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Abstract

Genetic variability, heritability and genetic advance for different quality characters were studied in 38 genotypes of carrot. The study
indicated existence of considerable amount of genetic variability for all the characters studied. The carotene content exhibited
highest value of genotypic and phenotypic coefficient of variation, heritability (broad sense) and genetic advance as per cent of
mean. The results indicate that this characters can be effectively improved through selection.

K ey words: Carrot, Daucus carota, genetic advance, heritability, variability, quality, coefficient of variation.

Introduction

A widerangeof diversity for quality traitslike carotenoids, T.S.S,,
total sugarsetc. hasbeen reportedin carrot germplasm (Saimbhi
and Sukhijia, 1984; Kalloo et al., 1993; Kowalska et al., 2001;
Bhatiaet al., 2002). A largenumber of collectionsareavailablein
carrot but most of them lack in one or other qualitative or
guantitative characters. Thus, the selection of ideal genotype
can only be made by making assessment of various characters
and the exploration of genetic variability in the available
germplasmisapre- requisitein abreeding programmefor effective
selection of superior genotype. The partitioning of total variability
into heritable and non-heritable components by using suitable
design will enablethe breeder to know whether the superiority of
selection is inherited by the progenies. So, there is an urgent
need of information on the nature and magnitude of variation
available in the material and part played by environment in
expression of different characters.

Therefore, it is desirable to conduct variability studies such as
genotypi c and phenotypic coefficient of variation (GCV & PCV),
heritability and genetic advance on quality traitsin thirty eight
diverse genotypes of carrot.

Materials and methods

The present investigation was carried out at the Vegetable
Experimental Farm and in the Department of V egetable Crops,
PAU, Ludhianaduring the crop seasons of 2002-03 and 2003-04.
Experiment waslaid out in arandomized complete block design
with threereplications. Theexperimental material comprised of
38 Adaticand European carrot genotypes of diverse geographical
origin. Among the these genotypes Nantes, Pusa Yamdagini
and PusaK esar were European or Temperate type and remaining
wereAsiatic or Tropical type.

Each access on was sown in onerow having 3mlength and 45cm
apart. The sowing wasdone manually on ridges. The plantswere
thinned to maintain plant to plant distance of 7.5 cm, about a
fortnight after seedling emergence. The observations were

recorded on ten randomly sdl ected plants per replication for each
accession on quality traits at thetime of harvest.

Carotene content was determined by the method suggested by
A.O.A.C(1966). 2g of fresh carrot root weretaken and grounded
with 3% acetone in petroleum ether with a pinch of Na,SO,.
Residuewasfiltered 2-3timestill theextract wasfreefromtrace
of yellow colour. The contentswere pouredin a separatory funnel
and acetone was washed with distilled water. The petroleum
ether layer was separated out. Thefinal volume was made to 50
ml with petroleum ether and the optical density wasread at 452
nm in spectrophotometer along with petroleum ether asblank.
Thecarotenewas cal culated from the calibration curve prepared
using b- carotene. For total sugars dried carrot sample (0.50)
was refluxed in 80% ethanol by heating over awater bath for 2
hr. It wasfiltered and extraction was repeated twice then extract
wasclarified using saturated | ead acetate solution (5ml), filtered
again and excess of lead acetate was removed with sodium
oxalate (1-2g). the sol ution wasfiltered through Whattman No. 1
filter paper and madeto 50 ml using distilled water. 1 ml aliquat
from the solution wastakenin atest tubeand 1 ml of 5% phenadl,
followed by 4 ml conc. sulphuric acid were added. The optical
density read at 490 nm . A calibration curvewas prepared in the
same manner using D-glucoseintherange 20-100 pg/ml. T.S.S.
wasrecorded from juice of 10 randomly sel ected roots from each
plot using refractrometer. Juice was extracted from 1 kg carrots
using food processor and juicewas measured using agraduated
cylinder. For dry matter 10 randomly sdl ected rootswere washed,
topped and pedled and then cut into 3 mm thin pieces. 50g sample
wastaken and ovendried at 60+ 2°C in hot air oven till constant
weight, weighed and dry matter was cal cul ated.

Genotypic and phenatypi c coefficient of variation werecalculated
as per the formula suggested by Burton and Devane (1953).
Heritability in broad sense and expected genetic advance were
calculated as per theformulagiven by Allard (1960) and Johnson
et al. (1955), respectively.
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Table 1. Mean per se performance of genotypes (pooled over two years,

2002-03 and 2003-04)
Genotypes TS.S Dry Caro- Juiceyield Total
(%)  matter tene content  sugars
(%) (mg100g™) (mikgh) (%)
Alipur Collection 790 785 6.10  498.83 419
Kapurthala Collection 768  7.90 597 48183 461
Sultanpur Lodi Collection 6.88  7.05 104  466.67 4.36
HC-3 713 6.90 148 49766  3.97
HC-17 6.31 836 158 51583 4.05
HC-18 766 742 356 50850 367
HC-42 708 737 11 51300 4.28
HC-119 6.71 758 123 501.00 4.39
HC-155 6.50 7.70 143 48500 4.25
HC-191 6.91  7.77 090 47733 399
HC-195 6.13 824 171 49517 425
Carrot C-1 6.95 7.28 412 52250 470
Carrot C-2 643 785 299 52650 449
Carrot Desi Red 736 730 524 48117 4.02
Carrot New Kuroda 7.78 8.70 3.55 47850  4.04
HC-1 710 744 154 51433 448
HC-2 7.75 863 245 53550 415
Hisar Local-10 7.78 851 0.78 55950 451
HC-118-2 726 7.26 357 46516 297
HC-116 6.70 7.86 246  470.67 292
Jind Collection 6.38 801 220 507.00 4.18
HCY-235 713  8.06 362 52517 419
HCY-183 750 885 096 49467 376
HC-2B 730 797 114 50833 429
HCB-22-1 6.38  6.69 293 47183 421
HCP-227 776 8.14 282 47400 415
HCP-118-1 665  7.75 196  583.66 4.38
Carrot NF-98 726 819 316 46133 4.05
Nantes 726 1010 403 46783 457
Pusa Yamdagini 791 845 393 46883 458
PC-31 783 818 495 55333 451
PC-32 763  7.99 3.88 44000 388
PC-33 763 788 361 52933 453
PC-34 766  7.79 379 52200 451
PC-35 770 793 501  516.33 437
GC-1 753 785 288 49817 410
Selection-21 821 785 475  479.00 463
Pusa Kesar 743  8.67 352 47083 491
CD (P=0.05) 054 052 0.83 2841 0.32

Table 2. Range, mean, GCV, PCV, heritability in broad sense and genetic
advance as percent of mean for different characters of carrot

Character Range Mean GCV  PCV Herit Genetic
(%) (%) ability advance
TSS(%) 6.13-821 725 716 7.65 8751 1380

Dry matter(%)  6.60-10.11  7.94 7.70

Carotene content  0.78-6.10 295 50.14 50.20

Juice yield (ml) 440.00-559.45 497.94  5.39
Total sugars (%) 2.92-491 422 956

785 96.20 1555
99.77 103.18
571 89.11 1047
9.58 99.52 19.64

Results and discussion

The extent of variahility present in thirty eight genotypes of
carrot was measured in terms of range, phenotypic coefficient
of variation, genotypi c coefficient of variation, heritability (broad
sense) and genetic advance (Table 1 and 2). All the varieties
differed s gnificantly with respect to different characters sudied.
Widerange of variation was observed in al the characters. Total
soluble solids varied from 6.13 (HC-195) to 8.21% (Sel ection-
21), dry matter content from 6.69 (HCB-22-1) t0 10.10% (Nantes),
carotenecontent from 0.78 mg 100g* (Hisar Local-10) to6.10 mg
100g (Alipur Callection), juiceyidd from 440 ml kg (PC-32) to
559.5ml kg (Hisar Local-10) andtotal sugarsfrom 2.92% (HC-
116) to 4.91% (Pusa Kesar). Bhatia et al. (2002) reported that
HCY —118(8.87%) had highest T.S.S. fol lowed by Hisar Gairic
(8.77%) and HC- 199 (8.53%). Sambhi and Sukhijia(1984) found
that the percent dry matter washighest in Selection-233-10-75B
(9.70%) followed by Waryana Selection (8.90%). Kalloo et al.
(1993) reported that thetotal carotenoid content on fresh weight
bas swas 9.62 mg/100g in Hisar Gairic compared with 4.70 mg/
100g in Pusa Kesar. Kowalska et al. (2001) reported cultivar
Nekharinaas most suitablefor processing for juice extraction.
Bhatia et al. (2002), Saimbhi and Sukhija (1984), Kallooet al.
(1993) and Kowal skaet al. (2001) a soreported awiderange of
variation for most of the characters studied in this crop. The
GCV which givesapicture of extent of geneticvariahility in the
popul ation ranged from 5.39 (juice yield) to 50.14 % (carotene
content). The GCV value was considerably high for carotene
content. This character having higher range of variation and
haveabetter scope of improvement through sdection. A persual
of datain Table 2 show that therewas close rel ationshi p between
PCV and GCV for all thecharacterswhich indicated lessinfluence
of environment for most of the characters.

Based on GCV alone, itisnot poss bleto determinethe amount
of variation that is heritable. Heritable variation can be found
with greater degree of accuracy when heritability is studied in
conjugation with genetic advance. Theheritability ranged from
87.51% (Total soluble solids) to 99.77% (carotene content). The
genetic advance as per cent of mean from various characters
revealed that carotene content (103.18) had high genetic
advance. Though characters such as total sugar content, dry
matter and juiceyied had high heritability value, their GCV was
comparatively less resulting in less genetic advance. Singh et
al. (1987) observed that the expected genetic advancefor T.S.S.
(10.25%) wascomparativey lowin spiteof their high heritability
estimate (90.4%).

Burton (1952) suggested that GCV together with heritability
estimate would give a better picture of genetic advance to be
expected from selection. Swarup and Changale (1962) also
pointed out that high heritability was not always accompanied
by high genetic advance. Johnson et al. (1955) suggested that
characters with high heritability coupled with high genetic
advance would response to selection better than those with
high heritability and low genetic advance.

Highly significant differencesamong the carrot genotypeswere
observed for al the characters under study. Wide variability
exhibited in the carrot accessionsindicated considerable scope
for improvement through breeding and selection. GCV, PCV,
heritability and genetic advance were high for carotene content
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indicating ample scope of improvement through selection for
thischaracter.
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