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ABSTRACT

Plant growth isimpressed by biotic and abiotic stressinversely. There are many reports about proteins change
level in salinity stress. Leaves fill up more soluble sugar of glucose, fructose and proline with treatment of
salicylic acid. In thisresearch, salivia officialis seeds planted in pots containing perlite were put in a growth
chamber under controlled conditionsof 27 2 ¢ and 23 +2¢ temperature, 14h lightness and 10h darkness; NaCl
concentration of 0,4,8,12 d/m and salicylic acid concentration of 0,1,2,4 mM were used intheform of factorial
experiment in a complete randomized design (CRD). The results demonstrated that increasing of proline and
sugars due to osmotic slope in plants lead to increasing of tolerance against dehydrations of leave content and

acceleration of plant developments in stress conditions.

INTRODUCTION

Plantsgrowth and production are affected by natu-
ral stresses, intheform of biotic and abiotic stresses,
inversdy. Theabiotic stress causes|ossof hundred mil-
lion dollarsannualy, because of reduction and loss of
productg*Y. Sdlinity isthe most important limiting fac-
tor for crop production and it isbecoming anincreas-
ingly severeprobleminmany regionsof theworld. Flant’s
behaviord responseto salinity iscomplex, and differ-
ent mechanismsare adopted by plantswhen they en-
counter salinity. The soil and water engineering meth-
odsincreasefarm production in the damaged soil by
salinity, but achievement of higher purpose by these
methods seemsto bevery difficult? thehigh sdinity of
the soil affected the soil penetration, decreased the soil
water potential and finally caused physiological
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drought’??, The plantsunder salinity condition change
their metabolismsto overcomethe changed environ-
menta condition. Onemechanismstutilized by theplants
for overcoming thesdt stresseffects might be viaaccu-
mulation of compatible osmolytes, such asprolineand
soluble sugar. Production and accumulation of free
amino acids, especidly proline by plant tissue during
draught, salt and water stressisan adaptive response.
Proline has been proposed to act asacompatible sol -
ute that adj uststhe osmotic potentia in the cytoplasm.
Thus, proline can be used as a metabolic marker in
relationto stress. Salvia officinalis (garden sage, com-
mon sage) isasmall, perennial, evergreen sub shrub,
withwoody stems, grayish leaves, and blueto purplish
flowers. Itisamember of thefamily Lamiaceseandis
nativeto the Mediterranean region, thoughit has natu-
raized in many placesthroughout theworld. It hasa
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long history of medicinal and culinary use, and in mod-
erntimesasan ornamenta garden plant. Thecommon
name “sage” is also used for a number of related and
unrelated species. sdlicylic acidisaplant phenol, and
today itisinuseasinterna regulaor hormone, because
itsrolein the defensive mechanismagainst biotic and
abiotic stresseshas been confirmed. Thisresearch sud-
iesthesdlinity and salicylic acid effectson sugar, pro-
tein and prolinecontentsof saviaofficias.

MATERIALSAND METHODS

Planting

At first, the seeds were disinfected with
hypocholorid sodium, and then 5 seedswere plantedin
each pot contai ning perlite and kept in agrowth cham-
ber under controlled conditions of 27 +2°c, 23+2°
temperature, 14 hlightness, 10 hdarkness. Thenthe
potswereirrigated with deionized water and nutrient
solution, every two day for onemonth. NaCl factor at
4levesincluding0,4,8,12 dsm and sdicylicacid treat-
ment at 4 levelsincluding 0,1,2 and 4 mM were used.
Theexperiment was performed asfactoria intheform
of completely random plan (CRD design) with 3 rep-
etitions (48 pots). Sdicylic acid treetmentswere sprayed
ontheleavesevery two daysfor two weeks, and then
different levelsof sainity factor were used every two
dayswith nutrient solutionfor 14 days.

Themeasurement of sugar content based on(*7

0.05gof freshtissueof leaf and root wasweighted
by laboratory subtle scae (satrius) BP211D modd with
0.0001 g accuracy. Each samplewasgrinded with 10 ml
deionized water inachinamortar, thenthe mortar con-
tent wastransferred to smal container andlocated ona
heater to boil. After that, the container contents were
filtered by watman filter paper (number 1), for plant ex-
traction. 2ml of each extractionwastransferred to atest
tubeand 2 ml copper sulfate solution wasadded to each
of thetube. Then, thetube cgpswereclosed with cotton.
Each of thesetubeswas kept inwarm water bath with
100°C temperature. In this term, CUZ+ was reduced to
CU.,0 by monosaccharide d dehid; herealbrick red color
was observed in the bottom of thetest tube.

After cooling thepipes, 2 ml phosphomolibdicacid
sol ution was added to them; after amoment, blue color
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appeared, and thetest pipewaswel | shaken to spread
the color within thetest pipe. The sol ution absorption
wasin 600 nm, determined by spectrophotometer sys-
tem, and then the sugar concentration was measured
by using of standard curve. For spectrophotometer set-
ting, asolution instead of plant extraction, whichin-
cludesdeionized water and therest solutionwith sugar
values, was measured and presented by using of rel-
evant standard curve based on mg/g fw.

Themeasurement of protein concentration
based on!?

for protein extraction of root and leaf, one gram of
each freshtissue (leaf and root) wasgrindedinachain
mortar; itincluded 5 ml buffer Tris- HCI 0.05M with
pH=7°5. The obtained computable solution was trans-
ferred to centrifuge pipe and then, the sampleswere
centrifuged by arefrigerator centrifugefor 25 minin
1000 gand 4°C. The obtained extraction was used for
themeasurement of protein sol ution concentration. Also,
0.1 ml protein extraction and 5 ml biorereagent were
added to thetest pipe, and vortexes quickly. After 25
min, their absorption wasread by spectrophotometer
system in 595 nm. The protein value was measured
and presented by using of relevant standards curve
based onmg/g fw.

Prolinemeasur ement method

0.02 g of root and fresh leaf tissue was grinded
with 10ml, 3% sulfosalicylic acid sol ution; theobtained
extraction was centrifuged by using centrifuge napco
2028R modéd for 5minin 1000 g. Then 2 ml of upper
liquid wasmixed with 2 mg ninhydrin reagent and 2 ml
pure acetic acid; they were kept in hot water bath at
100°C. for 1 h. After that for stopping all reactions, the
pipeswere cooled inicebath, and then 4 ml Tollen’s
reagent was added, with the pipeswell shaken. Sepa-
rated layerswereformed by fixing the pipesfor 15-20
s. For measurement of proline concentration, the upper
color layer of Tollens’ reagent and proline were used.
The absorption of some specific color material wasde-
termined through 520 nm, and the prolineof eechsample
was obtained by using standard curve, based on mg/g
fw.

Satistical analysis
Inthisstudy, thetotal number of experimentswas
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doneindifferent stagesin completely randomized de-
sgnwith 3repetitionsand thetest considerstherecip-
rocd effect of sdicylicacid and sdinity on different pa
rametersasfactorial. Thelevelsof 0, 4, 8, 12 ds/m of
salinity wereused and thelevelsof sdicylicacid were
0, 1, 2, 4 mm. The comparison of means was done
with Duncantest to SPSS 12.0 softwarein probability
level of 1%. For drawing graph, weused Excel 2003
software.

RESULTS

L eaf sugar

By high sdlinity concentrations, thelevel of sugarin
leaf increases. Also salicylic acid increasesthe sugar.
Thehighestincreasing sugar. level at salinityis4 mm
and 12 d¥msdicylic acid concentration. Theleast sugar
level isobserved at OmM salinity and 0 ds/m sdicylic
acid (Figurel).
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Figurel. Theeffect of NaCl salinity concentrationsand sali-
cylicacid on theleaf sugar content
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Figure2. Theeffect of NaCl salinity concentrationsand sali-
cylicacid ontheleaf protein content
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L eaf protein

Accordingto Figure 2, salinity decreasesthe | eaf
proteinlevel. Salicylic acid increases protein con-
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centration. Theleast protein level isobserved at 0
mM salinity level with 0 ds/m salicylic acid concen-
tration, and also the highest level of it could be ob-
served at 4 mm salinity level with 12 ds/m sdlicylic
acid concentration.

L eaf proline

Figure 3 showsthat withincreasing salinity level,
prolineincrease, alsoincreasesprolinelevel by high
sicylicacidlevd.
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Figure3. Theeffect of NaCl salinity concentrationsand sali-
cylicacid on theleaf prolinecontent
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Sugar

Theincreasing of photosynthesiscarbohydrateisa
signd for water deficiency tolerance. Thehigh carbohy-
drate concentration withitsroleto reduce water poten-
tid hel psto prevent oxidativel ossesand protein sruction
mai ntenance during water shortage. Also carbohydrates
play amoleculerolefor sugar respons blegenesthat give
different phys ologica responselikedefensiveresponse
and cdllular expansion®. Inthisresearch sdt stressand
sdicylicacidincreases|eaf sugar. Sdicylicacid cause
balanceinthesugar leved at sdinity stresscondition. The
increasing of induced glucose storage by salt stressis
possible, that isfor storage demand reduction of carbon
or starch decomposition™, Theincreasingof dl soluble
carbohydrateintheroot during sdinity stressiseffective
on thebal ance against osmotic pressure. The plant cell
for escgping from plasmolys sperformanceand cregtion
during sdt stressconditions should be changed and ana
lyzed from macro moleculeto micro molecule. Sucrose
breaks down to glucose and fructose, and starch de-
composition to glucoseincreasesits osmotic pressure
cd12 22, reported increasein solublesugar content of the
root of tomato under salt (Nacl) stress. Theuse of sali-

e, BIOCHEMISTRY

Au Tudian Yournal



304

The salicylic acid effect on the Salvia officianlis L. Ugar

BCAIJ, 5(5) 2011

Regular Peper ===

cylicacid could ectivate the consumption of solublesugar
metabolism by increasing osmotic pressure. Itissup-
posed that salicylic acid treatment derangesthe enzy-
matic system of polysaccharide hydrolysis®.

Protan

There are many reports about increasing and de-
creasing of proteinlevel insdicylicstress. Thesoluble
protein and freeamino acid in barley organs(root and
bud) increaseswith NaCl increasing. Thestudy of maize
plantanddsodl aminoacidincressedwith<dicylicacid®.
Theincreasing of amino acid in the plant tissue under
sressisreaedto proteinfraction™. Inthisresearch, itis
writtenthat theleef proteinlevel decreased by sdlt stress
but sdlicylicacid could increaseit. Thecauseof protein
reduction at sdinity conditionistheprevention of nitrate
reductase activity’®. The salt stress induced some
changeson the protein of riceleaf shootsand root but
not effective on leaf blade. Thelevel of someprotein
decreases because of protein synthesis reduction*¥,
Under highwater stress, some plantsproduce materials
with low molecular weight such as amino acid and
polyamines, which reducewater potentia. The plants
produce someproteinsin responseto bioticand abiotic
stresses, that some of these proteinsdeduct by phyto-
hormonessuchassdicylicacid™. Inthisresearch, the
sdt sressdecreasestheproteinleve inledf, but salicylic
acidincreasestheproteinlevels. Theproteinsat At stress
condition accumulateand act asosmoaticregulatort. The
sdinity sressdeductsspecid proteininroot and leaves
of barley. Sdinity Sressincreasesaminoacid contentin
wheat varieties®. Therearemany reportsabout protein
changesd ongwith compatible tagesthat adapt the plants
with changed environment™, Thesdinity stressinter-
fereswith nitrogen consumption and absorption. Thesdt
stress condition could have effect on different stages of
nitrogen metabolism, such asabsorption, ionicreduction
and protein synthesi§%3.

Proline

Prolineisoneof the most important compounds of
plantsdefensivemixed action to st stress. Increasing
prolineleadstoincreaseinresistanceto sat stressthe
amount of thisincreaseisdifferent between different
varietied®®, Sourceof prolineistotal protein and total
aminoacid.

According to the other studies, the proline accu-
mulation by sdicylicacid trestment increasesin whedt,
oat, bean and tomato, under oxidative stresses*®. The
moretolerant plantsstoremorepraling. Inthe present
research, increeang sdt increasesprolineinlesf. Inhigh
level of sdt, theprolineleve increases. Thereisadirect
rel ation between accumul ation of osmolates(prolineand
sugars) and increasing resistancein plantsin abiotic
stresscondition*¥. High protection of abcissicacidin
treated plantswith salicylic acid and under salt stress
increasesprolineand defensive proteing®l,
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