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Introduction
Over the past three decades, increased agricultural
productivity occurred largely due to the evolution of
high-yielding cultivars and increased fertilizer use.
However, with the introduction of semi-dwarf wheat
cultivars, wheat productivity has been augmented in all
the major cropping systems representing the diverse and
varying agro-ecological conditions (PARC, 2006). Further
advancement in the yield of wheat requires certain
information regarding heterosis and combining ability
of parents which is useful for the exploitation of successful
hybridization programme and hybrid crop development.
The nature of gene action involved in the expression of
quantitative traits of economic importance has got an
additional role in relying upon the breeding strategies.
Thus, the fundamental issue in hybrid breeding is the
choice of parents and identification of superior hybrid
combinations. Earlier, it was reported as high as 141.7
and 18.9 % heterosis in tillers/plant and grain yield/plant,
respectively (Sedeque et al., 1991). Fida et al. (2004)

measured positive heterotic effects as 11.61, 61.90, 30.67
and 51.89% for plant height, tillers/plant, grains/ spike
and grain weight, respectively. Another study by Patwary
et al. (1986), made on grain yield/plant from seven cultivars
and their 42F1 hybrids revealed that 12 crosses showed
significant positive heterosis in grain yield varying from
77.15 to 160.43%. As such heterosis expressed as per se
hybrids is not as much reliable as the SCA of the parents
(Baloch and Bhutto, 2003).

Due to its greater genetic diversification, wheat provides
many opportunities for the development of new high
yielding genotypes through crossing and recombination
of desirable genes. Nevertheless, an understanding of
the genetic factors that govern the yield components is
the primary step towards any breeding endeavors. For
wheat breeders, the search for desirable germplasm is
a continuous process and the development of new
varieties is an un-ending goal. In this context, knowing
the extent of inheritance of desirable traits from parents
to the offspring is of utmost importance for further
improvement.

Abstract. The study was conducted to estimate the general combining ability (GCA) and specific combining
ability (SCA) of wheat genotypes crossed in a line × tester fashion. The mean squares due to F1 hybrids,
female lines, male testers/pollinators and lines × tester interaction were significant for majority of the
characters studied. The significance of GCA and SCA variances thus suggested that both additive and non-
additive genes were controlling majority of the characters, yet additive genes were more prominent because
variances due to GCA by and large were higher than due to SCA. Among the three female lines evaluated,
Khirman displayed maximum positive GCA effects for spike length (0.08) and seeds/spike (0.67), while
other female lines which showed maximum positive GCA effects were Mehran for plant height (3.05),
number of tillers/plant (1.00), spikelets/spike (1.92) and seed index (3.42) and Kiran for seeds/spike (0.67)
and yield/plant (1.86). From the male testers, TD-1 exhibited greater GCA effects for number of tillers/plant
(2.96), spikelets/spike (0.25), seed index (0.61) and yield/plant (2.22), whereas, Marvi displayed highest
positive GCA effects for plant height (2.88), spike length (0.37) and seeds/spike (6.41). The specific
combining ability estimates indicated, if  hybrid crop development is feasible then, crosses Mehran × TD-1
for spike length; Kiran × TD-1 for plant height and seeds/spike and Khirman × Marvi for number of
tillers/plant, spikelets/spike, seed index and yield/plant may be the hybrids of choice.

Keywords: combining ability, line × tester analysis, quantitative traits, Triticum aestivum L. additive genes,
non-additive genes

*Author for correspondence; E-mail: j.rind58@gmail.com
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Effect of Growth Regulators for in-vitro Mass Multiplication of
Marigold
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Abstract. This study describes an effective and reproducible protocol for the mass multiplication of
marigold (Tagetes  erecta L.) for commercial purpose. Twenty five different combinations of BAP, IAA,
GA3  and AgNO3 were added to the basal MS medium to culture marigold explants. The highest mean
number (4.83±0.49) and length (5.28 cm ±1.06) of healthy shoots per explant was observed in media
supplemented with 2 mg/L BAP along with 2 mg/L IAA. When these shoots were sub-cultured for root
development, the maximum number (17.08±2.44) and length (13.67 cm ±0.98) of roots were produced
in media supplemented with 4mg/L BAP and 2 mg/L IAA. Addition of gibberellic acid and AgNO3 did
not have any significant effect on shoot proliferation and root development of marigold.

Keywords: tissue culture,  marigold, shoot proliferation, root proliferation, Tagetes erecta L.

Introduction
Tagetes erecta L. (marigold) is a member of the family
Asteraceae. This family includes some thirty species
of strongly scented annual or perennial herbs that are
distributed throughout the world. Marigold is an
important ornamental crop having a high market value
not only for its flowers but also for its industrial value.
This crop is a source of highly desirable components
like pigments, lutein, essential oils, thiophene, etc. It
possesses nematicidal, fungicidal and insecticidal
activities and is also used in poultry feed (Qingxiang
et al., 2008;Godoy-Hernandez et al., 2006; Karadas
et al., 2006; Pudasaini et al., 2006; Barzana et al., 2002;
Vanegas et al., 2002).

The development of an effective protocol for in-vitro
propagation and mass multiplication using tissue
culture technique is highly desirable for elite or exotic
varieties of marigold (Choi and Chung, 2007; Miranda-
Ham et al., 2006; Hayashi et al., 2005; Vanegas et al.,
2002; Delgado-Vargas et al., 2000). Gibberellic acid
was used for tissue culture of immature unpollinated
disc florets (Kothari and Chandra, 1984). Benzyl
adenine, Gibberellic acid and Indole acetic acid were
used for leaf-callus and suspension cultures (Kothari
and Chandra, 1986). Benzyl adenine and Indole acetic
acid were found effective for regeneration from

hypocotyls and shoot-tip proliferation from adult plants
(Godoy-Harnandez et al., 2006; Misra and Datta 1999).
Regeneration through leaf segments using l-glutamine,
l-arginine, adenine sulphate and 6-benzyladenine was
also observed (Ault, 2002; Venegas et al., 2002; Misra
and Datta, 2001). Reports on the genetic transformation
of marigold with Agrobacterium rhizogenes (Giri and
Narasu, 2000) and A. tumefaciens (Godoy-Hernandez
et al., 2006) are also available. The present study was
designed to optimize protocol for in-vitro mass
multiplication and healthy rooting of marigold.

Materials and Methods
Marigold (Tagetes erecta) seeds were surface sterilized
in a solution of 50% sodium hypochlorite with a few
drops of Tween 20 for 40 min followed by three rinses
with autoclaved double distilled deionized water. The
disinfected seeds were germinated on Murashige and
Skoog (1962) basal medium (MS) supplemented with
30 g/L sucrose and 10 g/L agar at pH 5.74. Fifteen
seeds were placed in each glass jar for germination
(10.5 cm × 5 cm), with 20 mL of medium and incubated
at 25±2 °C under 16 h light (40-50 μmol) in the growth
room. Germinated seedlings were transferred  to fresh
medium with the same composition and were allowed
to grow for two weeks. After two weeks, explants of
2 mm size were excised from these seedlings and
placed on MS medium supplemented with different
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