Vegetable Science (2024) 51(1): 24-32

doi: 10.61180/vegsci.2024.v51.i1.04
ISSN- 0970-6585 (Print), ISSN- 2455-7552 (Online)

WWW.isvsvegsci.in

Unraveling heterosis and combining ability for enhancing yield and its component

traits in cabbage

Aruna T. S.", Chander Parkash?, Sandeep Kumar?, B. S. Tomar?, T. K. Behera?, Naveenkumar B. S.*, Rajender Singh?,

Kanwar P. Singh? and Satish Kumar?

Abstract

The present study explores heterosis, combining ability, gene action and proportional contribution of lines, testers and their interactions
foryield and its contributing traits in cabbage (Brassica oleracea L. var. capitata). Evaluating 30 F, populations, 11 parents (6 CMS lines and
5 DH testers) and a standard check (Pusa Cabbage Hybrid-81) in RCBD during winter 2018, the results revealed that KTCB-836A, KTCB-50-1
and cross, KTCB-1A x KTCB-50-1 found superior for yield and its component traits based on GCA and SCA estimates respectively. Further,
KTCB-836A x KTCB-51-19, KTCB-836A x KTCB-51-2, KTCB-836A x KTCB-50-3 and KTCB-836A x KTCB-51-6 identified as superior hybrids
for yield per hectare based on estimates of standard heterosis and heterobeltiosis. The gene action studies indicated that non-additive
gene action predominantly controls most quantitative traits, as the dominant variance (o°D) was more than the additive variance (0?A)
and the variance ratio was less than one for most of the quantitative traits. While higher contribution of line x tester interactions also
highlighted the effective role of testers. Heterosis breeding can thus be commercially exploited to develop superior cabbage hybrids.
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Introduction

Cabbage (Brassica oleracea L. var. capitata) is a major
brassica vegetable, traditionally grown in temperate
regions but now cultivated throughout the world. Despite
its diversity, traditional cultivars often perform poorly in
head formation, yield and other traits. These problems can
be addressed by developing F, hybrids, which are early
maturing, uniform, higher yielding, and more resistant to
pests, diseases, and adverse weather. Heterosis, or hybrid
vigor, manifested as the superior performance of F, hybrid
over its parents. In cabbage, F, hybrid seeds are produced
using self-incompatibility (SI) or cytoplasmic male sterility
(CMS). While most hybrids have been developed using the SI
system, itis less stable at high temperatures and challenging
to maintain. The CMS system, being more stable, is a better
alternative for producing F, hybrids. As cabbage is highly
heterozygous in nature, producing 100% pure homozygous
parental lines through conventional breeding isimpossible.
Therefore, doubled haploid (DH) lines, created via isolated
microspore culture, are completely homozygous in nature.
Similarly, both general combining ability (GCA), linked with
additive gene action, and specific combining ability (SCA),
associated with non-additive effects, are crucial for the
development of breeding populations. The knowledge
on the nature and magnitude of gene action controlling
the inheritance of yield and other quantitative traits would
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facilitate to exploit the materials for heterotic effect and
assessing the proportional contributions of lines, testers, and
their interactions is useful for selecting parents effectively to
improve quantitative traits (Kumar and Kumar, 2017).

Materials and Methods

Experimental site and layout plan

The present research was carried out at Naggar Experimental
Farm of ICAR-IARI, Regional Station, Katrain, Himachal
Pradesh, India. The most divergent cabbage genotypes
consisting of 6 CMS lines and 5 DH testers selected based
on molecular characterization (Table 1), were crossed inaline
X tester mating design during April-June, 2018, producing
30F, hybrids. In September 2018, these hybrids, along with
their 11 parents and a standard check (Pusa Cabbage Hybrid-
81), were planted in a randomized complete block design
with three replications. Each plot, measuring 3.0 x 1.5 m?,
maintained 18 plants with 45 x 45 cm? spacing.

Sampling and statistical analysis

Observations were recorded on five randomly selected
plants from three replications of each genotype/hybrid for
all the 14 quantitative traits under study viz., plant height
(cm), plant spread (cm), number of non-wrapper leaves, head
polar diameter (cm), head equatorial diameter (cm), head
size (cm?2), stalk length (cm), days to head maturity, head
core length (cm), gross plant weight (kg), net head weight
(kg), head compactness (%), harvest index (%) and yield
(t/ha). Data recorded from thirty crosses, eleven parents,
and standard checks were analyzed using the Line x Tester
model (Kempthorne, 1957) with MS-Excel and the OPSTAT
package (Sheoran, 2006).

Combining ability analysis was carried out using
Kempthorne's (1957) method. The additive and dominance
components of variances were estimated using the
following formulae (Singh and Chaudhary, 2012).

Results and Discussion

Combining ability studies
Combining ability plays a crucial role in selecting desirable
parents in breeding programs and understanding gene

Table 1: List of cabbage parental genotypes and a standard check

S.No.  Genotype SrNo.  Genotype

Lines (CMS lines) =6 Testers (DH) =5
1. KTCB-1A (L1) KTCB-50-1 (T1)
2. KTCB-5A (L2) KTCB-50-3 (T2)
3. KTCB-6A (L3) KTCB-51-2 (T3)
4. KTCB-208A (L4) KTCB-51-6 (T4)
5. KTCB-831A (L5) KTCB-51-19 (T5)
6. KTCB-836A (L6)

Standard check: Pusa Cabbage Hybrid-81

effects on quantitative traits. It is evaluated using various
mating designs, including line x tester, North Carolina
designs |, I, and lll, and diallel (Fasahat et al., 2016) and we
employed Line x Tester mating design (Kempthorne, 1957),
an extension of top cross analysis. The experimental results
concerning to significant desirable general combining ability
(GCA) effects of 11 parental lines have been presented in
Table 2, which revealed mean sum of squares for lines and
testers were significant for all studied characters. A perusal
of GCA effects relating to good plant stature (plant height,
plant spread and number of non-wrapper leaves) revealed
that lines viz., KTCB-836A, KTCB-831A and tester KTCB-
50-1 were best combiners for plant height due to their
significant positive GCA effects (Table 2), whereas the lines
KTCB-5A (-3.16; -1.03) and KTCB-1A (-3.04; -0.49) and tester
KTCB-51-19 (-2.37; -0.82) were good general combiners for
plant spread and number of non-wrapper leaves due to
their significant negative GCA effects. KTCB-836A exhibits
significantly negative GCA for days to head maturity (-3.69),
indicating it matures earlier. Different cabbage genotypes
with early maturity have been reported by Nieuwhof and
Garretsen (1975), Parkash et al. (2015), Li et al. (2011) and
also More and Wallace (1984). The two parents, KTCB-836A
and KTCB-50-1, were excellent general combiners for yield
and related traits viz., head polar and equatorial diameter,
gross and net head weight (Table 2). This implies the genetic
worthiness of KTCB-836A line for developing high-yielding,
early hybrids. Verma et al. (1989) also found Pride of Asia to
be a good general combiner for gross weight, net weight
and head size index. Similar desirable GCA effects for yield
traits in cabbage have been reported by Gill et al. (1975),
Fang and Sun (1982), More and Wallace (1987), and Liu et
al. (1996).SCA effects, which help to identify the best cross
combinations for various traits, have also been studied and
presented in Table 3. Among the 30 crosses, six were good
combiners for plant height as they exhibited significant
positive SCA effects, whereas four hybrids for plant spread
and six hybrids for a number of non-wrapper leaves were
good specific combiners due to their significant negative
SCA effects (Table 3). Whereas, two crosses, including
KTCB-1A x KTCB-50-1 and KTCB-1A x KTCB-50-3, showed
significantly negative SCA effects for earliness traits (Table 3).
Verma et al. (2016) also reported two earliest cabbage
hybrids through SCA analysis.. For commercial traits viz. head
polar and equatorial diameter, gross and net head weight,
head size, and yield per hectare, several crosses exhibited
significantly high SCA effects. Notably, KTCB-1A x KTCB-50-1
showed the highest positive SCA effects for all these traits
(Table 3). These findings align with previous studies of Gill
et al. (1975), Nieuwhof and Garretsen (1975), Parkash et al.
(2015), Thakur (2016), Fang and Sun (1982), Verma et al. (2016)
as well as More and Wallace (1987) who reported significant
SCA effects for yield and its components.



Aruna et al.: Heterosis and combining ability in cabbage

26

2ouedYIUbIS JO [9AD)] %6 e JuedyIubIS,,

8€/1 89'L ¥0'0 L0°0 (8T 800 970 o'l 00'8 550 020 LE0 1€l pE0 sisaL (16) VgD
€6l 88l 500 L00 0z's 600 670 vo'L 6'8 790 44 o 'L 8£0  saur (16)7ad
88 980 200 €00 oL 00 €10 L0 80y 870 0Lo 610 £90 /L0  si1s9L((6) TS
266 960 €00 ¥0'0 vo'L 00 510 80 95t Z€0 LLo lZ0 SL0  6L0 saur (16) ‘'
88'G- 68T 200- LL0- L90- 0L0- €00 YT LSl 8L°0- €Lo- 280- .LET- .L80- 61-1S 91N L1
LT8- 90'L 200- 800 00'L 800 zLo- 88l  OEl- 97'0- 150- 6E0- €T0- SO0 9-159dIM Ol
65°0- 50T 000 L00- 19t 010 A0 10T vTL- LE0- £20- AY0-  160-  LEO- 1S9 6
0€8- LU LOO- €00 L1T- 600 €0 1€ LS'€ 010 v1°0- SE€LSFL €00 €-059d1M '8
S0°EY 88°0- L0 L£T0 8LT- 100~ 070 e 8T'8T 560 20'L [TO0  .L0T  OLL 1-0S9DI L
S191S9|
69°0LL 0zl 70 80 69°€- v0'0- 670 's- 8588 0T€ 0LT 0L0- .18€ .50T voss DI 9
LELT- 161 LO0- L00- 80 800 200- €l- 8T L- oL0- 220~ 0 Tl b0l vies I 'S
687~ 0LT 210 L10- 8e'L 810 600 zo- Lot 61°0- SO'L- 0SSl 970 v80Z DI ¥
b0'99- €T LL0- L£T0- 79'L- 800 L0 00  .9vLiT- 660 98°0- 6L0 670 .00°L- voOadIN €
198z A€ L00- L£T0- 79T ,070- €20 LY 8TST SEL- or0- £0'L- 9L'E- .S90- VSEDIN T
zLo 8T 000 .80°0- 819 0L0- 80°0- ST L'8- 85°0- 0L0- 6Y0- VOE- UL viaIN L
saur7
(b) 2013y - (9) Xopu Emmmwn Emuwwn \o:wﬁ(“ (wp) yabuay (o) y3budy MWM*HMN (W) «Eu\ﬂw%ﬁ%%mw EEMMN \quct.m\_m.wﬂm_“ tc@% EMMU“ (5)auaipd .02
s2dpjaig - 159MDH pbaY J1aN ppay ssoi9 01 sAbg APIS 3109 pOoH ppaH 9215 POoH ppaH Jpjodppap  joiaquiny  Jup|d  JuD|d 5

abeqqed ul syes} aazeNIuEND JUJRYIP J0) suJed JO S13Y3 (YDD) AMjige Buluiquiod [eiausb jo sarewisy iz ajqel



27

2duedYIUBIS JO [9A3] %G I JUedYIUBIS,

£8'8€ 9L'€ 0L0 510 ) L10 850 (7€ 88/l vT'L 70 €80  ¥6T  SL0 9™ a>

€861 6L 500 800 L€ 600 670 L9'L N3 €90 €20 €0 05l 6€0 (is)7's
L6'L€ L10 0L0 Lo 0z0-  .0T0 €€0- 857-  .l6/LL 80 970 ST0-  .l0Y  .SL0 6l-15-8DIM X V9E8-ddIM  Of
6t LL- 79°€ €00-  .TTOo- ozz-  .8lo LLo- 689  .TSEh- 660- .99l 780- 06l 9T0- 9-lS-EDIM X VOE8-9dIN ‘67
01T 19°L- 500 10 8t'b- ¥T0 820- 0S€- .50l €L0 990 TI0-  S9T-  6¥0 T-1S-EDIM X V9E8-gDIM ‘8T
se'6l S'0- 500 070 L6E 600 180 85'l-  .Sb'8T S0 LLUL 610 080 SO0- €-0S-GDI) X VOe8-adIM LT
¥8'99- €L1- LL0- £TO 16T 900 600- 9,0  .68'€C- LOL- .290- 660 907 .p60-  1-0S-8D1) X VO£8-9DIM ‘9T
z561 88l 500 200 09¢- .60 00 SLl Ll ST0 S0°0- L£0- SO0 990 6L-1S-@DINXVLES-GIIN ‘ST
veLT- €r'E- L0°0- 200- €6 270 90 90z LL0- LL0- 80°0- 060  T90-  OV0 9-1S-EDINXVLIES-EIIN  vT
16'SS 00 w10 0Lo o6 800 200- vl STEL 06'0 L0 6€1l-  ¥TE  .S80- T-LS-EDIMNXVIES-EDIN €T
LL9L 44! 00 00 0L0- 100 S0°0- 150 Ty zro- Q) PO~ Y€€ 070 €0S-GDIMXVLIES-EDIN 7T
98- ULV 9L v1°0- 80 zro- 70 SO'L- L6l 76'0- Lt'0- LTL 990 700~ L-0S-GDIMXVLES-GDIN LT
€6'9¢ LS1- 0L0 220 09Z- 00 L00 ove- .STST €'l 120 £/0  .SE-  .860- 6l-15-8DIM X V80Z-9DIN ‘0T
6'€ LLL- 100 800 L0°S 0L0 950 6£7-  ¥6TL L0 o 90  60°L 890 9-1S-@DIY XV80Z-9DIN 6l
ATLS- ore- Lo v1°0- L€ ¥0'0- 100 LL0  .pb8l- 860-  .6V0- 960  LZ0 .8L0- T-lS-9DIMXVS80Z-gDIN '8l
SE'LL LE£T €00 €0°0- LLE- €00 50°0- €51 sge- S00- SLo- 990-  STT .Z60 €-0S-9DIMXVY80Z-9DIM  LL
66'0- 19 000 €Lo- 1Sy L00- 650 LY 06SL- [50- 80  .0TLl- €00 90 1-0S-8DIM X V80Z-gdIM ‘9l
vLOY €87 010 zro 09z L10 00'L 850 Tyl €60 LZ0 8/°0-  ¥E€T  TLO  6L-1S-@DINXV9-gdIN 'Sl
096/ YEY 070 LT0 00 v0'0- LL0- €0l-  .8L9€ 80 691wl €Tl 480  9-lS-@DINXVO-gdIN bl
8779 .609- 9L 1°0- 88'c- L0 vE0 SEl- .9L8L- AEL- 7z 0- A9l 697 600  Z-lS-@DIMXV9-gDIN €L
vLSL- 08'L- v0'0- €0°0- 06'v S00  .¥80- L60- 99°'G- lz0 S0 1L0 950 S¥0-  €0S-DIIXV9-gdIN Tl
26T Lo Llro- .Zeo- 8Ll ¥0'0- 0t'0- LT .659C- £90-  wlL- 0v0-  €TL- .1TL-  L-0S-GDIM XV9-gdIN Ll
€L oLz .0z0-  .9€0- L00 000 60°0- LT9 0TSV 16T SL0- 8L'0-  T9Ll- .980-  6L-1S-@DINXVS-gdIN Ol
580 99'0- 000 200 €Ll £00-  .¥60- L90- €09 000 9€'0 STO LS LUL- 9lS-@INXVSEIN 6
75T ol'e- 900 610 LT 200 020 oTh- .10 SEL z€0 090  S80 .S80  Z-1S-@DINXVS-EDIM '8
8'5S Y0’ 10 10 €T 100~ 850 100 8L/l 160 0S50  .€60- €50 .160  €0S-@DIMXVSE@IUN L
68'L- LEL- 000 100 810 200 570 €'l 750~ 990 €°0- 970  .I¥'E 870  L-0S-@DINXVS-EDIMN 9
£815-  L¥S- SL0- z1o- £6'8 810  .690- 207 v6SL- L£0- LSO SUL LTL- 0£0-  6L-LS-@DIIXVL-EDIMN 'S
WSS olz-  .Tlo- €Lo- L0°0- 90'0- R0) sro- Tuel- LIo- €20 YE0 WO 650 O-LS-@DIXVL-ED ¥
S0vL LS6 €00  .SLO- z€9 910 920- SSL 9Ll 69°0- L0~ L9l- €0l 0Z0  T-lS-@DIXVLI-@IN €
81'88-  Lvb-  TTO-  ZE0-  £TL- LL0- S0- 0S50  .8€0b- orL-  ovl- Ol 650 .pl'l-  €0S@IIXVL-EIN T
0SLLL T 570 L0 96L- v1'0 9Tl 8TS- 9098 95T 80€  .Z60- 6Ll €1 1-0S-@DIM X V1-GDIM 'L

b wo w, wo SIADJ,
Ect«mw“ (%) xapu Emmww_ Emmmxiy \E:M_M“ Emmw\ E«m:m»\ mmmcthcﬂ\ww (W) \&m%s m EE%EM EQQE\_\A tc«_.mmm EM“ (s)uonbuIqUIOd SS0I) .02
Jad ppais 1S9AIDH ppay 19N pbay 01 5Abq . 2102 ey azis ppaH [plioibnba ijod  -uoujo ol ublg S
$s0ID pDaH PDaH pbaH  Jaquiny

Aruna et al.: Heterosis and combining ability in cabbage

abeqqed U s}iel} dA1IR}IURND JUSISYIP 10} S3SSOID JO 1943 (YDS) AMjiqe Buluiquiod dyidads Jo sajewnnsy :€ ajqel



Aruna et al.: Heterosis and combining ability in cabbage

28

2duedYIUBIS JO [9A3] %G I JuedYIUBIS,

.SL'ov 99'9 .(8'6E £LL0E 05T .59'8¢- wel- LS0L- OLYe 5091 OLSL pTLL- L. 6PLL 61-19-9DIM X V9€8-aDIM  "O€
8ELC LL'6 LOLT Or'slL 6Tl .89°5¢E- LLLL- €9l ws 8¢/ 88'l- ., 918l- SO'L- .860L  9-1G-8DIM XV9€8-aDIM  '6C
8CLE Vil .56'9¢€ FlLve SCLL- €961 .9C0c- LLSL- 08°LE .cC8l LYOL SPEL- ,0C0L- WOEL C-1G-8D1M X V9€8-9DIM '8¢
,G00€ 1G6- LEL'6C 28Ty L1°6- Lzs €0'slL .06'9¢- 28'SY .86'0C NVAI4 080 900- .lLOCTL  €-0S-9DIMXV9€8-9DIM /T
6E°9C L6'¢- .80°9C 98'0€ STLL- SL9- 85~ {Lr'8lL- BL€EE 6971 8791 SL'Ll- 9%'Z- ,98TL  L-09-9DIM X V9€8-9DIM  "9C
8l€lL- w'e 6€€l- L CTLl- [9LL- LL°ST- €0°SlL- L8€L 8T LL- vS'6- LY8- 8YYL- Y/LTL- 6'S 6l-1S-9DIMXVLES-ADIN  'ST
LEST V'6-  6¥VST-  S6/LL- STLL- 85°CL 08'6- STl 8'8lL- o8- 6CLL- 9L¢- .SL0L-  ,9C6  9-LS-@DIMXVLES-ADIN  ¥C
L6°C- L8 SlLe- LZ0oL- STl 9591 8- [4°x4] S00L- L1°C .008-  ,798l- L9v- €0'L  TLSEDDIXVLIEB-ADIN €T
8E6L- Slcl-  .896lL- 8/'8- L1°6- 156 PrLL- SSL- ST6- €T 8l's- €70 .86'Ll- 609  €-0S-9DIMXVLES-ADIN TC
A6l €9GL- 0LCC S6'L- €801~ 9Ll ¥Tle- 8LLL- €9'8- 98'G- 8- LEY  16'E- STl L-0S-@DII X VLES-ADIN LT
L1LYL- 08'¢C- 8EVL- LeCL- L1°6- 6CY wel- 60'€ Lyel- 69°¢- Y6'8- £6'8- ,lE€8Ll- ,9C6- 61-15-921M XV80¢-dD1M  '0C
,68°CC- 6¥'9-  .80'¢tc-  .S0°8l- 0sC 13408 88'G- 85'¢  ,5/°8l- 98'¢-  ,G9°€l- SL'S- LY9- 6’ 9-1S-dDIMXVB0C-ADIM 6l
89'E- LE8- YL vE- .£88¢- €e'e- L'yl Raade LLLL 67 0€- L6L- LCL8L- ly'e- ,Sl'6-  CE€G9- T-1G-9DIM X V80Z-dDIM '8l
.00'9¢- roL- L9 68/L- 0S°CL- yeSL LY'6- 86'0-  ./88l- veEY-  90°6L- 6¥'L-  9Y'L- Sl'S  €-05-9DIM XV80Z-9DIM /L
or'LL- [4A} L9°LL- elel- 6'C- €Tt e ve'8 €0°€lL- Ly 8l'6-  p9Cl-  9Cv- 699 L-0S-DIM XV80T-ADIM 9L
8rLL- ve€e 89°/1- .55°0C- L, C6Cl- YY) 08'6- L1991 .(8°0¢- G80L- O0°LL- L LLvL- 0TLL- 6P 61-1G-9D10 X v9-dD10 'Sl
05°8- vLT L8 8y LL- 80°L- PO'LL-  POVE- 6%'8 LLLL- €0'8- 6C°¢- ,STYl- .6€6- €0l 9-1G-ADIM X V9-dD1X ‘¥l
99y 667L- 0Ly 89°LE- 6'L- L0E- LLELE- €6'L  66'CE- JeET- I8rl- 09v .eV'LL- €9 C-LS-@DIN X V9-aDIM €L
LL9E- 8E€°0C- €69t~ 90°Le- 44 0S°€lL LG 0p- 80'8-  .S0°€C- L8/~ Tv9l- LS50l 66°L- 99°G- €-05-9DIM X V9-aDIM Tl
.£0'9C- 0L4- L9 .9€0C €8°0L- 6CY-  66'EE- oy  6Cle- 86'6- ,LV'Cl- 09%- .896- ClP- L-0G-9DIM X V9-aDIM ‘Ll
JELE- b6Vl 6¥LE- 18- €801~ 8TSE- 89CL- 00°Ly LUV 8L8e-  90°6l- ,CTET- SLET- .€90l- 61-15-9DIM X VS-9D1M ‘Ol
8981~ 6€9  ./88l-  V6'EC- £99- 0T9e-  8Y'e- LLTTC 8TYC F8slL- 886~ vT/L- ,0lCC-  SS/- 9-1G-4DIM X VS-9D1M ‘6
PyLL- vS€ 99'LL-  .60°GL- 85°6- yeSL- 69'SL- 86'L1 8671~ 8¢'L- YO8 wevl- LT9l- €0l C-1S-8D10 X VS-9D1M '8
90°0L- €L'1 8C0L- L8L1L- 000L- 0ot'8L- 98°'S £0'8 8S°L1- 9°G- GE9- LEEEL- .lL7CL- 60'¢ €-09-9D1M X VS-8D1M L
LL'9- L €69 €8 ECELl- Sl'se- 88'C- L0°S €€'8- 69°¢- LLYy- Y9TLl- 699 (4% L-0S-8D1M X ¥S-8D1M 9
LY ST 65°'l-  ,99'6C-  ,S0°ST- STLL 86'L-  ,CL0€- 88'Gl {L6'ST- 699L- 6T LL- LeoL- .gcTce- .6€0L- 61-15-9D1M X V1-9D1M 'S
E0°€C- 60l  .lTE€T- TTYC- 80°C Svec- LLELL- 8L/l L8V 0s’LL-  ,90GL- ,/8TLl- ,80°/L- 699 9-1G-4DIM X V1-9D1M A4
St'9- Y6ve 89'9-  .L6WC- 8571l vl ,86'0¢- LEEY  ELVT L9SL- ,6S0L-  ,069C- w/'SL- L6 C-1S-aDIM X Y 1-9D1M €
or'8e-  .e8Vl- ,198¢-  8L'8C- €8°0L- 8L'LL- ., TL0C vey  pToe- £L9SL- 8LLL- LEY 9PVL- TLOL- €-05-9D10 X V1-9D1M T
9SvY [45°) AThY yree 05Tl 6C- [4A(] LSCL- LL'6E LIEL 68TC £0LL- STol- ,TLol L-0S-8DIM X V1-8D1M L
b; w, wo wo, SaADJ
ngu«mcﬁ“ (%) Xapuy W mmwwn E%m«éﬂ btwuu,.“ E«@E:N Emcm“ ssau3dpdwiod (;w2) EEQMEM Ehm:mc.:w EQQE\S\ nc«“m“ E«mﬁw (5)uODUIGLIO? $5017 .oz
1ad ppaiy 15aMIDH ppay 19N poay 01 5bQ . 3100 poaH zIsppaH [pliojpnba ipjod  -uou jo oy ublg S
ssoin poaH PpDLaH ppoaH  Jaquiny

abeqqed ul syes} dA1eIIUEND JURISYIP 10§ (%) SISOIDIBY PiepUE])S JO SDIRWIIST i d|qeL



29

Aruna et al.: Heterosis and combining ability in cabbage

2duedYIUBIS JO [9A3] %G I JuedYIUBIS,

SE°10L el . s€loL ,64'/9 89EL- ,69°LY- 6l¢C Y6'8l- y8L .09'8¢ LLT8L .0cel- Lglol 98'G  61-19-8D1M X V9€8-4DIM  '0¢€
FT8olL 180L rC'80L ,0T8Y FOSL- Sl 6t'L €€ LL- .58'6€ .L9°GE 0 81'8- L'y LE'S 9-1G-9DI) XV9€8-9DIM  '6C
.58°68 L8l 5898 91°LS 90°€lL- (414 S6°0L- 080lL- 9L€9 VL9t ,66'81 LEE€91L- SO'v- SL'L C-1S-9D1M X V9€8-9D1M '8¢
S6°GLL €LI'eL ,G6'SLL ,CEE8 8€'LL- ,LL'9€E LY'8C RAA74 .(8'E6 .00'ey LCEEC G9'8- 9’9  ¥SC-  €-0S-9DIM XV9€e8-9D1M /LT
YovL L£°0- YovL  L6°L9 669- 88'LL- LS9 £L0'8¢- .0'LL .88'G¢C .08'81 658  6/'L- yAWA L-0S-9DIM X V9€8-dDIM  "9¢
RAA 14 LeolL RYA 74 9ecl 9LCL-  SYec- SLTL- e 444" €0'8 6CY LT6- 689 €€8 61-15-dDINXVLER-ADIN 'SC
oL'ce 96'8- oLce  pEVC AVEL- oLt 66'C 90T .CE0€E 9€vlL L06°€L v.8 LO00L ,SZ'LL  9-1S-€DIM XVLES-ADIN '¥C
JrLe .§9'6¢C Jrle Loy 86'8 61°CC RYA YA 09°/LL €L9 88 69°L LELC- 9891 €TP- LSO XVLES-dDIM  €C
L8EE €86 L8EE 181 8€'LL-  /9LY 90°6- EV'y- Y6 vt Lcel Lol L1°6- 8L ,69/- €05 gD XVLEB-ADIM  CC
06°L 9L7CL- 06'L .6S°€C GG'9- TS99l £El6l- 69'L¢C- LEETC €€'e .924'0C SovL L 618 L-0S-gDIM X V1€8-dDINM  'L¢C
LLEET LL'E leec  .eo6l vr'o- £8°0- GSElL- §G'0- .L6°0C €0'SlL SL'E L¥'€- €0'6- C8€- 6l-15-9D1M X VY80C-9D1M "0C
90'9¢ GS'S- 90'9¢C [4°WAl 89°S €8°0- 'L .86'0¢- .8T€C €L'CL 596 ov's €S°L- C€9 916901 XV80Z-dD1M 6l
€vLL- 6€£9 €vLL-  C991- €V'0- 1961 67'8L- 6C'8l ASLL- 78'8- 676" L9'G-  €6'C- WKCOL-  C-1S-9DIM XV80C-9DIM '8l
68'CC 66'L1L 68CC 796 186~ ,lT6V ¥9°0L- LET 0s'LL 80°¢€l oL’'L-  ,€£0lL- L6V 198~ €-09-9D1X XV¥80C-9DIM /L
Jeee 8L's FYece 7991 Sl SEPY- .L9°0¢C- 8- €8l vCs L8CL 70t~ L9l SlL'e 1-0S-9D1M X ¥80¢-9D1M 91
oYL 89'6 L9vlL oSty 66'EL- 8¥'0lL ,00'8¢ L€' 89S €Tl veL 1S'6- oL'Ll- [L¥EL 61-1G-9DI0M X V9-dDIM 'Sl
.60°LC LL'E .60°LC €l GE'6- ¥6'L- 000 JTLl- 9681 12474 bSeL L'y~ 97’0 €E'e 9-1G-@D1IM X V9-9DIM vl
88'0¢- LL'6- 88'0¢C- ,96'61- 08'6- L9l 00'S 69°L- .89'L¢- FYLol- G8'G- 8601 G9'8- 656" C-LS-@DIM X V9-aDIM '€l
8L¢ClL- orSlL- 8L¢Cl- €8'€ Ll LE89Y 006~ LT 0L¢C 89Y 89°¢C- LCELL L8l ,l6°/L1- €-05-9DIM XVvo-dDIM ¢l
0ce 951~ 0c'e 9LV G99 S6°0- 00'L v9'L- S0'S 6Ll°L- 9.'C 08y 900- 0€/- 1-0S-9DIM X V9-4DI0 L1
€6'vL- 90'Ce €6vl- Cl€e- €8°0L- ,8¥'8¢- 8€'C STEE .66'€E- Jlze- Sy p98L- LElCl- 88€EL- 61-1S-9DI0M XVS-dD1M Ol
ol 'L ol ¥8L- £9'9- ,l/L6¢- y80c- GE9- olZ- 9'L- 90°L 9[- ,E60L- ,160L- 9-1G-8D1M X VS-8D1M ‘6
686l AvSL 6861 ¢80 85’6~ SC'LL- SlL- 0col 680 040~ €'l S6'EL- LTV €T C-1S-9D1M X VS-9D1M ‘8
.Lree 6€°€L LLee 89 000L- 9¢'s LSLET 9€9 '8 LS'E L0°S LEECL- 0C0- ,0€0lL- €-05-9D1M X VS-dD1M L
L9°9C L6V .L9°9C 090l L1'6- ,8T6C L8EL 9¢'L- orcl (VA 989 Y0¥ 089 [ 1-0S-9D1M X VS-9D1M 9
80°L vy 80°L VLl 886 ¥SCl- /L8'Gl- 69°L LEC 6€£°0- 80°C- e8v- .18¢Cl-  E¥L- 61-1S-9DI0 X V1-dD1M ‘S
L0°LL LL'e LO°LL 09 L¥'0- . ¥99¢- or'0 L9°0L- 8 8/°LL €C9- LSC- 90°L-  9SY- 9-1G-9DIM XV 1-9D1M v
FY99c LS9€E Fy99¢ 607ClL- Jyoel 89LL- 6191- .18'6¢C 8901~ €59°6- 0€'L- .6C¥C- 996 66 C-1S-9D1IM X V1-9D1M €
L¥'9- £€6'9- L¥'9- oLt LO€EL- vl'L €L¢- [4°% 96°¢- 9¢°0- LS8~ oL'8 L'y 6LLT €-05-9D.1 XV 1-dD1M C
.SL°66 L6 .SL'66 ,E8'L8 0€'8- £S°6- I ve LLCEC .LE'68 R7A 74 L.CE'GE 98'8- 090 L¥9 1-0S-921M X V¥ 1-dD1M L
(b) 210122y (9) Xapuy » mmmx\s» Emmwv\m b.EM%MM E«@E:N EME:M“ ssaupopdwod (;w>) EE%@MN EEFMNW EMM\“N EBMMMM E«m ﬁuﬁw suomouauosssory N
sadpjaiy  1sanIDY ppay 2102 ppay 3zisppay  pLOINbI iojod  -uou jo 1S
PORURN oy % sAoq  pis poay poay poay saquny WPl UPld

abeqqed ul syel} aAeNIURND JUSISYIP 10) Judled 1911 J9NO (%) SISOIR)Y JO SajewIsT G d|qel



30

Aruna et al.: Heterosis and combining ability in cabbage

Table 6: Estimates of genetic components of variance and proportional contribution of lines, testers and their interactions to sum of squares of

the hybrids for quantitative traits in cabbage

Taits o o oA oD o Per cent contribution of
ines Testers Lines x Testers

Plant height 0.86 0.64 343 2.57 1.34 57.75 17.54 24.71
Plant spread 3.97 3.18 15.87 12.70 1.25 47.37 19.52 33.11
Number of non-wrapper leaves 0.40 0.85 1.60 3.40 0.47 2242 33.90 43.68
Head polar diameter 0.82 117 3.27 4.67 0.70 58.57 10.41 31.02
Head equatorial diameter 1.17 1.04 4.69 415 1.13 60.57 9.90 29.53
Head size 856.05 926.51 3424.20 3706.05 0.92 63.54 9.1 27.35
Head compactness 7.59 9.63 30.34 38.54 0.79 35.67 28.72 3561
Head core length 0.05 0.25 0.19 1.00 0.20 29.81 13.89 56.30
Stalk length 0.01 0.01 0.04 0.03 1.00 44.28 18.67 37.05
Days to head maturity 5.43 12.07 21.73 48.27 0.45 29.06 19.34 51.61
Gross head weight 0.07 0.06 0.27 0.22 117 67.86 8.44 23.69
Net head weight 0.02 0.02 0.08 0.10 0.99 63.93 5.71 30.36
Harvest index 573 13.2 2293 52.82 0.43 24.27 29.85 45.88
Yield per hectare 2978.44 3819.13 11913.74 1527653  0.78 64.13 5.67 30.20

Where, 0’g= General combining ability (GCA) variance, o%s= Specific combining ability variance, 0?A= Additive variance,

0?D= Dominance variance and (0%g)/(o?s) = Variance ratio.

Heterosis studies
The estimates of heterosis for 30 hybrids, compared to
the standard check and better parent, revealed significant
heterosis in both directions for all quantitative traits except
plant spread, which showed standard heterosis in only one
direction (Tables 4 and 5). The highest significant positive
standard heterosis was observed in the crosses KTCB-836A
x KTCB-51-2 (13.04) for plant height, KTCB-1A x KTCB-50-1
(22.59) for head polar diameter, KTCB-836A x KTCB-50-3
(20.98) for head equatorial diameter, KTCB-836A x KTCB
50-3 (45.82) for head size, KTCB-1A x KTCB-50-1 (24.05) for
head compactness, KTCB-836A x KTCB-50-3 (42.82) for gross
head weight, KTCB-1A x KTCB-50-1 (44.21) for net head
weight, KTCB-1A x KTCB-51-2 (24.94) for harvest index and
KTCB-1A x KTCB-50-1 (44.56) for yield per hectare (Table 4),
while high significant negative heterosis was observed in
the crosses KTCB-5A x KTCB-51-19 (-23.15) for plant spread,
KTCB-1A x KTCB-51-2 (-26.90) for number of non-wrapper
leaves, KTCB-6A x KTCB-50-3 (-40.52) for head core length,
KTCB-836A x KTCB-51-19 (-38.65) for stalk length, KTCB-5A x
KTCB-50-1 (-13.33) for days to head maturity (Table 4) implies
that these crosses were most desirable for the respective
traits and cross combinations viz. KTCB-836A x KTCB-50-1
(44.56), KTCB-836A x KTCB-51-19 (40.15), KTCB-836A x KTCB-
51-2(37.18), KTCB-836A x KTCB-50-3 (30.05) and KTCB-836A x
KTCB-51-6 (27.38) were regarded as top five hybrids for yield
per hectare based on standard heterosis (Table 4).

The highest significant positive heterobeltiosis observed
in the crosses KTCB-6A x KTCB-51-19 (13.41) for plant height,
KTCB-1A x KTCB-50-1 (35.32) for head polar diameter, KTCB-

836A x KTCB-50-3 (43.00) for head equatorial diameter, KTCB-
836A x KTCB-50-3 (93.82) for head size, KTCB-5A x KTCB-51-19
(33.25) for head compactness, KTCB-836A x KTCB-50-3
(83.32) for gross head weight, KTCB-836A x KTCB-50-3 (115.95)
for net head weight, KTCB-1A x KTCB-51-2 (36.57) and KTCB-
836A x KTCB-50-3 (115.95) for yield per hectare (Table 5).
Whereas cross combinations viz., KTCB-1A x KTCB-51-19
(-12.81), KTCB-1A x KTCB-51-2 (-24.29), KTCB-831A X KTCB-51-2
(-21.23), KTCB-836A x KTCB-51-6 (-42.15) and KTCB-836A X
KTCB-51-6 (-15.04) exhibited highest significant negative
heterobeltiosis for plant spread, number of non-wrapper
leaves, head core length, stalk length and days to head
maturity respectively (Table 5). Previously, Singh et al. (2009)
also observed significant negative heterosis over a standard
check and better parent for 48 and 16 cabbage hybrids,
respectively for various traits. The cross combinations viz.,
KTCB-836A x KTCB-50-3 (115.95), KTCB-836A x KTCB-51-6
(108.24), KTCB-836A x KTCB-51-19 (101.35), KTCB-1A x
KTCB-50-1 (99.75) and KTCB-836A x KTCB-51-2 (85.85) were
identified as top five hybrids for yield per hectare based
on estimates of better parent heterosis (Table 5). Similarly,
significant standard and better parent heterosis was also
observed for net head weight in the past by Singh et al. (2009),
indicating the potentiality for increasing cabbage yield.

Gene action

The presently used line X tester (Kempthorne, 1957) mating
design not only assists in the evaluation of combining
ability but also reveals the nature of gene action controlling
the traits under consideration. Analysis showed that SCA
variance (0%s) was greater than GCA variance (o%g) for most
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of the studied traits indicating they were governed by non-
additive gene action. Conversely, traits viz., plant height,
plant spread, head equatorial diameter, stalk length, and
gross head weight had higher og, suggesting role of additive
geneaction in governing them (Table 6). These findings were
further confirmed by the higher dominant variance (o°D)
compared to additive variance (*A) and variance ratios less
than one for most traits, demonstrating their non-additive
gene action. Therefore, heterosis breeding can be effectively
used toimprove yield and its components. These results were
in conformity with past studies by Gill et al. (1975), More and
Wallace (1984), and Verma et al. (1989), who reported non-
additive gene action for yield and its components.

Proportional contribution of lines, testers and their
interactions (%)

The proportional contribution of lines was higher than
that of testers and line X tester interactions for plant
height (57.75%), plant spread (47.37%), head polar diameter
(58.57%), head equatorial diameter (60.57%), head size
(63.54%), head compactness (35.67%), stalk length (44.28%),
gross head weight (67.86%), net head weight (63.93%), and
yield per hectare (64.13%) (Table 6). Although testers had
a negligible contribution to all traits, the contribution of
line X tester interactions was higher for the number of
non-wrapper leaves (43.68%), head core length (56.30%),
days to head maturity (51.61%), and harvest index (45.38%),
indicating the effective role of testers in heterosis breeding
programs (Table 6) (Kumar and Kumar, 2017).

Conclusion

The study concluded that KTCB-836A and KTCB-50-1 are
superior for yield per hectare and traits like head polar and
equatorial diameter, gross and net head weight, based on
general combining ability. These can be used for future
heterosis breeding in cabbage. Further, crosses KTCB-836A x
KTCB-51-19, KTCB-836A x KTCB-51-2, KTCB-836A x KTCB-50-
3,and KTCB-836A x KTCB-51-6 were top hybrids for yield per
hectare, based on standard heterosis and heterobeltiosis,
and can be further evaluated at multiplications for release.
Gene action studies revealed that non-additive gene action
controls most traits, highlighting the role of heterosis
breeding in improving quantitative traits.
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AR

A 3T 30 YW1 SHEEAT, 11 AAI-fUdT (6 HTHTE aee) o1 Hedich idh e o™, Yaror &, St 35T 3Tk e 3 srufie argH,
Therenl ST 3UST & fq Ieh! araiia 3k misft (S8 seifEan Ter. a7, Siteren) § 5Hes QTG 2 aTel eT&ion & el e ¢ | 37X 5 Siae udiagen)
3R Tfeat, 2018 & SR RIS & U Hieh Sl (YT grefore-81) | URomHt & Ul =t o ATe-fiem & sita, Heldiet-836T, Htdidt-50-1 i
Th1 & 9, HEE- 17 x Heleal-50 -1 1 A SHEY SR TRy Sam! & SR W 3usT 37X 36 Teh 70Tl & folq Sgar Ul 71T | 36
aretrar, KTCB-836A x KTCB-51-19, KTCB-836A x KTCB-51-2, KTCB-836A x KTCB-50-3 3R KTCB-836A x KTCB-51-6
Y ShIG YS! T SgaX YT & €9 H U T | A geliad oY geafceslifiy & i & SMUR WX Ui gaeeR 3ut o forg | S fokam
ST A SAYRRT ATATHD ALTOT Bl Faferdt wea § TR-dioa ST fora &t s et o1 o o ifeh faeror 3 T bess (0°D) dmes
e (0°A) ¥ 1% & 3R 3ifeier & oy frawor sruTa &1 S Ue @ 9 ura T | 31ega 3 11 sifieter @groi 3 foig ageg x 2%
SR & AT AT SR ST ANTGH i g 3R Tdieienl 3 AferiTd arTee & S1fSe urar 7 3fiX 3 dequil ot guRa § udierant ot
woTdt 3ffreR i off Yaifera faar 7 | gaferg iredt i e feret % faera 3 fog R Iet o1 ATagTe: €9 & SURNT f3haT ST gekd & ST 3ue
3R ITY GEiET A&l & fg Sgae & |




