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Abstract

The present investigation was carried out at Palerdpringrabi 2012 and 2013 to gather information on the natdirgeoe

action by following line x tester mating design @hwing five lines and three testers. The analy$igamiance revealed signifi-
cant differences among treatments for days to ntaoke curd maturity from date of transplanting,sgraveight per plant, mar-
ketable yield per plant, curd size index, curd Hepurd diameter, per cent marketable curds, &alith, number of leaves per
plant, plant height, harvest index, ascorbic acdtent and total soluble solids. The magnitude ahitiance variance was
higher than additive variance for all the traitsept curd depth and total soluble solids whichdatid the involvement of non-
additive gene action which could be utilized threube development of hybrids in cauliflower. A cdetp correspondence
was noticed between per cent contribution of linester interaction (crosses) and non-additive getien 62D), which reaf-

firm the importance of hybrids in cauliflower.
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Cauliflower (@Brassica oleracea var. botrytis L.)
(2n=2x=18) belongs to the cole group of vegetabitesas
probably originated in the island of Cyprus fromend it
moved to other areas like Syria, Turkey, EgyplyJt&pain
and north-western Europe. Syria is considered tdhiee
place of origin for cauliflower. It is one of thenportant
winter vegetables grown throughout India. Today agno
cole crops, it occupies the pride place in Indiz dw its
delicious taste, flavour and being nutritive. Itshbeen
rightly described as aristocrat of vegetabless frown for
its white tender curd commonly used as a vegetdble,
curry, soup and for pickling. Cauliflower is a laalorie
food with good dietary fiber, abundant in vitamit, B,
A, K) and minerals like phosphorus, potassium, iogat¢

sodium, iron, manganese, magnesium and molybdenum.

The leading cauliflower producing countries in therld
are China, India, Spain, Italy and France. Indithes sec-
ond major cauliflower producing country after Chinahe
world and contributes 32 per cent in area and 3&@et in
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the world production share.

In India, cauliflower is cultivated in an area 964,200
ha with the production of 78,86,700 metric tonnes s
productivity is 19.6 metric tonnes/ ha (Anonymo@8.13),
but its potential productivity is 35-40 metric t@wtha and
maximum productivity of 45.25 metric tonnes/ha lween
achieved in New Zealand. In the country, area uhgbrids
in cauliflower is low as compared to open pollimhtend
unknown varieties. Thus, for increasing its proéhctand
productivity at par with advanced countries, depetent of
hybrids is need of the hour. Hybrids are preferogdr the
open pollinated varieties on account of their umifanatur-
ity, higher yield and better adaptability under exbe grow-
ing conditions. At present, the farmers are purctgpkybrid
seeds from the private firms at exorbitant ratestide over
the situation, there is a need to make concertéattefto
develop quality I hybrids with better productivity and
adaptability so as to make available their seedsedarmers
at a reasonable price.



An understanding of the gene action is a pre-réguis
for any successful plant breeding programme. Ireotd
exploit different types of gene actions preserthiz popu-
lation, information regarding relative magnitudegaetic
variances is essential. Investigation was undentakith
the objectives of gaining knowledge on these aspect
Among the different biometrical methods availatldede-
termine the genetic information, the “Line x TeStarat-
ing design as proposed by Kempthorne (1957) giees-c
parable estimate of the genetic make-up of genstypee
mating design is useful to identify the best gehecan-
biners and specific cross combinations amongstrge la
number of parent lines by attempting relativelyslasmber
of crosses as compared to other mating designs.

Materials and methods

In the present investigation, experimental material
comprised parents and 153sFproduced duringabi 2012
by crossing five diverse linegiz, DPCaY-2, DPCaY-3,
DPCaY-5, DPCaY-6 and DPCaY-9 with three testers,
namely DPCaY-4, DPCaY-8 and Palam Uphar. Variety
Palam Uphar (standard check-1) and Hybrid Madhuri
(standard check-2) were used as standard checkseXh
periment was laid out in randomized block desigthv@
replications at Palampur duringabi 2013. The spacing
between and within rows was 60 and 45 cm, resmbe

The observations were recorded on 10 competitiaatpl
in each entrty/replication. The characters studiece days
to marketable curd maturity from date of transpramt
gross weight per plant, marketable yield per plantd size
index, curd depth, curd diameter, per cent marketab
curds, stalk length, number of leaves per plangntpl
height, harvest index, ascorbic acid content atal 8plu-
ble solids. The data were subjected to estimatfoaddi-
tive and dominance components of variances anaemr
contribution of lines, testers and their interacticas per
the formulae suggested by Singh and Chaudhary §1977

Results and Discussion

Analysis of variance
The analysis of variance indicated significant efiff

ences among treatments for all the traits namedys do
marketable curd maturity from date of transplantiggpss
weight per plant, marketable yield per plant, csizk in-
dex, curd depth, curd diameter, per cent marketalnds,
stalk length, number of leaves per plant, planghigihar-
vest index, ascorbic acid content and total soldulkds
when tested against mean squares due to erronplied
that there was sufficient genetic variability amahg treat-
ments. The variances due to replications were fauod
significant for all traits studied except curd deftable 1).

Table 1. Analysis of variance for randomized block design

Source of variation

Trait Replication Treatment Error
2 23 46

Days to marketable curd maturity from date of tpdausting 417 357.24* 1.54
Gross weight per plant (g) 842.21 38364.16* 953.59
Marketable yield per plant (g) 1830.46 19072.78* 728.38
Curd size index (cA) 15.65 521.58* 5.29
Curd depth (cm) 0.56* 1.12* 0.13
Curd diameter (cm) 0.32 7.24* 0.40
Per cent marketable curds 4.95 43.44* 4.36
Stalk length (cm) 0.00008 1.18* 0.05
Number of leaves per plant 0.03 8.31* 0.99
Plant height (cm) 2.49 40.57* 1.49
Harvest index (%) 14.07 19.15* 4.95
Ascorbic acid content (mg/100g) 1.39 217.67* 1.05
Total soluble solids’@Brix) 0.02 0.65* 0.32

* Significant at P< 0.05
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Estimates of genetic components of variance

An important step in a breeding programme is to
choose suitable breeding methodology for purposefut-
agement of generated variability which largely dejseon
the type of gene action in the population for ttaét tunder
genetic improvement (Cockerham, 1961; Sprague, )1966
Among the various designs developed for this pueplise
x tester method (Kempthorne, 1957) not only helps i
evaluating parents and crosses for combining wbiliit
also provides information on the nature of gen@aaton-
trolling the traits under consideration. The natafegene
action has been inferred from estimates of GCA &6d
variances. The estimates of general combiningtghifiri-
ances §°GCA (lines), o®GCA (testers) andc’GCA
(average)], specific combining ability variancegSCA),
additive variancesofA), dominance variancess{D) and
proportional contribution of lines, testers andittlterac-
tions to the total variances are presented in Tabl&€he
values of 6>SCA ranged from -0.04 (TSS) to 2641.09
(gross weight), whiles>’GCA (average) ranged from -1.15
(ascorbic acid content) to 456.23 (gross weighmtpla

The testers showed a high€iGCA than the lines for
days to marketable curd maturity from date of tphaust-
ing, gross weight per plant, marketable yield danp curd
size index, curd depth, curd diameter, per cenketable
curds, number of leaves per plant and plant heighéreas
o*GCA due to lines was higher than #&CA due to the
testers for traits, stalk length, harvest indexodsic acid
content and total soluble solids. This indicateat thoth
testers and lines have more diversity for the rethpe
traits.

The estimates 06°SCA were higher as compared to
6°GCA (average) for days to marketable curd maturity
from date of transplanting, gross weight per plamirket-
able yield per plant, curd size index, curd diameper
cent marketable curds, stalk length, number ofdeagver
plant, plant height, harvest index and ascorbid aointent
indicating the pre-dominant role of non-additivengeac-
tion governing these traits. For rest of the tra#&GCA
was higher thars®SCA. The traits in which®’SCA was
higher thanc®GCA (average)s°D was also higher than
6°A. The additive gene action was observed for cugpttid
and total soluble solids as reflected from theghler addi-
tive component of variance than the dominant corepbn
of variance. The higher magnitude 61D indicated the
involvement of non-additive gene action. Low to reate
heritability in narrow sense was observed, whicjgested
that heterosis breeding could be useful for obigitiigher
gains for the traits studied.
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Since, non additive gene action for most of thadra
has been found to be predominant, heterosis brgedin
prove to be an important tool in cauliflower impeowent.
However, for the traitwiz, curd depth and total soluble
solids, where additive variance is high, selectiam be
followed. These results are in close conformityhe find-
ings of Gangopadhayagt al. (1997), Garget al. (2003),
Singhet al. (2005), Jindal and Thakur (2005), Varalakshmi
(2009) and Verma and Kalia (2011).

Proportional contribution of lines, testers and their
interactions

The proportional contribution of lines ranged from
5.99 (gross weight) to 48.66 per cent (stalk lepgiihe
contribution of lines for marketable yield per plamas
13.95 per cent. The proportional contribution o$tées
ranged from 2.25 (ascorbic acid content) to 86.&8qgent
(days to marketable curd maturity from date of $pant-
ing), while contribution of testers for marketalyield per
plant was 70.70 per cent. Similarly, the proporiocontri-
bution of line x tester interactions ranged fror16(days
to marketable curd maturity from date of transptagjt to
69.39 per cent (ascorbic acid content). The comivh of
line x tester interactions for marketable curddipér plant
was 13.59 per cent (Table 2).

The contribution of lines was found to be highwart
individual contribution of testers and interactidmstween
line x tester for stalk length and total solubldid® The
contribution of testers was found to be higher timativid-
ual contribution of lines and line x tester for dag mar-
ketable curd maturity from date of transplantingoss
weight per plant, marketable yield per plant, ceizk in-
dex, curd depth, curd diameter, per cent marketeintds
and number of leaves. The contribution of line stae
interactions was found to be higher than individchtri-
bution of lines and testers for plant height, haniadex
and ascorbic acid content.

A complete correspondence was noticed between per
cent contribution of line x tester interaction &ses) and
non-additive gene actio{D). The results of gene action
studies reaffirm the importance of hybrids in céalver.
The estimates of GCA and SCA variances, additié)(
and dominant¢?D) components of variance and contribu-
tion of lines, testers and line x tester interattioevealed
that for most of the traits non additive gene actieas in
preponderance or in appreciable magnitude. Therefor
heterosis breeding will be a better option compaoeather
approaches . Curd depth and total soluble solidsbiing
additive gene action suggests the use of selettisegre-
gating populations to develop improved inbred lines



(%) suonoelial
-ul 191sal x aul|

8 JO  uonNQUIuod
81°0¢ 6€°69 A'WA L9917 60°0€ ¥2'9¢ 8¢l 8E€TZ €ECTT 606 6G°ET 1€€c 109 Jeuolliodouid
(%) s1o1581
0 JO  uonnquIuod
6L°E Gg'¢ 16°¢ 8£'8¢ Tv'vS 0T'S¢ .. <2129 9889 <Z¥ie8 'L 0L0L 8.'98 leuolilodoid
(%) saul|
JO  uonNQUIuod
cL’S. 9€'8¢ v€0€ G6'v¢C 6v'GT 998y 2.6 0S9T 1661 6¥'8 G6°ET 66°G 1¢°L Jeuolliodouid
8T°0 29°0- v1°0- 12°0 Ge0 600 659 7o 620 9¢'L €.°8¢ 6T°0€ 68°G 9JueApe J11BUBD
%
0 (8suas  moureu)
Z58'6¢e 68°€- oc'e- SS'v T09T 86'6T 0¢¢ 61T9C S¥9ov /8¢S VA A0i4 SG'ee SEY9 Airj1geltiaH
¥T'0- ey'sve T6'0T 8L°.T [AN4 /000 88Yv OTT T0°0 €0'/LL 02°'0281 LE'¥950T 90'9¢ a;°
S0°0 291 82°0- L0 LE0 ¢0'0 08¢ 620 80'0 00'.Lv 0’196 167281 L€'SC V0
¥0°0- Se'19 eLe Sty €90 ¢0'0 ¢¢T 820 €000 9¢6T S0'SSY 60°'T¥9¢ 169 VOS,°
(ebelane)
7100 ST'T- L0°0- rAN0] 60°0 G000 GS6'0 LOO 20’0 GL'TT seove €2°95Y €9 vV 0 9 , 9
9
€00°0- v.0T- 9/.°0- T 1¢T c00 0¢T 88°0 €20 €8.LvT 99'v/.8¢ 5,699 LL°6L (s1z159)) vI09,0
ST°0 G €E- ¥1°0- 1T°0 100 €00 448 80°0 ¥0°0 809 1€'87¢C Y'6.Lv- 8C°€ (saulp) V29,0
juau
-odwod 2nBuan
(%)
S Bunueld
(xug,) (6oot/bw) pino  (wo) (o) (6) -suel) Jo arep
spljos jua)l (%) (wo) wediad  (wo) a|q 191 (wo)  xapul (6) ued weid jad  wol Anrew
a|gnjos  -uod pioe xapur BBy seanes|jo ybus) wedY -awelp yidap azIs Jad pjaik wbram pind a|gelsy
felol J10J02SY  1SeAleH  ueld  JaquiNnN  3qeIS  -leN pIinD  pinD  pIinD  3|gelaiei SS0I9 -rew 0] shkeqg el

suonoelIalaYy] pue sI81sa) ‘Saul| Jo uoingLIuod feuangbpiue aduelleA Jo sjuauodwod dnauab Jo serewnsy ‘zajgqel

140



References

Anonymous 2013. Indian Horticulture Database. Nwio
Horticulture Board, Ministry of Agriculture, Govern
ment of India, Gurgaon, New Delhi

Cockerham CC 1961. Implication of genetic variarines
hybrid breeding programme. Crop Ski47-52.

Gangopadhyay KK, Gill HS and Sharma SR 1997. Hetero
sis and combining ability studies in early group of
Indian cauliflower involving self incompatible line
Veg. Sci.24: 26-28.

Garg N, Lal T and Vashisht VK 2003. Studies on comb
ing ability and gene action in Indian cauliflower
(Brassica oleracea var. botrytis L.). Crop Improv.30:
169-176.

Jindal SK and Thakur JC 2005. Genetic architectfre
quantitative characters in November maturity cauli-
flower. Crop Improv32: 92-94.

Kempthorne O 1957. An introduction to Genetic Stats.

141

John Wiley and Sons, New York, London pp 458-471.

Singh D, Varalakshmi B and Reddy MAN 20@Zombin-
ing ability studies in early caulifloweBassica ol-
eracea var.botrytisL.). Indian J. Hort62: 27-32.

Singh RK and Chaudhary BD 1977. Line x Tester asisly
Biometrical Methods in Quantitative Genetic Analy-
sis. Kalyani Publishers, Ludhiana pp 191-200.

Sprague GF 1966. Quantitative genetic in plant ower
ment. Proceeding of Symposium, The lowa State Uni-
versity, Amesiowa. pp 315-334.

Varalakshmi B 2009Heterosis and combining ability for
yield and its components in early cauliflowéndian
J. Hort.66: 198-203.

Verma VK and Kalia P 201X ombining ability studies in
early and mid-maturity CMS based cauliflower lines.
Indian J. Hort68: 503-506.



