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Cabbage (Brassica oleracea var. capitata L.) is a
member of family cruciferae; basically, a cross pollinated
and most important cole crop, with chromosome number
2n=2x=18. It is originated in Mediterranean region from a
single wild ancestor i.e. Brassica oleracea var. sylvestris. It is
an excellent source of vitamins, minerals and possess several
medicinal properties (Munger 1988). It is an economically
beneficial crop mainly due to its high nutritive value, high
yield and large scale use in the fast food industry (Thakur and
Vidyasagar 2016) but gives less production under low hill
conditions. Thus, there is an urgent need to initiate breeding
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efforts for genetic improvement of cabbage with respect to
various horticultural traits including yield under low hill
conditions of Himachal Pradesh. Therefore, the present
study was carried out to estimate the extent of variability,
heritability, genetic advance, character association and path
analysis in cabbage.

The experiment was conducted during 2021 at
the College of Horticulture and Forestry (Dr Yaswant
Singh Parmar University of Horticulture and Forestry),
Neri, Hamirpur, Himachal Pradesh. Twelve genotypes
(Supplementary Table 1) were sown in randomized complete
block design with three replications and transplanted in field
with plot size 2.25 m x 1.80 m and spacing 60 cm x 45 cm
in the month of October (2021). All the cultural practices
were followed as recommended in package of practices.
The data was taken for 16 traits by randomly selected five
plants from each replication (Table 1).

Table 1 Genetic parameters of variation for horticultural traits in cabbage
Character Mean Range Coefficient of variation (%) Heritability Genetic advance as
Minimum Maximum  Genotypic ~ Phenotypic (%) per cent of mean
Leaf length (cm) 23.30 18.51 37.88 21.57 24.37 78.30 39.31
Leaf breadth (cm) 23.00 18.42 36.52 21.65 24.33 79.23 39.71
Leaf size (cm?) 566.44 340.36 1430.18 51.22 57.29 79.93 94.32
Number of non-wrapper leaves 13.03 10.53 16.06 10.83 12.74 72.41 19.00
Days to head formation 91.84 69.16 100.66 8.53 8.59 98.50 17.44
Plant height (cm) 19.77 15.63 39.20 31.82 33.40 90.75 62.44
Plant frame (cm?) 2394.24  1625.28 4219.30 28.05 33.04 72.07 49.05
Stalk length (cm) 3.26 1.25 5.08 21.46 44.06 23.71 21.52
Core length (cm) 5.46 4.05 6.62 15.63 16.67 87.88 30.18
Polar diameter (cm) 15.23 11.42 18.25 12.73 14.15 80.91 23.58
Equatorial diameter (cm) 14.33 11.99 16.55 9.52 11.21 72.15 16.66
TSS (°B) 4.67 3.88 5.64 9.48 11.15 72.30 16.61
Ascorbic acid (mg/100 g) 42.20 28.06 59.69 18.84 18.94 98.97 38.62
Dry matter (%) 8.02 6.33 10.67 17.76 18.61 91.01 34.90
Gross head weight (g) 1453.93  1038.13 2360.87 22.94 30.92 55.06 35.07
Net head weight (g) 919.00 579.73 1295.26 22.09 30.89 51.13 32.54
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The coefficient of variation was calculated by using
methodology developed by Burton and De Vane (1953).
Heritability and genetic advance under selection were
computed as per Allard (1960) and Johnson et al. (1955).
Correlation coefficient and path-coefficient analysis were
calculated according to Al- Jibouri et al. (1958) and Dewey
and Lu (1959), respectively as:

Phenotypic coefficient of variation (PCV):

\/ Phenotypic variance (Vp)

- %100
General mean of population (GM )

PCV (%) =

Genotypic coefficient of variation (GCV):

\/ Genotypic variance (Vg) %100

GCV (%) =
%) General mean of population (GM)

Heritability:
Vg
o) = —= %100
H (%) Vp

where H, Heritability (%); Vg, Genotypic variance [Vg =
(Mg - M)/ r]; Vp, Phenotypic variance (Vg +V)

Genetic advance:
GA= HxopxK

where H, Heritability (%); G Phenotypic
standard deviation; K, Selection differential at
5% selection index (K = 2.06)

The analysis of variance indicated the
significant difference among the genotypes for
all the characters under study. The genotypes
exhibited large amount of variation for all the 16
characters ranging from 3.26 cm (stalk length)
to 2394.24 cm? (plant frame). The wide range
of variability observed for leaf size, plant frame,
gross head weight and net head weight (Table 1).
The range of variability for different characters
showed the scope for selection of suitable
material for breeding in the improvement of
cabbage.

Coefficient of variation: High phenotypic
and genotypic coefficient of variation were
found for leaf size, stalk length, plant height,
plant frame, gross head weight, net head weight,
leaf length and lead breadth which indicates
the maximum variability present among the
genotypes for these trait and have better
possibility of exploitation for improvement
through selection. Similar results had also
been reported by Singh et al. (2011), Thakur
and Vidyasagar (2016), Kaur ef al. (2018) and
Patwal et al. (2019).

Heritability and genetic advance: Heritability
gives basic information about traits that help in
effective selection. It is ranged from 23.71 to
98.97%. The estimates of heritability in broad
sense were categorized as low (<80%), moderate
(80-90%) and high (>90%). Highest heritability

was recorded for ascorbic acid, days to head formation,
dry matter, plant height, core length and polar diameter
(Table 2). Whereas, the moderate level of heritability was
observed for the traits, viz. core length and polar diameter.
However, the low heritability value was found in the
characters, viz. leaf size, leaf breadth, leaf length, number
of non-wrapper, TSS, equatorial diameter, plant frame, gross
head weight, net head weight and stalk length. Similar levels
of heritability were recorded by Singh et al. (2011), Soni
et al. (2013) and Patwal et al. (2019).

Genetic advance as percentage of mean varied from
16.61 to 62.44%. It was highest for leaf size, plant height,
plant frame, leaf breadth, leaf length, ascorbic acid, gross
head weight, dry matter, net head weight and core length;
thus suggesting that selection is highly effective for these
traits. It shows improvement after one selection cycle
in breeding material, which is useful in improvement
programme. The present finding was supported by Singh et
al. (2011), Soni et al. (2013), Chura et al. (2016) and Kaur
et al. (2018). Thus selection would be highly effective in
those genotypes shows high heritability with high genetic
advance for traits, as in additive gene action that means
more than one gene governs traits. So, these would be highly
effective tools for selection of best genotypes.

CAB-COHF-NERI-2

Fig 1 Best genotypes in cabbage variability.
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Table 3  Genotypic path coefficient analysis for direct and indirect effects of component characters on net head weight in cabbage

X16

0.6067  0.6430

0.6111

X15

X14
0.0225
0.0191

X13
0.0411
0.0385
0.0422
-0.0017
0.0174

X12
0.0593
0.0641
0.0675
-0.0359
0.0258
0.0787
0.0618
0.0954
0.1029

0.0716

X11

-0.0768
-0.1119
-0.0748
0.0331
0.0314
-0.0174
-0.0903
-0.0021
-0.0584
-0.1995
-0.2923
-0.1052
0.0268
0.1057
-0.1068

X10

X9
-0.0652
-0.0892
-0.0826
0.0411
-0.0898
-0.1113
-0.0739
-0.2453
-0.2184
-0.1096
-0.0437
-0.1987
-0.0335

0.0025
-0.0508

X8
-0.0801
-0.0891
-0.1012
-0.0793
-0.1664
-0.1659
-0.0899
-0.2082
-0.2338
-0.1091
-0.0015
-0.1755
-0.0366
-0.0481
-0.0646

X7
0.5258
0.5316
0.5326
0.1763
0.2976
0.5186
0.5529
0.2388
0.1871
0.1368
0.1707

X6
-0.2462
-0.2371
-0.2489
-0.0158
-0.1120
-0.2567
-0.2408
-0.2046
-0.1308
-0.0718
-0.0153
-0.1785
-0.1699
-0.1458
-0.2174

X5
0.0099
0.0124
0.0114
0.0166
0.0305
0.0133
0.0164
0.0244
0.0125
-0.0048
-0.0033
0.0069
0.0090
0.0124
0.0097

X4
-0.0301
-0.0421
-0.0222
-0.4652
-0.2523
-0.0287
-0.1483
-0.1772
0.0875
0.1773
0.0527
0.1476
0.0134
-0.2017
0.0103

X3

X2
0.4811

X1
-1.6878  0.9669
-1.6687 0.9779
-1.6855  0.9697

-0.1093  0.0886

-0.5461

0.1156
0.1429
0.1195
-0.1850
-0.0760

X1

0.6370
0.6360
-0.5100
-0.0430
0.5210

0.4777
0.4817
0.0223
0.1803
0.4672
0.4641
0.2343
0.1822
0.1186
0.1233
0.2874

X2

0.6043
-0.0142
0.2033
0.5405

0.0222
0.0175
0.0164

X3

X4

0.3982

X5

0.0229
0.0233
0.0093
-0.0005
-0.0176
-0.0146

0.0389
0.0316
0.0103
0.0090
-0.0123

0.1358
0.1200
0.2543
0.2436
0.4853
0.3312
0.3071
-0.1014
-0.2126
0.1502

-1.6185  0.9035
-1.6052  0.9403
-0.6495 0.4184
-0.5041

X6

0.6244  0.5860
0.1981
0.1485

0.1975

0.2332

0.3681

0.3032

0.3469

0.6382

X7

-0.0040
0.2270
0.5480
0.5070
0.5670
0.2240
0.0340
0.8130

X8

0.3994

X9

-0.4020 0.2879

X10

X11

-0.0054
0.0203
0.0588
0.0205
0.0279

0.0408

0.1132
0.0390
0.0071
0.0653

-0.4435 0.3746

0.0025
0.0141
0.0402
0.0219

0.3016
0.2967
0.3203
0.5408

-0.8840 0.5539

-1.1807 0.6399 0.3454

-0.9444  0.4651

X13

0.2659

X14
X15

-1.6045 0.9362 0.4561

SHARMA ET AL.

Residual effect = 0.0623

X1, Leaf length; X2, Leaf breadth; X3, Leaf size; X4, No. of non-wrapper leaves; X5, Days to head formation; X6, Plant height; X7, Plant frame; X8, Stalk length; X9, Core length;

X10, Polar diameter; X11, Equatorial diameter; X12, TSS; X13, Ascorbic acid; X14, Dry matter; X15, Gross head weight.
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Correlation coefficient were estimated for net head
weight which is a very important economic trait and it
showed highest positive and significant correlation with
gross head weight followed by leaf length, leaf breadth, leaf
size, plant height, plant frame, polar diameter, equatorial
diameter and TSS (Table 2). It shows their association with
traits, as positive or negative relationship with each other,
which become beneficial for breeder for effective selection
among genotypes. This result is in consonance with findings
of Meena et al. (2010), Thakur and Vidyasagar (2016),
Kaur et al. (2018).

Path coefficient analysis (Table 3) based on net
head weight as a dependent variable revealed that leaf
breadth had the highest positive direct effect on net head
weight followed by gross head weight, plant frame, polar
diameter, leaf size, TSS, ascorbic acid, dry matter and
days to head formation; hence selection through these
positive direct effects could be helpful in improving the
dependent trait and negative direct effect should not be
effective, as in this case we go for indirect selection. Rai
et al. (2003), Meena et al. (2010), Thakur and Vidyasagar
(2016) and Kaur ef al. (2018) also reported the similar
results earlier.

CAB-COHF-NERI-10, Pusa Mukta and CAB-
COHF-NERI-2 (Fig 1) were observed as best genotypes
for net head weight and other important traits like leaf
length, leaf breadth, leaf size, plant height, plant frame,
gross head weight, ascorbic acid. These genotypes were
superior in their performance in genetic parameters, viz.
high variability, heritability and improvement over one
selection cycle and also shows high positive correlation
and path coefficient analysis. These superior genotypes
can be recommended for cultivation or for use in further
breeding programmes.

SUMMARY

Cabbage is economically important crop among many
sectors. Twelve genotypes were evaluated during September
to February (2021-22) at the College of Horticulture
and Forestry (Dr Yaswant Singh Parmar University of
Horticulture and Forestry), Neri, Hamirpur, Himachal
Pradesh to study variability in yield and its contributing
characters. In variability parameters, high GCV and PCV
value indicating the considerable amount of variation was
present in germplasm. High heritability with high genetic
advance observed for traits, viz. days to head formation,
plant height, ascorbic acid and dry matter content showed
the influence of additive gene action and are highly able
to transfer from one generation to other generation. Thus,
selection would be effective for improvement in these
genotypes. Correlation coefficient and path coefficient
analysis showed that leaf breadth, gross head weight, plant
frame, polar diameter, leaf size; these traits can help in
evolving genotypes with higher net head weight through
selection. Hence, CAB-COHF-NERI-10 and Pusa Mukta
were high in yield and can be used for further breeding
programme.
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