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Summary

Salt stress, an abiotic stress, determines modifications of some biochemical indicators, like, antioxidant enzymes, proline (amino acid
accumulate in higher plants under salinity stress) content, and some physiological processes including: plant growth and development. In
this paper we studied the influence of exogenous treatment of wheat seeds, with 0.1 mM salicylic acid (SA) solution, in the plant response to
salt stress. The treatment was applied by presoaking the seeds in the treatment solution for 12 hours before germination. The results showed
that exogenous 0.1 mM SA solution, administrated to the wheat cariopses significantly ameliorated the negative effect of salt stressiin first
week of germination in laboratory conditions..

INTRODUCTION

Salicylic acid (SA) acts as a potential non-enzyenahtioxidant as well as a plant growth regulafiant
growth and development was intensly affected bfedéht adverse environmental conditions and byqaghs.
In plants the damaging effects of these abiotic laintic stress factors take the shape of alteratiarthe plant
physiology which leads to a reduction of growth andecrease of their bioproductivity. Salicylic caciould
ameliorate the damaging effects of heavy metalican (Mishra and Choudhuri, 1999), drought stresw/heat
(Waseem et al,2006) and salt stress in wheat (Agfah, 2007) and in sunflower plants (Noreen e2@09).

The application of Salicylic Acid, Acetylsalicyliécid or other analogues of SA, to leaves of maiad a
soybean accelerated the growth of their leaf ard,the dry mass production, but plant height aad length
remained unaffected (Khan et al. 2003). Out ofwi@ous concentrations of SA solutions used, Faldiiuet al.
2003, observed maximum increase in dry matter antation at a concentration of $0M, supplemented to the
leaves of the standing plants Bfassica juncea, but any concentration higher than this proved teehan
inhibitory effect.

Purcirea and Cachi 2008a, studying the influence of Salicylic acBAj and Acetylsalicylic acid (ASA),
on the growth of sunfloweHelianthus sp.) seedling roots, on their total absorption cépand on content of
assimilatory pigments in the primary leaves, obsérthat diluted ASA solution, with 0.01 mM and OriV
concentration determined an increase in the tdialrophyllian and carotenoid pigments content ia phimary
leaves of sunflower plantlets especially for 0.0 end 0.1 mM concentrations. Higher concentratitias 0.5
mM decreased the same parameter, the greatesitioisbbeing obtained for the SA or ASA solutiorfsacs.0
mM concentration. The same authors Rrga and Cachi in 2008b, comparing the effects of the two sohsio
observed that on thé"@lay of germination the diluted ASA solutions, witbncentrations of 0.01, 0.1 si 0.5 mM
had greater effects, the highest increase of ttad advsorption capacity of sunflower root systernthwt59.6%
compared to the control lot being recorded in adgbe treatment with 0.1 mM ASA solution.

Significant increases of the root growth were foarfiter spraying SA on leaves and in soybean plapts
Gutiérrez-Coronadet al. 1998, and in carrot, radish, and beet plants yéBaz-Rodriguest al. 1991.

The effect of NaCl on the total peroxidase activitya 5 day-old seedling of two contrasting genetypf
Setariaitalica, was studied by Sreenivasidual. in 1999. They found that the total peroxidasévagtincreased
under NacCl salinity.

However the leaves of corn and soybean treatedagittylsalicylic acid or gentisic acid exhibited etange
in their chlorophyll contents (Khan et al, 2003)ali€lic acid activated the synthesis of carotespid
xanthophylls and the rate of de-epoxidation, butrel@sed the level of chlorophyll pigments, bothwheat and
moong plants and also the ratio of chlorophyllia/tiheat plantlets (Moharekar et al, 2003).

Soaking the grains of wheat in"I@ of SA solution resulted in higher pigment congeintthe plants which
declined as the concentration of SA was increabedethat concentration (Hayat et al 2005).

Xue Jianpinget al., 2006, studied the effects of different conceidret of SA solution on the growth of
Pinellia ternate. When the height of the plant was about 10 cm, l#eves was sprayed with different
concentrations of SA solution and measured heighél chlorophyll content, activity of SOD (supeige
dismutase), MDA (Malondiadehyde) content, photosgais rate, intercellular GOconcentration, the
transpiration rate and the leaf temperature. Thalt® indicated that intercellular G@oncentration increased,
leaf temperature decreased and photosynthesis spaeedjood in a 0.5 mM SA solution. In conclusidmg t
concentration of 0.5 mM SA solution was suitabletfee growth ofP. ternate.
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Proline, a protective, free amino acid, is oneha potential biochemical indicators of stress tmbee in
plants. Proline contributes to membrane stabilitg anitigates the effect of NaCl on cell membranagition
(Ashraf and Harris, 2004).

The aim of this work was to study the involvemefithe exogenous applied SA solutions in whéaiticum
aestivum sp) plant response to salt stress.

The experiments were performed at tResearch Center of the Risk Factors for Agricd@tuforestry and
Environment” in the Faculty of Environmental Prdten, University of Oradea in 2010.

MATERIALS AND METHODS

Sample preparation - Wheat cariopsedf(iticum aestivum cv.Crisana) were soaked for 12 h in water or in 0.1
mM SA.

The germination was made in plastic recipients,/faiays, on a filter paper, moistened with 20 mhtment
solution:

control lot C) — 12 h soaked in water and germinated in water.
sample 1%,) — 12 h soaked in water and germinated in 200 n@ZINsolution;
sample 2%,) — 12 h soaked in 0.1 mM SA and germinated in 200 NaCl solution.

Each recipient contained 20 seeds. The germinatas made on filter paper moistened with tap wader,
20+£3°C in a Sanyo MLR 351H phytotron, day/night, ancelative of humidity 65-85%, under natural photon
flux density. Every day, the quantity of solutidnem the recipients was brought to the level oha0

Growth measurement - For the biometrical determination, the length o tloots and shoots of 10 wheat
seedlings was measured after 7 days of germinaiwhfor each determination 3 repetitions were made

Plant growth was estimated measuring the accurounlaif root and shoot weight, after drying the plant
material at 60°C for 72 h. Relative water contemisvalso measured and express according to thevino
equation:

FW - DW

Preparation of enzyme extract - 0,5g fresh samples (roots and leaves) were cofidoden each variant in the
7" day of germination, and were blended with 8 migghmte buffer solution, pH 7.0, diluted 1:9 witistdied
water, cooled at 4°C. The samples were centrifegedb000 x g, for 20 minutes at 4°C, and the sugtant was
separated. The extract was kept in the refrigeré&o2 hours for stabilizing and expressing enzyotvity.

Peroxidase (POX) activity determination — POX activity was determined at 30°C, with a ShimadV-
mini—1240 spectrophotometer, following the formatif tetraguaiacol at 470 nm wavelength26.6mM*cm™,
in a 3 ml reaction mixture containing 1 ml of 0.1osphate buffer, pH=6.0, 1 ml 15mM guaiacol, 1oMmB
mM H,O,, and 5@l of enzyme extract. One unit of peroxidase adtiyltl) represents the amount of enzyme
catalyzing the oxidation of imole of guaiacol in 1 min, method cited by Kim arab, 1996.

Catalase activity determination - the decomposition of hydrogen peroxide was obsered®40 nm,
spectrophotometrically (Aeby,1984). For preparatibthe plant extract 0.5 g plant material was hgemized with
3 ml 0.1 M Na-phosphate buffer (pH = 6.5).

We measured into a quartz cuvette: 2 ml above fiadspouffer (pH = 6.5), 100 hydrogen peroxide solution
(12.5 mM concentration), 54 plant extract. The solution was mixed, then thgaaption change was registered for
3 min at 240 nm. Slope value (reaction velodit¥Extinction peiA time) was calculated.

Then:

activity = 215ml O 1 0 AE 3ml 645 AE

005m 0.004mM At(min.) 05g At

where: 0.040 mMcm™ is the extinction coefficient of 4@, at 240 nm; unitumol hydrogen peroxide g F¥\min™.

Proline determination - Proline was determined following Batetsal. (1973). For the proline determination 0.5
g of plant material was homogenized with 10 ml &6 aqueous sulfosalicylic acid and the homogenate wa
filtered through Whatman nr. 2 filter paper. 2 rhfitirate was treated with 2 ml acid ninhydrin addnl glacial
acetic acid in a test tube for 1 hour at 100°C,thrdeaction terminated in an ice bath. The reaatixture was
extracted with 4 ml toluene, mixed vigorously wihest tube stirrer for 15-20 sec. The croophorgaining
toluene was aspired from the aqueous phase warneabin temperature and the absorbance read at520 n
using toluene for a blank. The proline concentrati@as determined from a standard curve and catilah a
fresh weight basis and expresseduasles proline/g of fresh weight material..

All the data in the present study are expressedes + sd obtained from 3 independent measurerbat.
results were statistically processed using theae$t” using Prisma 5 for Windows, to compare tteatement
means with control lot means.
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RESULTS AND DISCUSSION

Sudying the growth of the embrionary roots of the wheat seedlingsioletd from the seeds germination
under laboratory conditions, after 7 days of geation, we observed that the salt treatments sianifly
reduced growth in length with 30.77%, and decreasitd 22.81% the relative water content of the wthea
plantlets. In case of the seeds pre-treated withs8l&tions of 0.1 mM the negative effect of safess was
reduced therefore the decrease of growth in lemgth insignificantly or only significantly reducedtiv3.68%,
and RWC was insignificantly reduced, with 7.03%¢@mparison with the control lot (Table 1, Fig. 1).

Under stress condition, free proline (amino aciduaaulate in higher plants under salinity stresskglle
increased in the leaves of wheat seedlings. Stgdihe value after spectrophotometrycal determinatd
proline content, we observed that under salt sttes@roline content increased very significantith 105.9%,
in comparison with control lot. The treatment with mM SA alleviated the effect of salt stress, #malfree
proline content in this condition was lower (with.22%) than in case of salt stressed sunflowerlisgsdFig.

1 and 2).

Table 1.
Effect of Salicylic acid pre-treatment on the lendt (mm) and on relative water content (RWC %) of what (Triticum aestivum sp.)
seedling (root, shoot and plant length).

Biometrics
Roots length Shoots length Plants length
Statistic (mm) (mm) (mm) RWC %
evaluation
Type Control (C)
M + sd | 112+2,91 | 39.1+2.81 | 197.9432 | 69.7+1.7
Type S (NaCl 0.2M)

M + sd 69.8+£3.0 36.1+1.75 137+2.9 53.8+0.9

Statistical signification *kk ** i Fkk
Type $(0.1 mM SA+NaCl 0.2M)

M + sd 108.5+2.1 38.2+1.6 190.6+2.0 64.8+1.1

Statistical signification ns ns * *

M =mean value; sd = standard deviation; p>0.05 =assignificant; p<0.05 * significant; p<0.01=**dlinctly significant; p<0.001=*** very significanin
comparison with control lot.

Figure 1. Percentage differences of plant length, relative ater
content (RWC) and proline content measured in wheat
seedlings in stressed condition with or without SAreatment,
in comparison with the same parameters measured iwheat
seedlings from the control lot soaked in water. Thevalue for
the control lot was considered 100%.
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Figure. 2. Proline content in wheat seedling leaves in streske
or unstressed condition with or without SA treatmen.

Proline

H Prolme

jumoles proline/ g fresh weight

Control NaCl NaCl+SA

36



Studying the antioxidant enzymes activity in theec@f samples treated with a 200 mM NacCl solut@n,
very significant increase of the peroxidase andlaae activity was registered (between 121.9 ar@d888, in
comparison with the control lot), in the roots dieat seedlings (table2, figure 3).

Table 2.
Estimative mean values for the antioxidant enzymessctivity in roots and leaves of wheat seedlings off' days of experiment, in

comparison with the control lot treated with water

Antioxidant enzyvmes vegetative Statist_ic Samples
10X 2y organs evaluation Control (C) Salt (S1) Salt +SA (S2)
root M + sd 0.393+0.007 2.003+0.005 0.412+0.023
. Statistic signification N/A e *
P d POX) (U
eroxidase (POX) (U) ot M+ sd 0.586+0.024 | _ 3.99:0.063 0.653.£0.007
Statistic signification N/A xoxx *
root M + sd 4.29+0.034 9.52+0.055 4.41+0.078
Statistic signification N/A xxx *
Catalase (CAT) (U) oa M = sd 4.760.062 21.90.355 10.020.435
Statistic signification N/A Fokk Foxk

M =mean value; sd = standard deviation; p>0.05=sigificant; p<0.05 * significant; p<0.01=** distitly significant; p<0.001=*** very significant in
comparison with control lot.

The increase of peroxidase activity was higher tttanincrease of catalase activity. Salicylic apie-
treatment ameliorated the peroxidase and catalaBeity under salt stress in enzyme extracts of athe
seedlings. Pre-soaking the wheat cariopses foiirLar0.1 mM SA solution significantly reduced therease of
the peroxidase and catalase activity in tRed@y of germination (the registered increase wawésn 2.8 and
110.08%, in comparison with the control lot).

Figure 3. Percentage differences of antioxidant enzymes, POX
and CAT activity, measured in roots and leaves of heat
seedlings in stressed condition with or without SAreatment, in
comparison with the same parameters measured in theots
and leaves of wheat seedlings from the control Iatoaked in
water. The value for the control lot was considered 00%.
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Similar results were obtained by Kaydanal. in 2006. They observed that wheat seed soakin§An
increased shoot and root dry weight and osmotiergiatl in the salinity stressed wheat seedlings.

Fariduddinet al. in 2003 and Hayat et al in 2005, when studieceffect of exogenous SA and its derivatives
on growth ofBrassica junceea observed maximum increase in dry matter accunuuadt a concentration of
0.01 mM SA, supplemented to the leaves of the stgrlants ofBrassica juncea, but any concentration higher
than this proved to have an inhibitory effect.

Husseinet al. 2007, spraying maize plants with salicylic acidtfie rate of 200 ppm improved all growth
characters i.e. plant height, number and areaadrgteaves, stem diameter and dry weight of steavek and
whole plant.

Noreenet al. 2009, also found that exogenous foliar applied $#hamced antioxidant capacity in salt
stressed sunflower.

Proline can be used as a metabolic marker inioeldb stress. Proline is produced immediately rafte
encounter of cells with salt stress and proteatsplasma membrane and proteins against stressr8aital
1992.

CONCLUSIONS
> The analysis of the obtained results of this stedgws that salt induced stress inhibits the growth
parameters in wheaf(iticum aestivum cv. Crisana) seedlings, determined an increasetinxadant

enzymes, and in proline concentration.
» The exogenous 0.1 mM SA solution enhanced the throfithe wheat seedlings.
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»  The activity of antioxidant enzymes was signifitgfower in SA treated seedlings in comparisonhwit
the salt stressed plantlets.
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