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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.
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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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combinations of 6-benzylaminopurine 2, 3, 4 mg/L
(BAP), indole-3-acetic acid 1, 2 mg/L (IAA), Gibberellic
acid 0.5 mg/L (GA3) and silver nitrate (AgNO3) 3 mg/L
(Table 1). All jars were labelled and kept in controlled
environment at 25 ± 2 ºC under 16 h light (40-50 μmol)
in the growth room.

Ten explants were used for each treatment. The
experiments were repeated independently at least three
times with reproducible results. The data on average
number and length of shoot and root were collected and
analyzed.

Results and Discussion
A consistent and reproducible protocol is presented for
the regeneration and mass multiplication of marigold
through tissue culture technique. Out of the tested twenty
five different Murashige and Skoog (1962) basal media
containing 6-benzylaminopurine (BAP 2, 3, 4 mg/L),
indole acetic acid (IAA 1, 2 mg/L), gibberellic acid (GA3

0.5 mg/L) and silver nitrate (AgNO3 3 mg/L), only four
combinations were found to be effective for in-vitro mass
multiplication of shoots (Table 2).

It was noted that media supplemented with BAP 2 mg/L and
IAA 2 mg/L gave the best results. This medium not only
supported the highest mean number (4.83±0.49), but also
allowed vigorous growth of shoots (Fig. 1).

Fig 1. Different stages of in vitro shoot proli-
feration of marigold.

Table 1. MS medium supplemented with various
combinations of 6-benzylaminopurine (BAP), indole-
3-acetic acid (IAA), gibberellic acid (GA3) and silver
nitrate (AgNO3)

Treatment mg/g
Media Code BAP IAA GA3 AgNO3

G1 0 0 0 0
G2 2 0 0.5 0
G3 2 0 0 3
G4 2 1 0 0
G5 2 1  0.5 0
G6 2 1 0 3
G7 2 2 0 0
G8 2 2 0.5 0
G9 2 2 0 3
G10 3 0 0.5 0
G11 3 0 0 3
G12 3 1 0 0
G13 3 1 0.5 0
G14 3 1 0 3
G15 3 2 0 0
G16 3 2 0.5 0
G17 3 2 0 3
G18 4 0 0.5 0
G19 4 0 0 3
G20 4 1 0 0
G21 4 1 0.5 0
G22 4 1 0 3
G23 4 2 0 0
G24 4 2 0.5 0
G25 4 2 0 3
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Table 3: Effective media for in-vitro production of roots
and their length (in cm)

Media Growth Roots/explant Root length (cm)
regulators code (Mean ±SE) (Mean ±SE)

G23 (4, 2, 0, 0) 17.08±2.44 13.67±0.98

G12 (3, 1, 0, 0) 16.50±1.23 5.42±1.49

The shoots grown on this medium were healthy and
longer in size (5.28±1.06 cm) as compared to the other
media tested (Fig. 2). Other effective concentration
of growth regulators for shoot proliferation was BAP
2 mg/L and IAA 1mg/L but the shoots produced were
weak and smaller in size. Although media supplemented
with BAP (3 mg/L), IAA (1 mg/L), GA3 (0.5 mg/L),
BAP (4 mg/L), IAA (2 mg/L) and AgNO3 (3 mg/L)
also produced good number of shoots per explant but
the shoots were smaller with slower growth (Fig.2).

Previous studies on optimization of in-vitro propagation
of marigold showed that effective concentration of BAP
was 0.1 mg/L to 5.0 mg/L, IAA was 0.2 to 3.0 mg/L
and GA3 was 0.5 to 20 mg/L (Godoy-Hernandez et al.,
2006; Vanegas et al., 2002; Chakrabarty et al. 2000;
Misra and Datta, 1999. The present results showed that
2 mg/L concentration of both the BAP and the IAA was
enough for producing good number and length of shoots.

The media effective for shoot proliferation did not help
in formation of healthy roots for the establishment of
plants in soil (Misra and Datta, 1999). When tissue
culture-derived shoots were sub-cultured on twenty five

different media (Fig.3), only two were found to be
effective for in-vitro rooting. Sub-cultured shoots on
media supplemented with BAP (4 mg/L) and IAA
(2 mg/L) produced the most extensive root system and
the highest mean number and size of roots were observed
(Table 3).

Misra and Datta (1999) reported 100% rooting on 0.05
mg/L NAA within 7 days of incubation; they also observed
100% rooting in media supplemented with IAA and IBA
but associated with some callusing and vitrification of
shoots. Other medium effective for root formation was
BAP (3 mg/L) and IAA (1 mg/L) but growth of roots
was stunted and their size was short (Fig. 3). However,
addition of gibberellic acid (GA3) and AgNO3 in media
was not found effective for root formation in marigold.
The results suggested that root initiation requires BAP
(4 mg/L), IAA (2 mg/L) and the same media was good
for healthy growth of roots (Fig. 4).

Present study also reveals that addition of GA3 and
AgNO3 did not have any significant effect on direct
shoot or root proliferation from explant (Fig. 2). In
contrast, Godoy-Hernandez et al. (2006) found a

Table 2. Effective media for in-vitro production of
shoots and their length

Media Growth Shoot/explants Shoot length (cm)
regulators code (Mean±SE) (Mean±SE)

G7 (2, 2, 0, 0) 4.83±0.49 5.28±1.06
G13 (3, 1, 0.5, 0) 4.50±0.71 3.34±0.53
G25 (4, 2, 0, 3)  4.33±0.64 3.96±0.72
G4    (2, 1, 0, 0) 4.00±0.71 4.54±1.11

Fig. 2. Effects of BAP, IAA, GA3 and AgNO3 on shoot regeneration of marigold.
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significant role of gibberellic acid for the induction of
shoot proliferation of marigold. AgNO3 along with BAP
has been used successfully for shoot proliferation of
marigold by Misra and Datta (2001) and Fuentes et al.
(2000) but in the present study, results were not
successful.

This study was conducted to select the most effective
concentration and combination of growth regulators for
mass multiplication and for healthy rooting, through
tissue culture and it was found that use of BAP and
IAA in the concentrations mentioned above were enough
for both shoot and root formation of marigold. Addition
of other growth regulators and changing the concen-

Fig. 4. In-vitro root proliferation of marigold.

Fig. 3. Effects of BAP, IAA, GA3 and AgNO3 on root formation of marigold.

tration either reduced the number of shoots per explant
or reduced the size of shoots.
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