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Abstract

In this study, we report the development of a uniform hybrid of cabbage by utilizing cytoplasmic male sterile (CMS) and doubled
haploid (DH) genotypes. Firstly, 26 cabbage genotypes were subjected to molecular diversity analysis using 52 SSR primers. Most
divergent parents representing CMS (6) and DH (5) genotypes were crossed in Line x Tester mating design during the summer of 2018.
During winter, 2018-19, all the parents, their 30 F1's, and one standard check cultivar (Pusa Hybrid-81) were evaluated for different
horticultural traits. Based on the mean performance, three lines viz. KTCB-836A, KTCB-5A, KTCB-6A and two testers viz,, KTCB-50-1 and
KTCB-51-19 were found superior. Hence, these genotypes can be utilized in future cabbage hybrid breeding programs. While among
the 30 DH-based hybrids, six cross combinations viz. KTCB-1A x KTCB-50-1 (586.82 q), KTCB-836A x KTCB-51-19 (568.93 q), KTCB-836A
X KTCB-51-2 (557.27 q), KTCB-836A x KTCB-50-3 (527.90 q), KTCB-836A x KTCB-51-6 (517.08 q) and KTCB-836A x KTCB-50-1 (513.06
q) were found superior than the Standard check cultivar, Pusa Hybrid-81 (405.93 q). As these hybrids were quite uniform hence, after
multilocations testing they can be released for commercial cultivation in India.

Keywords: Cabbage, CMS, doubled haploid, F, hybrid, SSR.

'Division of Vegetable Science, ICAR- IARI, Pusa, New Delhi, Delhi,
India.

2ICAR-IARI Regional Station, Katrain, Kullu, Himachal Pradesh,
India.

3|CAR-IIVR, Varanasi, Uttar Pradesh, India.

“Corresponding author; Email: sandeepkdhatwalia@gmail.com
Citation: Aruna, T.S,, Parkash, C., Kumar, S., Tomar, B.S., Behera,
TK., Singh, R., Singh, K.P. and Kumar, S. (2023). Utilizing Ogura-
CMS and doubled haploid lines of cabbage for new-generation
hybrid breeding. Vegetable Science 50(1): 11-22.

Source of support: Nil

Conflict of interest: None.

Received: April 2023 Accepted: June 2023

Introduction

Cabbage occupies the most important position among
the Brassica vegetable crops, which are cultivated in
temperate to tropical climatic conditions throughout the
world, including India (Singh et al. 2013). It is a foremost
commercial crop in hilly regions of India and can be grown
throughout the year in open filed conditions (Kumar et al.
2019) using different agronomical management practices
(Kurmanchali et al. 2020, Sindhu et al. 2021, Bahadur
et al. 2021). It constitutes an integral part of traditional
cuisine in several countries (Dey et al. 2017, Parkash et al.
2019) and is consumed as raw, shredded in salads, cooked,
boiled or braised in soups and different culinary dishes
(Kiber et al. 2014). It also possesses medicinal properties
especially anticarcinogenic properties due to the presence
of glucosinolates along with vitamins A, B, C and fibers
(Sarikamis et al. 2009). Today, because of rising demand
and the outbreak of new pests and diseases, developing
new high-yielding quality varieties and/or hybrids in this
crop is obligatory. F1 hybrids are advantageous in cabbage
since they are very early with uniform maturity and yield
better quality heads. They also resist many biotic stresses
and tolerate unfavorable weather conditions (Kucera et al.
2006). Generally, two pollination control mechanisms, self-
incompatibility (SI) and CMS, are widely used to produce F,
hybrid seed in brassica vegetables (Parkash 2008, Dey et al.
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2014, Singh et al. 2019). So far, the majority of hybrid cultivars
in cole crops have been developed through Sl system, but
the main problem with the Sl system is that it breaks at high
temperatures and leads to the production of sibs in hybrid
seeds besides difficulty in its maintenance and multiplication
(Parkash et al. 2018).

In such situations, CMS system is the most stable genetic
mechanism that offers a good alternative for the production
of F, hybrid seeds (Kucera et al. 2006, Dey et al. 2013, Dey et al.
2014). Further, selecting suitable genetically diverse parental
linesin cabbage isimportant for the expression of heterosis
in a desirable direction (Parkash et al. 2018). The estimates of
genetic diversity are useful for germplasm characterization
and help to identify suitable parents for hybrid breeding
in cabbage (Parkash et al. 2017). In any plant breeding
programme, morphological traits have immense value
for the selection of parents with maximum variation. But
morphological traits are highly influenced by environmental
factors; hence molecular DNA markers principally SSRs
and SNPs are preferred for cultivars identification as these
are devoid of the environment’s perplexing effect. Hence,
marker-assisted breeding aids to the selection of breeding
material in conventional breeding programs. The breeding
of brassica vegetables is mainly focused on developing F1
hybrids, necessitating the constant requirement of uniform
parental lines. Since cabbage is highly heterozygous and
exhibits higher inbreeding depression, it is difficult to get
100% pure homozygous parental lines with conventional
breeding methods. With these constraints, DH technology
based on isolated microspore in-vitro culture is widely used
to produce complete homozygous lines of Brassica crops
(Bhatia et al. 2016). This method allows us to rapidly develop
homozygous lines, in contrast to time-consuming traditional
breeding for heterosis in cross-pollinating crops which takes
about seven to ten years (Pivovarov et al. 2017). To date,
very meager information is available in the literature on
genetic diversity analysis using CMS and DH lines of cabbage
and their exploitation for uniform hybrid development in
cabbage. Hence, at ICAR-IARI Regional Station, Katrain, we
developed and maintained several cytoplasmic male sterile
(Parkash et al. 2019) and doubled haploid lines of cabbage
(Bhatia et al. 2018), out of which 26 promising lines were
used for molecular diversity analysis and their further use
in the development of next-generation hybrid of cabbage.

Materials and Methods

The present investigation was carried out at ICAR-IARI
Regional Station, Katrain, Kullu Valley, HP. In the present
studies, 26 genotypes of cabbage (13 CMS lines and 13
DH lines) were subjected to molecular diversity analysis
using 52 SSR markers. For this, isolation, purification
and quantification of genomic DNA, PCR amplification,
electrophoresis and gel documentation of amplified
DNA was done by adopting the standard procedure

followed in our previous studies on genetic diversity
analysis in cabbage (Parkash et al. 2017, Parkash et al.
2018). Out of 52 SSR markers only 26 primer pairs showed
polymorphic bands in the different genotypes under
study (Table 1), which were further used for molecular
data analysis. Various genetic diversity estimates such
as the observed number of alleles n), the effective number
of alleles (n,), expected heterozygosity (H, observed
heterozygosity (H,) and Shannon information index (1)
were estimated through POPGENE software (version
1.32). The polymorphism information content (PIC) was
computed through Cervus version 3.0 software. UPGMA
(unweighted pair group method of arithmetic mean)
dendrogram based on principle component analysis was
constructed by using NTSYSpc 2.0 software.

Based on the results of molecular characterization, the
most divergent genotypes of the cabbage representing
both CMS lines (6) and DH genotypes (5) were selected for
their use as lines and testers, respectively. In September
2017, selected CMS and DH genotypes were transplanted
unpaired in the crossing blocks, according to the Line x
Tester mating design as suggested by Kempthorne (1957).
The crosses were attempted between six CMS lines and five
DH testers in Line x Tester mating design during April-June,
2018. During September 2018, all the parents and their 30
F,'s along with one standard check (Pusa Hybrid-81) were
transplanted in the main field in Randomized Complete
Block Design (RCBD) with 3 replications in a plot having
size of 3.0 x 1.5 m, by maintaining 45 x 45 cm row-row and
plant to plant distance, which accommodated 18 plants
per plot. During both years, standard cultural practices for
raising a healthy crop stand of cabbage cultivation were
followed according to ICAR-IARI, Regional Station guidelines
(Sharma 2003). Data were periodically recorded on different
qualitative and quantitative traits from arbitrarily selected
10 plants from all replications. The data so obtained were
subjected to analysis of variance in OPSTAT software by
following the procedure of Gomez and Gomez (1984).

Results and Discussion

Molecular Characterization

For molecular characterization, 52 SSR primers were used
of which 26 primers were found highly polymorphic and
were found useful to differentiate different genotypes
under study (Figure 1). SSR markers’ usefulness in
distinguishing between different genotypes of cabbage
has been reported earlier in our studies (Parkash
et al. 2017, Parkash et al. 2018). In overall, 56 alleles
were amplified through 26 SSR primers, averaging to
2.15 alleles in each locus (Table 1). This average value
agrees with our earlier study (2.20) on genetic diversity
analysis in self-incompatible lines of cabbage (Parkash
et al. 2017), suggesting appreciable allelic frequency
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Table 1: Genetic diversity statistics for 26 SSR loci studied in 26
genotypes of cabbage

S.No. Locus n, n, / H, H, PIC

1. BoSF184 2.00 157 055 004 037 0.29
2. BoSF062 3.00 145 059 012 032 032
3. BoSF1331  2.00 1.68 059 0.08 041 034
4. BoSF2612  2.00 142 047 012 030 0.25
5. BoSF1215  2.00 1.27 037 0.08 022 0.18
6. BoSF2313  2.00 160 056 000 038 030
7. BoSF1167  3.00 145 060 020 032 033
8. Na12F03a  2.00 189 066 044 048 036

BoE783 2.00 1.09 0.17 0.00 0.08 0.07
10. BrSF422 2.00 1.08 0.17 0.00 0.08 0.07
11. BoSF2678  2.00 137 044 000 027 023
12. BoSF302 2.00 200 069 080 051 038
13. BoSF1455  2.00 200 069 080 051 038
14. BoSF2345  2.00 200 069 083 051 038
15. CB10258 2.00 137 044 000 027 0.26
16. BRASO11 2.00 1.23 033 021 0.9 021
17. Na12B09 2.00 200 069 100 051 038
18. BoE862 2.00 168 059 000 041 034
19. BoSF1207  2.00 1.80 064 048 046 034
20. BoSF1846  2.00 189 066 028 048 036
21. BoSF2615  2.00 1.72 061 028 043 033
22. BoSF2232  4.00 299 121 038 069 061
23. BoSF2860  2.00 163 057 017 039 031
24, BoSF1740  2.00 123 033 013 039 021
25. BoSF022 2.00 130 039 026 023 020
26. BoSF912 2.00 146 049 004 032 0.26

Mean 2.15 162 055 026 036 030

Where, n_: observed number of alleles, n_: effective number of
alleles, I: Shannon’s Information index, H : observed heterozygosity,
H.: expected heterozygosity and PIC: polymorphic information
content.

among the genotypes studied, but it was considerably
lesser than that as reported by Mohamed et al. (2016) in
different botanical varieties of Brassica oleracea (3.92).
This might be due to the use of genotypes belonging to
same botanical variety of B. oleracea. Among all the SSR
markers, a maximum number of alleles were amplified
by the primer BoSF2232 (4) followed by BoSF062 (3) and
BoSF1167 (3). The remaining primers were able to amplify
only two alleles per locus among the tested genotypes.
The maximum value of Shannon’s Information Index (1)
was exhibited by the primer BoSF2232 (1.21), while it was
observed minimum (0.17) in two primers viz. BoE783 and

Figure 1: PCR amplification profile of 26 genotypes of cabbage using
SSR primer (A) BoSF062 and (B) BoSF1167; where, M = Molecular size
marker (1 Kb ladder). Molecular sizes (in bp) are given on left

BrSF422. In our study, mean value of ‘I was recorded
as 0.55, which is greater than as observed earlier by
Paulauskas et al. (2013) in B. napus (0.12). The expected
heterozygosity (0.36) had higher mean values than the
observed heterozygosity (0.26). Parkash et al. (2017
and 2018) had also observed higher mean values of
expected heterozygosity than observed heterozygosity.
The highest (1.00) observed heterozygosity (H ) was
reported in the primer Na12B09, while the lowest value
(0.00) was recorded for six SSR primers viz. BoSF2313,
BoE783, BrSF422, BoSF2678, CB10258 and BoE862. The
mean value of observed heterozygosity in this study
was found greater than that of expected heterozygosity
as reported by Pascher et al. (2010) in different varieties
of B. napus (0.23). The expected heterozygosity (H)
was recorded maximum (0.69) in the primer BoSF2232,
while a minimum (0.08) was observed with the primer
pairs BoE783 and BrSF422. In line with our study, Parkash
et al. (2017) and Parkash et al. (2018) had also reported
similar values of expected heterozygosity in different
genotypes of cabbage. Polymorphic information content
(PIC) was used to estimate allelic frequency and diversity
among different genotypes of cabbage. PIC with a
population mean of 0.30 was recorded highest in the
primer BoSF2232 (0.61) and the lowest value (0.07) was
observed for the primers BoE783 and BrSF422. Parkash
etal. (2018) had also reported varied values of PIC (0.22-
0.38), with a mean value of 0.34 by using SSR markers in
different genotypes of cabbage. In the present study,
different parameters of diversity exhibited high mean
values, signifying allelic abundance in the different
genotypes of cabbage. This allelic abundance might be
attributed to cross-pollinating behavior of cabbage. The
mode of pollination significantly affects the abundance
and diversity of alleles within and across different plant
species.
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Dendrogram constructed through the un-weighted
neighbor joining method divided the 26 genotypes (CMS
and DH lines) of cabbage into three major groupsi.e.,, AB &
C (Figure 2). Group A had only one genotype i.e., KTCB-7A,
while group B and C accommodated 11 and 14 genotypes,
respectively. It is apparent from the results that most of the
CMS lines and DH genotypes were clustered separately in
group C and B, respectively. Hence, we selected six diverse
CMS lines (5 from Group C and one from Group B) and five
distinct testers (4 from Group B and one from Group C) for
making F, crosses in Line x Tester design. Crossing these
genotypes was expected to yield heterotic F, hybrids in
cabbage. Mohamed et al. (2016), Parkash et al. (2017) and
Parkash et al. (2018) based on SSR data, had also clustered
different genotypes of B. oleracea into different groups,
indicating considerable level of genetic variations among
different Brassica spp.

Morphological Characterization

Qualitative traits

Morphological characterization of 11 parents and their 30
hybrids and a check were done using 13 traits (Table 2).
The results depicted that all the parental genotypes were
semi-erect except the genotype KTCB-831A which is erect
while among the 30 crosses, the cross combinations KTCB-
836A x KTCB-50-1 and KTCB-836A x KTCB-50-3 exhibited
erect leaf altitude while remaining 28 cross combinations
and the check cultivar, Pusa Hybrid-81 were semi-erect
in nature. With respect to outer leaf profile, most of the
parental lines had concave outer leaf profiles, except KTCB-
831A, KTCB-50-1, and KTCB-50-3, which had flat outer leaves,
while KTCB-51-2 had convex outer leaves. Similarly, among

Ckress12>

KTCB-51-13
IkTeB-51-12
B, B, — KTCB-51-11
KTCB-5A

KTCB-7A

*Selected CMS lines-encircled red; selected DH testers-encircled
blue

Figure 2: Dendrogram constructed using Un-Weighted neighbor-
joining method showing clustering pattern of 26 genotypes of
cabbage.

the different crosses, 15 exhibited flat-shaped outer leaf
profiles along with check cultivar and four other crosses
had convex outer leaf profile. In contrast, rest of 11 crosses
exhibited a concave outer leaf profile. Most of the parental
genotypes exhibited bluish-green-colored outer leaves but
the outer leaves of genotypes KTCB-1A and KTCB-836A were
of normal green in color and KTCB-5A, KTCB-50-1, KTCB-50-
3, KTCB-51-2 parental genotypes were dark green in color.
Among the crosses, 22 combinations had dark green outer
leaves, the cross combination KTCB-5A x KTCB-51-6 had
green outer leaves, four crosses had pinkish green leaves
and the remaining hybrids had bluish green outer leaves
and the outer leaf margin of most of the parental lines were
serrated except in the CMS line KTCB-1A and among the
hybrids half of cross combinations had non-serrated leaves
while remaining half were serrated. Though most of the
parental genotypes had either weak or medium waxiness
of outer leaves, segregation of this character into strong leaf
waxiness was observed in the crosses KTCB-6A x KTCB-51-
19, KTCB-836A x KTCB-51-2 and KTCB-836A x KTCB-51-6.
Head shape of most of the parental genotypes’ heads were
round, but the lines KTCB-208A and KTCB-6A produced
flat heads while the hybrids were of mixed composition of
round, flat, oval and conical-shaped heads. Head base was
leveled in most of the parents except parental genotypes
like KTCB-208A and KTCB-50-3 and the cross KTCB-208A x
KTCB-50-3, which had round base. Parental genotypes viz.,
KTCB-50-1, KTCB-50-3, KTCB-51-2 and KTCB-5A the heads
were partly covered by inner leaves at maturity, except in
the CMS lines KTCB-1A, KTCB-6A, KTCB-208A and KTCB-
836A in which heads were fully covered by inner leaves at
maturity which helps to protect the heads from attaining
yellow color. While, inner leaves fully covered the heads at
maturity in the hybrids KTCB-836A x KTCB-51-2, KTCB-6A
x KTCB-51-6, KTCB-6A x KTCB-51-2, KTCB-6A x KTCB-50-1
and KTCB-5A x KTCB-50-1. Anthocyanin pigmentation was
observed on cover leaf at head maturity in all the parents
and crosses but it was absent in the check cultivar. The
internal color of head in most of the parents and crosses
were yellowish-white except parental lines KTCB-208A and
KTCB-6A which exhibited pinkish-white internal head color.
Only five parental lines were affected by black rot, whereas
remaining parental genotypes were free from black rot
incidence. The incidence of black rot was noticed in only
six cross combinations. However, the remaining hybrids
were free from black rot incidence. Hence, wide variations
among parents and their hybrids were observed for different
qualitative traits under study. This offers the chance to select
suitable parental genotypes for future hybrid breeding and
choose a suitable F, hybrid depending upon the consumer’s
preference and market demand. Earlier workers viz. Kibar et
al. (2016); Parkash et al. (2017) and Parkash et al. (2018) had
also recorded wide variations in leaf colour, head shape and
outer leaf waxiness of cabbage.
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Quantitative traits
. = = = = " Significant differences were perceived among the parents
g 8 g g g g and hybrids for all the quantitative traits under study (Table
o« < < < < < 3). For the traits related to plant stature such as plant height,
o o o o o o plant spread and number of non-wrapper leaves marked
E § § % § § variations were detected amongst the parents and hybrids
< < < < < < viz. plant height (16.00-22.33 and 17.37-21.97, respectively),
E E E E E E plant spread (46.67-58.97 and 43.93-57.13, respectively) and
3 3 ] K] 3 ] number of non-wrapper leaves (12.97-18.67 and 10.60-16.03,
respectively). The parental genotype KTCB-50-3, KTCB-831A
€ € € = € £ and KTCB-51-6 exhibited maximum plant height (22.33
g g g g g 3 cm), minimum plant spread (46.67 cm) and number of
non-wrapper leaves (12.97), respectively, while among the
® hybrids KTCB-836A x KTCB-51-2 exhibited maximum plant
g g height (21.97 cm) and two cross combinations, KTCB-5A x
Y Y é § Y Y KTCB-51-19 and KTCB-1A x KTCB-51-2 had minimum plant
spread (43.93 cm) and non-wrapper leaves (10.60) which
o o o o o o were considered as best with respect to plant stature.
K v v v v v Wide variations concerning these traits were also reported
- e e = e e by Kumar et al. (2013) and Parkash et al. (2017 and 2018) in
- S S S different cabbage genotypes.
5 5 E 5 = 5 All the parents and hybrids also showed remarkable
e« = © = = = variations with respect to yield and yield contributing traits
viz. head polar diameter (10.63-13.87 and 11.60-17.37 cm,
= = = = g = respectively), head equatorial diameter (11.67-14.33 and
§ g g § $ g 14.80-24.60 cm, respectively), head size (129.30-183.71
and 117.35-317.88 cm, respectively), days to head maturity
(76.33-87.00 and 69.33-91.67 days, respectively), gross
x x g ? x x head weight (1.19-1.66 and 1.07-2.77 kg, respectively), net
= = & 3 = = head weight (0.49-0.76 and 0.60-1.49 kg, respectively),
c harvestindex (36.72-52.74 and 42.41-66.56%, respectively)
g cc cc .. < c and yield per hectare (193.38-299.84 and 237.24-586.82
e 28 28 28 £9 & g, respectively). The genotype, KTCB-836A (13.87 cm)
e ®=o @o @ &0 O followed by KTCB-208A, KTCB-831A and KTCB-50-1 recorded
o T 5 5 T 5 maximum head polar diameter, while among the hybrids
L s LB LB s LB KTCB-1A x KTCB-50-1 (17.37 cm) followed by four other
28 & 23 23 & 23 combinations exhibited maximum head polar diameter.
" " Maximum head equatorial diameter (14.33 cm) and head
§ § § size (183.71 cm?) were observed in genotype KTCB-51-2 and
5 § 5 § § 5 a cross combination, KTCB-836A x KTCB-50-3 (18.59 and
317.88 cm?, respectively). Minimum days to attain marketable
- 5 5 5 5 5 head maturity were observed in the genotype KTCB-50-1
S S S S S S - (76.33), while among the hybrids, KTCB-5A x KTCB-50-1
2 2 2 2 2 2 s (69.33) recorded minimum duration for head maturity
” - - - § and it was found at par with 24 other cross combinations.
. g ~ g g g =) Highest gross head weight was observed in the genotype
o £ o £ £ £ £ KTCB-51-2 (1.66 kg) and amongst the crosses, KTCB-836A x
“ < N < < < S KTCB-50-3 (2.77 kg) followed by four other combinations
g 3 3 S 3 g ‘i‘_} recorded highest gross head weight. Amongst the parents,
E @ § '@ § '@ . § @ § 8. Tg |8 KTCB-51-2 and KTCB-5A exhibited highest net head weight
otz vibyr vt ovbe U 2 § = o 0.76 kg) and within the crosses, KTCB-1A x KTCB-50-1 (1.49
X X 1n X X i X X un X X un ¥ Xin af © . . .
S kg) followed by three other combinations revealed highest
® o Q 5 3 kY net head weight. Among the parents, highest harvest index
2]
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CMS: Cytoplasmic male sterile, DH: Doubled haploid, +SE(d): Standard error of difference

was observed in the genotype KTCB-51-6 (52.74%) and
among crosses, KTCB-1A x KTCB-51-2 (66.56%) followed
by KTCB-5A x KTCB-51-19 exhibited highest harvest index.
Among the parents, highest yield per hectare was observed
in the genotype KTCB-51-2 (299.84 q), while among crosses
KTCB-1A x KTCB-50-1 (586.82 q) followed by KTCB-836A x
KTCB-51-19 (568.93 q), KTCB-836A x KTCB-51-2 (557.27 q)
and KTCB-836A x KTCB-50-3 (527.90 q) exhibited highest
yield per hectare. The results conform with Rai and Singh
(2010), who reported high variability for gross head weight,
net head weight, and number of non-wrapper leaves in
cabbage. Similar results were also reported by Kumar et
al. (2013).

The cabbage genotypes with short core length are
desirable for having compact head. Among the parents
and hybrids core length varied form 3.03 to 5.87 cm. The
shortest core length was recorded in genotype KTCB-6A
(3.33 cm) followed by KTCB-1A and subsequently, these lines
can be utilized for hybrid breeding of cabbage to develop
compact heads. Among the hybrids, minimum core length
(3.03 cm) was observed in the cross combination KTCB-6A
x KTCB-50-3 and it was found at par with nine other hybrid
combinations. A similar variation for core length in cabbage
was also reported earlier by Kumar et al. (2013). Furthermore,
shorter stem length is preferred for cabbage cultivation as it
can withhold higher head weight. Stalk length ranged from
0.67-1.49 cm among the parents and hybrids. The minimum
stalk length was observed in parental genotypes KTCB-50-3
(0.84 cm) followed KTCB-1A and among different crosses,
KTCB-836A x KTCB-51-19 (0.67 cm) exhibited minimum
stalk length and it was found at par with 11 other hybrids.
Significant differences for stalk length were also reported by
Kumar et al. (2013), Sharma et al. (2018), Parkash et al. (2017)
and Parkash et al. (2018) in cabbage.

Conclusion

The present studies concluded that SSR markers were
useful for selecting diverse parental lines for heterotic F,
hybrid development in cabbage. Three lines viz. KTCB-836A,
KTCB-5A, KTCB-6A and two testers viz. KTCB-50-1 and KTCB-
51-19 were found superior based on mean performance
for different traits under study, hence these genotypes can
be utilized in future heterosis breeding programs for yield
improvement in cabbage. While among the 30 DH based
hybrids, six cross combinations viz. KTCB-1A x KTCB-50-1
(586.82 q), KTCB-836A x KTCB-51-19 (568.93 q), KTCB-836A
x KTCB-51-2 (557.27 q) and KTCB-836A x KTCB-50-3 (527.90
q), KTCB-836A x KTCB-51-6 (517.08 q) and KTCB-836A x
KTCB-50-1 (513.06 q) were found superior than the check
cultivar Pusa Hybrid-81 (405.93 q) with respect to yield per
hectare. Hence, these hybrid combinations can further be
tested at multilocations before releasing as a substitute for
existing hybrid cabbage varieties in different parts of India.
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