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Summary

Vigor,vitalityandseeddormancyof14FinnishcultivarsofAvena
sativa in room temperature were studied in a 22-year laboratory
experiment.Theseparameterswerestudiedbymeasuringmorpho-
logical and physical characteristics of seeds and by basic ger-
minationandenzymatictests1,4,6,11,16,21and22yearsafter
seed harvesting in 1989. Methylene blue, Congo red and 2,3,5-
triphenyltetrazolium chloride (TZ) tests were used to estimate
seedqualityandchangesinvitalityovertime.Seedvitalityclearly
decreasedinallcultivarsduringtheexperiment.Themeanvitality
declined from 96.3% (one year after harvest) to zero at the end.
Vitality according to theTZ testwashigher than indicatedby the
basic germination test.Themean vitality losswas 4.6%per year,
buttherewerecleardifferencesbetweencultivars.Thedecreasein
vitalitycorrelatedwithlossinseedweight.Clearsignsofdeepening
dormancywereobserved.Seedageisanimportantfactorinfluencing
vitalityanddormancy.Vitalitylossofseedsledtodeepdormancy.
Theappearance,wateruptakeandimbibitionoftheseedsremained
normal until the end. Ageing, vitality loss and dormancy are
concludedtobeexpressionsofgenes.Itispossiblethatinthefuture
electronic simulation methods will be developed that will enable
accurateestimationofoatseedqualitywithoutlaboratorytests.

Introduction

Oat (Avena sativaOat (Oat ( L.) is an important food and forage cereal
worldwide.Itisoneoftheoldestcropsandisstillwidelycultivated
worldwide,includingathighlatitudesandinrestrictiveclimates.Its
importanceinhumannutritionisincreasingfollowingreportsonthe
cholesterol-lowering,antioxidantandotherhealth-relatedproperties
of oat and oat products and components (OTHMAN et al., 2011;
HUANGetal.,2011;LIUetal.,2011;KRISTENSENandBUEGEL,2011).
Discoveriesinthenutritionalvaluesofoatarealsoachallengefor
theproductionandqualitybreedingofthiscrop(NUUTILA,2000).In
Finland,oatisanimportanteconomiccerealwithalongtraditionof
productionandnationalbreedingprogramswhichhaveresulted in
thedevelopmentofseveralcultivarsandofcerealmarketingstrategy
programs (PULLINEN, 1999). Generally, Finnish oat cultivars are
relatively stable and well adapted to the local cultivation zones,
andproducesatisfactoryyields.Thevitalityofoatseeds isalmost
perfectafterfullripeningandharvesting,althoughitisdependenton
favorableweather.Harvestweatherisoftenproblematic,especiallyon
thenorthernboundaryofoatcultivation,wheregrowingconditions,
particularly the short growing period, temperature conditions and
precipitation,areextremelydifficult.Therefore, thevigorofseeds
isimportantinseekingtoimprovetheproductionandstorageofoat.
Vigorresearch,however,ischallengingnotonlyscientistsbutalso
for seed technologists andengineers. In the literature from1960s,
generally,therateofageinginseedswasreportedtobedependenton
threefactors:temperature,moistureandoxygenpressure(BARTON,
1961;KOZLOWSKI,1972; BEWLEY andBLACK,1978;MAYER and

POLJAKOFF-MAYBER,1982;ROBERTS,1981).Recalcitrantseedsare
killedbylowmoisturecontent,andinorthodoxseed,thepercentage
of viability depends on environmental conditions.Although from
thebeginningof1970s literaturefollowedoptimisticallyamethod
for theoreticalpredictionof thepercentageviabilityof seedsafter
any timeoveraverywide rangeofenvironmentalconditions, this
methodofthepredictionwasnotexactand,consequently,corrected
byliterature,andevenbythesameauthorsmanytimes(ROBERTS,
1973;ELLISandROBERTS,1980,1981;ELLISetal.,1980; GÁSPÁR

et al., 1981;ROBERTS, 1981;ELLIS andWETZEL, 1983;VLK and
ROGALEWICZ,1986;ELLIS,1988;FILHOandELLIS,1992;HONGand
ELLIS,1996;WALTERSetal.,2005;PÉREZ-GARCÍAetal.,2008,2009;
NIEDZIELSKIetal.,2009;NAGELandBÖRNER,2010).Theproblem
of long-termstorageof seedsunderenvironmentalconditions (i.e.
lowinputenergy)withhighviabilityisstillunresolved.Long-term
studies, where seed viability is monitored periodically, provide
directevidenceofchanges ingerminationpercentagewithstorage
time (SPECHT et al., 1988;WALTERS et al.,2005), although early
stage of seed ageing is asymptomatic (WALTERS et al., 2005).
Thereiscurrentlynoin-depthknowledgeoftheageingofoatseeds
or oat seed dormancy, although attention should be paid to these
phenomenainseedtechnologyandbreedingtoavoidpossiblelosses
inlong-termstorage,andespeciallyinthecaseoflong-termfarm-
storage.Thiskindofstoragewithlowinputenergymaybepossible
fromanecologicalpointofviewanduseful,asagricultureneedsto
beabletoprovidesustainablefoodsecuritytomeetnewchallenges
(PELTONEN-SAINIO et al., 2011). It is necessary to develop new
methods of testing seed quality and thereby gain new knowledge
andaprofounderunderstandingofseeddormancyandageing,and
themechanismsgoverning thesephenomena. It isnotknownhow
changes in seed physical and biological parameters are connected
with ageing and vitality loss, although it is known that seed size
influencesoatgerminabilityinfullyripenedseeds(GUBERACetal.,
1998).Thesechanges,with14Finnishtraditionaloatcultivars,were
studiedinourlaboratoryfor22yearstodeterminehowvitalityloss
is connected with the physical and biological parameters of the
seeds.Thefollowingthreequestionswereaddressed:(1)Howdothe
riskstothevitalityandgerminationofoatcultivarsdevelopduring
22yearsofseedageing?(2)Aretheserisksconnectedwithchanges
inseedparametersduringageing?(3)Whatdifferencesaretherein
vigor,vitalityandseeddormancybehaviorbetweenthedifferentoat
cultivars,andisitpossibletofindstandardsforthesebehaviorsover
theyears?

Materialandmethods

Seeds of 14 Finnish oat cultivars were harvested in 1989 in the
formerHankkijaBreedingDepartmentandsent to theDepartment
of Biology of the University of Joensuu (presently University of
Eastern Finland), where they were studied and stored at room
temperature1990-2011.Thefirstlaboratorystudieswereperformed
inMarch1990,andthesewererepeatedseveraltimesoveraperiod
of20years.Theorigins,releaseyearforcommercialuseandgeneral
characteristicsofthecultivarsarepresentedinTab.1andFig.1.*Correspondingauthor
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Physicalstudiesofseeds
Morphologicalandphysicalparametersofseedsweremeasuredto
monitortheirpossiblechangesovertime.Nodisease,pathological
deviationsor strongseedpolymorphism(ANISZEWSKI,2001)were
observedinthecultivarsstudied.

Seedandseedcoatweightmeasurements
Fourreplicationsofsamplesof20seedsweretakenatrandomfrom
eachcultivar.Eachseedwasobservedusingaseriesofmagnifying
glasses (diameters 10, 50 and 100 mm) and a stereo microscope
ZeissStemiDV4,andweighedon laboratoryscalesScaltecSBC
41 (exactness 1mg) each year ofmeasurement. Four replications
of five seedswere selected at random from each 20-seed sample,
weighed,andthecoatsseparatedusingascalpel,abaseglassanda
stereomicroscopeZeissStemiDV4.Thecoatswerealsoweighed
separately.

Lengthandwidthoftheseeds
The length andwidthof the seedsweremeasured from randomly
chosensamplesof20seedsusingaDigimaticwithelectronicreader
(exactness1x10-5m).Thelengthoftheseedwasthelongestvertical
distancefrombasetotop,andthewidthwasthelargestmeasureof
theseedhorizontally.

Germinationstudies
Basictests
Laboratory germination tests were conducted each study year
usingPetridishes (diameter90mmandof15mmdeep),blotting
paperwiththicknessof2.5mm,andextraclean(Milli-Q)waterin
standardroomtemperature.20seedswereselectedatrandomfrom
eachcultivarseedseachstudyyearanddividedintofoursamples.
Four pieces of blotting paperwerewatered and each samplewas
placed on the paper, coveredwell and put on a Petri dish.When
covering the five seeds, special carewas taken that none of them
wereindirectcontactwitheachother.Every24hrs,thecoverswere
openedforventilation,andtheseedsremovedforobservation.Next,
thepaperswerewatered,seedsreturned,coveredagainandplaced
onthePetridishes.Boththeimbibitionandgerminationoftheseeds
wererecorded.Thedurationofthetestwas14days.

Fig.1: Variability of seeds ofA. sativa cultivars studied. Each cultivar is
representedby two seeds taken at randomandphotographed from
bothsides.

Tab.1: Origins,releasedatesforcommercialuseandgeneralcharacteristicsofcultivarsstudied.

Cultivar Parents Release Onthelist Additionalinfo Source
  tomarket ofofficialcult.  

Esa line091xSeger(SWE) 1922 N/A whitekerneloat*** Evirantietokanta

Hankkija-773 EhoxBlenda* 1958 1974-1980 whitekerneloat Rekunen,1975

HankkijaValko PendekxTab4137 1976 1977-1983 whitekerneloat Rekunen,1976;1980

HankkijaVouti HannesxAstor(NL) 1982 1985-1992 whitekerneloat Rekunen,1983

Hannes EhoxSisu 1964 1964-1980 whitekerneloat Ilola,1965;Kivi,1965

Kyrö Taa3084xTa03370 1959 1959-1971 whitekerneloat Huttunen,1960

Kytö line091xKultasade 1925 1935-1946 thefirstdomesticcultivar, Sauli,1925,1926;Pohjakallio,1937;
    whitekerneloat*** Paatela,1953

Nasta TiitusxRyhti 1979 1972-1992 whitekerneloat Inkilä,1978

OsmoII KuopiotraditionalxGuld 1922 N/A blackkerneloat,cultivated Evirantietokanta
    inFinlanduptoendof1940s   
Pellervo Voittoxlinja091 1935 1938-1939 whitekerneloat Sauli,1935

Puhti HannesxRyhti 1978 1978-2004 whitekerneloat Inkilä,1978;Rekunen,1985

Ryhti SisuRtgworkedxBlixt** 1970 1970-1992 whitekerneloat*** Inkilä1970

Virma RosinantexHja30766 1990 from1990 whitekerneloat Huttunen,1955;Säynäjärvi,1990

Yty RyhtixTiitus 1989 from1991 whitekerneloat SaastamoinenandPärssinen,1989

*bredaslineTaa357    
**bredfromthecrossJo50-2395    
***observation,doesnotappearinsources



152 T.Aniszewski,J.Haikonen,B.Helwig,G.Konert,Z.Oleksińska,A.Stenman,T.Ylinampa

Specialcheckingtest
Todeterminewhetherseedscollectivelyplacedonasinglemedium
influenceeachother’sgermination,atestinordertocheckpossible
allelopathic interactions was carried out with 14 seeds of each
cultivar. Three layers of watered blotting paper covered by small
paper bag providing fresh air were used. Seed imbibitions and
germination were observed and recorded every six hrs. The test
wascarriedout19yearsafterseedharvest.The testedseedswere
checkedagain thenextyear.Thischecking testconfirms thatseed
germinationdidnotdependoninteractionbetweenseedsoronany
kindofallelopathyofindividualseedexudatesinthisresearch.The
testprovedthatthegerminationtestresultsarevalidanddependon
seedvitality.

Vigorandenzymaticstudies
With the objective of checking imbibition and seed vitality and
vigor thedyetestsofMethyleneblue(MB,MerckDarmstadt,art.
1283; molecular formula C16H18N3SCI), Congo red (CR, Merck
Darmstadt, art. 1340; molecular formula C32H22N6Na2O6S2), and
2,3,5-triphenyltetrazolium chloride (TZ, Merck Darmstadt, art.
8380;molecularformulaC19H15ClN4)werecarriedout.Thesedyes
are commonlyused inhisto- andclinical chemistry andhavealso
beenused inseed tissueresearch(ANISZEWSKI,2006;ANISZEWSKI

etal.,2006).MBisacationicdye,whichbindstoacidicgroupssuch
as pectins (NARI et al., 1991) and lignins (FINERAN, 1997).CR is
wellknownforitsbindingtosomecellwallpolysaccharides,suchas
cellulose(VERBELENandSTICKENS,1995).TZisusedfordetecting
living cells by dehydrogenase indication (SERVA, 2004; ORITANI

etal.,2004).

MBtest
The MB test was used to study seed water uptake and water
distributionin theseed.0.1%Methylenebluedyewasusedin the
samewayaswaterinthegerminationtest.Seedsweretakenoutafter
seven days, dried with blotted paper, photographed and observed
underastereomicroscope.Fiveseedswerecutandthedyedareas
withinwereobservedwith thenakedeyeandunderaZeissStemi
DV4microscope, and photographedwith aCanonLeica S8APO
10446339 microscope camera. Finally, all the photographs were
analyzed.

CRtest
TheCR testwas used to study seed imbibition. 0.1% solution of
CRwasusedonmoistenedseedsinthesamewayasintheMBtest.
Five seedswere cut, thedyed areaswereobservedunder a stereo
microscope,photographed,andthephotographswereanalyzed.

TZtest
TheTZtestwasusedtostudyvitality.0.5%colorlesswatersolution
of2,3,5-triphenyltetrazoliumchloridewasprovidedandplacedon
Petridishes in the samewayas in thegermination test.Afterone
weektheseedsweretakenfromthesolutionanddriedwithblotting
paper.Next, theseedswerecut inhalfvertically.Redcolor inside
theseedwassearchedforusingamagnificationglasssystemanda
stereomicroscope, andphotographed.Next, thephotographswere
analyzed.

Statisticalmethodsusedandpresentationofresults
The results were analyzed using SigmaPlot v.11.0 with Statistics
component and Microsoft Office Excel 2007 onWindowsxp Pro-
fessional. Statistical analyses and tests were carried out using

descriptive statistics, normality test (NT), ANOVA, Student-
Newman-Keuls method (SNKM) and Tukey’s-test (TT). Results
werepresentedusinglogarithmicscale,relativecomparison,means
with standard deviations, and on 3D graphs createdwith Blender
v.2.62.

Results

Vitality losses and germination risk to lose germination capa-
city
Seedvitality,testedbythebasicgerminationtest,clearlydecreased
in all cultivars during the long-term experiment, while storage at
roomtemperatureandageingconstitutedarisktoseedgermination.
In thebeginningof theexperiment, thevitalityofall thecultivars
was almost perfect, with an average germination rate of 96.3%;
thisshowedadecreaseafteronlyfouryearsofstorage.Thereafter,
vitalitycontinuedtodecrease,reachingzeroafter22yearsofstorage
(Fig. 2). However, vitality measured by the TZ test was higher
than vitalitymeasured by the germination test in all the years of
measurement.Thegreatestdifferenceoccurred in thefinalyearof
theexperiment,whentheTZtestindicatedameanvitalityofnearly
fiftypercent(48.6),althoughnogerminationofseedswasindicated
bythebasicgerminationtest(Fig.2).Inadditionaccordingtothe
TZtest,thestandarddeviationsforvitalitywereverysmalluptothe
sixthyearpostharvestandclearly increased thereafter, incontrast
tothestandarddeviationsofthemeansforvitalityobtainedwiththe
basicgerminationtest,whichalsoincreasedatalowerrate.
The dynamics of mean vitality differed according to the length
of storage time.Themeanvitality lossduring thefirstperiodwas
5.6%peryearandinthesucceedingperiodnear9.3%,withfurther
decreases in the remaining periods.An exception to this was the
lastyearofmeasurement,when theseedsdidnotgerminateatall
(Tab.2).Thetendencytowardsvitalitylossesbetweencultivarswas
similarinallperiods.However,Hannes,Kyrö,Nasta,Pellervoand

Fig.2: Thedynamicsofmeanvitalityandphysicalparametersofoatseeds
(meanswithstandarddeviationsinlogarithmicscale).Theresultsof
statisticalanalysesofdataareasfollows:vitalitybybasic testand
TZtestandseedwidthNT(P<0.05*),ANOVA(P<0.001*),SNKM
(P<0.05*);seedweightNT(P>0.05ns),ANOVA(P<0.05*);coat
weightandseedlengthNT(P<0.05*),ANOVA(P>0.05ns).
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Ryhtishowedthehighestlossesinthesecondperiod,andHankkija-
773andValkointhelastperiod(Tab.2).Theaveragevitalitylossper
yearforallcultivarswas4.6percentagepoints(pp),andtheaverage
forindividualcultivarsdifferedonlylittlefromthisvalue(±0.05pp)
(Tab.2;Fig.3a).
During the experiment, changes in seed physical parameterswere
observed(Fig.2).Intheendoftheexperiment,seedsofallcultivars
revealedonaverage14.5%reductioninweightthaninthebeginning.
Theestimatedmeanlossofseedweightvariedbetweenperiods,but
across thewhole experimentwas 0.24milligrams per year.There
weredifferencesbetweencultivars.Their seedweightvaried from
0.89(Ryhti) to1.14(Kyrö)of thespeciesmean in thefirstperiod
andfrom0.69(Kytö)to1.19(Esa)inthelastperiod.Somecultivars
showedaconsiderabledeviationfrommeanweightofallcultivars.
Acrosstheexperiment,seedweightvariedbetween0.69and1.25of
speciesmeanweight(Fig.3c).
Lossofseedcoatweightwasalsoobservedineverycultivar(Fig.2;
Fig. 3d), and was on average 29.2% across all cultivars during
the experiment. The mean loss was 0.23 milligrams per coat per
year.However,inthesecondperiodofthestudy,itwasashighas
0.79milligrams per coat per year. Seed coatweight varied signi-
ficantlybetweencultivars,rangingfrom0.49(Yty)to3.99(Hank-
kijanValko) ofmean species coat weight. Cult. Osmo II showed
a significant decrease in coat weight as the seed aged.Also, the
standarddeviationsweregreaterthaninthecaseoftotalseedweight
(Fig.2;Fig.3d).
Theotherphysicalparameters,lengthandwidth,remainedrelatively
unchangedthroughouttheexperiment(Fig.2;Fig.3e-f).However,
thereweredifferencesbetweencultivars:thelongestcultivar(Osmo
II)was11%abovethespeciesmean,andtheshortest(Nasta)was
8%belowthespeciesmean.Inturn,thewidestcultivarswereKyrö
andOsmoII,whichshowedfluctuationsof8-18%abovetheaverage
width,andthenarrowestwerePuhtiandVirmawithfluctuationsof
8-13%belowaverage.
The results demonstrate that decrease in vitality correlates more
stronglywithlossofseedweightovertheyearsthanwithchanges

inlengthandwidth(Fig.2,Fig.3a-f).Thereisalsoadependency
betweenvitalityandseedcoatweight.CultivarHankkijanValkohad
25%highervitalityandaseedcoatnearlyfourtimesheavierthanthe
speciesmeanafter21years,althoughthelengthandwidthremained
closetothespeciesmean.

Vigorandseeddormancy
Theresults indicate that theMB,CRandTZ testsareveryuseful
inseedvitalityresearch.Methylenebluetestingshowedthatallthe
cultivars’coatsweredyedsimilarly(Fig.4),withvariationinsidethe
seed.Someseedswerenotdyedontheinsideandsomeweredyed
onthebaseand/oredgeoftheseedcoat.Aphotographofatypical
MBresultispresentedinFig.5a.
TheCRtestresultedinpartialcolorationoftheseeds.Theendosperm
andembryoregionswerenotdyedbutthecoatregionwas,ascanbe
seeninFig.5b.Seedsthatdidnotgerminateweremoreextensively
dyedbybothMBandCR.
The TZ test resulted in a clearly visible red coloration in some
regionsof theseeds (Fig.5c-d).Redspotsweredispersedon the
insideoftheseed(Fig.5c)orlocatedintissuesneartheembryoorin
othervitalregions(Fig.5d).Someseedsofthecultivarsthatdidnot
germinateduringthelastexperimentalyearwerecoloredredinthe
TZtestandseemedtobedormantratherthandead.However,there
wererelativelywidedifferencesbetweencultivarsintheTZtestover
the years (Fig. 3b). In thefirst year, cult. Puhti showed lowerTZ
activityincomparisontotheothercultivars,whichwereverysimilar
toeachother.Inthefollowingyearsofmeasurement,thedifferences
betweencultivars increased.After22years, the cultivars couldbe
divided intofivedifferent vitality groups according to theTZ test
results.Thefirstgroup (cult.HannesandYty) showed thehighest
colorationincomparisontothespeciesmean(+58pp).Incontrast,
the cultivars belonging to the fifth group (cult. HankkijanValko,
Virma) were 61 pp below the species mean. The others were as
follows:secondgroup(cult.Hankkija-773,HankkijanVouti,Kytö,
Nasta,Pellervo,Ryhti)+18pp,thirdgroup(cult.Esa,Kyrö,Osmo
II)-21pp,andfourthgroup(cult.Puhti)-41pp(Fig.3b).
The vitality and signs of dormancy of cultivars after 22 years
differed.After16years,germinationstopped,butsignsofdormancy
were indicated by theTZ test.The results clearly show that seed
vitality and dormancy depend on the age of the seed. Moreover,
these seed phenomena are clearly connected with the changes
in losses in seed and seed coat weight over the years. The other
physicalparametersarenotclearlydependentontheageoftheseed.
Althoughthereisnocleardependencebetweenseedlengthorwidth
andvitality, it cannotbe ruledout thatagehas some influenceon
thesmallchangesintheseparameters.Furthermore,ourresultsdid
notdirectlyexcludethepossibilitythatolderseedswouldgerminate
givenalongergerminationtime.

Discussion

Seedvigor, vitality anddormancydependonmany factors, inclu-
dinggenetic(WILLENBORGetal.,2005),environmental(PELTONEN-
SAINIOetal.,2001;BILIGETUetal.,2011),technological(ZIELINSKI

andMOS,2009),anddevelopmental(FARHOUDI,2011)factors.Our
results indicate that the ageof seeds isoneof themost important
developmentalfactorsinfluencingfluctuationinseedvigor,vitality,
anddormancyduring storage at room temperature and allowing a
germination time of two weeks. The seeds gradually deteriorated
fromshowingnearlyperfectvitalitytocompletelossofgermination
vigor in these conditions. However, the TZ test indicated partial
metabolic and enzymatic activity, which proved that the seeds
were alive but dormant.This strongly suggests that not all of the
seedsstudieddiedcompletelybutinsteadwentintodeepdormancy,

Tab.2: Mean vitality loss per year for A. sativa species (average of all
cultivars)andcultivarsindifferentseedageperiods.Theresultsof
statisticalanalysisofrealdataareasfollows:NT(P<0.05*),ANOVA
(P<0.001***),SNKM(allP<0.05*).

Cultivars 1.-4. 4.-6. 6.-11. 11.-16. 16.-21. 21.-22. 1.-22.

Esa 5.42 7.38 6.05 3.56 0.29 15.75 4.58

Hankkija-773 6.08 7.75 5.80 2.73 0.02 19.75 4.58

HankkijaValko 5.75 8.75 4.90 3.10 0.05 20.75 4.56

HankkijaVouti 6.08 7.38 5.20 4.00 0.85 13.75 4.62

Hannes 5.75 10.63 4.35 3.82 0.28 16.50 4.63

Kyrö 5.17 10.63 4.60 3.70 0.25 16.75 4.58

Kytö 5.83 9.63 5.15 3.06 0.39 16.25 4.57

Nasta 5.67 11.25 5.55 2.06 0.39 17.25 4.61

OsmoII 5.50 9.75 5.95 2.32 0.53 16.25 4.58

Pellervo 5.17 10.50 5.60 2.31 0.64 16.00 4.54

Puhti 5.27 8.10 5.65 2.99 0.76 16.50 4.55

Ryhti 5.83 11.25 5.65 2.47 0.43 14.75 4.64

Virma 5.50 9.00 6.20 2.56 0.69 13.75 4.55

Yty 5.75 7.63 7.25 1.59 0.46 17.50 4.60

Allcultivars 5.63 9.26 5.56 2.88 0.43 16.54 4.59
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Fig.3: Seedparametersincomparisontospeciesmean(averageofall14cultivars=1.0)duringthelong-termexperiment.3a.Vitalityaccordingtobasic
germinationtest;3b.VitalityaccordingtoTZtest;3c.Seedweight;3d.Seedcoatweight;3e.Seedlength;3f.Seedwidth.
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emergence from which would probably have needed a longer
germinationtime.Thedeepdormancyisastatusofseedvigorwith
reducedabilitytoestablishthenewgeneration,anditistheeffectof
aseedinsidefactor,suchasageing.Theliteraturedoesnotprovide
anydataonlong-termseedvitalitybehavior,seeddeathordormancy
ofoatatroomtemperature.However,oatseedvitalitydeteriorated
greatlyafter10yearsofstorageinthecoldchambersofagenebank
–about35%ofthesamplespresentedsignificantdifferencesbetween
initialandfinalgermination–and that the losses invitalityofoat
seedsweresignificantlyhigherthanthoseofbarleyorwheat(RUIZ

etal.,1999).Inotherspecies, it isknownthatyoungerseedshave
ahigheremergenceratethanolderseeds(BELGACEMetal.,2006),
andthatthestandardgerminationtestgenerallydisplayspoorerseed
vitalitythantheothervigortests(KHANetal.,2010).Theincreasein
thepresentvitalitystandarddeviationsinthesixthyearpostharvest

isprobablyadirectexpressionofphysicochemicalchangesinseeds
anddeterioration in theabilityofparticularseeds togerminate,as
indicated by the TZ test results. These physicochemical changes
in seeds over time also had a direct influence on the seed vitality
dynamics. This is the main reason for the wide variation in the
averageannualrateofdeteriorationinoatseedvitality.Thecritical
periodforvitalitylosswasfourtosixyearspostharvest.At11years
post harvest, seed vitality showed considerable deterioration and
the physicochemical changeswere probably slower. It seems that
at thatpoint, theseedprotecteditsvitalitybyretardingtheannual
rate of deterioration, as shown by the lower annual rate of loss.
The remaining vigor was lost and seeds became totally dormant
22yearspostharvest.Thisphenomenoncanbeconsideredtypical
foroatandisbasedinthegenome.Somediversitybetweencultivars
isobserved.
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Fig.4: SamplesofseedsofdifferentcultivarsdyedbyMethyleneBlue(MB,upperrow)andCongoRed(CR,lowerrow).
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Our results clearly showed that deterioration in seed vitality is
connected with seed weight loss and an increased seed coat to
totalseedweightratio22yearspostharvest.Inspiteofdifferences
betweenparticularcultivars, thesephenomenawere typicalfor the
A. sativa species. In the literature, the relationship between seed
weight and seed vitality is very diverse and species-dependent.
In some species, seed weight has no influence on vitality (TOON

etal.,1991;BRETAGNOLLEetal.,1995;WEIetal.,2010);inothers,
heavierseedshaveahighergerminationrate(ROYetal.,1996;HOU

andROMO,1998;MYINTetal.,2010),althoughtheheaviestseeds
have been reported to have the lowest germination rate (HOU and
ROMO,1998).Thechangesintheotherphysicalparametersof the
seeds in the present study (length, width) were smaller than the
changes invitalityandthechanges inseedweight.Thesefindings
arenew.According to the literatureon laboratory tests, longeroat
seedshavebettervitalitythanshorterseeds(GUBERACetal.,1998),
andadecreaseinseedsizeandosmoticpotentialincreasedmedian
germination time and decreased the final germination percentage
(MUTandAKAY,2010;MUTetal.,2010).Oatgenotypeswithlarge
seeds appear to be better suited to germinate under large osmotic
potentials (WILLENBORG et al., 2005), and larger seeds germinate
faster(FARHOUDI,2011).
In spite of weight loss and other changes in physical and biotic
parameters, their appearance of the seeds remained normal, and
their water uptake and imbibition were non-defective after long
storage.Thiswas shown by the near perfect coloring of the seed
tissues.MB-dyedplant tissuescontainedpectinsand lignines,and
CRtissuescontainedcellulose.Moreover,thelivepartsoftheseeds
were indicated by TZ, a chemical which, upon reduction, forms
pigmentsofdeepcolor,knownasmonoformazansand isused for
histochemical detection of dehydrogenases in enzyme diagnostic
and clinical chemistry (ANISZEWSKI, 2006). It seems that histo-
chemical tests, especially the TZ test, are more reliable in the
detection of seed vitality than the standard germination test after
long-termstorage.TheTZtestisstatedtobeoneofthemostreliable
techniquesforestimatingseedvitality(HOSOMIetal.,2011).Itcan
be concluded from our results that the oat cultivars studied vary
geneticallyintheirabilitytogerminateafter22years.Itseemsthat
thecultivarsHannesandYtyhavegeneswhichexpresshigherlevels
of vitality andHankkijanValko andVirma have genes expressing
lower levels of vitality. The vitality of the other cultivars studied
appear to be located between these two extreme genetic groups.
Germinationabilitymightbeexpressedbygeneticpoolbackground
(LAMIAetal.,2012).
The ageing of oat seeds is associated with lack of ability to
germinate and the secondary dormancy phenomenon. Both of
thesearerootedinageneticmechanisminfluencedbythelevelof
DOG1 andABI3 (dormancy increasing factor) and KYP/SUVH4
(dormancy decreasing factor) in gene transcription (ZHENG et al.,

2012). These genes regulate seed dormancy, both primary and
secondary. Seed ageing and loss of vitality, aswell as dormancy,
are expressionsofgenes and therefore, differences ingerminating
capacity between cultivars are also differences between genomes.
Moreover, the expression of genes during ageing affects chemical
changes inseeds,especially lipiddegradation(WANGetal.,2012)
andgeneralenzymaticactivity(CACKMAKetal.,2010).Thisseems
tobe thebasicreasonfor thedeteriorationinseedvitalityandthe
deepeningofdormancyover theyears.Moreover,our resultsmay
help in paving the way for the possible future development of
electronicsimulationmethodsfortheaccurateestimationofoatseed
qualitywithoutlaboratorytests.Suchapplicationsaretheoretically
possible,becausethebehaviorofseedvigor,vitalityanddormancy
are biological phenomena based on genetics and connected with
ageing. However, to achieve this, more research is needed, not
only on seed vigor, vitality and dormancy but also on A. sativa
seedtopography(amapoftheseedcoatandlocationsofseedcells,
described by ANISZEWSKI, 2009), seed biometrics and chemical
changesovertime.
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