<0.05) between the control (OmM)
and other treatments but there was no significant difference
(p<0.05) among the treatments i.e (20, 40 and 60mM).
There is also a significant difference (p<0.05) in Glycine
betaine content between the control (1.38) and 20 mM
(1.87). The accumulation of osmolytes such as proline
(Pro) is a well-known adaptive mechanism in plants against
salt stress conditions. It has also been suggested that proline
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accumulation can serve as a selection criterion for the
tolerance of most species to stressed conditions (Ashraf and
Foolad, 2007; Ahmad et al., 2009). Since the first report on
proline accumulation in wilting perennial ryegrass (Kemble
and MacPherson 1954), a number of research works have
been carried out concerning the role of proline as a
compatible osmolyte and osmoprotectant and its roles in
salt stress tolerance. Several studies have attributed an
antioxidant feature to proline suggesting ROS scavenging
activity and proline acting as a O2 quencher (Matysik et al.,
2002). However, the content of free proline accumulation
in all the cultivars and among the treated plants did not
differ significantly but there is a significant difference
between the treated and the control plant (OmM NaCl). This
shows that there is higher proline accumulation in the
stressed plants as compared to unstressed plant and
therefore, free proline accumulated in response to salt
stress. This finding is in line with the reports of Gumi et al.
(2013); Ahmed et al. (2010); Deivanai et al. (2011); and
Hogue et al. (2007). Glycine betaine (GB) is a small
organic metabolite soluble in water and non-toxic at high
concentrations which can potentially play a protective role
against salt stress (Ashraf and Foolad, 2007; Chen and
Murata, 2008). The major role of GB in plants exposed to
salt is probably protecting cells by osmotic adjustment
(Gadallah, 1999), protein stabilization (RuBisCo) (Makela

mRIO Uc82B mROMAVF

Number of flowers per plant

OommMm 20mmMm 40mmM 60mmM

Salt Concentration (mM)

Fig. 1: Effect of Salt Concentration on the number of
flowers of the three (3) varieties of tomato after 24
days of salt exposure (P<0.05).
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et al, 2000), photosynthetic apparatus protection
(Allakhverdiev et al., 2003; Cha-Um and Kirdmanee,
2010), and reduction of ROS (Ashraf and Foolad, 2007).
These observed levels of glycine betaine (GB) content are
in line with those reported by Cha-Um and Kirdmanee
(2010) in O. sativa and Gumi et al. (2013) in tomato.
Different concentration of NaCl on tomato plant revealed
that salinity not only inhibits plant growth but also changes
the protein levels. For SDS-PAGE, proteins were extracted
from leaves of salt-treated and salt-untreated plants.
Comparing the protein profiles between control plants and
those treated with different salt concentrations using SDS-
PAGE showed that NaCl treatment induced only a few
changes in the expression pattern of proteins in all the
cultivars. It was found that the intensity of the bands for 35,
25, and 12 kD proteins in leaves of UC 82 B (Fig. 5a), 45,
19 and 17 kD proteins in leaves of Roma vf (fig. 5b), and
38 kD proteins in leaves of Rio Grande (Fig. 5¢c) were
increased in salt-treated plants. In contrast, the intensity of
some other protein bands (e.g. 29, 45 and 53kD) in salt-
treated leaves decreased dramatically (Fig. 5b and c). A
similar result was reported by Amini et al (2007) on the
effects salinity on protein. This could be due to the
inhibitory effects of salt stress on the protein (Riccardi et
al., 1998). Both control and treated leaves were harvested
at the same time to minimize experimental error.

mRIO UC82B mROMAVF

Number of leaves per plant

OmmMm 20mMm 40mM 60mM

Salt Concentration {mmM)

Fig. 2: Effect of Salt Concentration on the number of
leaves of the three (3) varieties of tomato after 24 days

of salt exposure (P<0.05).
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mRIO UC82B mROMAVF

Plant Height {cm)

ommM 20mmM 40mM 60mMm

Salt Concentration (mM)

Fig. 3: Effect of Salt Concentration on plant height of
the three (3) varieties of tomato after 24 days of salt
exposure (P<0.05).
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Fig. 4: Effect of Salt Concentration on dry matter
accumulation (g/plant) of the three (3) varieties of
tomato after 24 days of salt exposure (P<0.05).

Table 1: Effect of salt concentration on free proline (uMolg1) and glycine betaine (uMolg?) content of the three (3) varieties of

tomato
Variety Treatment (mM) Proline (uMolg™) Glycine Betaine (uMolg™)
Roma vf 0 0.52°+0.08 1.25% 0.02

20 1.61°+0.13 1.56°+ 0.05

40 1.92%+0.01 1.92%+ 0.03

60 1.99%+2.30E-03 1.99°+ 8.81E-04
uc8z2B 0 0.58°+0.02 1.26°+0.09

20 1.32°+0.10 1.47°°+0.08

40 1.95%+0.03 1.79%+0.10

60 1.99°+3.84E-03 1.98°+7.00E-03
Rio Grande 0 0.69°+0.07 1.38°+0.03

20 1.77%+ 0.07 1.87°+0.02

40 1.95%+0.03 1.96%+0.02

60 1.992+1.66E-03 1.99°+8.81E-04

Values are means * standard error of three replications. > means in a column in each variety with different superscript are
significantly different (p<0.05).

4\
35

<12
Fig. 5a: SDS-PAGE profile of leaf proteins

from Tomato UC 82 B in 0, 20, 40, and
60 mM NaCl. M-protein marker, kD
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Fig. 5b: SDS-PAGE profile of leaf proteins
from Tomato Roma Vf in 0, 20, 40, and 60
mM NaCl. M-protein marker, kD
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Fig. 5¢c. SDS-PAGE profile of leaf proteins from Tomato Rio Grande in 0, 20, 40, and 60 mM NaCl. M-protein marker, kD.

As a general conclusion in the current study, the results
showed that NaCl decreased the growth of the three (3)
cultivars of L. esculentum. From the results of this study, it
was observed that Tomato Roma vf is more tolerant to salt
stress with regards to the floral and vegetative parameters
followed by UC 82B and then the Rio Grande. The results
also showed that Tomato Rio grande accumulates more of

CONCLUSION

From this study, it can be concluded that among the three
(3) cultivars studied, Roma vf is more tolerant to salt stress
followed by UC 82B and then the Rio Grande.

REFERENCES

Ahmed, C.B., Rouina, B.B., Sensoy, S., Boukhriss, M. and
Abdullah, F.B. (2010). Exogenous proline effects
on photosynthetic performance and antioxidant
defence system of a young olive tree. Journal of
Agricultural Food Chemistry. 58:4216-4222.

Ahmad, P., Jeleel, C.A., Azooz, M.M. and Nabi, G. (2009).
Generation of ROS and non-enzymatic antioxidants
during abiotic stress in Plants. Botanical Research
International 2:11-20.

Allakhverdiev, S.I., Hayashi, H., Nishiyama, Y., Ivanov,
A.G., Aliev, JA., Klimov, V.V., Murata, N. and
Carpemtier, R. (2003). Glycine betaine protects the
D1/D2/ Cyt b 559 complexes of photosystem Il
against photo-induced and heat-induced
inactivation. Journal of Plant Physiology 160:41—
49,

Amini, F., Ehsanpour, A.A., Hoang, Q.T. and Shin, J.Sh.
(2007). Protein pattern changes in

Tomato under In vitro salt stress. Russian Journal of
Plant Physiology, 54:526-533.

Ashraf, M. and Foolad, M.R. (2007). Roles of glycine betaine
and proline in improving plant abiotic stress
resistance. Environment and Experimental Botany
59:206-216.

89 |

proline and glycine betaine content followed by Roma vf
and then UC 82B while on the protein pattern changes,
there is the expression of 4 proteins each in Tomato Roma
vf and UC 82B on the stressed plants and only 1 protein in
Tomato Rio Grande. The protein changes in all the
cultivars of tomato leaves are attributed to the effect of
salinity on the protein.

KNOWLEDGEMENTS

We are grateful to members of staff of the Biological
Garden UDUS, and also Malam Ahmad of the
AgricChemical laboratory. Much gratitude and appreciation
go to Malam Abubakar Gumi of Biological Sciences
Department and Mr Andrew Onu of Biochemistry
Department UDUS.

Babu, M.A,, Singh, D., and Gothandam, K.M. (2012). The
effect of salinity on growth, hormone and mineral
elements in leaf and fruit of tomato cultivar PKML1.
Journal of Animal and Plant Science 22:159-164.

Bates, L.S., Waldren, P. and Tare, I.D. (1973). Rapid
determination of free proline for water stress
studies. Plant and Soil, 103: 875-883.

Bray, E.A. (1993). Molecular responses to water deficit.
Plant Physiology, 103, 1035-1040.

Cha-Um, S. and Kirdmanee, C. (2010). Effect of glycine
betaine on proline, water use, and photosynthetic
efficiencies, and growth of rice seedlings under salt
stress. Turkey Journal for Agriculture 34:517-52.

Chen, T.H.H and Murata, N. (2008). Glycine betaine: an
effective protectant against abiotic stress in plants.
The trend in Plant Science 13:499-505.

Deivanai, S., Xavier, R., Vinod, V., Timalata, K. and Lim,
O.F. (2011). Role of exogenous proline in
ameliorating salt stress at an early stage in two rice
cultivars. Journal of  Stress Physiology and
Biochemistry 7:157-174.

Di Martino, C., Delfine, S., Pizzuto, R., Loreto, F. and Fuggi,
A. (2003). Free amino acids and glycine betaine in
leaf osmoregulation of spinach responding to
increasing salt stress. New Phytologist, 158: 455—
463.



Salt Stress Responses and Protein Expression Changes in Tomato...

Dolatabadian, A., Modarressanavy, S.A.M and Ghanati, F.
(2011). Effect of salinity on growth, xylem
structure and anatomical characteristics of soybean.
Science Biology 3:41-45.

Elizamar, C.S., Rejane, J.M.C.N., Francisco, P.A, Natoniel,
F.M. and Andr'e, D.A.N. (2008). Physiological
responses to salt stress in young umbu plants.
Environmental and Experimental Botany 63: 147—
157.

Gadallah, M.A/A. (1999). Effect of proline and glycine
betaine on Vicia faba responses to salt stress.
Biology and Plant 42:249-257.

Grieve, C. and Maas, E.V. (1984). Betaine accumulation in
salt-stressed Sorghum. Physiology of Plants 16:
167-171.

Gumi, A.M., Aliero, AA., Shehu, K. and Danbaba, A.
(2013). Effects on Growth, Biochemical Parameters
and lon Homeostasis in Solanum lycopersicum L.
(Cv. Dan eka). Journal of Experimental Biology, 2
(3):20-25.

Hames, B.D. and Rickwood, D. (1990). Gel Electrophoresis
of Proteins. A Practical Approach, New York:
Oxford University, Press.

Hasanuzzaman, M., Fujita, M., Islam, M.N., Ahamed, K.U
and Nahar, K. (2009). Performance

of four irrigated rice varieties under different
levels of salinity stress. International
Journal of Integral Biology 6:85-90.

Hasegawa, P.M., Bressan, R.A., Zhu, J.K. and Bohnert, H.J.
(2000). Plant cellular and molecular responses to
high salinity. Annual Review of Plant Biology,
51:463-499.

Hoque, M.A., Banu, M.N.A.,, Okuma, E., Amako, K,
Nakamura, K., Shimoishi, Y. and Murata, Y.
(2007). Exogenous proline and glycine betaine
increase NaCl-induced ascorbate-glutathione cycle
enzyme activities and proline improve salt
tolerance more than glycine betaine in tobacco
Bright Yellow-2 suspension-cultured cells. Journal
of Plant Physiology 164:1457-1468.

Hunt, R. (1981). Plant growth Analysis. Eduard Arnold,
London.

ljato, J. Y., Oyeyemi, S.D., ljadunola. J.A., and Ademuyiwa,
J.A. (2010). Allelopathic effects of leaf extract of
Azadirachta indica and Chromolaena odorata
against post-harvest and transit rot of Tomato
(Lycopersicum  esculentum L.). Journal of
American Science. 12: 1595-1599.

Kemble, A.R. and MacPherson, H.T. (1954). The liberation
of amino acids in perennial ray grass during
wilting. Journal of Biochemistry 58:46-59.

Khalafalla, M.M., Osman, M. and Agabna, E. (2010).
Potassium and calcium nitrate ameliorate the
adverse effect of NaCl on in vitro induced tomato
Lycopersicon esculentum Mill.). International
Journal of Current Research. 6: 68-72.

90 |

Savanna Journal of Basic and Applied Sciences

Makela, P., Karkkainen, J. And Somersalo, S. (2000). Effect
of glycine betaine on chloroplast ultrastructure,
chlorophyll and protein content, and RuBPCO
ctivity in tomato grown under drought or salinity.
Biology Plant 43:471-475

Matysik, J., Alia, Bhalu, B. and Mohanty, P. (2002).
Molecular mechanisms of quenching of reactive
oxygen species by proline under stress in plants.
Current Science 82:525-532.

Munns, R. (2002). Comparative physiology of salt and water
stress. Plant Cell and Environment. 25, 239-250.

Munns, R., James, R.A. and L"auchli, A. (2006). Approaches
to increasing the salt tolerance of wheat and other
cereals. Journal of Experimental Botany. 57,
1025-1043.

Munns, R. (2005). Genes and salt tolerance: bringing them
together. New Phytology 167:645-663.

Noiraud, N., Maurousset, L. and Lemoine, R. (2001).
Transport of polyols in higher plants. Plant
Physiology and Biochemistry, 39: 717-728.

Qadir, M., Tubeileh, A., Akhtar, J., Larbi, A., Minhas, P.S.
and Khan, M.A. (2008). Productivity enhancement
of salt-affected environments through crop
diversification. Land Degradation Development,
19:429-453.

Reed, R., Holmes, D., Weyers, J. and Jones, A. (1998).
Practical Skills in Biomolecular Sciences,
Hongkong: Longman.

Riccardi, F., Gazeau, P., de Vienne, D. and Zivy, M., (1998).
Protein Changes in Response to Progressive Water
Deficit in Maize, Plant Physiology, 117: 1253-
1263.

Rodriguez, G.R. (2007). Effect of Rice bran mulching on
Growth and yield of Cherry Tomato. Cienciae
Investigacion Agraria, 34: 181-186.

Rodriguez-Navarro, A. and Rubio, F. (2006). High-affinity
potassium and sodium transport systems in plants.
Journal of Experimental Botany, 57:1149-1160.

Shabala, S. and Cuin, T.A. (2006). Osmoregulation versus
osmoprotection:  re-evaluating the role of
compatible solutes. In: Teixeira da Silva J, ed.
Floriculture, ornamental and plant biotechnology —
advances and topical issues. Tokyo, Japan: Global
Science Books, 405-416.

Shabani, E., Tabatabaei, S.J., Bolandnazar, S. and Ghasemi,
K. (2012). Vegetative growth and

nutrient uptake of salinity stressed cherry Tomato
in different calcium and

potassium level. Journal of Applied and Basic
Sciences 3: 1845-1853.

Statistix, (2007). The plant materials program for the United
States Department of Agriculture, (USDA) and
Natural Resources Conservation Service (NRCShy
Analytical software Tallassee-Florida, united states.

Tanji, K.K. (2002). Salinity in the soil environment. In A
Lauchli, U Luttge (eds.), Salinity environment-
plant-molecules. Kluwer Academic Publishers,
Dordecht, TheNetherlands.



