Study of Genetic Variability, Heritabilityand Genetic
Advanceamongdifferentcharactersintomato[Solanumlycopersicum
(Mill.)Wettsd]

Abstract:

The present investigation was carried out atthe BBAU, HorticultureResearch Farm No.1,
Babasaheb Bhimrao Ambedkar University, Lucknow during Rabiseason 2021-22 to
evaluate tomato genotypes. The experiment was laid out in RBD
withthreereplications. Total20genotypesincludingcheckcultivarswereevaluatedforhorticultu
raltraitsgrowthandyield. Thereisawidevariabilityindifferentgenotypesintomato. Traits i.e.,
days to 50% flowering, plant height, number of primary branches perplant, polar diameter
of  fruit, equatorial diameter of fruit, total  soluble solids, number
offruitspercluster,averagefruitweight,number offruitsperplant,marketablefruityieldperplant,
unmarketable fruit yield per plant and total fruit yield per plant were studied duringthe
investigation. Analysis of variance showed significant differences among genotypes forall
thecharacters understudyduringthe investigation.The Phenotypiccoefficient
ofvariance(PCV)washigherthanthegenotypic

coefficientofthevariationforthecharactersstudied. The high genotypic coefficient of
variation observed for total fruit yield per
plant,marketablefruityieldperplant,plantheight,unmarketablefruityieldperplantandaveragefr
uit yield whereas, it was low for number of fruits per cluster, equatorial diameter of
fruit,polar diameter of fruit, number of primary branches per plant, days to 50% flowering
andnumberoffruitsperplant. Thereforethesecharactersalsoshowedsomescopeforimprovemen

tthrough selection.
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1. Introduction:

Tomatoes (Solanum lycopersicum(Mill.) Wettsd.) are members of the Solanaceae
family. Tomatoes are one of the world's most frequently produced crops because of its
globalacclimatization to wide variety of environment. It is widely utilised in the

processingbusiness as well as in fresh marketplaces. Alternative names for it comprise



poor man'sorange, love apple, and wolf apple. It is universally treated as protective food
due to itsnutritive value. Several minerals and vitamins like A, C, and E, niacin, folic acid,
biotin, andother chemicals, such as antioxidant-rich lycopene that guards against cancer
and otherchronic illnesses, are all found in tomatoes. Fruit, which is essential to human
nutrition, iscomposed of 93.1% water. It contains Iron 0.8 mg, calcium 20 mg, phosphorus
36 mg,vitamin A 320 LU, vitamin B 0.07 mg, vitamin B 0.01 mg, vitamin C 31 mg,
protein 1.9%,fat 0.3 g, fibre 0.7%, and carbs 3.6%. It contains important vitamins that aid
in cholesterolreduction. Tomatoes contain about 20 to 50 mg of lycopene per 100 g of fruit
weight(ThamburajandSingh,2016). Tomatoismostlygrowninopenfields,greenhouses,andnet
homes. It ranks third in total vegetable output, after only potatoes and sweet potatoes,

butfirstinprocessedvegetables.Chinaistheworld'slargesttomatoproducer, followedbyIndia,



the United States, Spain, and Egypt. The global tomato output is 38.82 million metric
tonnes.India has a total area of 27.77 million hectares and a total production of 22.28 million
tonnes,with a productivity of 25.74 tonnes per hectare that is much lower than the global
average.According to an APEDA Agri Exchange (2021-2022) study, the major states
involved intomato production in India are Madhya Pradesh, Andhra Pradesh, Karnataka,
Tamil Nadu,andOrissa,with14.63%, 10.92%,10.23%,and7.34%, respectively.

Tomatoes, being a self-pollinated crop, have a remarkable potential for heterosis
breedingandareemployedinmanybreedingprogrammes.Thevariabilityavailableinthepopulati
oncan be portioned into heritable and non-heritable components viz., phenotypic and
genotypiccoefficients of variation, heritability and genetic advance on which the selection
can beeffectively carried out (Saravanam, K.R., Vishnupriya, V., Prakash, M. and
Anandan, R.,2019). The genetic improvement of any crop plant needs to have knowledge
on the natureandthemagnitudeofvariabilityinthebasepopulation(Dudley,
J.W.andR.H.Moll,1969).Tomato variability is predicted to be considerable, as the fruits
vary significantly in shapeandsize (Bhardwaj and Sharma, 2005). To boost tomato output, the
primaryfocus should beon crop genetic improvement and the development of superior
varieties through cross- andwithin-population selection using available genetic diversity.
Because yield is a breeder'sprimary aim, it is vital to understand the relationshipbetween
various qualities thatcontributeto output. Variability may be detected using genetic factors such
as genotypic and phenotypiccoefficients of variation (GCV and PCV). Heritability and
genetic advancement aid inassessingtheeffectofenvironmentoncharacterexpression andthe
extenttowhichimprovement is feasible following selection (H.F. Robinson et. al., 1949). As
a result, thestudy was conducted in tomato with the goal of estimating the phenotypic
coefficient ofvariation, genotypic coefficient of variation, heritability, and genetic progress.
The genotypicand phenotypic coefficients of variation were computed using the Burton and
De Vanetechnique (1953). Heritability (in the broad sense) and genetic gain was calculated
as persuggestionby Johnson etal.(1955).

2. MaterialsandMethods:
ThisexperimentwasexaminedoutattheHorticulturalResearchFarmNo.loftheDepartment  of
Horticulture of Babasaheb Bhimrao Ambedkar University, Lucknow, on awell-

leveledfieldwithappropriatedrainagefacilitiesduringtheRabiSeason2021-22.The



experimental material included 20 genotypes with two check cultivars NDT-4© and NDT-
7©. Geographically, Babasaheb Bhimrao Ambedkar University (A Central University), Vidya-
Vihar, Rae Bareli Road, Lucknow, is located at 80.52' east longitude; 26.56' north
latitudeand 111 metres above mean sea level (MSL), lies is in upper Gangetic Alluvial Plain

and ithasahumidsubtropicalclimate.

2.1. ExperimentalDetails:

In this experiment there are 20 genotypes of tomato including two checks which
weremaintain by ANDUAT, Kumarganj, Ayodhya were collected for the examination. The list
ofgenotypesusedinthisexperimentarementionedinTablel. Theexperimentusedrandomized

block design (RBD), with three replications for each treatment. On November15, 2021, the
plants were replanted. The spacing between rows and between plants was
setat60cmand45cm,respectively.Eachplotis2.00mx2.00minsizeandaccommodated16seedli

ngs.

2.2. ParameterRecorded:

In this study, 12 characters were studied from 16 sample plants in each net plot and the
resultswere expressed as mean values. List of characters for experimental analysis during
the trialareDaysto50%flowering,Plantheight(cm),Numberofprimarybranches
perplant,Polardiameter of fruit (cm), Equatorial diameter of fruit (cm), TSS (°Brix),
Number of fruits
percluster,Averagefruitweight(g), Numberoffruitsperplant,Marketablefruityieldperplant(g),

Unmarketable fruit yield per plant (g), Total fruit yield per plant (g). All the datarepresent
per plant observation except for marketable fruit yield and unmarketable fruit yieldwhich are
computed from net plot observation and days to flowering and maturity

werecomputedonthebasisofharvestablerowsin eachnetplot.

3. ResultsandDiscussion:

3.1. Geneticvariability:

The mean sums of squares associated with treatments were significantly significant for

allcharacters.Inotherwords,thegenotypes'performanceonthesevariableswasstatistically



significant, demonstrating that there is plenty of potential for selection in a variety of
tomatofeatures. However, in order to determine the absolute magnitude of the variability,
thephenotypic and genotypic coefficients of variance were determined. It indicates only
theextent of variability present in the genotypes for different traits. The genotypic coefficient
ofvariation (G.C.V.) was lower than the phenotypic coefficient of variation (P.C.V.),
indicatingthat the environment played a role in the expression of the observed traits. As a
consequence,thedifferencesinP.C.V.andG.C.Vvaluesforallcharactersaresmall. Thedifference
sin

P.C.V and G.C.V values observed for different morphological traits suggest that
characterswill demonstrate notable genetic advancement. As a result of the additive gene
effects, it isobvious that selection based on phenotypic values for these qualities may be
useful instrengthening these characters. The genotypic coefficientof variation
(G.C.V)resultsshowed that the unmarketable fruits yield per plant had the highest
genotypic coefficient ofvariation (30.23). G.C.V. was followed by Total fruit yield per
plant, which was
29.52whereastheleastgenotypiccoefficientofvariationwasobservedinTSS(7.76)followedbyt
he Days to 50% flowering (8.46) and Number of fruits per cluster (13.11). The moderate tolow
variation observed for these attributes suggested that there is substantial room

forimprovement.Madhurina(2012)foundsimilarresults intheirresearch.
3.2. Heritability:

Forthepredictionof the response toselection,heritabilityestimates arevery
useful.Considering the heritability in broad advance along with genetic advance may
reveal theprevalence of specific components (additive and non additive ) of genetic variance
and thushelps in judging the effectiveness of selection for the trait more accurately
(Johnson etal.1955). The presentinvestigationrevealed thatlow tohighheritabilityestimates
representinalmostallthecharacters. Theheritabilityestimatesforcharactersrangedfrom72.89to

99.66 per cent.High heritability recorded for marketable fruit yield per plant
(99.66)followed by unmarketable fruit yield per plant (99.08), average fruit weight (97.43),
plantheight (96.19), total fruit yield per plant (95.30), equatorial diameter of fruit (92.27),
polardiameter of fruit (89.57) and number of primary branches per plant (87.33).

However,numberoffruitspercluster(80.29)showedthemoderatelevelofheritability. TheTSS(°



B)showedtohavelowerheritability i.e.,72.89followedbydaysto50%flowering(76.54).It



was evident that improving characters with high heritability would be more effective
ifregular selection processes were used, but improving those with low heritability
wouldnecessitate the use of other suitable breeding approaches, such as a population

improvementprogramme.
3.3. GeneticadvanceandGeneticgain:

Thegeneticgain(geneticadvanceexpressedinthepercentageofthepopulationmean)wasranged

from 13.64 to 61.98 %. High heritability combined with high genetic was found
forunmarketable fruit yield per plant (61.98), total fruit yield per plant (59.37), plant
height(58.96), average fruit weight (53.31), polar diameter of fruit (50.89) and marketable
fruityield per plant (50.56). Moderate heritability with high genetic advance was recorded
fornumber of primary branches per plant (47.47), equatorial diameter of fruit (43.82)
andnumber of fruits per plant (28.08). While least heritability was observed in total soluble
solids(13.64) which was followed by days to 50%flowering (15.25). However, unmarketable
fruityield per plant exhibited low heritability associated with high genetic advance.
Unmarketablefruit production per plant had the most genetic diversity, followed by total

fruit output perplantandplant height. Premaetal.(2011)foundsimilarresultsintheirresearch.

Conclusion:

The primary purpose of the study was to find significant variation, heritability, and
geneticadvancesinthenumerousgenotypetraitsstudied. Theoutcomesofthestudycanbeutilizedto

guide future tomato breeding initiatives. We identified significant genetic variety in
thevariables studied. Except for TSS (72.89%), all characteristics had high heritability
alongwith high geneticprogress.Asan outcomeofthehighheritabilityand
geneticadvancementof these features, selection may successfully improve the attributes to
increase tomato yield. The data presented above confirmed that additive gene activity and the

suggested parameterswouldbebeneficialforfutureenhancement.
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Tablel.Listoftomatogenotypesused inthepresentstudy:

S.No. Nameofgenotypes Sourceoforigin
1. NDT-2 A.N.D.U.A.&T,Ayodhya
2. NDT-p A.N.D.U.A.&T,Ayodhya
3. NDT-5 AN.D.U.A.&T,Ayodhya
4. NDT-6 A.N.D.U.A.&T,Ayodhya
5. NDT-8 A.N.D.U.A.&T,Ayodhya
6. NDT-5-1-1 A.N.D.U.A.&T,Ayodhya
7. NDT-67 A.N.D.U.A.&T,Ayodhya
8. NDT-45 A.N.D.U.A.&T,Ayodhya
9. NDT-27 A.N.D.U.A.&T,Ayodhya
10 NCT-2 AN.D.U.A.&T,Ayodhya
11 NCT-1 A.N.D.U.A.&T,Ayodhya
12 NDT-56 A.N.D.U.A.&T,Ayodhya
13 NDT-17 A.N.D.U.A.&T,Ayodhya
14 NDT-15 A.N.D.U.A.&T,Ayodhya
15 NDT-52 A.N.D.U.A.&T,Ayodhya
16 NDT-25 A.N.D.U.A.&T,Ayodhya
17 NDT-47 A.N.D.U.A.&T,Ayodhya
18 NDT-38 A.N.D.U.A.&T,Ayodhya
19 NDT-4© A.N.D.U.A.&T,Ayodhya
20 NDT-7© A.N.D.U.A.&T,Ayodhya




Table.2:Mean.Range.GenotypicandPhenotypiccoefficientofVariance Heritability.andGeneticAdvanceinperce
ntageofmeanofdifferenttraitsof Tomato

Sl CHARACTERS MEAN MIN MAX GV PV GCV( PCV h? GA GAM
No. %0) (%) (%)
1. Daysto50%flowering 34.83 25.93 38.03 8.68 11.34 8.46 9.67 76.54 5.31 15.25
2. Plantheight(cm) 123.60 70.53 171.87 1301.20 1352.79 29.18 29.76 96.19 72.88 58.96
3. No.ofprimary 4.98 3.43 7.67 1.51 1.73 24.66 26.39 87.33 2.36 47.47
branchesperplant
4. Polardiameteroffruit 5.20 3.33 8.37 1.84 2.06 26.10 27.58 89.57 2.65 50.89
(cm)
5. Equatorialdiameterof 551 3.53 7.83 1.49 1.61 22.14 23.05 92.27 241 43.82
fruit(cm)
6. TSS(°B) 6.00 4.53 6.67 0.22 0.30 7.76 9.08 72.89 0.82 13.64
7. No.offruitspercluster 3.98 2.70 4.77 0.27 0.34 13.11 14.63 80.29 0.96 24.19
8. Averagefruitweight(g) 53.41 33.37 83.23 196.08 201.26 26.22 26.56 97.43 28.47 53.31
9. No.offruitsperplant 52.86 35.27 61.73 63.38 77.34 15.06 16.64 81.94 14.85 28.08




10.

Marketablefruityield 2419.49 | 1594.37 3947.97 353781.6 | 354978.8 | 24.58 24.63 99.66 | 1223.21 50.56
perplant(g)
11. Unmarketablefruit 72.79 31.53 120.23 484.11 488.62 30.23 30.37 99.08 45.12 61.98
yieldperplant(g)
12. Totalfruityieldper 2558.51 | 1610.23 4516.80 | 570557.7 | 598710.0 | 29.52 30.24 95.30 | 1519.00 59.37
plant(g)

Abbreviationsusedintable2:
GV-Genotypicvariance
PV-Phenotypicvariance

GA-Geneticadvance

PCV-Phenotypiccoefficientofvariation

GCV-Genotypiccoefficientofvariation

GAM-Geneticadvanceaspercentageovermean

h?-Heritabilityinbroad sense

MIN-Minimumrange

MAX-Maximumrange




