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ABSTRACT

The response of Solanum lycospersicum (L.) to varied concentrations of salinity stress was investigated. Plant
growth, biochemical parameters, cytotoxic ion sequestration and ionic balance were determined. The plant
exhibited a decline in number of leaves, length of leaf and dry matter accumulation measured. The number of
flowersincreased at 50 mM NaCl concentration. Free proline content increases with increasing NaCl concentration
and differ significantly (P < 0.05) while Glycine Betaine (GB) content did not differ significantly (P > 0.05). Salinity
stress increased cytotoxic ions (Na* and Cl) and Ca?* with a corresponding decrease in K* concentrations. The
ionic balance (Na'/K") was low due to high content of K* levels the plant accumulated ranging from 77.00 to 65.00
mg Kg™. It can be concluded that the osmolyte (Pro and GB) accumulations, low Na'/K* ratio and high number of
flowers are a possible indicator of salt tolerance in the S. lycospersicum genotype studied.
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INTRODUCTION

Soil salinity is a major and ever-present threatrtup yields, especially in countries where irrigatis an essential
aid to agriculture. The United Nations environmpragram estimates that approximately 20% of agtical land
and 50% of crop land in the world is salt stresgi]. Soil salinity is detrimental to plant growtind adversely
affect plant metabolism and cause important maatifim in growth, development and gene expressiopladts
[14]. These modifications may lead to the accunmator depletion of certain metabolites; resultiimg the
imbalance in the levels of relatively small setscellular proteins which could increase, decreagmear or
disappear after salt treatment. The entry of Na@l ihe root cells, its symplasmic transport phstdasparian band
and its transfer into the transpiration streamtheeprimary steps of salt accumulation in plantse pathways for
the uptake of Nainto the root symplasmic space have not yet betabkshed in much detail. It has been generally
assumed that non selectivé n channels allow entry into the cell [9]. Howevmore recent studies suggest that
Na’ is taken up with Kby a high affinity K uptake carrier [8][7]. All plants have evolvedelalar mechanism of
salt stress survival by either avoiding or tolergtihe salt stress. Plants are either dormant glgait stress or there
must be cellular adjustment to tolerate the sadimaronments. Cellular adjustment mechanisms cacabegorized
as those that functions to minimize osmotic starssn disequilibrium or alleviate the consequestadary effect
caused by these stresses.

The chemical potentials of the saline solutiongiailty establish a water potential imbalance batwehe apoplast
and symplast that leads to turgor decrease whiskevére enough can cause growth reduction [20]. cEflalar
response to turgor reduction is osmotic adjustmerite cytosolic and organellar machinery of haldphy(salt
tolerant) and glycophytes (salt sensitive) is eglaintly N& and Cl sensitive; so osmotic adjustment is achieved in
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these compartments by accumulation of compatiblaobges and osmoprotectants [20][21]. Free polyasin
degraded via Diamine oxidase (DAO) and polyamin&ase (PAO), can contribute to proline accumulation
throughy-aminobutyric acid production [3]. However Nand Cl are energetically efficient osmolytes for osmotic
adjustment and are compartmentalized into the adoaninimize cytotoxicity [50][12].

Tomato Golanum lycopersicumL.) is a short lived perennial cropped as annualselongs to the family Solanaceae
(nightshade family) and is typically cultivated fits edible fruits. The leaves, stems and greefpariruits of
tomato plant contain small amount of the poisoralialoid tomatine [6]. The levels of tomatine aengrally too
small to be dangerous; so foods such as fried gremato are safe to eat. Ripe tomato does not icoatay
detectable tomatine [10].

The majority of crop plants are relatively salt séwe and are unable to tolerate high level oinggl [24]. Despite
bulk data available on the effect of salt on adtigal crops [31][22][17][38][36][39][40][27], nomuch has been
done on tomato [33][43][13][14][46] especially contato varieties grown in Sokoto agro climatic zofidligeria.
This research aimed at investigating the respoofstsmato Solanum lycopersicum L.) to varied salt concentration
on its growth and biochemical parameters with antie establishing an insight on the salt tolerameehanism of
tomato.

MATERIALS AND METHODS

This study was conducted in Biological Garden, Depant of Biological Sciences, Usmanu Danfodiyo \énsity,
Sokoto - Nigeria. The seeds of tomaSol@num lycospersicum cv. Dan eka) were obtained from a local market at
Sokoto metropolis, Nigeria.

Plant Growth Condition

The seeds o8. lycospersicum were collected and surface sterilized by soaking% sodium hypochlorate for 15
minutes and washed 3 times with sterile distilledtex. The seed were first sown in a nursery bed thad
uniformly germinated seedlings (10 days old) wetlected and transferred to a polythene bag congiaimixture
of river sand and manure (3:1 ratio). Sodium chieriNaCl) was weighed and dissolved in irrigaticatev to make
variant concentration of 50 mM, 75 mM and 100 mMsaft concentrations which were used to water thatg.
The solutions were then stored in air tight cansptevent evaporation which will in turns increassguson
concentrations. The seedlings of tomato were davito four groups: the first represented the a@nivhere no
NaCl was added to the nutrient solution, the secthmdd and fourth groups received 50, 75 and 100 ofi NaCl
treatments respectively, added to the nutrienttsmiu Each treatment was replicated three (3) timed each
replicate consist of three (3) plants. The seedlingre exposed to varied salt concentration fala&zs.

Morphological Characterization:

After 21 days of salt treatment, the seedlings viameested and floral count (number of flowersnber of leaves,
length of leaves (cm) and dry mass DM (g/plantplahts were determined. For dry mass determinasioopts and
roots were left in desiccators at’80for 2 days and parameters computed accordinfpthmula of Hunt [45].

Elemental Analysis:

Dried plant material (0.2 g) was ashed in a mutfimace at 50U for three (3) hours. The ashes were digested with
5 ml of 7N nitric acid (HNG). After appropriate dilution, the filtrate was agsed for N4, K*, and C&" using atomic
flame emission spectrometry.”@las measured using titrimetric method [48].

Determination of Free Proline Content

Extraction and determination of free proline wasfgrened according to the methods of Bagesl. [30]. Ground
samples (1g) of plant material were extracted 8#h sulphosalicylic acid and filtered through Whatmdilter
paper and the extract (2 ml) were held for 1 haubailing water by adding 2 ml ninhydrin and 2 ndaal acetic
acid, after which cold toluene (4 ml) was addedhliRe content was measured spectrophotometerieal520 nm
and calculated as Umot®W against standard proline.

Determination of Glycine Betaine Content

Extraction and determination of betaine was cardatlaccording to the method of Grieve and Maas B&ltaine
was extracted by stirring finely ground-dried saenpith demineralised water at @0for 1 hour. Betaine content
was determined spectrophotometrically after reaatith potassium iodide (Kl,) at 365 nm.

21
Scholars Research Library



Gumi, AM., etal Cent. Euro. J. Exp. Bio., 2013, 2 (3):20-25

Statistical Analysis

The results were expressed as mean of three regdiead the data were subjected to one way analfysiariance
(ANOVA) test. Differences between means were deitegth by Duncan’s Multiple Range test using MINITAB
statistical software.

RESULTS

The results for the physiological and biochemiesdponses of tomat&ganum lycospersicum) to different salt
concentrations are summarised in Table 1 and Fduand 2.

EFFECTS OF NaCl ON MORPHOLOGICAL CHARACTERS OF TOMA TO

At 75 mM and 100 mM NacCl, the floral number wasrdased (Fig.1). At 50 mM NacCl, highest number ofviérs
was recorded averaging 10.11 per plant. The numlbleaves per plant of tomato was markedly affettgadalinity
stress in a concentration dependent manner (FighB.control has the highest number of leaves @Gpet plant)
and 100 mM has the least number of leaves (24.2plpat). However, the results differ significanffy<0.05). The
length of leaves (cm) ofs. lycospersicum decreased with increasing salt concentration. Témults differ
significantly (p<0.05). The dry matter accumulatiM (g plant') was reduced by increasing concentration of salt.
The control shows the highest dry matter accunnaé4.21 g plant) while 100 mM NaCl shows the least dry
matter accumulation (0.96 g pldit The results differ significantly (p<0.05).

Table 1: Effect of different salt concentrations orionic content (mgKg*'DW) of Tomato (Solanum lycospersicum)

TreatmentgmM) Na* K* ca** cl
0 2.33 73.00 0.75 37.75
50 15.00 77.00 1.75 53.55
75 26.600 67.00 1.65 42.85
100 33.60 65.00 1.%0 56.28
LSD (0.05) = 1.445 2.500 o 0.03

Values are means of triplicate determinations. Values with different superscript in the same column are significantly different (p<0.05).
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Figure 1: Effects of salt stress on morphologicalm@racters of tomato Solanum lycospersicum L.) after 21 days of salt stress episode.

EFFECTS OF NaCl ON PROLINE AND GLYCINE BETAINE CONT ENT OF TOMATO

The free proline content of tomato measuredadol g™) increased with increasing concentration of Shite
control had 1.16Molg™ while 100 mM and 75 mM had 1.ABlolg™ each (Fig.2). The results differ significantly
(p<0.05) but means comparisons shows no signifiddférence between the salt treated groups (50 #BImM
and 100 mM), but revealed a significant differe(ze0.05) between the control and salt treated ggoupalt stress
episode shows no significant effects (p>0.05) omige betaine content of tomato. Higher values.df Mol g™
and 1.431Mol g™ were obtained in 50 mM and 100 mM NaCl treatmesspectively (Fig.2).
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EFFECT OF SALT STRESS ON ION HOMEOSTASIS OF TOMATO

Table 2 summarised the accumulation of ions (bgthtoxic and non cytotoxic) b, lycospersicum under salt
stress episode. The resuliffer significantly (p<0.05). Sodium ion (Njincrease with increasing concentration of
salt, potassium ion (K content was also salt concentration dependeifit tmM showing the highest'Klevels
(77.00 mg KgDW). Calcium and chlorine ions were not salt comceion dependent as they increased and
decreased randomly but still the control has thstleontent while 100 mM has the highest contefitaf and Cl.
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Figure 2: Effects of salt concentrations on proline@nd GB content ofSolanum lycospersicum after 21 days of salt stress episode.
DISCUSSION

In this study, salt stress inhibited dry matteruawalation ofS. lycospersicum which corroborates the findings of
Amini et al. [14] on tomato; Reddgt al. [40] onJatropha curcas and on maizeZga mays) by Mansouret al. [39].
The number of flowers was affected by different sahcentration, and 50 mM treatment shows thedsghumber
of flowers. This trend may be due to the fact salinity stress induces changes in proteomics mito [14][46].
Proteins and other macro biomolecules play a kiyinoflower formation and fruit quality. Farnand@arciaet al.
[43] reported that salt stress (below 70 mM coneion) improve fruits quality and nutritional cent of tomato.
These findings explain why the 50 mM of salt pragtlithe highest number of flowers than the reshefiteatments
(control inclusive).

Increase in salt stress significantly affected naenber and length of leaves in a concentration midg@ manner
(Fig. 1). The chemical potential of saline solutimitially establishes a water potential imbalarietween the
apoplast and symplast that leads to turgor decredseh if severe enough can cause growth redu¢#6h Growth
inhibition of salt stress was also reported on tmntey Breweret al. [42] and onZea mays by Mansouret al. [39]
and also on soybean by Amirjani [41]. As salingyfirst perceived in the root, it is likely that@ot-derived signal,
presumably abscisic acid is formed which directlyndirectly down-regulates leaf expansion rate|[[25].

In this study, the content of proline increaseshwificreasing salt concentration. The accumulatibmsmolyte
compounds is often proposed as a solution to owergp the negative consequences of water deficitsrap
production which has been proposed as an adaptdahanism for drought and salt tolerance. Indeethobge
accumulation (OA) in plant cell results in a deseaf the cell osmotic potential and help in thamesance of
water absorption and cell turgor pressure, whicghincontribute to sustaining physiological processeich as
stomatal opening, photosynthesis and expansionthrfi [26] [35] [1]. The content of free proline@umulation
among the treated plants did not differ signifitabut they all differ from the control treatme hM NacCl). This
infers that higher proline accumulated in the stedsplants than in the unstressed plant and hereepfoline
accumulated in response to salinity stress. Thidirig agrees with the reports of Ashraf [31]; Mams{B6];
Mansouret al. [39] and Manikandan and Design [27]. Proline asalation in response to environmental stresses
has been considered by a number of investigato@naadaptive trait concerned with stress tolerdageThe
increased proline level above the required levelsisd in protein synthesis as considered by sort®@uas a part
of an adaptive strategy to tolerate salinity [4dje glycine betaine (GB) content &flycospersicum was observed
to increase with increasing salt concentration.hH®B accumulation is suggested to be involved imaig
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adjustment, since it has been proven that highexttnation of GB or Pro are not required for thewtpctive effects
under salinity [36]. The observed high GB contarihiaccordance with previous reports [36][37][32][

The amount of inorganic ions such as™Md, C&* and Clincreased with increasing salt concentrations exitep
K" which increased at one time and then decreasedglerhsalt concentration in order to sustain thenatic
potential and maintain water influx into the plafihe concentration of Nancreased from 2.33 mg Kgo 33.00
mg Kg* in 0 mM and 100 mM NaCl respectively. In contrale concentration of Kcontent inS. lycospersicum
grown under 75 mM and 100 mM NacCl was significamdiywer than those of the control and 50 mM NaClden
salt stress, Nacompetes with Kfor uptake into roots through common transportesys and does this effectively
since the N&in saline environments is usually considerablyatge than K [11][15]. These findings can be
attributed to the competitive interactions betwd€hand N& ions and the inhibition of Kuptake by high
concentration of Nzas reported by Bernstein [29].

A high cytosolic K/Na' ratio is important for maintaining cellular metdibm. In the present study, the levels of
Na' gradually increased with increasing concentratibsadt, while K levels somehow decreased with increasing
concentration of salinity stress (though highes@mM NacCl). High levels of Nainside the cell inhibits the uptake
of K* thereby increase N&K™ ratio which in turns affects plant metabolism [15he metabolic toxicity of Nais
largely due to its ability to compete with" Kor binding sites essentials for cellular functidhore than fifty (50)
enzymes are known to be activated byafid Nd cannot substitute in this role [23]. Moreover, teio synthesis
requires high concentration of Kor the binding of tRNA to ribosome [16] and prbbaother aspects of ribosome
functions [47]. The maintenance of low cytosolic'Mancentration and N&* homeostasis is an important aspect
of salinity tolerance and that salt tolerant lisesw lower N&K* levels [34]. Based on the N& " ratio observed in
this study, theS. lycospersicum variety studied could be classified as a saltréoitline.

In this study, NaCl increased £and Cl concentrations o8. lycospersicum. Many studies have confirmed that
NaCl stress may be partially alleviated by increa€et* -supply to the growth medium [4]. Depending oe th
concentration ratio, Naand C&" may displace each other from the plasma membitaigpbvious that Namay
affect cellular C&" -homeostasis, whereas “Canay reduce Na-toxicity. Also C&" affects K/Na' selectivity at
plasma membrane [19]. From the results of thisysttite concentration of Gais too low to alter the accumulation
of Na' in the plant tissues; hence there is no correlatietween Na accumulation and increase in ‘Ca
concentration. These observations corroborateiiginfys of Crameet al. [19] on maize Zea mays) cultivars. The
high cytoplasmic concentrations of ‘@écorded in salinity stressed treatmentsSotycospersicum may likely
accounts for the principal cause of salt-inducemmgn reduction as observed by Zidetral. [22] and Crameet al.
[18].

In general, the results of this study demonstrétetl all the growth parameters evaluated decredbeinereasing
salt concentration, except number of flowers whigs high in 50 mM NacCl as a result of protein irglichanges
caused by the slight increase in salinity stresikhvin turns promotes flower induction. In contraBtochemical
characteristics and ionic content &flycospersicum was observed to increase with increasing salt adraton

except potassium ion (Kcontent which as expected is in accordance wibtrprevious data.

CONCLUSION

The high osmolyte accumulations (proline and glgdietaine), low N#K " ratio and high number of flowers are the
possible indicators of salinity tolerance in théycospersicum genotype studied.
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