Available online awww.scholarsresearchlibrargim

5“6\()‘09/%

2
2
Scholars Research Scholars Research Library (2—

9‘)49959‘6 N

/e )
Annals of Biological Research, 2015, 6 (11):39-46

(http://scholarsresearchlibrary.com/archive.html) Libra ry
ISSN 0976-1233

CODEN (USA): ABRNBW

Germination and antioxidant defense system in onioAllium cepa. L)
cultivars under salt stress

Sai Sudha Gunisetty and Riazunnisa Khateef

Department of Biotechnology and Bioinformatics, Mégmana University, Kadapa, Andhra Pradesh, India

ABSTRACT

Salinity is one of the major environmental aspewatsich affects on plant growth, development andipativity of
the agricultural crops worldwide. The aim of thigidy was to evaluate germination, initial growthrameters,
antioxidant enzyme (CAT, APX and GR) activities pradine accumulation, Na/ K™ content in seedlings of four
onion cultivars Agrifound Rose, Bellary, Prema-1a8d Nasik Red exposed to salt stress with different
concentrations of NaCl (0, 50, 100, 150 and 200 mMall cultivars, morphological parameters andatve water
content decreased with increasing NaCl concentregjo whereas antioxidant enzyme activities, proline
accumulation and Na/ K™ content increased. Bellary cultivar showed highssit tolerance than the Agrifound
Rose, Prema-178 and Nasik Red. Decrease in RWdeastsin Bellary as compared to other cultivarseTlsults
suggest that high NaCl concentrations have a negaéffect on the physiological quality of onion diegs,
resulting in lower seedling growth rates and ined antioxidant enzyme activity and among fouivark Bellary
was found more tolerant to salt stress.
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INTRODUCTION

Salinity is a major problem in many parts of anlaemiarid regions of the world [1]. It also hasaalverse effect
on the growth and development of most salt semsjilant species [2]. Nearly 20 % of world’s culted area and
50 % of the world’s irrigated lands are affecteddainity [3]. Salinity causes morphological, pholsigical and
biochemical, molecular changes in the plants. $gedhination, seedling growth are adversely affettgtiigh salt
concentration, ultimately causing diminished ecoiwonield, quality and productivity [4]. Successfseedling
establishment depends on the frequency and abflitie seed species to germination. The decreagerimination
race particularly under salt stress conditions tm@yue to the fact that seeds to prevent germmatéwvelopment
and osmotically enforced dormancy under stress itiond. Plant growth is adversely affected by sglifirom
decreasing availability of water in the soil forapt consumption and toxicity of certain ions thahttibute to
salinity [5]. The mechanism of salt tolerance, tefgor and depressed rates of root and shoot atimmg suggests
that environmental salinity acts primarily on watitake [6] Furthermore, high intracellular concatibns of both
Na" and Cl can inhibit the metabolism of dividing and expargiseedlings, retarding germination and even lgadin
to seed death [7].

Salt stress can also lead to excess intracellutatyation of reactive oxygen species (ROS) sucthasuperoxide
radical (Q"), the hydroxyl radical (OBl hydrogen peroxide () and singlet oxygen'Q.). To eliminate these
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ROS, plants possess antioxidant defense systenthwhé an important first line of defense againsé fradicals
under stress conditions [8]. This is the case ef dmtioxidant enzymes superoxide dismutase (SODjchw
catalyzes the dismutation of,Ointo H,O, and Q; catalase (CAT) and ascorbate peroxidase (APX)¢chvhan
cleave HO, into H,O and Q [1]. However, this regulation can be ineffectivetliie stress is severe enough to
considerably increase the production of ROS, wisah cause a following of events such as peroxidaifdipids,
degradation of membranes, and cell death. Therefloeebalance between the production of ROS anclbfiy to
rapidly activate the antioxidant defense systerneces the ability of a plant to endure adverse @@, indicating

its adaptation or tolerance to the imposed sti@ss [

Onion @llium cepalL.) belonging to the family of Amaryllidaceae, ithecond most important horticultural crop
in the world after tomatoes, which is cultivatedotighout the world and is extensively grown andeljicconsumed
in India [10]. Onion seeds are convex one side flattened on other side and are covered by a tdaekl coat.
Kadapa district is a cafeteria for various hortigtdl crops, located at the heart of RayalaseegianeWith little or
uneven rainfall it represents semiarid climate witth summer. Onion is one of the major crops growkadapa, so
the present investigation is to exploit the genetdability of the germ plasm of onion to identifige tolerant
cultivars which may give reasonable yield on stiticed soils.

MATERIALS AND METHODS

Collection, surface sterilization and growth conditons of onion cultivars

In the present study seeds of four onion cultiverslude Agrifound rose, Bellary, Prema-178 andiklasd were
collected from local farmers with reference to ¥®R Horticultural University, Kadapa and Nationabrticulture
Research and Development Federation (NHRDF) inetitkiurnool. Seeds of all four cultivars were fisstrface
sterilized by using 70 % alcohol and then sterdizéth 2 % sodium hypochlorite, then thoroughly tved several
times with distilled water. The experiment was hrout using five salinity levels with NaCl (0,,5000, 150 and
200 mM). Healthy and homogenous seeds were traadfeynto the wetted filter paper. The experimens wa
conducted in a germination chamber &t@%nd the visual observations were recorded up ays.

Morphological parameters

The seeds were considered germinated when thé tiiye sadicle had grown free of the seed coat. Geemination
percentage was calculated by following Wiese andnBig equation: GP: Ni / N x 100 (Where Ni: No. of
germinated seed tiliday, N: Total no. of seeds) [11].

Germination race with Maguire equation: GR: N1 /BPN2 / D2 + ... + Ni / Di (Where, GR: Germination ¢t
Ni: No. of germinated seeds in each numeration,Ndi: of days till ' Numeration. N: No. of numeration times)

[2].

Seed vigor was calculated with Abdul-baki and Asderequation: Seed Vigor: {Germination percentageeans
(RL + PL) mm}/ 100, (Where, S\6eed Vigor, RL. Radicle Length, PL. Plumule Lendfl®).

Relative water content
Relative water content was determined by the Yaka&taal (1999) [13]. Relative water content (RWChsw
calculated according to the following formula,

Relative water content: (FW-DW) / (TW-DW) x100 (WheFW - Fresh Weight, DW - Dry Weight, T"Wrgid
Weight).

Na"and K* ion measurement

Grind 500 mg of dry mass of tissue with 10 ml df9e.HNG;, the extract were centrifuged at 3000 x g for iB,m
and supernatant was filtered through a filter paperaliquot of filtrate was used for Nand K measurement by
flame photometerHP 8801 Kruss Optanics, Germany) [14].

Antioxidant enzyme activities

Weigh 100 mg of fresh onion seedlings, were homigeinwith 2 ml of extraction buffer containing 1 mRMSF
(Phenyl Methyl Sulphonyl Fluoride) and 50 mM sodiphosphate buffer (7.0), then centrifuged at 10,000 rpm
for 10 min at 4°C and the supernatants were collected and usethdoenzyme assays of CAT, APX and GR.
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Protein concentrations in the enzyme extract weterchined by the method of Lowry et al. (1951) gsilefatted
BSA as a standard [8].

CAT (E.C. 1.11.1.6) activity was measured spectovgitmetrically Evolution — 201 UV-Visible spectrophotometer
Thermo Scientific, India) by measuring the rateHe®, disappearance at 240 neke(= 43.6 mM* cmi®) according
to the method Patterson et al. (1984). The activdg determined by the oxidation of® at 240 nm.

APX (E.C. 1.11.1.11) was assayed by the methodatfaNo and Asada (1981). The activity of APX warded
as (1:iecrease in absorbance at 290 nm for 1 minhendrhount of ascorbate oxidized was calculated=(2.8 mM*
cm-).

GR (E.C. 1.6.4.2) assay was performed accordirdgging and Zhang (2001) with little modificationdeTrecorded
as the decrease in absorbance at 340 nm for 1ain 8.4 mM* cm™).

Estimation of proline

Proline was assayed according to the method destiily Bates et al. (1973). Fresh seedlings of 5g0ware
homogenized in 5 ml of 3 % (w/v) sulphosalicylidchaising motor and pestle 2.0 ml of extract, 2.0ahkcid
ninhydrin and 2.0 ml of glacial acetic acid wereded and incubated for 1 h in a boiling water bat®@°C
followed by an ice bath then add 4ml of toluenee @bsorbance was measured at 560 nm against ll&hk [

Visual observations of the morphological and quatitie measurement of biochemical parameters wene avith
minimum of three replicates involved in each expemt. The analysis of variance (ANOVA) was perfodméth
Duncan’s multiple range test using IBM SPSS sofenaarsion 20.0. The p - value was significant (@.05) of all
cultivars (n=4).

RESULTS

In the present study, different levels of salirlitgve significant effect on all growth parametersonfon seeds
germination percentage, germination race, seed vigesh weight and dry weight, relative water @t Strong
reductions in all traits were observed mainly gthleir levels of salt concentration compared to obnfccording to
the analysis of variance salt stress showed alfnts@sured morphological parameters are signifigegit.05).

While in this experiment all the four cultivars afion expressed different responses at four lesfesalinity. In all
cultivars the germination percentage was highesoatrol and started to decrease as the saltilemedases. Among
the four cultivars of onion seeds Bellary and prerh@3 showed highest germination percentage, lowest
showed by Agrifound rose and Nasik red. Highestmjeation race was related to controls in all calts:

Under Salt stress revealed significant effect amgrgation race of all four cultivars of the onioeesls. The highest
germination race was observed in Prema-178 andafye(9.76, 8.77, 6.58, 6.22 and 3.8) at all the sal
concentrations (50,100, 150 and 200 mM). By indrepsalt concentration, seed vigor declined (Tdhlel'he most
seed vigor was related to control treatment andeast related to 200 mM in all cultivars. The lighseed vigor
expressed cultivars were Bellary and prema - 178omtrol treatment Bellary (2.45), prema - 178 42.8nd the
least was related to 200 mM Bellary (0.84), Prenttr8 (0.65). Fresh and dry weights of the seedliwgse
decreased with increasing salt levels but there mase than 50 % decrease in fresh weight at 200 sail
concentrations. There was no significant decreasesh and dry weights of Bellary seedlings (Ta)le

The significant differences of Relative water comtevere observed in control and salt stressed osemdlings
(Table 2). Among four cultivars highest percenta§&®@WC was observed in controls of Bellary (93.88 #nder
salinity levels, 87.63 at 50 mM, 80.9 at 100 mM,0Bat 150 mM and 63.13 % at 200 mM.

Na’ content in onion seedlings increased linearly \iittreasing salt levels. Reaching the highest actation of
Na" at 50, 100, 150 and 200 mM there was no changerods. When we compare all the four cultivars Bentent
was less in Bellary seedlings at all the salirgétyells (Fig.1A). Least amount of Kaccumulation was observed when
compared to Naion content (Fig. 1B). NaK"* was least at controls of the four varieties whemjgared to salt
stress induced seedlings of onion (Fig. 1C).
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Changes in antioxidant enzymes of activities of CAPX and GR were observed in onion seedlings. Atiag to
the analysis of variance salt stress showed alirtbasured antioxidant enzyme activities are sicguifi (p< 0.05).
The activities gradually increased in all four tudts when compared to controls i.e. BL > PR > NRPE>(Fig. 2 A,

B, C). The highest percentage (%) of CAT, APX and ®ere observed in Bellary cultivar compared with a
percentage of control (100 %). Changes in freeipeatontent were measured in both control and stirefuced
onion seedlings. The results were depicted in &g8yr at increasing concentration of salinity morelipe was
accumulated in Bellary when compared to other ails.

DISCUSSION

Plants under salinity use a variety of strategesédutralize the adverse effects of salt stresthengrowth and
development [15]. In the present investigation rhoipgical parameters such as germination percentage
germination race, seed vigor, fresh weight, dryghtiand relative water content were decreased vdadn
concentrations increased in the onion seedlingsléllaand 2). Salinity inhibits the plant growth famwo reasons one

is water defect and the other is salt specific tmxicity [12]. Different plants have different meafisms to cope
with this [14] Nonenzymatic antioxidants are momgportant to addition their dominant role in plambygth and
development in addition to their antioxidant capacComparison of morphological parameters undéiniga
conditions with control showed that Bellary is méoerant cultivar than other onion cultivars okRa-178, Nasik
red and Agrifoundrose.

The fresh and dry weights of four onion seedlingseasignificantly modified in which the treatmembypes that salt
might be accumulated under the conditions of $e#s during germination process [15]. Relativéewaontent in
seedlings of Bellary reflects decreased water tmsspared to other three cultivars may be throughsipiration.
Lowest Nd content in Bellary seedlings is due to lesser keptaf Na (Fig. 1A). This is in good agreement with
antioxidant defense mechanism under salt strest@at seedlings reported by Mandhania et al., 2806

It is well known that salt tolerance in most crolars is associated with a major efficient antiaxid system
including enzymatic and non-enzymatic antioxidgs The results of present work under salt stri@ssnion
cultivars suggest selecting a tolerant one amohegrst

The affinity of enzymes for their substrate is aryvémportant factor to determine the antioxidanti@act
Considering that CAT has a low affinity to,®, this enzyme becomes active only when its sulestigt
accumulated, the activity of CAT increased with therease in the saline concentration at Bellafyivar (Fig.
2A) whereas for cultivars of Prema- 178, Nasik aad Agrifound rose, CAT activity was less when canegl to
Bellay at the concentrations of 50 to 200 mM Na€§pectively. The increase in CAT activity in sted plants
might be an adaptation to eliminate®4[17]. Bellary Cultivar showed its antioxidant degensystem more strongly
activated than Prema-178, Nasik red andAgrifourgk roultivars during the stress caused by the istrgasalt
concentrations.Plants with large ascorbate pootsjraulated by either ascorbate recycling or exogsrascorbate
supplementation, are able to maintain APX actieiteen under conditions of oxidative stress. Ourltesaf APX
increased activity in Bellary cultivar followed Brema-178, Nasik red and Agrifound rose (Fig. 2B increased
activities were compared with percentages of cémti®R is found in chloroplasts as well as in niitmedria and
cytoplasm and has a role to scaveng®Hn plant cells. GR catalyzes the rate limitingosté ascorbate glutathione
pathway. Increase in the glutathione reductaseigctn plants resulted in the accumulation of giliione (GSH)
levels and ultimately confers the tolerance in {#4h8]. In the present study with the greateréase in the activity
of glutathione reductase in Bellary compared te@pothree cultivars (Fig. 2C).

Accumulation of free proline is a typical responieesalt stress, which is a first manifestation biotic stress in
plants. Apart from protection of macromoleculesrirdenaturation and carbon and nitrogen reservstifess relief,
proline has several other functions during stresg,, osmotic adjustment, osmoprotectants, freeabdcavenger
and antioxidant activity [17]. In our study saicathmore proline was accumulated in Bellary followsdPrema-
178, Nasik red and Agrifound rose cultivars.
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Fig. 1 Effect of salt stress on (A) Nacontent, (B) K" and (C) N&: K* ratio in onion seedlings of Agrifound rose, Bellay, Prema - 178 and
Nasik red, in response to varying concentration dlaCl (mM)
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Fig. 2 Effect of salt stress on (A) catalase (CAT{B) ascorbate peroxidase (APX) and (C) glutathioneeductase (GR) in onion seedlings
of Agrifound rose, Bellary, Prema-178 and Nasik redin response to varying concentration of NaCl (mM)
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Table 1 Effect of salt stress on germination perceéage, germination race and seed vigor of differer@nion cultivars in response to
varying concentration of NaCl (mM). (*significant value of Duncan’s multiple range test is i 0.05)

Paramete NaCl (mM)  Agrifound rost  Bellary Preme17€ Nasik rec
0 93.33 +0.3* 81.67+0.2*  91.68+0.1** 81.67+0.2*
Germination percentage (%) 50 68.3 £0.1** 73.34+0.1**  80+0.2* 68.34+0.1**
10C 26.6 +0.2° 55+0.3* 71.67+0.3  53%0.1°
150 18.33 £0.1** 52+0.4* 58.33+0.2*  43.34+0.1*
200 11.66 +0.4* 31.6+0.2* 46.67+0.1**  26.68+0.3*
0 11.16+0.5* 9.76+0.2* 10.99+0.4*  9.77+0.1**
Germination Race 50 8.17 +0.2* 8.77+0.2* 9.57+0.1* 8.15+0.2*
100 3.18 +£0.1*** 6.58+0.3* 8.57+0.2* 6.34+0.1**
150 2.19 +0.3* 6.22+0.1*  6.97+0.3* 5.18+0.1*
200 1.39 +0.2* 3.8+0.2* 5.38+0.1**  3.19+0.1*
0 4.38+0.2* 2.45+0.3* 2.84+0.1* 2.57+0.2%*
50 3.3+0.1** 1.24+0.2* 1.87+0.2* 1.67+0.2*
Seed vigor 100 1.54 +0.2* 0.57+0.1** 1.67+0.2* 1.21+0.3*
150 0.91+0.2* 0.44+0.3* 0.75+0.3* 0.93+0.2*
200 0.43 +0.1* 0.84+0.1**  0.65+0.1* 0.45+0. 2**

Table 2 Effect of salt stress on fresh weight andrg weight and relative water content of different aion cultivars in response to varying
concentration of NaCl (mM). (*significant value ofDuncan’s multiple range test is p< 0.05)

Parameter NaCl (mM) Agrifound rose Bellary Prem&17 Nasik red
0 475.3+0.2% 498.4+0.3*  573.3+0.2* 507.2+0.4 *
50 441.7+0.3* 418.4+0.4* 476+0.1** 461.8+0.2**
Fresh weight(mg) 100 299.7+0.2* 341.8+0.2*  432.4+0.3* 484+0.3*
150 247.6+0.2* 299.2+0.2*  262.9+0.2** 353.2+0.1**
200 133.9+0.2* 279.6+0.3* 170.6+0.2* 159.8+0.2*
0 23.440.1** 27.6+0.2** 28.6+0.2* 26.4+0.4*
50 22.240.2* 24.8+0.3* 25.4+0.2* 21.8+0.2*
Dry weight(mg) 100 21.740.1%%* 23.2+0.1* 22.5+0.3* 19.8+0.1**
150 20.2+0.1** 17.240.1%*  18.1+0.1* 18.2+0.2*
200 11.840.3* 13.8+0.2* 11.3+0.1* 13.240.2*
0 81.89+0.1 93.88+0.3*  92.43+0.2 80.7+0.3
50 81.17+0.2* 87.63+0.2*  78.43+0.2*  74.97+0.4*
Relative water content(%) 100 70.22+0.2* 80.9+0.1** 67.45+0.3* 73.4+0.5*
15C 61.28+0.2* 79.08+0.1' 53.39+0.1*  70.57+0.2
200 53.22+0.3* 63.13+0.1**  51.55+0.2*  66.55+0.1**
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CONCLUSION

In conclusion, there is no published data on mdgdical and expression levels of antioxidants inoos in

seedling stages at in vitro conditions. High condions of salt exerted a negative effect in tigsological

quality of onion seeds, causing lower growth rated higher activity of the antioxidant enzymes,suse of the
increase in the activation of the antioxidant de&erystem where Bellary cultivar presented to beenmerant to
salt stress than other three cultivars.
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