AssessingGeneticVariabilityandHeritabilityinGar-
lic(AlliumsativumL.)GenotypesforBulbYieldandRelated Traits

Abstract

Oneofthefundamentalgoalsofplantbreedingistoevaluategeneticdiversityincropspe-

sityincropspe-
cies,whichaidsinthedevelopmentofbreedingapproaches.Therefore,thisfieldexperimentwasconductedtoasse
ssmeanperfor-

mance,thegeneticvariabilityingarlicgenotypesonbulbyieldandrelatedtraits. Thefieldevaluationofnineteenga
rlicgenotypesandonereleasedvarietyHLwasconductedatKulumsaAgri-
culturalResearchCenterusingarandomizedcompleteblockdesign-
withthreereplicationsduringthemaingrowingseason-
sof2020and2021.Theanalysisofvarianceindicatedthereweresignificantdifferencesamongthegenotypesforall
traitsexceptdaystophysiologicalmaturi-
tyin2020season,whileonlysomegrowthandyieldtraitsaresignificantin2021productionseason.Someofthegen
otypesGOG-065/18,GOG-057/18,GOG-047/18,GOG-064/18,GOG-068/18,GOG-045/18,andGOG-
018/18hadmeanperformanceshigherthanthestandardcheckvarietyHL.The highest significant bulb yield
was observed on the genotype G-067/18 (9.63't ha™) and GOG-057/18 (9.90 t ha™) in 2020 and 2021
season respective-
ly.Highestphenotypic(PCV)andgenotypic(GCV)coefficientsofvariationrecordedfortotalbulbyieldtonsperhe
ctareandnumberofclovesper-
bulb,whilethedaystophysiologicalmaturityhadthelowestheritability(h’b)inbroadsenseandgeneticadvanceas
apercentof-
mean(GAM),67%and33.89%(totalbulbyieldperhectare)and1.13%t00.08%(daytophysiologicalmaturity)re
spective-
ly.Highphenotypicandgenotypiccoefficientsofvariationcoupledwithhighheritabilityandgeneticadvanceaspe
rcentofmeanwereobservedfortotalbulbyieldtonsperhectarenumberofclovesperbulbandclove-
clovesperbulbandclove-

weight. Therefore,selectionforthesecharacterswouldbeeffectiveforselectinggenotypesforfuturegarlicbreedi
ngprograms.
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1. INTRODUCTION
Gar-

lic(AlliumsativumL.)isabulbousperennialcropcultivatedindifferenttemperateandsubtropicalclimatesallovert
he-

world[13].1tbelongstothegenusAllium,whichincludesalmost1008speciesdistributedin15subgeneraandmore



than70sections[14,

29]. AftertheonionitisthesecondmostwidelyusedcultivatedbulbcropsintheWorld[ 7].ItiswidelygrowninEthio
pia’scentralandhighlands,bothunderirrigationandrain-fedconditions
[28].But,theproductivityislowprimarilyduetoalackofsuitableplantmaterial,cultivarwithlowyieldpotential,an
dtheirsensitivitytovariousenvironmentalstresses[9,
38].Garlichasawiderangeofgeneticdiversity;dependingonsoiltype,humidity, latitude,altitude,andculturalpra
cticesofitscultivation,evenasinglegarlicaccessionwouldhavealotofphenotypicvariabilities[42,
38].Naturalvariationsinplantparts,forexample,haveeconomicsignificanceandsuggestthepossibilityofgarlici
mprove-
ment[20].Inaddition,agreatnumberofcultivarshaveresultedthroughnaturalandhumanselectionforadaptationi

ngrowingareas[41].

Thedegreeofgeneticvariabilityinapopulation[9],whichisauniversalfeatureofallspeciesinnature
[20],isakeyfactoringeneticimprovement.Whenselectinggenotypes/accessionsforyieldandrelatedtraits,theva
riabilityofthegenotypesisthemostessentialcomponentofbreeding[20,
37].Duetogarlic’smodeofcultivation,whichisusuallybyclonalpropagation,whichisanimportantbreedingmeth
odandlittleworkhasbeendoneontheassociationbetweendiffe-
renttraitswhichareprerequisitesforexecutiveaselectionprogramme[34].Thebasicpre-
requisiteforyieldimprovementisthepresenceofgeneticvariabili-
tyingeneticstockandknowledgeofinheritanceandinter-

relationshipoftheyieldcompo-

nents,alongwiththeirrelativeinfluenceoneachother[32]. Thedegreeofvariabilityisabaseforasuccessfulbreedin
gpro-

gramme. Thus,theinformationonthenativeandmagnitudeofgeneticvariabilitypresentinthegeneticstocks, herit
abilityandgeneticadvanceamongvarioustraitsareofconsiderableuse-

inselectingthesuitablegenotypestoincludeinfuturebreedingprograms[24].



Informationonthevariabilityandcorrelationbetweenagronomiccha-
ractersofdifferentaccessionswiththeiryieldareimportantforsupportingbreedingprogramofthep-
tingbreedingprogramofthep-
lant[18].Inaddition,knowledgeofthenatureofassociationofbulbyieldwithyieldcontributingcharactersisneces
saryforyieldimprovementthroughselectionofbettervarie-
ties[19].Aneffectiveimprovementprogrammeingarlic,oftenbasedonclonalselection,dependsontheavailabilit

yofsufficientgeneticvariabilityinacollection[17, 26].

InEthi-
opia,variousdiversitystudiesinvolvinggermplasmcollection,characterization,andevaluationhaveresultedinth
ereleaseofdifferentimprovedvarie-
ties[12].However,theshortageofhighyieldingandstablevarietiesremainsamajorconstraintforthelowproductiv
ityandproductionofgarlicinthecoun-
try[6].Productionandproductivitydonotdependonlyonareaandculturalpracticesbutalsoonthegenotypesofthe
cropandenvironmentalcondi-
tions[27].Garlicyieldistheintegrationofmanyvariablesthataffectplantgrowthduringthegrowingperiod.ltis,th
ere-
fore,necessarytostudythegeneticvariabilityavailableintheEthiopianaccessionsofgarlicthatnewvarietieswith
higherbulbyieldandbetterbulbqualitycanbedevelopedthroughselectionfromthisrich-

tionfromthisrich-
source.Therefore,thisstudywasdesignedtoevaluatetheheritability,geneticadvanceandassociationsamongcha

ractersofgarlicgenotypesandtoestimatethecontributionofeachtraittoyieldimprovementingarlicgenotypes.

2. MATERIALSANDMETHODS
2.1.  DescriptionoftheStudyArea

ThefieldexperimentwasconductedatKulumsaAgriculturalResearchCen-
ter,SoutheasternEthiopiaduringtheraingrowingseasonin2020and2021.KARCislocatedbetweenlatitudeandl
ongitu-
deof8°t08°2'Nand39°07't039°10'Ecoordinates. ThealtitudeofK ARCis2200metersabovesealevelandtheannu



alminimumandmaximumtemperatu-
reof10.5and22.8°Crespectivelywithannualrainfall832mm. TherainyseasonoverthesitesextendsfromMaythro

ughOctoberwithsoiltypeclassifiedasclayloamsoilwithapHof6[1].
2.2. ExperimentalMaterialsandDesign

Atota-
lof20garlicaccessions/genotypescollectedfromdifferentmajorgarlicproducingpartsofEthiopia,andmaintaine
datDebreZeitAgriculturalResearchCen-
tre,includingonereleasedvarietyasstandardcheckwereusedfortheexperiment(Tablel). Theexperimentwaslai
doutasaRandomizedCompleteBlockDe-

sign(RCBD)whereeachgenotypewasreplicatedthreetimes. Healthyandnormalclovesofeachaccessionweresel
ectedandplantedonpreparedplot-
sof2mx2.4m.Eachplotconsistedoffourrows,with20plantsperrow,andatotalof80plantsperplotwithpacingof2
Ocmwithinaplantand10cmbetweenplants. Therecommendedrateof242kgNPSha’
'wasappliedatplantingassourceofphosphorousand75kgNha®

lintheformofUreaintwosplits, halfrateafterfullemergenceandhalfrateattheinitiationofbulb. Fieldagronomicpr

acticesusedwereasrecommendedforthegarliccrop[15].

Table 1.Listofexperimentalmaterialsincludedinthestudy.

Accessioncode Accessioncode Accessioncode
GOG-065/18 GOG-075/18 GOG-001/18
GOG-067/18 GOG-018/18 GOG-055/18
GOG-069/18 GOG-068/18 GOG-057/18
GOG-072/18 GOG-059/18 GOG-011/18
GOG-073/18 GOG-061/18 GOG-045/18
GOG-074/18 GOG-047/18 HL*
GOG-058/18 GOG-064/18

Sources:DzARC-DebreZeitAgriculturalResearchCenter,*=areleasedvariety

2.3. DataCollection

Datacollectionincludeddeterminationofdaysphysiologicaltomaturi-

ty,plantheight, leaflength(cm),leafwidth(cm),numberofcloveperbulb,cloveweight(g),cloveheight(cm),bulb
polardiame-

ter(cm),bulbequatorialdiameter(cm),totalbulbyield(tonsperhectare). Thesewererecordedfromeightrandomly
sampledplantsinthetwocentralrowsofeachplot[21].

2.4 StatisticalAnalysis



Datacollectedforquantitativecharactersweresubjectedtoanalysisofva-

va-
riance(ANOVA)usingRStatisticalsoftwareversion4.2.2.[30].MeanseparationwascarriedoutusingDuncan’s
MultipleRangeTest(DMRT)at5%and1%levelofsignificance.

PhenotypicandGenotypicVariability

Thevariabilitypresentinthepopulationwasestimatedbysimplemeasures-

res-
viz.,range,mean,standarderror,phenotypicandgenotypicvariancesandcoefficientofvariations. Thephenotypi
candgenotypicvariancesandcoefficientofvariationswereestimatedac-

cordingtothefollowingmethodssuggestedbyBurtonandDevane[8].
62,=02,+02, 062,=02;—C2¢

Where 5% =Phenotypicvariance, o ; =genotypicvarianceand §2 =environmentalvariance(errormeansquare);

o f =meansquareoftreatmentandr=numberofreplications;

Genotypiccoefficientofvariatio n(GCV%):—Vc;_Zg*loo

Phenotypiccoefficientofvariatio n(PCV%)z—VG;p*loo

Where,V =Genotypicvariance,VV,=Phenotypicvariance, x=Grandmeanofthecharacter.PCVandGCVwerecat
egorizedasfollowing:0-10%:low,10-20%:moderate,20%andabovehigh[36].

HeritabilityintheBroadSense:

HeritabilityonplotbasiswascalculatedforeachcharacterbasedontheformuladevelopedbyAllard[3]as: H =

284100

czp

EstimatedheritabilityvalueswasclassifiedaccordingtoSingh
[35]thatheritabilityvaluesgreaterthan80%wereveryhigh,valuesfrom60—

79%weremoderatelyhigh, valuesfrom40-59%weremediumandvalueslessthan40%werelow.
Geneticadvance:

TheGeneticAd-
vance(broadsense)expectedunderselectionassumingtheselectionintensityof5%wascalculatedbytheformulas
uggested[22, 3]:

Gs=(K)(sA)(H)



Where,Gs=expectedgeneticadvance,andK=theselectiondifferential(K=2.06at5%selectionintensity),0A=ph

enotypicstandarddeviation,H=heritability.
Geneticadvanceaspercentofmeans(GAM):

Geneticadvanceaspercentofmeanwasestimated[21] asfollows:
GAM="" % 100

Where,GA=Geneticadvance, X =Grandmean;Geneticadvanceaspercentofmeanwascategorizedas0-
10%=Low,10-20%=Moderate,>20%=High

4. RESULTSANDDISCUSSION

4.1.AnalysisofVariance

Ahomogeneitytestwasconductedsincetheexperimentwasmulti-
seasonalthatneedstobeanalyzedwithcombined ANO-
VVA.Homogeneityoferrorvariancesassuredthatthedataofbothseasonswerenotsimilarsothatseparatedataanaly
siswerepreferredratherthancombinedanalysisove-

ryears.Thecombinedanalysisofvariance(ANOV A)showedthattherewasahighlysignificantdifferenceingarlic
bulbyieldinalmos-

talltraits. Thus,themeansquaresfromtheanalysisofvarianceforalltraitsoffourteengarlicaccessionsarepresente
dinTa-
ble2.Therewasahighlysignificantdifference(P<0.01)amongtestedaccessionsforsometraitsas:plantvigor,pse
udostem-

length,leafwidth, leaflength,clovediameter,andsignificantdifference(P<0.05)forplantheight,numberofclove
sper-
bulb,cloveweight,cloveheight,bulbequatorialdiameter,andtotalbulbyield,whiledaystophysiologicalmaturity
andbulbpolardiame-
ter,whichhadnosignificanteffectin2020season.In2021seasonplantvigor,plantheight,neckthicknessandleafle
ngthhighlysignificantdiffe-
rence(P<0.01)andsignificantdifference(P<0.05)forleafwidthandbulbequatorialdiameter,othertreatsarenon-
signifi-

cant. Thehighlysignificantdifferencesindicatetheexistenceoflargegeneticvariabilityforthecharactersstudied,
whichshowsamplescopefortheselectionofpromisinggenotypesfromthepresentgenepoolforincreasingbul-
presentgenepoolforincreasingbul-
byield.Therewerelesscoefficientsofvariationinmostofthecharacters,indicatinggoodprecisionintheexperime

nt.Theseresultsindicatethepresenceofvariabilityamongthegenotypesusedforeffectiveselectionorvegetablei



mprovement. Inlinewiththisstudy,different authors [2, 16,

11]foundvariabilityingarlicgenotypesforsomecharacters,whichsupportsthepresentresult.

Ta-
ble2.Meansquaresfromanalysisofvarianceforagronomicandyieldtraitsof20Garlicgenotypestestedfortwoyea

rsatkKulumsa.

Sourceof- Year2020
variation  pe v MD  PH Nth SHL LW LL NCPB WIC CH CD BPD BED Twt
Replica-
tions

N

0.8 2587 1516 0.1 16.2 0.001 0.15 24 194 0.03 0.08° 0.06 0.1 7.69

xx * *x *x S x *

Genotypes 19 1.37 35.94™ 2365 0.02 7.77 0.077 12,747 18.66° 048 0.08 0.037:0.15 0.19" - 6.13

Error 38 044 235 1084 001 282 002 418 852 023 004 001 01 01 085

Mean 460 14272 6859 0.96 2601 147 4448 17.75 192 242 097 375 418 6.61

CV5% 1472 341 485 1429 718 984 448 1615 2040 844 1271 848 759 1655
Year2021

Replica- 5 61 042 12859 009 9725 122 12095 3583 036 001 001 267 52 35

tions

*x *x

Genotypes 19 1.417 0.82" 35.46 0.05 8.93" 0.07 24257 123:25™ 059" 0.07™ 0.02"™ 015 019" 7.41

Error 38 04 0.67 10.8 0.02 6.63 0.03  6.51 106.09° 039 0.05 001 01 01 6.38
Mean 297 129.12 59.43 0.88 21.15. 139 4098 17.18 157 213 094 394 427 4.68
CV5% 21.31 0.64 5.53 14.81 12.18 13.20 6.22 5.99 397 1111 1213 816 743 5.38

*and**,significantatp<0.05andp<0.01,respectively.ns=non-

significantdiffe-

rence,CV(%)=coefficientofvariationinpercent; DF=degreeoffreedom,VV=Vigorisity, MD=Daystomaturity,PH=Planth
eight(cm),Nthisneckthickness,SHL ispseudostemlength, LWisleafwidth(cm),LLisleaflength(cm),NCPBisNumberofc
loveper-
bulb,WtCiscloveweight(g),CHiscloveheight(cm),CDclovediameter(cm),BPDisbulbpolardiameter(cm),BEDisbulbdi
ameter(equatorial)(cm), TB¥istotalbulbyield(tonsperhectare).

4.2.EstimationofPhenotypicandgenotypiccoefficientofvariation

Thephenotypicandgenotypicvarianceshavebeenestimatedtodetermi-
netheextenttowhichgeneticandenvironmentalfactorsinfluencedtheobservedvaria-

theobservedvaria-

tions. Therewasagreatvariationobservedforeverycharacterthatwasbeingstudied. Totalvariability,orphenotypi
cvariabili-
ty,isobservableandismadeupofenvironmentalandgenotypevariation.Theresultsrevealedawiderangeofvariab
ilityamongtwentygarlicgenotypesforquantitative-

traits. Thephenotypicvariance(5%p)ofalltraitswashigherthanthegenotypicvariance(5%g). Numberofclovesper
bulb(111.81)andplantheight(8.22)hadthehighestphenotypicandgenotypiccoefficientsofvariation,respective
ly,whereasthedaystoclovediameter(0.01)and(0.001)hadthelowestphenotypicandgenotypiccoefficientsofvar

iationrespective-



ly(Table3).Foreachtraits,thephenotypiccoefficientofvariationwashigherthanthegenotypiccoefficientinboths
ea-
son.Thus,thehighergenotypicandphenotypiccoefficientsofvariationwerefoundfortotalbulbyieldtonsperhect
are(20.06%&24.45%),clovesweight(29.37%forPCVrespectively,whilethelowestGCVandPCVvaluesobser
vedondaystophysiologicalmaturi-
ty(1.43%&3.68%)respectivelyin2020season(Table3)..Numberofclovesperbulb(61.54%)andplantvigor(19.
44%)hadthehighestGCVandPCVrespectivelyinsecond2021season.HighGCVandPCVestimatesforgarlicbul
bweightandbulbyield-
were[23].Thephenotypiccoefficientofvariation(PCV)wasgreaterthanthegenotypiccoefficientofvariation(G
CV),whichisconsistentwithfindingspublished[4].Highestimatesofgenotypicandphenotypiccoefficientsofva
riationindicatethatcertaintraitsarehighlylikelytoimprovethroughselec-

selec-

tion,whereasothertraitsaredifficultornearlyimpossibletoimprovethroughselection. Consequently,thelargerpr
oportionofphenotypicvarianceobservedonthesetraitswascontributed-
bythegenotypicvariancethantheenvironmentalvariance,indicatingthatitcanbeusedforbreedingprograms
[43].

4.3.Estimatesofheritabilityandgeneticadvance

Theproportionofgeneticandenvironmentalvariationinthepopulationcanbedeterminedusingabroad-
senseheritabilityesti-

mate. Theamountofgeneticadvancethatcanbeexpectedasaresultofphenotypicselectionmaybepreciselyestima
tedusinggeneticadvanceandaheritabilityesti-

mate.Amongthecharactersstudied, highheritabilityestimateswasfoundfortotalbulbyield(67%),Whilemodera
teforplantvi-
gor(42%&45%);leaflength(41%&47%),pseudostemlength(37%),leafwidth(41%),andplantheight(43%),ne
ckthick-
ness(39%)in2020and2021seasonrespectively.Highheritabilityfortheabovecharactersclarifiedthattheywerel
eastaffectedbyenvironmentalfluctua-
tions,andselectionbasedonphenotypicperformancewouldbereliableforthesetraits. Thiscausedbyadditivegene
ac-

tion,thereby,reflectingtheefficiencyofselectionfortheimprovementofthesetraits. Theresultsalignwiththeobse
rvationsofSinghet-
al.[34]andTsegaetal.[40],highheritabilitywasobservedforbulbyieldofgarlictomoderatesforsometraits. Ingen
er-
al,heritabilityinthebroadestsensesuggeststhat,dependingonthephenotypicexpression,selectionmightbesucce

ssful. Thegeneticadvancevariedfrom1.13t033.89%asapercentageofthemeaninfirstseasonand0.08t026.99%i



nsecondsea-
son.Thetotalbulbyield(33.89%)andplantvigor(26.99%)showedthehighestgeneticadvanceasapercentageofth
emean,whileleafwidth(10.97%),weightofcloves(16.15%),numberofclovesperbulb(11.37%)andneckthickne
ss(15.32%)showedthemoderate.Incomparison,traitslikedaystophysiologicalmaturity,plantheight,pseudoste
mlength,leaflength,weightofclove,cloveheight,clovediameter,bulbpolardiameter,andbulbequatorialdiamet
ershowedlowgeneticadvanceaspercentagesofthe-
mean.Forselectingthebestindividual,heritabilityestimatescombinedwithgeneticadvancementaremorehelpfu
Ithantheheritabilityvaluea-
lone.Forboththetotalbulbyieldperhectareandthenumberofclovesperbulb,highheritabilityandhighgeneticadv
ancewereobserved.Theresultsofthisstudyalignwithdifferent authors, they reportedhighheritabilityandhigh-
geneticgainfornumberofleavesperplant,bulbyieldperhectareandcloveweightperbulb [19, 10, 2, 5].

Ta-

ble3.EstimateofvariabilitycomponentsfortwentygarlicgenotypesevaluatedatkKulumsafortwoseasons2020&
2021.

Year 2020

Range
Traits Mean &, 8’ S PCV  GCV H? GA GAM

Max Min
Vigor 600 3.00 460 031 075 044 1884 1211 042 074  16.05
Daystomaturity 1500 114 14272 412« 2769 2357 368 143 015 161 113
PlantHeight(cm) 760  60.8 6859 . 427 1512 10.84 567 301 028 226  3.29
Neckthickness(cm) 138 068 ' 096 0002 002 001 1343 491 013 004  3.68

Pseudostemlength(cm) 31.00 .»20.00 26.01 1.65 4.47 2.82 8.13 4.94 0.37 1.62 6.19
Leafwidth(cm)(cm) 1.86 1.08 1.47 0.02 0.04 0.02 13.08 8.35 0.41 0.16 10.97
LeafLength(cm) 5040 3820 4448 2.85 7.04 4.18 5.96 3.79 0.41 2.22 4.98

Numberofclovesperbulb 27.60 9.00 17.75  3.38 11.9 8.52 19.44 10.36  0.28 2.02 11.37

Weightofcloves(g) 4.40 1.00 1.92 0.08 0.32 0.23 29.37 1517  0.27 0.31 16.15
Cloveheight(cm) 2.9 1.94 2.42 0.02 0.06 0.04 9.89 4.99 0.26 0.13 521
Clovesdiameter(cm) 1.34 0.70 0.97 0.01 0.02 0.02 1359 7.78 0.33 0.09 9.17

BulbPolardiameter(cm) 4.36 3.16 3.75 0.02 0.12 0.11 9.24 3.43 0.14 0.09 2.62

Bulbequatorialdiame-

5.16 3.50 4.18 0.03 0.13 0.10 8.66 4.17 0.23 0.17 4.15
ter(cm)

Totalbulbweight(tha') 1137 3.23 6.61 1.76 2.61 0.85 2445 20.06 0.67 2.24 33.89

2021
Vigor 4.00 1.00 2.97 0.33 0.74 0.40 28.85 19.44 045 0.80 26.99
Daystomaturity 131.0 1270 129.12 0.05 0.73 0.68 0.66 0.16 0.06 0.11 0.08
PlantHeight(cm) 68.60  44.8 59.43  8.22 19.03 10.8 7.34 4.83 0.43 3.88 6.53

Neckthickness(cm) 1.30 0.44 0.88 0.01 0.03 0.02 18.96 11.87 0.39 0.14 15.32



Pseudostemlength(cm) 28.2 14.2 2115  0.77 7.39 6.63 12.86 4.14 0.10 0.58 2.75
Leafwidth(cm)(cm) 1.92 0.56 1.39 0.01 0.05 0.03 1527 7.68 0.25 0.11 7.97
LeafLength(cm) 50.0 30.0 40.98 5.91 1242  6.51 8.59 5.93 0.47 3.45 8.43

Numberofclovesperbulb 93.2 6.6 17.18 5.72 111.81 106.09 61.54 13.92 0.05 111 6.48

Weightofcloves(g) 5.88 0.77 1.57 0.06 0.46 0.39 4296 16.42 0.15 0.20 12.93
Cloveheight(cm) 2.78 1.68 2.13 0.01 0.06 0.05 11.79  3.95 0.11 0.06 2.72
Clovesdiameter(cm) 1.24 0.68 0.94 0.000 0.01 0.01 12.83  3.35 0.07 0.02 2.00

BulbPolardiameter(cm) 4.79 2.88 3.94 0.02 0.12 0.10 8.78 3.26 0.14 0.09 2.48

Bulbequatorialdiame-

5.46 3.04 4.27 0.03 0.13 0.10 8.48 4.09 0.23 0.17 4.07
ter(cm)

Totalbulbweight(tha') 2186 0.78 4.68 0.34 6.72 6.38 55.31 1251 @ 0.05 0.27 5.83

Where:3°p=Phenotypicvariance,3’g=Genotypicvariance,PCV=phenotypiccoefficientofvariance, GCV=Genotypicco
efficientofvaria-

tion,H?=Heritabilityinbroadsense, GA(5%)=geneticadvanceat5%sel ectionintensity, GAM(%)=geneticadvanceasperc
entmean.

4.4 MeanPerformanceofGenotypes

Themeanperformancevaluesforalltraitsshowedawiderangeofvariationamongthetwentygarlicgeno-
namongthetwentygarlicgeno-
types.Thestudyofvariancerevealedthattherewasahighlyandsignificantvariationamongthegenotypesinmostof
traitssuchasplantvigor,plantheight,pseudo-

stem-
length,leafwidth,leaflength,bulbequatorialdiameter,clovediameter,cloveweight,cloveheightandtotalbulbyie
Id(Table4).ThegenotypeGOG-047/18andGOG-
067/18werehadthehighestvegetativeperformanceinplantheight, leaflengthandleafwidthamongalltheothersw
hichwasnon-

significantwithstandard-
checkHL,despitethefactthattheminimummeanperformanceofplantheightwasrecordedinGOG-
070/18.Duetothedifferentgeneticcomponentsofeachgenotype,therewasvariationinthevegetativeperformanc
e,thiscouldbetheresultofphysiologicalprocessesthathavebeentriggeredbystimulantsthathaveaneffectonthepl
ant'sgrowthandmetabolism.TheoutcomesagreewiththeresearchconductedbySandhuetal.[31], kharet al.
[25], and Singhet-
al.[33],whichrevealedthereasignificantvariationinthemeanperformanceofgenotypesvariedsignificantlyinter
msofleafwidthandlengthingar-
lic.Also,therewasasignificantvariationincloveweightandheightamonggenotypesGOG-
067/18,hadasignificantandmaximumcloveweight,cloveheightandclovediameterwhichresultsagenotypestop
erformedbetterinbul-
byield.HighestsignificantdifferenceinnumberofcloveperbulbwasgivenbygenotypeGOG-
075/18(24.53),whilegenotypeGOG-



069/18hadthelowestmean(14.6)(Table3).Thesefindingsarecloselyinlinewithfindingsof

different

au-

thors,whoreportedthesignificantdifferenceswasobservedbetweenthegenotypesonclovelengthaverageweight

ofclove,numberofcloveperbulbandclovediameter [33, 5, 26].

Thebulbequatorialdiametershowedsignificantdifferencesbetween-

thegenotypes.Outofallthegenotypes,genotypeGOG-

047/18hadthehighestmeanbulbequatorialdiameter43.72cm),whilegenotypeG-

009/19hadthelowestmean(3.73cm).Therewasahighsignificantdifferenceinbulbyieldperhectarebetweentheg
enotypes;G-067/18hadthehighestbulbyield(9.63tha™)and GOG-061/18thelowestmeanbulbyield(3.91tha

1)in2020season,whileGOG-057/18hadthehighest(9.90tha)withlistmeanbulbyieldofi.26tha

wasrecordedfromgenotypeGOG-

064/18in2021season. Theseresultsareconsistentwiththereportedsignificantvariationamongthegenotypesfort

hischaracteringarlicwith another authors [39, 25, 5]arecloselyalignedwiththeresultsobtained.

Ta-

ble4.Meanperformancesoftwentygenotypesforbulbyieldandothertraitsevaluatedatkulumsafortwoseasons2

020&2021.

Genotypes

GOG-065/18
GOG-067/18
GOG-069/18
GOG-072/18
GOG-073/18
GOG-074/18
GOG-058/18
GOG-075/18
GOG-018/18
GOG-001/18
GOG-055/18
GOG-057/18
GOG-011/18
GOG-045/18
GOG-059/18
GOG-061/18
GOG-047/18
GOG-064/18

DM

139.33
142.33
143.33
144.33
145.00
142.67
139.67
147.67
144.67
139.00
144.67
132.33
146.00
143.67
140.00
142.00
142.00

145.67

4.67
5.33
4.00
4.17
4.00
4.67
4.17
4.33
4.33
4.33
3.67
5.33
4.17
4.33
4.33
4.00
6.00
55

PH
70.87
73.47
66.33
67.03
66.33
7113
64.06
66.93
69.40
66.93
68.40
66.93
68.73
65.53
67.80
65.73
7353

69.93

Nth
0.97
1.06
0.98
1.01
1.00
1.03
0.83
111
0.95
0.83
0.84
0.98
0.91
0.88
0.87
0.93
0.95
0.95

ShL

27.41
26.6

27.07
25.27
26.13
24.53
24.00
23.93
26.47
25.73
24.73
26.80
25.53
24.73
24.80
23.60

28.20

LW
1.39
1.46
132
1.56
1.41
1.63
1.25
1.55
1.43
1.29
1.46
1.57
1.35
1.35
1.43
131
1.79
1.60

Year2020

LL

44.60

47.13

44.27

45.40

43.27

45.47

40.33

44.47

46.00

42.87

43.53

42.00

44.33

43.17

42.40

42.33

46.47

47.07

NCPB WtC

16.13

16.27

14.60

19.47

16.80

18.00

14.93

24.53

16.27

17.80

20.27

16.73

20.33

20.47

14.67

18.53

15.47

16.80

2.20

3.07

1.87

1.80

1.47

1.53

2.07

2.39

2.75

2.43

2.42

2.35

2.55

2.38

2.36

2.37

2.36

2.14

2.44

2.25

2.21

2.41

2.16

2.74

2.65

CD

1.08

114

1.09

0.98

0.95

1.08

1.01

0.88

1.06

0.97

0.86

0.96

0.79

0.87

1.04

0.78

0.98

0.95

BPD

3.73

3.93

3.72

4.01

3.57

3.96

3.51

3.85

3.73

3.68

3.48

3.90

3.55

3.50

3.60

3.38

3.95

4.05

BED

4.01

4.57

3.99

4.38

3.90

4.49

4.04

4.34

4.24

3.98

3.94

4.24

3.97

4.06

4.09

3.73

4.72

4.35

Twt

7.31

9.63

6.25

6.15

5.22

6.61

5.16

6.81

5.99

6.27

521

7.42

5.52

6.23

5.84

391

8.96

8.73



GOG-068/18 14333  4.67 73.87 095 2753 156 46.00 16.93 187 257 091 3.66 431 817
HL(St.Check) 146.67 6.00 68.93 1.11 2980 175 4867 20.00 1.87 243 1.00 4.23 434 6.86

LSD(5%) Ns 1.12 548 0.23 3.08 024 329 473 093 034 020 ns 052 181
CV(5%) 341 1472 485 1429 7.18 9.84 448 16.15 29.40 844 1271 8.48 759 16.55
Year2021

GOG-065/18 12930  3.33 61.87 094 21.60 150 4187 1520 1.77 215 0.95 392 410 544
GOG-067/18 12930  2.67 5593 0.79 1733 111 3733 1493 154 211 091 413 466 3.73
GOG-069/18 129.00 2.33 57.87 093 1940 110 4007 1520 144 212 086 391 4.08 3.87
GOG-072/18 128.67  3.67 62.33 095 20.93 133 4140 1573 162 229 0.94 420 447 456
GOG-073/18 130.00  2.50 59.60 0.82 20.60 148 41.73 14.67 144 196 105 3.7/ :3.98 3.56
GOG-074/18 129.67 2.67 62.00 0.77 20.33 145 4280 42.60 142 201 087 415 458 4.10
GOG-058/18 12933  3.00 60.60 0.76 21.93 130 41.20 13.67 1.35. 204 086 3.71 413 4.40
GOG-075/18 128.67  3.33 5787 0.85 19.00 158 41.67 20.27 117 208 079 4.05 4.43 4.90
GOG-018/18 12833  3.33 65.80 1.15 2287 153 4547 15.80 316223, 6 093 393 433 595
GOG-001/18 128.67  3.00 60.27 0.85 2233 152 4120 1527, 1.52 222 0.99 3.87 4.01 448
GOG-055/18 128.67 2.67 5753 0.83 19.00 140 3780 1867 1.09 189 091 3.68 4.03 4.39
GOG-057/18 128.00  2.67 58.07 091 2013 137 3980 13.67 165 206 095 409 433 9.90
GOG-011/18 129.67  3.00 58.67 1.04 2140 146 4120 17.13 131 199 091 3.74 4.06 4.26
GOG-045/18 12933  4.00 60.67 092 2187 151 4173 1687 149 219 103 3.69 415 524
GOG-059/18 129.33 2.33 60.20 0.90« 23.60 151 42.00 1493 137 219 106 3.79 418 3.85
GOG-061/18 129.67  3.00 57.73 091 2220 132 .39.67 1573 154 218 090 357 381 487
GOG-047/18 12933 3.33 59.93" 0.95 " 2453 153 4393 15.60 1.64 247 101 414 481 4.97
GOG-064/18 129.00 1.00 48.60 049 20.13 1.07 3213 980 177 206 103 425 444 526
GOG-068/18 129.67  4.00 59.67 0.94 22.67 145 4280 1847 209 250 096 3.85 4.40 5.68
HL(St.Check) 128.67 = 3.67 63.33 087 21.07 140 4393 19.47 108 192 085 442 443 437

LSD(5%) 1.36 ns 543 022 ns 030 422 ns ns ns ns ns 0.53 3.17
CV(5%) 0.64 2131 553 1481 1218 1320 6.22 599 397 1111 1213 8.16 743 538
Note:ns=non-

significantdiffe-

rence,CV (%)=coefficientofvariationinpercent,VV=Vigorisity, MD=Daystomaturity,PH=Plantheight(cm),Nthisneckthi
ck-

ness,SHLispseudostemlength,L Wisleafwidth(cm),LLisleaflength(cm),NCPBisNumberofcloveperbulb, WtCisclove
weight(g),CHiscloveheight(cm),CDclovediameter(cm),BPDisbulbpolardiameter(cm),BEDisbulbdiameter(equatoria
I)(cm), Twtistotalbulbyield(tonsperhectare).

5.CONCLUSION

Theanalysisofvarianceinthecurrentexperimentalstudyshowedthat-
therewerehighlysignificantdifferencesineachcharacter'sgeno-

type. Totalbulbyieldshowedhighlysignificantvariabilityamongthegenotypes,rangingfrom4.78to12.72tha’
! withameanof7.97tha*. Intermsoftotalbulbyield, thegenotypesGOG-065/18, GOG-057/18,GOG-



047/18,GOG-064/18,GOG-068/18,GOG-045/18,andGOG-
018/18hadmeanperformanceshigherthanthemeanofthestandardcheckvariety(HL),whereasthegenotype GO
G-
073/18producedloweryields.Foreverycharacterunderstudy,phenotypiccoefficientsofvariationweregenerall
ygreaterthangenotypiccoefficientsofvaria-
tion,suggestingthatenvironmentalfactorsinadditiontogeneticfactorsinfluencehowcharactersareexpressed. T
hehighestphenotypiccoefficientofvariationwasfoundforclovesper-
bulb,cloveweight,andbulbyieldperhectare.LeafweightwasfoundtohaveamoderatePCV;ontheotherhand,day
stomaturi-
ty,plantheight,numberofleaves,leaflength,cloveheight,bulbpolarity,andequatorialdiameterwerefoundtohav
elowPCV.BoththetotalbulbyieldperhectareandthenumberofclovesperbulbshowedhighG CVasapercentageo
fthe-

mean,alongwithhighheritabilityandhighgeneticadvance. Thisstudysuggeststhatselectionwouldbebeneficiali
nbringingoutthegreatestattributesingarlicduetoit-
shighPCV,GCV,heritability,andgeneticgain.Sincethesetraitsadditional lyshowedsufficientgeneticvariabilit
y,emphasisshouldbegiventothemwhenchoosinggenotypesduringtheyieldimprovementprogramasgoodselec

tioncriteriatoimprovebulbyieldingarlicthroughbreedingorselection.
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