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ABSTRACT

Salinity stress has been a major factor, limiting the growth and productivity of the Solanum melongena (Brinjal)
plants in the temperate regions. A pot experiment was conducted on 60 days old plants. Four replicates of the plant
were subjected to stress levels of 25 mM NaCl and 50 mM NaCl for duration of 10 days with 3 day intervals. The
response of S. melongena to this salinity stress was attributed by decrease in total chlorophyll and elevated levels of
other stress biomarkers such as Proline, Flavonoids, Ascorbic acid (ASC) and Glutathione (GSH). Salinity induces
generation of reactive oxygen species (ROS) which occurs via electron transport reactions in the mitochondria and
chloroplasts. ASC and GSH are key components of non-enzymatic antioxidant system in Brinjal contributing to
scavenging of ROS. Parallel elevation of these two antioxidants under salinity suggests efficient operation of GSH-
cycle.
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INTRODUCTION

Abiotic stresses trigger a wide range of plant oases, from altered gene expression and celluléabuksm to
changes in growth rates and crop yields. The duraeverity, and the rate at which the stressipsed influence
how a plant responds. Several adverse conditionsnmbination may elicit a response different frdrattof a single
type of stress. Features of the plant, includirgaaror tissue identity, development age, and g@eotyo influence
the plants response to stress.

Salinity affected area is increasing day by day siméading all over the country [1]. In Asia alo@&,5 million ha
of land area is thought to be salt-affected, wittid having 8.6 million ha of such area [2]. S&jidan reduce
evapo-transpiration by making soil water lesgilable for plant and reduces potential eperfgsoil water
solution[3]. Brinjal & melongena) belonging to Solanaceae family is consideredafrtbe most popular vegetable
in India. Its demand is increasing day by day tgtmut the year while production is far from theuiegment and
or varies year to year.

Brinjal or eggplant $ melongena Linn.), is a very important common vegetable idién It is often described as a
poor person’s vegetable because it is popular astamgall-scale farmers and low income consumeis.fiatured
in the dishes of virtually every household in Indiegardless of food preferences, income levelssandhl status[4].
Low in calories and high in nutrition, the vegetabls very high water content and is a very goaucsoof fibre,
calcium, phosphorus, foliate, and vitamins B anfb[C It is also used in Ayurveda medicine for cugridiabetes,
hyper-tension and obesity. In addition, dried laiighoots are used as fuel in rural areas [4].

Salt stress causes inhibition of growth and devalm, reduction in photosynthesis, respiration, anokein
synthesis [6] [7]. Chlorophyll loss and accumulataf Proline is widely accepted as a marker fo/dadught stress
[8][9][10], which protects the proteins against demation and also act as osmotic balancing adeljfdp].
Therefore, identifying which responses promote aintain plant growth and development during strisss
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important for understanding the stress responseepso The ability to withstand stresses frequentigomes the
limiting factor for plant growth, survival and geaghical distribution. The study of the behavio@iptants under
stress is of practical importance from the poinviefv of agricultural yield. The current study aimsidentifying

the morphological changes in the plant growth aedetbpment caused due to salinity stress and alsbdck for

the varied levels of enzyme biomarkers during stres

EXPERIMENTAL SECTION

Growth and stress conditions. The experiment was conducted on 60 days old plgrisving under natural
greenhouse conditions; day/night temperature alativve humidity were: 30/25 °C and 75/70 % respatdii. The

average photoperiod was 12 h light/12 h dark. Fegplicates were taken wherein two of the replicatese

subjected to 25 mM NaCl and other two to 50 mM Nakvery third day for duration of 10 days.

Total Chlorophyll: The procedure of chlorophyll determination was dase the work of Mackinney[13]on the
absorption of light by aqueous acetone (80%) etdratchlorophyll at 663 and 645 nm. The conceiutrat of total
chlorophyll, chlorophyll-a, -b and total chlorophwlere calculated by the formula of Arnon[14]asegivbelow:

Chla (mg d) = [(12.7 x A663) - (2.6 x A645)] x (V / 1000 x Wt
Chl b (mg g) = [(22.9 x AB45) - (4.68 x A663)] x (V / 1000 xtWw
Total Chl = [(20.2 x AB45) + (8.02 x AB63)] x (VLOOO x wt)

The chlorophyll stability index (CSI) was calculdtaccording to the method of Murty and Majumdar] [45 the
ratio between Chlorophyll content in stressed lsaaed Chlorophyll content in control leaves andregged in %
[14].

Proline: The estimation was carried out according to thenowbf Bates [16]. Free proline was extracted fidi
mg of fresh tissue in 5 ml sulphosalicylic acid (3%sing a chilled pestle and mortar. The extracs Vitered
through Whatman No. 1 filter paper. The filtrateswallected and to this equal amount of Acid Ninftydeagent
and equal volumes of glacial acetic acid was added 5 ml of filtrate was obtained and to thisnbof each of the
mentioned reagents were added). The contents wdegllfor 1 h in a boiling water bath and coolegiddy on ice.
The colour was extracted in 4 ml toluene by vigerehaking and the organic phase recorded at 528gaimst
toluene as blank. Standard curve was preparedfferaht concentrations of Proline [16].

Total flavonoids: The estimation was carried out according to théhotkof Chang et al., (2002). Flavonoids were
extracted from 1g of fresh tissue in 8 ml methaanadl 2 ml distilled water using a chilled pestle anartar. The
extract was filtered using Whatman No. 1 filter gajand the filtrate was left exposed to air. Oneaperated
partially, 6 drops of 2 M sulphuric acid was addedt followed by the addition of chloroform to tmeixture in a
3:1 ratio. The chloroform layer was separated @ihgia separating funnel and was then exposed toral2 h.
Once completely evaporated, the residue was disddtv minimal amount of methanol and used for ttéretion

of flavonoids. Absorbance was read at 670 nm aad:timcentration of flavonoids was calculated frbm standard
graph [17].

Ascorbic Acid: Ascorbic acid estimation was carried out accordiog the procedure of Sadasivam and
Manickam[18]determined by using the principle ofdation of L-Ascorbic acid to dehydroascorbic aeitd 2,3-
diketogulonic acid followed by reaction with 2,4adrophenylhydrazine. The leaf tissue (200 mg) fiomth control
and stress plant was homogenized in 6 mL of 4%ioxadid using a chilled pestle and mortar, followey
centrifugation at 4000 rpm for 10 min. The assaxtune consisted of 0.1 ml of brominated sampleacttmade up
to 3.0 mL with distilled water, 1.0 ml of 2% DNPIdagent and 1-2 drops of thiourea. After incubatib87 °C for

3 h, the orange-red osazone crystals formed wessoldied by the addition of 7.0 ml of 80% sulphuamd and
absorbance was read at 540 nm [18].

Reduced Glutathione: GSH was estimated according to Beutler [19]. Thlsuie was homogenized with 3%
metaphosphoric acid. DTNB [5,5'-dithiobis (2-nitestzoic acid)] was added to supernatants cleared by
centrifugation. The formation of 5-thio-2-nitrokmic acid, which is proportional to total glutathédconcentration,
was monitored at 412 nm at 25 °C against reageritals [19].

RESULTS AND DISCUSSION

Chlorophyll: In the present study, the leaf chlorophyll contdatlined (Table 1, Fig 1) suggesting that salinity
injury may involve severe chlorophyll photo-oxidati mediated by oxy-radical [20]. In addition to d&iive
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damage, increased chlorophyllase activity andisdliced weakening of protein-pigment-lipid compkef2l] have
been implicated in chlorophyll degradation duririgess conditions. Thus, the observed reductionhlorophyll
content under NaCl stress could be a result of bettreased synthesis and increased degradationed3ed or
unchanged chlorophyll level during salt stress Iesn reported in many species, depending on thegidarand
severity of stress [22]. Supporting results alsdude studies on bean plaPhaseolus vulgaris [23],Catharanthus
roseus[24], cowpea Yigna unguiculata L.)[25], Vigna subterranean [26] and Field beanL@blab purpureus)[27]
demonstrate that NaCl stress caused a decreaslichlorophyll content. The chlorophyll stabilitydex (CSI), an
indicator of the stress tolerance capacity of ganxthibited a significant reduction under NaCl sdre

Table 1: Levels of total Chlorophyll and CSI % in keaves of Brinjal plants subjected to 25 mM and 50 M NacCl stress

Sample Total Chlorophyll | Chlorophyll Stability Index
(mg/g FWt) (CSI) (%)

Control 3.529 +0.9 100

Sample A 3.482 +0.9 98.66

Sample B 2.042 0.5 57.86

Sample C 2.256 +0.8 63.92

Sample D 2.156 +1.3 61.09

Chlorophyll

(6}

(mg/g Fwt)

Amount of chlorophyll

2
1
0 T T T T

Control Sample A Sample B Sample C  Sample D

Fig 1: Levels of Total Chlorophyll of leaf tissue 6Brinjal after treatment with 25 mM NaCl 3DAS (Sample A) and 5DAS (Sample B); 50
mM NaCl 3DAS (Sample C) and 5DAS (Sample D). Datadqtted are mean + SE of duplicates of three sepamateplicates, mean values
were compared by one way ANOVA (X 0.05)

Proline: Osmoprotectants like proline are compounds thatestiee property of being uncharged at neutral péi an
have high solubility in water. Moreover, at highncentrations they have little or no perturbing efffen
macromolecule-solvent interactions. Therefore iyina suggested that increasing levels of prolinpsh® protect
membranes from oxidation instead of osmotic reguaas an initial response to stress. Free prdlasebeen found
to act as a protein stabilizer, a metal chelatar, imhibitor of lipid peroxidation, and O free radical
scavenger[28][29]. The osmolyte, Proline leveldaaves were elevated under salt stress (Tableg22K). The
effect was moderate up to 25 mM NaCl during thererperiod of exposure. Proline content showed tgrea
improvements at higher concentration i.e., 50 mMMCNaAn increase in proline in salt stress plants baen
reported by a number of researchers [27][30][31].

Total Flavonoid content: Flavonoids are among the most bioactive plant stagnmetabolites outperforming well
known antioxidants, such as ASC aad tocopherol in scavenging ROS formed under adversgronmental
conditions [32]. The most abundant flavonoids, dlaels accumulate in their glycosylated form afteritsductive
light treatment and absorb UV-B light in the 28@32n region and are therefore regarded as effetiwdilters
[33]. The amount of total flavonoids was foundrorease in stressed plants (Table 2, Fig 2B).
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Table 2: Levels of Proline and Total Flavonoid inéaves of Brinjal plants subjected to 25 mM and 50 M NaCl stress

Sample Proline Total Flavonoid content
P (ng/g FW tissue) (mg/g FW tissue)
Control 470 £ 147 101.3 +5.13
Sample A 930 + 304 138.3 #45.2
Sample B 1173 + 175 98.66 +1.52
Sample C 2855 + 426 469.33 +53
Sample D 2366 + 321 287 £50.8
Fig 2A
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Fig 2: Proline (2A) and Flavonoid (2B) content oféaf tissue of Brinjal after treatment with 25 mM N&Cl, 3DAS (Sample A) and 5DAS
(Sample B); 50 mM NaCl 3DAS (Sample C) and 5DAS (8wle D). Data plotted are mean + SE of duplicatesf ¢hree separate replicates,
mean values were compared by one way ANOVA (#0.05)

Response of Ascorbate and Reduced Glutathione to salinity stress. The intense generation of reactive oxygen
species (ROS) is one of the reasons of disturbanggisysiological process in plants exposed to tabfactors. In
these cases, the development of the oxidativesstesld be considered as a disturbance in the d&lbatween
ROS production and functioning of the antioxidapétem in the plant cell. Plant adaptation to vasistressors
depends largely on both the functioning of antianidenzymes, such as superoxide dismutase (SORjaapl
peroxidases (POX), catalase (CAT), ascorbate paisex{APX), glutathione reductase (GR) and othans on the
accumulation of low molecular weight antioxidanf3&he latter are more efficient in countering R@&n
antioxidant enzymes [35][36]. The impact of thedative stress depends on the interaction of seVacadrs that
determine the antioxidant status of the plant. Asate (ASC), the key antioxidant in plants readteatly with
hydroxyl radicals, superoxide and singlet oxygen].[&s a powerful reducing agent, ASC maintainobplastic
a-tocopherol and metalloenzyme activity and act& asductant in enzymatic reactions and in nonen#griree
radical scavenging of superoxide angdb{38]. ASC also plays an essential role in plantwgtoand development
and has been implicated in many physiological resps [39]. ASC levels in leaves of stressed segsliilecreased
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progressively with exposure time and concentrafibable 3, Fig 3A), indicating effective scavengiofjROS in
Brinjal. This can be accounted for on the basiasdorbic acid oxidase activity that stimulates ¢i@ation of
ascorbic acid, inhibiting oxidation of the cell raaals and promoting survival. The basal and inddegels of ASC
appear to differ in plant species depending om#eessity generated by the plant’'s environmentpdnygdiological
situation. As ASC is easy to recycle by dehydratieaction with tocopherol and it does not interfesiéh light
absorption, plants use it more widely as a scavetige flavonoids. Both oxidized forms of ASC aggatively
unstable in aqueous environments while dehydrobat®r(DHA) can be chemically reduced to GSH to ARE[
The regeneration of reduced ASC is extremely ingrdrbecause the fully oxidized DHA has a short hfgfand
would be lost unless it is reduced back. Improwdérance to oxidative stressin tabacum andPopulus canescens
plants has been found to be associated with hifgiier concentration of ASC. Elevated levels of AB&ve been
reported under UV-B stress in higher foliar ASC teots and improved tolerance to oxidative stres<Cin
auriculata seedlings [41]. It was also reported that hightligondition and drought significantly increases &8C
content inP. asperata seedlings [42]. Salt stress severely reduced dgraftwheat Triticum aestivum L.). Foliar
spray with ASC improved the growth of non stresgkahts, but did not alleviate the adverse effectalf stress on
plants .This indicates that foliar spray with apgliASC protected the photosynthetic machinery filoendamaging
effects of salt stress, it did not improve the gitoaf the wheat cultivars under saline conditioB%{4

GSH plays an important role in the response oftplém environmental stresses [44]. In addition, GSldctively
involved in the cyclic transfer of reducing equimatls in the ascorbate/glutathione pathway[38], leggun of sulfate
transport, signal transduction, conjugation of rbelites, detoxification of xenobiotics[45], redoxgudation of the
cell cycle[46]and the expression of stress-respengenes[47]. The increase of GSH in leaf tisgliable 3, Fig
3B) is considered to be responsible for generadi8g via the ascorbate-GSH cycle. Increase condentraf GSH
has also been observed with the increasing Cd otration in P. sativum[48], Sedum alfredii[49], L.
purpureus[27]and V.mungo[50]. They also observed that plants with low levef GSH were highly sensitive to
even low levels of Cd* due to limited phytochelatin synthesis[45]. Redligéutathione (GSH) protects the plant
cells from the oxidative damage based on its rdmdfering action and abundance in the cell. Invoieat of GSH
in the ascorbate-glutathione cycle results in dsversion to the disulfide form (GSSG), especialhen plants are
subjected to environmental stress that alters thlistae biosynthesis. It catalyses the reductiothefoxidized form
of glutathione utilizing NADPH, and is thus impantdor maintaining the GSH pool [50][52]. Increasecellular
GSH levels by improving GSH biosynthetic capacityttowough the manipulation of glutathione reductasgvity
that converts GSSG back to GSH was found to shoanaianced resistance to oxidative stress as wéll aiotic
stresses in plants. A central nucleophilic cysteesdue is responsible for the high reductive ipiaé of GSH,
which scavenges cytotoxic,B, and reacts non- enzymatically with other ROS, sagl) O,, and OH [38].

Table 3: Levels of Ascorbate and Reduced glutathi@ncontent in leaves of Brinjal plants subjected t85 mM and 50 mM NaCl stress

Ascorbic acid Reduced glutathione
Sample | (ng/g FW tissue) (ng/g FW tissue)
Control 1.00 £0.01 20.15+45
Sample A 0.516 + 0.02 23.28+0.1
Sample B 0.684 +0.04 24.84 +1.18
Sample C 0.148 + 0.05 27.63 +3.35
Sample D 0.389 +0.014 58.44 +3.90
Fig 3A
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Fig 3B
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Fig. 3: ASC (3A) and GSH (3B) content of leaf tiseuiof Brinjal after treatment with 25 mM NacCl, 3DAS (Sample A) and 5DAS (Sample
B) interval; 50 mM NaCl 3DAS (Sample C) and 5DAS (8mple D). Data plotted are mean + SE of duplicatesf three separate replicates,
mean values were compared by one way ANOVA #0.05)

CONCLUSION

In conclusion, the Brinjal plant is tolerant totsah to 50 mM NaCl. Higher levels were found toderimental to
growth. The antioxidant system in leaves involves hon-enzymatic components GSH, ASC and prolife T
response of plants to salt stress is based omahscriptional action of many defense proteins, r@sgarch has not
discovered the basis for them all. Osmotic streskian toxicity are the problems stemming from saiess, and the
resulting decrease in chemical activity causes ¢ellose turgor. Cell growth depends on turgosttetch the cell
walls, and lack of turgor implies danger for calhgval. The plant's defense against this salirtiack requires
osmotic adjustment, and, to a certain degree Hrse done through synthesis of intracellular sslut
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