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OriginalResearchArticle

Protectiveeffectofpurplelettuce(Lactuca sativa
L.)aqueousextractonphysiologicalqualityoflettuce seedlings subject to salt stress

Abstract

Thesalinityisanenvironmentalstressthatcanaffectgerminationofseeds. Thelettucehas
carotenoids, vitamin C, high level of phenolic compounds and high antioxidant activity,
whichcanhelpreducethestresscausedbysalt. Thepurplevarietiesstillhavealotsof
anthocyanins,whichgivesthemgreaterantioxidantpower. Theobjectiveofthisstudywasto
evaluate the possible protective effect of purple lettuce leaf extract on the physiological
qualityduringseedgerminationandearly growthoflettuceseedlingssubjectedtosalinity.
Therefore, two experiments were conducted, one in the laboratory and the other in the
greenhouse.Inbothexperiments,lettuceseeds,cv.Regina,weresubjectedtoirrigationwith

purplelettuceextracts, variety Batavia
cacimba, andsaltsolutionsduringtheearlystagesofseedlingdevelopment,

evaluatingparametersrelatedtogerminationandbiomassproduction. Theuseofaqueous
extractofpurplelettucepromotesthegermination,thefirstcountingofgermination,theshoot
lengthandthedrymassofseedlingsunderlaboratoryconditions. Theaqueousextractof
purplelettuce,thoughnotinhibittheeffectofsalt,itassiststheinitialdevelopmentoflettuce
seedlings. Thesaltaffectsthedevelopmentoflettuceseedlingsinthelaboratoryandinthe
greenhouse.
Keywords:LactucasativaL.,salinity,germination,growth.
INTRODUCTION
Salt stress involves changes in several physiological and metabolic processes,

dependingontheseverityanddurationofstress,itcaninhibittheproductionofcrops| 1,2].

28 According to Ribeiro et al.,[3], salinity can be defined as a situation of excess of soluble salts,

exchangeablesodiumorboth,onthesuperficiallayersorothershorizonsofsoil,affecting
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plantdevelopment.Highlevelsofsolublesalts,especiallysodiumchloride(NaCl),reduce
waterpotentialinthesubstrate,leadingtolesscapacityforwateruptakebytheseed,which
may reduce the percentage of germination or even inhibit the process altogether, due to
osmoticandtoxiceffects[4].Furthermore,theproductionofreactiveoxygenspecies(ROS)
isenhancedduringsaltstressinplants[5]. Thismayleadtooxidativedamagetovarious
cellularcomponentssuchasproteins,lipidsandDNA, disruptingvitalcellularfunctions[6].
Lopes and Macedo[7]evaluatedthegerminationofChinesecabbageseedsundertheinfluenceofwater
content andsalt stress. The authors concluded that salinity affects the physiological
manifestationofthegerminationandvigorofseeds. Thedecreaseinthepercentageofseeds
germinatedmaybelinkedtothedifficultyofwaterabsorptionduetoverynegativewater
potential,particularlyatthestartofimbibition. Thisinfluenceonwateruptakemayimpair

40 thesequenceofeventsrelatedtogermination[8].Furthermore,asobservedbyRodrigues et al.,
[9],theuseof

41 increasinglevelsofsaltsinirrigationwaterinfluencesthedevelopmentoflettuce(Lactuca sativa
L.)cultivars,

decreasinglinearlythefreshweight,shootdrymass,leafnumber,androotdrymass.Some
authors[ 10,1 1]claimthatsaltstresscausesareductioninplantgrowthduetonutritional
imbalancescausedbytheeffectsofexcesssaltontheabsorptionandtransportofnutrients.
Farias et
al.,[12]indicatethatsalinityreducestheactivityofionsinsolutionsandalterstheabsorption,transport,
distribution and assimilation of nutrients in the plant.

However,plantsresponddifferentlytosaltstress,adaptingvariousdefensemechanisms
withchangesinmorphologyandgrowthpatternsaswellasphysiologicalandbiochemical
responses| 13].Onemechanismthatplantshavedevelopedtogrowunderstressconditionsis
the production of a wide variety of secondary metabolites [14], which assist in the
detoxificationofROS.

Many studies have investigated the antioxidant properties of fruits, vegetables and

medicinalplants[15,16,17].Somesubstancessuchasp-carotene,vitaminsCandEand



52  phenolic compounds are related to the antioxidant capacity of various vegetables [18].
53  Furthermore, endogenous protectors such as osmoprotectors, plant hormones  and
54  antioxidantshavebeeneffectiveinreducingthedamageinducedbysaltplants[19,20,21, 22].

Abbas and Akladious[23]studiedtheapplicationofcarrotrootextractintheinductionof
salinitytolerancein

55  cowpeaseedlings.Seedimbibitionofcarrotextractresultedinincreasedplantgrowth,yield,
56  andtolerancetosaltstress. Theauthorsobservedthattheresultsofthebeneficialeffectsof

57  carrotrootextractagainstabioticstressmayhavebeencausedbyitsbioactivecontentand

58  nutritionalcomponents, since the root containsanthocyanins, aminoacids, proline, sugar,
59  carotenoids,flavones,proteinsandfibers.

60 Lettuce(LactucasativaL.)isconsideredthemostimportantleafyvegetableinBrazil.
61  Theplantisconsumedworldwideandwidelycultivatedin manycountries[24].Justlike

62  carrots,ithashighnutritionalvalue,containingcarotenoids,vitaminCandhighcontentof

63  phenolic compound[25]. The redorpurple varieties have large amountof anthocyanins,
64  whichgivesthemgreaterantioxidantactivity[26].

65 Theobjectiveofthisstudywastoevaluateapossibleprotectiveeffectofpurplelettuce
66 leafextractonphysiologicalquality,duringseedgerminationandtheearlygrowth,oflettuce
67  seedlings,cv.Regina,subjectedtosaltstress.

68 MATERIALANDMETHODS

69 ThestudywasconductedattheDidacticLaboratoryofSeed Analysis(Departamento
70  deFitotecniadaFaculdadedeAgronomiaEliseuMaciel)andPlantPhysiologyLaboratory

71 (Departamentode Botanica, Institutode Biologia) of the Federal University of Pelotas

72 (UniversidadeFederaldePelotas,UFPel),Pelotas-Rio Grande do Sul
(RS),Brazil. Theplantmaterialusedwas

73 seedsoflettuce,cv.Regina,andaqueousextractofpurplelettuce leaves,variety Batavia
cacimba,beingconducted

74 twoexperiments,asfollow:



75 2.1Experimentl: Toevaluatethephysiologicalqualityduringgerminationoflettuce

76  seeds,cv.Regina,undercontrolledconditionsingrowthchamber(BOD),fourpurplelettuce

77  extractconcentrations(0,50,100and15 Oglettuceleavestater'l)combinedwithﬁve

78  concentrationsofsodiumchloride(NaCl)solutions(0,30,60,90and120mM)weretested,

79  usingdistilledwaterascontrol(tozeroconcentrationoftwofactorscombined). Toobtain

80 theplantextracts,purplelettuceplantsingoodhealthwerepurchasedatalocalfruitbowlon

81  the dayof use. Initially, the leaves were thoroughly washed in distilled water, and then

82  performed aslight drying with a paper towel. After the leaves were weighed as each

83  treatment and ground in a blender containing distilled water for 2 minutes. Performed

84  grinding, the extracts were filtered on filter paper and transferred to the refrigerator

85  maintainedat10°C, where theyremained undisturbedfor24hours, andthen be usedin

86  conductingthetests. Thecombinationoffactorswasperformedbyaddingthecorresponding

87  amountofNaCltopurplelettuceextracts,beforemakingthetests.

88 Thephysiologicalqualitywasevaluatedasfollows:a)Germination(G):theanalysis

89  wasperformedwithfourreplicationsof50seeds,intransparentplasticboxes,ontwosheets

90  of blotter paper moistened with 2.5 times the weight of dry paper with each treatment

91  solution. The boxes were placed in a germinator at constant temperature of 20°C and

92  photoperiodofl2hours. Thecountsweremadeinthefourthandseventhday,accordingto

93  theRulesforSeedAnalysis—RAS[27],computingthepercentageofnormalseedlingsfor

94  each repetition. b) First counting of germination (FCG):it was performed together with the

95  germinationtest. Thecountingwasperformedthefourthdayaftersowingandtheevaluations
100  weremadeaccordingtoRAS[27],computingthepercentageofnormalseedlingsforeach
101 repetition.c)Shootandrootlength(SLandRL, respectively):itwasperformedwitheightreplicatesof15
102 seedlingsforeachtreatment. Theshootandthemainrootlengthweremeasuredatseventh

103  dayaftersowingwiththeaidofagraduatedruler(mm).d)Totaldrymass(TDM):itwas



104  performedwiththesameseedlingsusedto determiningthe SL and RL lengths, thesebeingplacedin
105  paperbagstodryinanovenat70+2°Cuntilconstantweight,determiningthedrymassin

106  ananalyticalbalanceandtheresultswereexpressedinmgseedling™.

107 2.2Experimentll: Toevaluatetheinitialgrowthoflettuceseedlings,cv.Regina,inthe

108  greenhouse,threepurplelettuceextractconcentrationsweretested(0,75and125goflettuceleavesLwater
109 "incombinationwithfiveNaClconcentrations(0,30,60,90and120mM)

110  constitutingl5treatments. Distilledwater(zero-levelcombinationforbothfactors)wasused

111 asthecontrol.FactorcombinationswereperformedasinExperiment].

112 Lettuce seeds, cv. Regina, weresown in polystyrene trays, using washed and

113 autoclavedsandassubstrate.Initially,threeseedsweresownpercell,andthinningcarried

114  outafteremergence,leavingonlyoneseedlingpercell. Eachtreatmentwasconformedby

115  fourreplicationsofl8cells,totaling72cellsorseedlingspertreatment. Thesolutionsofeach

116  treatmentwereappliedimmediatelyafterseedingandsubsequentlyat4,9,15and22days

117  aftersowing,byvolumeof15mLpercellineachapplication. Hoaglandnutrientsolution

118  [28]wasaddedbyvolumeofl0mLinaconcentrationof50%oftherecommendeddose

119  (half-strength)atsevenand1 1daysafterseeding,andémLinaconcentrationof100%of

120  therecommendeddose(full-strength)wasadministeredat16and20daysaftersowing.

121 The characters evaluated were: a)Emergence speedindex (ESI):seeds were sown

122 manually,approximately0.5cmdeep,inpolystyrenetraysofcellscontainingsterilizedsand.

123 Theobservationswereperformeddaily,countingthenumberofemergedseedlingsperday,

124  untilthatnumberremainedconstant. ThespeedindexwascalculatedaccordingtoVieira and
Carvalho[29];b)

125  Seedlingemergence(E):itwascarriedonwiththesameseedlingsusedintheESI,counting
126  theseedlingsemergedat]2daysaftersowing,consideringasseedlingemerged,whichhad
127  thecotyledonstotallyfreeandnormal. Theresultswereexpressedaspercentageofseedling

128  emergence;c)Leafarea(LA):itwasperformedusingnon-destructivemethodintwostages,
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at14and24daysaftersowing,usingtheproductofthemainveinslengthandthemaximum
widthofthesheet,multipliedbythecorrectionfactor0.75;proposedbyPereira et

al.,[30]tolettuce. Theresultswereexpressedasem® seedling”
1;d)Shootlength(SL):itwasmeasured24daysafter
sowing,using10seedlingsperreplicationforeachtreatment

withtheaidofagraduatedruler. Theresultswereexpressedincmseedling”

! ;e)Productionofdryandfreshshootmass
(DSMandFSM):afterthemeasurementofshootlength,thesameseedlingswereweighedat
analyticalbalancetoobtainthefreshmassandthenplacedinanovenat70 °Cuntilconstantweight,thenw
eighedtoobtainthedrymass.Theresultswereexpressedingseedling'1;t)
Rootvolume(RV):itwasdeterminedbyplacingtherootsinagraduatedcylindercontaining

a knownvolume of water. The rootsystem volume corresponds to the volume of water
displacedinsidethecylinderafterimmersionofroots. Bydifferencebetweenfinalandinitialvolumeofwat
er,itwasobtainedtherootvolume(cm?®).g)Rootdrymass(RDM):after

measuringthevolumeofroots,theywereplacedinanovenat70 °Cuntilconstantweight,

andthenweighedatanalyticalbalancetoobtainthedrymass. Theresultswereexpressedingseedling™.

TheExperimentlwascarriedoncompletelyrandomizedfactorialdesign4x 5(lettuce
extract concentrationx NaClconcentration) with four replications. The effectsof factors
were analyzed by polynomial regression at statistical program WinStat2.0 [31]. The
ExperimentlIwascarriedoncompletelyrandomizedfactorialdesign(3x5)(lettuceextract
concentrationsxNaClconcentrations)withfourreplications.Dataweresubmittedtoanalysis

ofvarianceandsubsequentlythemeanscomparedbyLeastSignificantDifference (LSD)
withp=0.05andpolynomial

regressionatstatisticalprogramWinStat2.0[31].

RESULTS
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155

156 The datafrom the firstexperiment showedthatgerminationresponds tointeraction

157  betweenthetwofactorsstudied,whileothertestsshowedresponsestoisolatedfactors. There

158  was an increase in germination percentage with increasing purple lettuce extract

159  concentrationcombinedwithsalinityatconcentrationsof90and120mMofNaCl(Figure

160  1A).However,intheabsenceandlowerconcentrationofpurplelettuceextract,saltledto

161  reducegermination(Figure 1B).Thefirst countingofgerminationshowed no interaction

162  betweenfactors;however,therewasanincreaseinthenumberofgerminatedseedlingswiththeapplicati
163  onoflettuceextract,withaminimumpointat1.72 gL'1 (Figure1C).Asforthe

164  saltfactor,themaximumpointwasreachedat34.78mMNaCl,followedbyreductionwith

165  increasedsalinetreatment(Figurel1D).
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Figurel.Germination(G)andfirstcountofgermination(FCG)oflettuce(Lactuca sativa
L.)seeds,cv.Regina,

cultured in the presence ofpurple lettuce aqueous extract and NaClsolutions. Theleft

column(A,C)-lettuceextracteffect;rightcolumn(B,D)—saltsolutionseffect.
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Shootlengthincreasedwiththeapplicationofpurplelettuceextract(Figure2 A),reachingamaximum at
109.29 g L', however, linearly reduced with increasing salt concentrations
(Figure2B).Buttherootlengthwasreducedforbothfactorsevaluated(Figure2C. 2D).

Figure2.Shootlength(SL)androotlength(RL)oflettuce(Lactuca sativa
L.)seeds,cv.Regina,culturedinthe

presenceofpurplelettuceaqueousextractandNaClsolutions. Theleftcolumn(A,C) —

purplelettuceextracteffect;rightcolumn(B,D)—saltsolutionseffect.



176 Thetotaldrymassoftheseedlingsdifferedsignificantlyonlyforthetreatmentswithlettuceextract

177  application,reachingamaximumpointataconcentrationof81.5gL " (Figure

178 3A, 3B).
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182  Figure3.Totaldrymassoflettuce(Lactuca sativa L.)seeds,cv.Regina,culturedinthepresenceofpurple

183  lettuceaqueousextractandNaCl. Theleftcolumn(A)-extracteftect;rightcolumn(B)-salt

184  effect.
185 Experimentl|
186 Fortheseedssowedinthegreenhouse, therewasinteractionamongthefactorstothe

187  followingvariables:germinationspeedindex,leafarea,shootlength,freshanddryshoot
188  mass, root volume and root dry mass. The studied factors did not influence seedling
189  emergence (Figure 4A).

1%0 Theemergencespeedindexwassignificantlyhigherinthetreatmentwith125gL ™"

191  purple lettuce extract, in relation to the others, in the absence of salt as well as atconcentration

192 of 120 mMNaCl. Purple lettuce extract concentrations of 0 and 75 g L™
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showed a decreasing quadratic tendency, with maximumvalue at 29 and 1 mMof NaCl

solutions,respectively(Figure4B).
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Figure4.Seedlingsemergency(E)(left column (A))andemergencespeedindex(ESI)(right
column (B))oflettuce(Lactuca sativa L.)seedlings,cv.

Regina,culturedinthepresenceofaqueousextractofpurplelettuceandNaClsolutions. The

barscorrespondtotheamountofLSD(LeastSignificantDifference)amongthefactorlevelsofthepurple

lettuceextract(p=0.05);overlappingbarsindicatethatthetreatmentsarestatisticallyequal.

Asforleafarea(FigureSA, 5B),therewasasignificantincreasewiththeapplicationof
lettuceextract,atboth14(Figure 5A)and24days(Figure
5B)aftersowing(DAS).Leafarcawasapproximately20cm? greateraftertreatmentwith125gL ™!
ofextractcomparedtocontrolat24DAS(Figure
5B).Also,comparingthelettuceextractconcentrationswithineachsaltconcentration, the
responsevariable was also positive, with significant increases, reaching values
ofapproximately9cm? ofdifferencebetweentheconcentrationsOand125gL ™" ofpurple
lettuceextract,onconcentrationof120mMsalt(FigureSB).

Figure6representsthestageof

seedlingdevelopmentat24DAS.
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214  Figureb.Leafarea(LA)oflettuce(Lactuca sativa
L.)seedlings,cv.Regina,culturedinthepresenceofaqueous

215  extractofpurplelettuceandNaClsolutions.Leftcolumn(A)-14DAS-daysaftersowing;

216  rightcolumn(B)-21DAS-daysaftersowing. ThebarscorrespondtotheamountofLSD(Least

217 SignificantDifference)amongthefactorlevelsofthepurplelettuceextract(p=0.05);overlappingbarsindicate

218 thatthetreatmentsarestatisticallyequal.

219
220
221
222
223

224

225 Figure6.Developmentoflettuce(Lactuca sativa
L.)seedlings(24daysaftersowing).1:control(water);2:75g

226

L! ofextract;.%:lZSgL'l ofextract;4:30mMsalt;5:60mMsalt;6:90mMsalt;7:120
227
228 mMsalt;8:75gL " ofextract+30mMsalt;9:75gL ' ofextract+60mMsalt; 10:75gL™

ofextract+90mMsalt; 1 1:75gL ' ofextract+120mMisalt; 12:125gL " ofextract+30
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mMsalt;13:125 gL’l ofextract+60mMsalt;14:125 gL'l ofextract+90mMsalt;15:

125gL " ofextract+120mMsalt.
Datarelatingtoseedlinglengthandfreshanddrymassoftheshoot(Figure7)exhibited
thesametrendobservedforleafarea. Theyweresignificantincreasesfortheapplicationof

lettuceextract,bothaloneandinjointapplicationtoNaCl. Therewasnodifferenceamong

thesaltconcentrationsintheabsenceofextract,inthethreevariablesevaluated.
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Figure7.Shootlength(SL),freshanddryshootmass(FSM;DSM, respectively)oflettuce(Lactuca
sativa L.)seedlings,cv.

Regina,culturedinthepresenceofpurplelettuceaqueousextractandNaClsolutions. Thebars

correspondtotheamountofLSD(LeastSignificantDifference)amongthefactorlevelsofthepurplelettuce

extract(p=0.05);overlappingbarsindicatethatthetreatmentsarestatisticallyequal.
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Root volume and dry mass (Figure 8) revealed a significant difference among
treatment:evenwithincreasingsaltconcentration,theadditionoflettuceextractinduceda

significantincreaseinthesevariables.Bothvariablesshowedcubictendencyinrelationto

NaClconcentrations,withanincreaseuptoaconcentrationof30mMsalt(Figure8).
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Figure8.Rootvolume(RV)androotdrymass(RDM)oflettuce(Lactuca sativa L.)seedlings,cv.Regina,

culturedinthepresenceofaqueousextractofpurplelettuceandNaClsolutions. The bars

correspondtotheamountofLSD(LeastSignificantDifference)amongthefactorlevelsofthepurplelettuce

extract(p=0.05);overlappingbarsindicatethatthetreatmentsarestatisticallyequal.

DISCUSSION
Salinityaffectsplantsinvariousways,reducinggrowth,developmentandsurvival[32,
33]. However, vegetables have two types of metabolites: primary and secondary. While
primarymetabolitesareresponsibleforthesurvivaloftheplant,thesecondaryareintimately

associated withdefense strategies [34] in adverse conditions. According Taiz and
Zeiger[35]secondary

metabolites are distributed into terpenes, phenolic compounds and nitrogen-containing
compounds. The lettuce contains high levels of phenolic compounds [25], in addition to

anthocyaninspresentinredorpurplevarieties.



273 Thepresentstudydemonstratedthepositiveeffectoftheapplicationofpurplelettuce

274  extractongermination,firstcountingofgermination,shootlengthanddrymassoflettuce

275  seedlings, cv.Regina, grownundercontrolledconditions.Somestudieshavereportedthe

276  effectofaqueousextractsonseedsgermination.Soares et al.,[36]observedthatthetreatmentofpeanut
277  seedswithcinnamonpowderdidnotaffectthegerminationandgerminationspeedindexof

278  theseeds.Also,Parimelazhagan and
Francis[37]foundthattheapplicationofClerodendrumviscosumleafextractledto

279  ahigherpercentageofgerminationandimprovedriceseedlingdevelopment.Incontrast,the
280  percentage of germination and germination speed index of radish under action of Piper
281  mikanianumaqueous extract were reduced in all treatments containing extract [38]. This
282  suggeststhattheeffectofagiventypeofextractdependsonthesensitivityofthetestedplant

283  for the present compounds in the extract, because certain substances can inhibit the

284  germinationorgrowth[39].

285 Unlike lettuce extract, salinity affected negatively the germination and growth of
286 lettuceseedlings.Similarresultswereobservedinlettuce[40]andsunflower[41],wherethe

287  increase of salinity in the substrate affected negatively the germination. However, Zapata et
al.,[42]

288  studiedninevarietiesoflettuceundersalinestress,theyobservedarelativelyhightolerance

289  duringgermination, because highlevelsof NaCl(150mM)delayedgermination, butthe

290  majorityofseedswereabletogerminateundertheseconditions.Thesalinity,dependingon

291 the crop, can act by inhibiting or delaying the germination of seeds, however, in the

292  presenceofcompoundswhichacttoenhancethegerminationandearlyseedlinggrowth,the

293  negativeeffectofsalinitymaybelower,asobservedinthisstudybytheapplicationofpurple

294  lettuceextract.

295 AllparametersinExperimentlIshowedhighervalueswiththeuseofpurplelettuce

296  extract,aloneorcombinedwithsalt,andthebestresultswereobtainedwiththeapplicationof125gL"

297 ! Abbas and Akladious[23]studiedtheeffectofsoakingofcowpeaseedsincarrotrootextractsand
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NaCl.Theauthorsobservedasignificanteffectofsalinityinreducingthestemlength,roots,
numberofleaves, freshanddrymassofseedlings.Regardingthecarrotextract,theauthors
foundastimulatoryactiononthegrowthofcowpeaplantswiththeapplicationoftheextract,also they
found that the concentration of 25 g 100 mL™" was the best concentration to
improvingthetraitsoflengthevaluated,bothincontrolplantsasthose subjecttosalinity.

The use of purple lettuce extract provided an increase in the leaf area of lettuce seedlings,
when applied in isolation, as in the application with salt,

demonstratingtheprotectiveeffectoftheextract. This

resultishighlypositivefromtheagronomicstandpoint,sincetheediblepartoflettucearethe
leaves,therefore,increasesinleafarcaarealwaysdesired.

Oliveira et al., [43] evaluated the performance of five lettuce cultivars under different
levels ofirrigationwithwatersalinity(0.5, 1.5,2.5,3,5and4.SdSm'l).Theauthorsobservedthatleaf
arcawassignificantlyaffected(p = 0.01)bysalinityinallcultivars.Leafarearangedfrom2.3cm’
tol.3cm? showingthattheeffectofsalinityisinfluencedbygeneticvariationamong
cultivars.AccordingtoMorales et al.,[44],notallpartsoftheplantareequallyaffectedbysalinity,and
adaptationtosaltstressvariesbetweenspeciesandinthesamegenotypemayvarybetween
phenologicalstages. Thedecreaseinplantleafareainsalinityconditionsmaybeassociated
withoneofthemechanismsofadaptationofplantstosaltstress,reducingthetranspiration
surface[45].

Beyond the agronomic factor mentioned above, leaf area is important as a growth

variable indicative of productivity, because the photosynthetic process depends on the



323  interceptionoflightenergyanditsconversionintochemicalenergy,whichisaprocessthat
324  occursdirectlyontheleaf[35]. Howthephotosynthesisdependsontheleafarea,cropyield
325  willbehigherhowmuchfastertheplantreachesthemaximumleafareaindexandthelonger

326 theleafarearemainsactive[43].Also,accordingtoMittova et al.,[46]andSultana et
al.,[47],thereductionsinleaf

327  areaandphotosynthesiscontribute,somehow,toadaptthecroptosalinity.Reducedleaf
328  areaundersalinitystresscanbeasurvivalmechanismfortheconservationofwaterinan

329  areaoftheplantcharacterizedbylowertranspiration.

330 Thel25gL"

331 'concentrationofpurplelettuceextractprovidedincreasesofmorethan6cm’inrootvolumeand0. Sginroot
drymass(relativeto concentrationOgL'l).The

332 rootgrowthreinforcementbyapplyinglettuceextractisimportantbecauseitcanreducethe

333  shockoftransplantationintohorticulturalcrops[48],aswellincreasethepotentialforinitial

334  nutritionandwaterabsorptionintheplant[49].Itcanalsobeobservedthatthesaltshowed

335  cubictrendaboutvolumeandrootdrymass,withanincreaseinthesecharactersuntilthe

336  concentrationof30mM,followedbyreductionuntiltheconcentrationof90mM

337  AccordingtoMunns and Tester[50],theinhibitionofrootsystemgrowthundersalineconditionscan

338  beattributedtothereductionofphotosynthesis,whereasthenumberandsizeoftheleavesof

339  glycophyte plants are reducedundersaline conditions. Dragoeva et al.,[51]
studiedtheeffectofaqueous

340  extractofAdonisvernalisL.andobservedthattheextractreducedthelengthof Triticum

341  aestivumroots.Tas et al.,[52]studiedtheresponseofhydroponiclettucetosalinityproducedbyNaCl
342  andCaClhandfoundnosignificanteffectofsalinityonrootlength.

343  Paulus et al., [53]observedthatincreasingthesalinityofthewaterreducedfreshanddrymassin

344  twolettucecultivars,andthereductionvariedaccordingtoeachcultivar. AccordingtoPedo et al.,[54],
345  thesmallestallocationofdrymassmayresultfromtheeffectofhighNaClconcentrationon

346  hydrolysismechanismsandthemobilizationofreservesbytheseedling.Unlukara et

347  al.,[55],studyingtheresponseofcurlylettuceatdifferentlevelsofirrigationwatersalinity(0.75t07.0dS

-1
m),
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notedincreaseintheplantdrymasswithincreasingsalinity.Soares et al.,[56]foundthattherootsystem
oflettucewasnotaffectedbysalinity.Stillaccordingtotheauthors,itispossibletouse
salinewaterforproductionoflettuceonhydroponics,becausethetolerancetosaltsmaybe
superiortothatobtainedinconventionalsoil-basedcultivation.

Althoughabioticstressessuchasdrought,salinityandextremetemperaturescanreduce
the yield of major crops and limit global agricultural production [57, 58], various plant
extractscanpromotethegrowthofaparticulartissuebecausetheycontainsubstancesthat
trigger growthinduction mechanisms in plants [59]. The results showedthat the purple
lettuce extract has a stimulatory action on the germination and early growth of lettuce
seedlings, even under salt stress. Thus, future studies aimed the physiological and
biochemical response mechanisms induced bypurple lettuce extract must be explored, in
ordertoconfirmpossibleincreasesinproductionofdifferentcultures.

CONCLUSION

Saltstressaffectsthedevelopmentoflettuceseedlings,inthelaboratoryandinthe
greenhouse.

Thepurplelettuceextractdoesnotinhibittheeffectofsaltbutassistsintheinitial
developmentoflettuceseedlings.

The use of purple lettuce extract increase the germination, first counting of
germination,shootlengthanddrymassoflettuceseedlingsunderlaboratoryconditions.
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