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Introduction

Marigold (Tagetes erecta L.) is an annual herbaceous 
medicinal plant of the botanical Family: Compositae and is 
presently grown in almost all tropical countries including 
Bangladesh. It is often cultivated in homestead gardens and 
as pot plants. Besides attractive flower colors, both leaves 
and flowers are equally important medicinally. The plant is 
effective against in emmenagogue, piles, rheumatism, colds, 
bronchitis, kidney troubles and muscular pains (Ghani, 
1998). It has been also noticed that Tagetes are highly 
effective in keeping the population of nematode under 
control (Khan et al., 1971; Lehman, 1979; Siddiqui and 
Alam, 1988). The nematocidal effect is attributed to the 
presence of thiophenes (Chan et al., 1975), which are 
naturally occurring biocides (Croes et al., 1989, Hulst et al., 
1989). Because of its aesthetic, medicinal and commercial 
values the demand of Tagetes has been steadily increasing. 

The plant is generally propagated by seeds and cuttings. Seed 
germination is unreliable due to its poor rate. Sometimes 
Tagetes production declines due to incidence of viral and 
other diseases which may cause a great extent of commercial 
losses (Sastry et al., 2019). Tissue culture techniques provide 

a fast and dependable method for production of a large 
number of disease free, uniform plantlets in a shorter period 
of time. Several authors have reported about the micro 
propagation of Tagetes spp. but the reproducibility of the 
results was not satisfactory (Kothari and Chandra, 1984, 
1986; Bespalhok and Hattori, 1998; Misra and Datta, 2001). 
However, further improvement of the protocol is essential 
because it is one of the major pre-requisites for genetic 
manipulation and to improve the  quantity and  quality  of  
planting  material  to approach for safe, long-term 
maintenance of valuable  germ plasm,  developed  
through  breeding programmes (Vanegas et al., 2002). 
Thus, the present study was undertaken to develop an 
improved and easily reproducible protocol for 
multiplication of T. erecta through organogenesis.

Materials and methods

The experiment was conducted at Biological Research 
Division, Bangladesh Council of Scientific and Industrial 
Research (BCSIR), Dhaka, Bangladesh. The apical shoot 
tips with leaf primordia (2-4 mm) were collected from 

2-3 month old field grown T. erecta and used as primary 
explants. First explants were washed under running tap water 
for 10-15 min and then surface sterilized with 0.1% HgCl2 for 
10 min followed by five to six rinses with sterilized distilled 
water further. For callus induction the leaf segment of 2-4 
mm length were excised and were inoculated in 150 × 25 mm 
culture tubes containing MS (Murashige and Skoog, 1962) 
supplemented with various combinations and concentrations 
of auxins and cytokinins and with 0.6% agar pH 5.7. Six 
callus induction media (CIM) were used. CIM1 and CIM2 
media contained BAP 1.0 and 2.0 mg/l, respectively, CIM3 
medium contained BAP 2.5 mg/l with NAA 0.5 mg/l, CIM4 
medium contained BAP 5.0 mg/l with NAA 2.5 mg/l. CIM5 
medium contained BAP 10 mg/l with NAA 5.0 mg/l and 
CIM6 medium contained no growth regulators.

In the present protocol, four regeneration media (RM1, RM2, 
RM3 and RM4) supplemented with kinetin (0.5 mg/l) and 
different combinations of BAP (0.5, 1.0, 3.0 and 5.0 mg/l) 
were used as treatment for plant regeneration. Twenty five 
shoots were used per treatment with three replications. For 
root induction, >1.0 cm long micro shoots were inoculated in 
the rooting medium containing half strength MS media with 
various concentrations of auxin and sucrose for root 
induction. Inoculated cultures were incubated at 25±2°C 
under fluorescent tube light with 16 h photoperiod and data 
were recorded after 3 weeks of culture.

For hardening, the culture tubes containing rooted shoots 
were kept at room temperature under light for 14 d. Then the 
rooted shoots were removed from culture tubes, washed 
thoroughly to free agar from roots and finally transplanted 
into small pots containing soil. Plantlets were well covered 
with a piece of polythene sheet for three weeks to ensure high 
humidity while watering was continued regularly.

Results and discussion

Calli were developed at the cut surfaces of the leaf explants 
within 8-10 d of inoculation and subsequently covered the 
entire surfaces within 15-18 d in the callus induction media. 
Although, callus induction was observed in all media but 
there was a wide range of variation in percentages of callus 
formation as well as color and texture of the callus (Table I). 
Callus induction was not found in MS medium without 
growth regulators even after four weeks of culture. The most 
rapid and prolific callus response was obtained from a 
combination of 5.0 mg/l BAP with 2.5 mg/l NAA. The 
highest percentages (90%) of callus formation were observed 
on this medium compared to other media 10.0 mg/l BAP with 
5.0 mg/l NAA (49%), 2.5 mg/l BAP with 0.5 mg/l NAA 
(58%), 2.5 mg/l BAP (45%) and 1.0 mg/l BAP (25%). Calli 
were found hard and compact, which were initiated on media 

supplemented with higher concentrations of hormonal 
combinations. The results of the present experiment agree 
with the findings of Kothari and Chandra (1986). They found 
that a combination of BAP, NAA and GA3 (gibberellic acid) 
was suitable for high frequency callus production in Tagetes.

However, Ketel et al. (1985) reported that certain marigold 
species i.e T. erecta and T. patula are difficult to culture in 
vitro due to browning of explants that led to poor callus 
growth or death of explants. Our results showed that, young 
leaf of T. erecta provides an excellent material to obtain most 
rapid and prolific callus formation. This might be due to 
genotypic variation of explants reinforced by the cultural and 
environmental conditions.

Table II shows the capacity of shoot bud differentiation and 
shoot proliferation from leaf derived calli of T.erecta 
depended on hormonal variation. For shoot formation green 
nodular compact calli were cultured on MS medium 
containing different concentration of BAP with Kinetin for 
shoot formation. The highest percentages of shoot formation 
were observed in MS medium containing 1.0 mg/l BAP with 
0.5 mg/l kinetin. The explants showed shoot initiation after 
10-15 days (Fig.1a). In this medium 80% of cultures were 
found to regenerate shoots and the number of regenerated 
shoots per explants was 10±0.5. In MS medium 

supplemented with BAP (0.5 mg/l) with kinetin (0.5 mg/l), 
2-3 shoot developed within 15-20 days (Fig. 1b). Media 
containing a high level of BAP (3.0-5.0 mg/l) with Kinetin 
(0.5 mg/l) yielded a few of shoots and decreased with further 
more increase in BAP concentrations. Kothari and Chandra 
(1984, 1986) and Vanegas et al. (2002) reported that 
development of adventitious shoot bud was observed on a 
medium with different concentrations of BAP with IAA. On 
the contrast, in the present study, there was a good shoot bud 
initiation and proliferation response only in the presence of 
cytokinins (BAP with kinetin). The cytokinins are generally 
added to a culture media to stimulate cell division, to induce 

shoot formation and axillary shoot proliferation. Our 
results showed that, an absolute cytokinin may be required 
for Tagetes organogenesis from leaf explants. The 
potential of calli to differentiate was ascribed to a 
phytohormone effect mediated by differential gene 
activity (Breteler and Ketel 1993). 

For adventitious root formation elongated healthy shoots (3-4 
cm in length) were excised and transferred to the half 
strength MS media supplemented with different 
concentrations (0.5-2.0 mg/l) of IBA and IAA. In most cases, 
root initiation started with in 7-10 days of culture 

(Fig.1c). It may be mentioned that, root induction was 
not observed in MS medium which was free from any 
hormonal supplement. Best response observed when 1.0 
mg/l of IBA was used (Table III). In this medium, 90% 
shoots rooted within four weeks of culture and each 
microcutting produced 6-8 roots. Similar effects of IBA 
were reported in Ocimum americanum L. syn, O. canum 
Sims and O.sanctum L. (Pattnaik and Chand, 1996). Root 
developed in medium containing lower concentration 
IBA or IAA (0.5 mg/l) was poor in quality. On the other 
hand, medium containing higher concentrations of IBA 
or IAA (2.0 mg/l) always formed root accompanied with 
callusing. The proper stage of root development is 
another criterion for selecting plantlets to be transferred 
into the soil. In vitro regenerated plantlets were 
transferred to small pots for future establishment 
(Fig.1d). After 10-15 days when the plants were fully 
acclimated to outdoor conditions, they were then 
transplanted in the earthen pots (Fig. 1e). 

The present report showed that MS medium containing 
1.0 mg/l BAP with 0.5 mg/l kinetin proved more 
effective for multiple shoot formation from the leaf 
explants derived calli. The technique described here 
appears to be readily adaptable for large scale 
propagation of this important medicinal and 
ornamental plant to earn foreign exchange and also to 
meet the local demand.

Conclusion

Multiple shoots were obtained from young leaf induced 
callus of T. erecta. Our study demonstrated that MS medium 
with BAP and NAA combination induced highest percentage 
of callus, whereas BAP with Kinetin produced maximum 
shoots from callus. Maximum roots were produced in half 
strength MS medium with IBA. When transferred to soil, 
80% plantlets survived. The technique described here is a 
promising method of micro propagation of T.erecta to a 
larger scale. In order to make it more effective further 
experiments should be done at the stage of acclimatization 
using different types of soil media combinations.
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Abstract

Regeneration of multiple shoots via callus induction and organogenesis was obtained from young 
leaf explants of the field grown marigold (Tagetes erecta L.). Callus induction and shoot 
regeneration at various frequencies were observed using different concentrations and combinations 
of growth regulators. Highest percentage (90%) of callus formation was observed within two weeks 
on MS medium supplemented with 5.0 mg/l BAP with 2.5 mg/l NAA. The maximum percentage 
(80%) of shoot bud formation (10±0.5/callus) was obtained from MS medium containing 1.0 mg/l 
BAP with 0.5 mg/l kinetin. The regenerated shoots developed highest percentages (90%) of roots on 
half strength MS medium supplemented with 1.0 mg/l IBA. The plantlets when transferred into 
potsoil   80% survived. Regenerated plants were morphologically uniform with normal leaf shape 
and growth pattern.
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Introduction

Marigold (Tagetes erecta L.) is an annual herbaceous 
medicinal plant of the botanical Family: Compositae and is 
presently grown in almost all tropical countries including 
Bangladesh. It is often cultivated in homestead gardens and 
as pot plants. Besides attractive flower colors, both leaves 
and flowers are equally important medicinally. The plant is 
effective against in emmenagogue, piles, rheumatism, colds, 
bronchitis, kidney troubles and muscular pains (Ghani, 
1998). It has been also noticed that Tagetes are highly 
effective in keeping the population of nematode under 
control (Khan et al., 1971; Lehman, 1979; Siddiqui and 
Alam, 1988). The nematocidal effect is attributed to the 
presence of thiophenes (Chan et al., 1975), which are 
naturally occurring biocides (Croes et al., 1989, Hulst et al., 
1989). Because of its aesthetic, medicinal and commercial 
values the demand of Tagetes has been steadily increasing. 

The plant is generally propagated by seeds and cuttings. Seed 
germination is unreliable due to its poor rate. Sometimes 
Tagetes production declines due to incidence of viral and 
other diseases which may cause a great extent of commercial 
losses (Sastry et al., 2019). Tissue culture techniques provide 

a fast and dependable method for production of a large 
number of disease free, uniform plantlets in a shorter period 
of time. Several authors have reported about the micro 
propagation of Tagetes spp. but the reproducibility of the 
results was not satisfactory (Kothari and Chandra, 1984, 
1986; Bespalhok and Hattori, 1998; Misra and Datta, 2001). 
However, further improvement of the protocol is essential 
because it is one of the major pre-requisites for genetic 
manipulation and to improve the  quantity and  quality  of  
planting  material  to approach for safe, long-term 
maintenance of valuable  germ plasm,  developed  
through  breeding programmes (Vanegas et al., 2002). 
Thus, the present study was undertaken to develop an 
improved and easily reproducible protocol for 
multiplication of T. erecta through organogenesis.

Materials and methods

The experiment was conducted at Biological Research 
Division, Bangladesh Council of Scientific and Industrial 
Research (BCSIR), Dhaka, Bangladesh. The apical shoot 
tips with leaf primordia (2-4 mm) were collected from 

2-3 month old field grown T. erecta and used as primary 
explants. First explants were washed under running tap water 
for 10-15 min and then surface sterilized with 0.1% HgCl2 for 
10 min followed by five to six rinses with sterilized distilled 
water further. For callus induction the leaf segment of 2-4 
mm length were excised and were inoculated in 150 × 25 mm 
culture tubes containing MS (Murashige and Skoog, 1962) 
supplemented with various combinations and concentrations 
of auxins and cytokinins and with 0.6% agar pH 5.7. Six 
callus induction media (CIM) were used. CIM1 and CIM2 
media contained BAP 1.0 and 2.0 mg/l, respectively, CIM3 
medium contained BAP 2.5 mg/l with NAA 0.5 mg/l, CIM4 
medium contained BAP 5.0 mg/l with NAA 2.5 mg/l. CIM5 
medium contained BAP 10 mg/l with NAA 5.0 mg/l and 
CIM6 medium contained no growth regulators.

In the present protocol, four regeneration media (RM1, RM2, 
RM3 and RM4) supplemented with kinetin (0.5 mg/l) and 
different combinations of BAP (0.5, 1.0, 3.0 and 5.0 mg/l) 
were used as treatment for plant regeneration. Twenty five 
shoots were used per treatment with three replications. For 
root induction, >1.0 cm long micro shoots were inoculated in 
the rooting medium containing half strength MS media with 
various concentrations of auxin and sucrose for root 
induction. Inoculated cultures were incubated at 25±2°C 
under fluorescent tube light with 16 h photoperiod and data 
were recorded after 3 weeks of culture.

For hardening, the culture tubes containing rooted shoots 
were kept at room temperature under light for 14 d. Then the 
rooted shoots were removed from culture tubes, washed 
thoroughly to free agar from roots and finally transplanted 
into small pots containing soil. Plantlets were well covered 
with a piece of polythene sheet for three weeks to ensure high 
humidity while watering was continued regularly.

Results and discussion

Calli were developed at the cut surfaces of the leaf explants 
within 8-10 d of inoculation and subsequently covered the 
entire surfaces within 15-18 d in the callus induction media. 
Although, callus induction was observed in all media but 
there was a wide range of variation in percentages of callus 
formation as well as color and texture of the callus (Table I). 
Callus induction was not found in MS medium without 
growth regulators even after four weeks of culture. The most 
rapid and prolific callus response was obtained from a 
combination of 5.0 mg/l BAP with 2.5 mg/l NAA. The 
highest percentages (90%) of callus formation were observed 
on this medium compared to other media 10.0 mg/l BAP with 
5.0 mg/l NAA (49%), 2.5 mg/l BAP with 0.5 mg/l NAA 
(58%), 2.5 mg/l BAP (45%) and 1.0 mg/l BAP (25%). Calli 
were found hard and compact, which were initiated on media 

supplemented with higher concentrations of hormonal 
combinations. The results of the present experiment agree 
with the findings of Kothari and Chandra (1986). They found 
that a combination of BAP, NAA and GA3 (gibberellic acid) 
was suitable for high frequency callus production in Tagetes.

However, Ketel et al. (1985) reported that certain marigold 
species i.e T. erecta and T. patula are difficult to culture in 
vitro due to browning of explants that led to poor callus 
growth or death of explants. Our results showed that, young 
leaf of T. erecta provides an excellent material to obtain most 
rapid and prolific callus formation. This might be due to 
genotypic variation of explants reinforced by the cultural and 
environmental conditions.

Table II shows the capacity of shoot bud differentiation and 
shoot proliferation from leaf derived calli of T.erecta 
depended on hormonal variation. For shoot formation green 
nodular compact calli were cultured on MS medium 
containing different concentration of BAP with Kinetin for 
shoot formation. The highest percentages of shoot formation 
were observed in MS medium containing 1.0 mg/l BAP with 
0.5 mg/l kinetin. The explants showed shoot initiation after 
10-15 days (Fig.1a). In this medium 80% of cultures were 
found to regenerate shoots and the number of regenerated 
shoots per explants was 10±0.5. In MS medium 

supplemented with BAP (0.5 mg/l) with kinetin (0.5 mg/l), 
2-3 shoot developed within 15-20 days (Fig. 1b). Media 
containing a high level of BAP (3.0-5.0 mg/l) with Kinetin 
(0.5 mg/l) yielded a few of shoots and decreased with further 
more increase in BAP concentrations. Kothari and Chandra 
(1984, 1986) and Vanegas et al. (2002) reported that 
development of adventitious shoot bud was observed on a 
medium with different concentrations of BAP with IAA. On 
the contrast, in the present study, there was a good shoot bud 
initiation and proliferation response only in the presence of 
cytokinins (BAP with kinetin). The cytokinins are generally 
added to a culture media to stimulate cell division, to induce 

shoot formation and axillary shoot proliferation. Our 
results showed that, an absolute cytokinin may be required 
for Tagetes organogenesis from leaf explants. The 
potential of calli to differentiate was ascribed to a 
phytohormone effect mediated by differential gene 
activity (Breteler and Ketel 1993). 

For adventitious root formation elongated healthy shoots (3-4 
cm in length) were excised and transferred to the half 
strength MS media supplemented with different 
concentrations (0.5-2.0 mg/l) of IBA and IAA. In most cases, 
root initiation started with in 7-10 days of culture 

(Fig.1c). It may be mentioned that, root induction was 
not observed in MS medium which was free from any 
hormonal supplement. Best response observed when 1.0 
mg/l of IBA was used (Table III). In this medium, 90% 
shoots rooted within four weeks of culture and each 
microcutting produced 6-8 roots. Similar effects of IBA 
were reported in Ocimum americanum L. syn, O. canum 
Sims and O.sanctum L. (Pattnaik and Chand, 1996). Root 
developed in medium containing lower concentration 
IBA or IAA (0.5 mg/l) was poor in quality. On the other 
hand, medium containing higher concentrations of IBA 
or IAA (2.0 mg/l) always formed root accompanied with 
callusing. The proper stage of root development is 
another criterion for selecting plantlets to be transferred 
into the soil. In vitro regenerated plantlets were 
transferred to small pots for future establishment 
(Fig.1d). After 10-15 days when the plants were fully 
acclimated to outdoor conditions, they were then 
transplanted in the earthen pots (Fig. 1e). 

The present report showed that MS medium containing 
1.0 mg/l BAP with 0.5 mg/l kinetin proved more 
effective for multiple shoot formation from the leaf 
explants derived calli. The technique described here 
appears to be readily adaptable for large scale 
propagation of this important medicinal and 
ornamental plant to earn foreign exchange and also to 
meet the local demand.

Conclusion

Multiple shoots were obtained from young leaf induced 
callus of T. erecta. Our study demonstrated that MS medium 
with BAP and NAA combination induced highest percentage 
of callus, whereas BAP with Kinetin produced maximum 
shoots from callus. Maximum roots were produced in half 
strength MS medium with IBA. When transferred to soil, 
80% plantlets survived. The technique described here is a 
promising method of micro propagation of T.erecta to a 
larger scale. In order to make it more effective further 
experiments should be done at the stage of acclimatization 
using different types of soil media combinations.
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Table I . Effects of auxins and cytokinin on callus
formation from leaf explants of Tagetes erecta

Growth 
regulator 

cons. (mg/l) 

Days to 
initiation  

Color  Texture  % of callus 
formation  

BAP+NAA  

1.0  20  LG  C  25  

2.5  15  LG  C  45  

2.5+0.5  12  LG  C  58  

5.0+2.5  10  WG  C  90  

10+5.0  15  HG  H,C  49  

0.0  - - - - 

WG= White green, LG= Light green, HG= Heavily green, C= Compact, H= Hard
Data were taken from 45 replications per treatment 28 days after inoculation.
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Introduction

Marigold (Tagetes erecta L.) is an annual herbaceous 
medicinal plant of the botanical Family: Compositae and is 
presently grown in almost all tropical countries including 
Bangladesh. It is often cultivated in homestead gardens and 
as pot plants. Besides attractive flower colors, both leaves 
and flowers are equally important medicinally. The plant is 
effective against in emmenagogue, piles, rheumatism, colds, 
bronchitis, kidney troubles and muscular pains (Ghani, 
1998). It has been also noticed that Tagetes are highly 
effective in keeping the population of nematode under 
control (Khan et al., 1971; Lehman, 1979; Siddiqui and 
Alam, 1988). The nematocidal effect is attributed to the 
presence of thiophenes (Chan et al., 1975), which are 
naturally occurring biocides (Croes et al., 1989, Hulst et al., 
1989). Because of its aesthetic, medicinal and commercial 
values the demand of Tagetes has been steadily increasing. 

The plant is generally propagated by seeds and cuttings. Seed 
germination is unreliable due to its poor rate. Sometimes 
Tagetes production declines due to incidence of viral and 
other diseases which may cause a great extent of commercial 
losses (Sastry et al., 2019). Tissue culture techniques provide 

a fast and dependable method for production of a large 
number of disease free, uniform plantlets in a shorter period 
of time. Several authors have reported about the micro 
propagation of Tagetes spp. but the reproducibility of the 
results was not satisfactory (Kothari and Chandra, 1984, 
1986; Bespalhok and Hattori, 1998; Misra and Datta, 2001). 
However, further improvement of the protocol is essential 
because it is one of the major pre-requisites for genetic 
manipulation and to improve the  quantity and  quality  of  
planting  material  to approach for safe, long-term 
maintenance of valuable  germ plasm,  developed  
through  breeding programmes (Vanegas et al., 2002). 
Thus, the present study was undertaken to develop an 
improved and easily reproducible protocol for 
multiplication of T. erecta through organogenesis.

Materials and methods

The experiment was conducted at Biological Research 
Division, Bangladesh Council of Scientific and Industrial 
Research (BCSIR), Dhaka, Bangladesh. The apical shoot 
tips with leaf primordia (2-4 mm) were collected from 

2-3 month old field grown T. erecta and used as primary 
explants. First explants were washed under running tap water 
for 10-15 min and then surface sterilized with 0.1% HgCl2 for 
10 min followed by five to six rinses with sterilized distilled 
water further. For callus induction the leaf segment of 2-4 
mm length were excised and were inoculated in 150 × 25 mm 
culture tubes containing MS (Murashige and Skoog, 1962) 
supplemented with various combinations and concentrations 
of auxins and cytokinins and with 0.6% agar pH 5.7. Six 
callus induction media (CIM) were used. CIM1 and CIM2 
media contained BAP 1.0 and 2.0 mg/l, respectively, CIM3 
medium contained BAP 2.5 mg/l with NAA 0.5 mg/l, CIM4 
medium contained BAP 5.0 mg/l with NAA 2.5 mg/l. CIM5 
medium contained BAP 10 mg/l with NAA 5.0 mg/l and 
CIM6 medium contained no growth regulators.

In the present protocol, four regeneration media (RM1, RM2, 
RM3 and RM4) supplemented with kinetin (0.5 mg/l) and 
different combinations of BAP (0.5, 1.0, 3.0 and 5.0 mg/l) 
were used as treatment for plant regeneration. Twenty five 
shoots were used per treatment with three replications. For 
root induction, >1.0 cm long micro shoots were inoculated in 
the rooting medium containing half strength MS media with 
various concentrations of auxin and sucrose for root 
induction. Inoculated cultures were incubated at 25±2°C 
under fluorescent tube light with 16 h photoperiod and data 
were recorded after 3 weeks of culture.

For hardening, the culture tubes containing rooted shoots 
were kept at room temperature under light for 14 d. Then the 
rooted shoots were removed from culture tubes, washed 
thoroughly to free agar from roots and finally transplanted 
into small pots containing soil. Plantlets were well covered 
with a piece of polythene sheet for three weeks to ensure high 
humidity while watering was continued regularly.

Results and discussion

Calli were developed at the cut surfaces of the leaf explants 
within 8-10 d of inoculation and subsequently covered the 
entire surfaces within 15-18 d in the callus induction media. 
Although, callus induction was observed in all media but 
there was a wide range of variation in percentages of callus 
formation as well as color and texture of the callus (Table I). 
Callus induction was not found in MS medium without 
growth regulators even after four weeks of culture. The most 
rapid and prolific callus response was obtained from a 
combination of 5.0 mg/l BAP with 2.5 mg/l NAA. The 
highest percentages (90%) of callus formation were observed 
on this medium compared to other media 10.0 mg/l BAP with 
5.0 mg/l NAA (49%), 2.5 mg/l BAP with 0.5 mg/l NAA 
(58%), 2.5 mg/l BAP (45%) and 1.0 mg/l BAP (25%). Calli 
were found hard and compact, which were initiated on media 

supplemented with higher concentrations of hormonal 
combinations. The results of the present experiment agree 
with the findings of Kothari and Chandra (1986). They found 
that a combination of BAP, NAA and GA3 (gibberellic acid) 
was suitable for high frequency callus production in Tagetes.

However, Ketel et al. (1985) reported that certain marigold 
species i.e T. erecta and T. patula are difficult to culture in 
vitro due to browning of explants that led to poor callus 
growth or death of explants. Our results showed that, young 
leaf of T. erecta provides an excellent material to obtain most 
rapid and prolific callus formation. This might be due to 
genotypic variation of explants reinforced by the cultural and 
environmental conditions.

Table II shows the capacity of shoot bud differentiation and 
shoot proliferation from leaf derived calli of T.erecta 
depended on hormonal variation. For shoot formation green 
nodular compact calli were cultured on MS medium 
containing different concentration of BAP with Kinetin for 
shoot formation. The highest percentages of shoot formation 
were observed in MS medium containing 1.0 mg/l BAP with 
0.5 mg/l kinetin. The explants showed shoot initiation after 
10-15 days (Fig.1a). In this medium 80% of cultures were 
found to regenerate shoots and the number of regenerated 
shoots per explants was 10±0.5. In MS medium 

supplemented with BAP (0.5 mg/l) with kinetin (0.5 mg/l), 
2-3 shoot developed within 15-20 days (Fig. 1b). Media 
containing a high level of BAP (3.0-5.0 mg/l) with Kinetin 
(0.5 mg/l) yielded a few of shoots and decreased with further 
more increase in BAP concentrations. Kothari and Chandra 
(1984, 1986) and Vanegas et al. (2002) reported that 
development of adventitious shoot bud was observed on a 
medium with different concentrations of BAP with IAA. On 
the contrast, in the present study, there was a good shoot bud 
initiation and proliferation response only in the presence of 
cytokinins (BAP with kinetin). The cytokinins are generally 
added to a culture media to stimulate cell division, to induce 

shoot formation and axillary shoot proliferation. Our 
results showed that, an absolute cytokinin may be required 
for Tagetes organogenesis from leaf explants. The 
potential of calli to differentiate was ascribed to a 
phytohormone effect mediated by differential gene 
activity (Breteler and Ketel 1993). 

For adventitious root formation elongated healthy shoots (3-4 
cm in length) were excised and transferred to the half 
strength MS media supplemented with different 
concentrations (0.5-2.0 mg/l) of IBA and IAA. In most cases, 
root initiation started with in 7-10 days of culture 

(Fig.1c). It may be mentioned that, root induction was 
not observed in MS medium which was free from any 
hormonal supplement. Best response observed when 1.0 
mg/l of IBA was used (Table III). In this medium, 90% 
shoots rooted within four weeks of culture and each 
microcutting produced 6-8 roots. Similar effects of IBA 
were reported in Ocimum americanum L. syn, O. canum 
Sims and O.sanctum L. (Pattnaik and Chand, 1996). Root 
developed in medium containing lower concentration 
IBA or IAA (0.5 mg/l) was poor in quality. On the other 
hand, medium containing higher concentrations of IBA 
or IAA (2.0 mg/l) always formed root accompanied with 
callusing. The proper stage of root development is 
another criterion for selecting plantlets to be transferred 
into the soil. In vitro regenerated plantlets were 
transferred to small pots for future establishment 
(Fig.1d). After 10-15 days when the plants were fully 
acclimated to outdoor conditions, they were then 
transplanted in the earthen pots (Fig. 1e). 

The present report showed that MS medium containing 
1.0 mg/l BAP with 0.5 mg/l kinetin proved more 
effective for multiple shoot formation from the leaf 
explants derived calli. The technique described here 
appears to be readily adaptable for large scale 
propagation of this important medicinal and 
ornamental plant to earn foreign exchange and also to 
meet the local demand.

Conclusion

Multiple shoots were obtained from young leaf induced 
callus of T. erecta. Our study demonstrated that MS medium 
with BAP and NAA combination induced highest percentage 
of callus, whereas BAP with Kinetin produced maximum 
shoots from callus. Maximum roots were produced in half 
strength MS medium with IBA. When transferred to soil, 
80% plantlets survived. The technique described here is a 
promising method of micro propagation of T.erecta to a 
larger scale. In order to make it more effective further 
experiments should be done at the stage of acclimatization 
using different types of soil media combinations.
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* Data were taken from 45 replications per treatment 28 days after inoculation.
* Mean ± standard error.

Table II.  Shoot proliferation from leaf explants derived calluses of Tagetes erecta*

Growth 
regulator 

conc.  
(mg/l)  

Days to  shoot 
initiation  

No. of shoots  Length of 
shoots (cm)**  

% of shoot 
formation  

BAP+ 
Kinetin  

0.5+0.5  15 -20  3.0±0.45  1.6±0.25  62  

1.0+0.5  10 -15  10.0±0.50 3.0±0.15  80  

3.0+0.5  7-10  5.0±0.10  2.8±0.10  50  

5.0+0.5  15 -18  4.50±0.30 1.9±0.40  45  

* Data were taken from 45 replications per treatment 28 days after inoculation.
** Mean ± standard error.

Table III. Rhizogenesis from microshoots of Tagetes erecta  on half strength of MS medium supplemented with
different concentrations of IBA and IAA*

Growth 
regulator 

conc.  
(mg/l)  

Days to  shoot 
initiation  

No. of roots  Length of 
roots (cm)**  

% of root   
formation  

IBA 

0.5  10  2.0±0.30  1.5±0.15  50  

1.0  5-7 8.0±0.50  3.0±0.30  90  

1.5  10  2.5±0.45  2.5±0.10  70  

2.0  10 -12  2.2±0.35  2.0±0.05  65  

IAA 

0.5  14  1.0±0.40  1.0±0.25  35  

1.0  10  4.0±0.25  2.0±0.15  60  

1.5  12  1.5±0.50  1.8±0.05  45  

2.0  12 -15  1.0±0.35  1.5± 0.25  40  
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Introduction

Marigold (Tagetes erecta L.) is an annual herbaceous 
medicinal plant of the botanical Family: Compositae and is 
presently grown in almost all tropical countries including 
Bangladesh. It is often cultivated in homestead gardens and 
as pot plants. Besides attractive flower colors, both leaves 
and flowers are equally important medicinally. The plant is 
effective against in emmenagogue, piles, rheumatism, colds, 
bronchitis, kidney troubles and muscular pains (Ghani, 
1998). It has been also noticed that Tagetes are highly 
effective in keeping the population of nematode under 
control (Khan et al., 1971; Lehman, 1979; Siddiqui and 
Alam, 1988). The nematocidal effect is attributed to the 
presence of thiophenes (Chan et al., 1975), which are 
naturally occurring biocides (Croes et al., 1989, Hulst et al., 
1989). Because of its aesthetic, medicinal and commercial 
values the demand of Tagetes has been steadily increasing. 

The plant is generally propagated by seeds and cuttings. Seed 
germination is unreliable due to its poor rate. Sometimes 
Tagetes production declines due to incidence of viral and 
other diseases which may cause a great extent of commercial 
losses (Sastry et al., 2019). Tissue culture techniques provide 

a fast and dependable method for production of a large 
number of disease free, uniform plantlets in a shorter period 
of time. Several authors have reported about the micro 
propagation of Tagetes spp. but the reproducibility of the 
results was not satisfactory (Kothari and Chandra, 1984, 
1986; Bespalhok and Hattori, 1998; Misra and Datta, 2001). 
However, further improvement of the protocol is essential 
because it is one of the major pre-requisites for genetic 
manipulation and to improve the  quantity and  quality  of  
planting  material  to approach for safe, long-term 
maintenance of valuable  germ plasm,  developed  
through  breeding programmes (Vanegas et al., 2002). 
Thus, the present study was undertaken to develop an 
improved and easily reproducible protocol for 
multiplication of T. erecta through organogenesis.

Materials and methods

The experiment was conducted at Biological Research 
Division, Bangladesh Council of Scientific and Industrial 
Research (BCSIR), Dhaka, Bangladesh. The apical shoot 
tips with leaf primordia (2-4 mm) were collected from 

2-3 month old field grown T. erecta and used as primary 
explants. First explants were washed under running tap water 
for 10-15 min and then surface sterilized with 0.1% HgCl2 for 
10 min followed by five to six rinses with sterilized distilled 
water further. For callus induction the leaf segment of 2-4 
mm length were excised and were inoculated in 150 × 25 mm 
culture tubes containing MS (Murashige and Skoog, 1962) 
supplemented with various combinations and concentrations 
of auxins and cytokinins and with 0.6% agar pH 5.7. Six 
callus induction media (CIM) were used. CIM1 and CIM2 
media contained BAP 1.0 and 2.0 mg/l, respectively, CIM3 
medium contained BAP 2.5 mg/l with NAA 0.5 mg/l, CIM4 
medium contained BAP 5.0 mg/l with NAA 2.5 mg/l. CIM5 
medium contained BAP 10 mg/l with NAA 5.0 mg/l and 
CIM6 medium contained no growth regulators.

In the present protocol, four regeneration media (RM1, RM2, 
RM3 and RM4) supplemented with kinetin (0.5 mg/l) and 
different combinations of BAP (0.5, 1.0, 3.0 and 5.0 mg/l) 
were used as treatment for plant regeneration. Twenty five 
shoots were used per treatment with three replications. For 
root induction, >1.0 cm long micro shoots were inoculated in 
the rooting medium containing half strength MS media with 
various concentrations of auxin and sucrose for root 
induction. Inoculated cultures were incubated at 25±2°C 
under fluorescent tube light with 16 h photoperiod and data 
were recorded after 3 weeks of culture.

For hardening, the culture tubes containing rooted shoots 
were kept at room temperature under light for 14 d. Then the 
rooted shoots were removed from culture tubes, washed 
thoroughly to free agar from roots and finally transplanted 
into small pots containing soil. Plantlets were well covered 
with a piece of polythene sheet for three weeks to ensure high 
humidity while watering was continued regularly.

Results and discussion

Calli were developed at the cut surfaces of the leaf explants 
within 8-10 d of inoculation and subsequently covered the 
entire surfaces within 15-18 d in the callus induction media. 
Although, callus induction was observed in all media but 
there was a wide range of variation in percentages of callus 
formation as well as color and texture of the callus (Table I). 
Callus induction was not found in MS medium without 
growth regulators even after four weeks of culture. The most 
rapid and prolific callus response was obtained from a 
combination of 5.0 mg/l BAP with 2.5 mg/l NAA. The 
highest percentages (90%) of callus formation were observed 
on this medium compared to other media 10.0 mg/l BAP with 
5.0 mg/l NAA (49%), 2.5 mg/l BAP with 0.5 mg/l NAA 
(58%), 2.5 mg/l BAP (45%) and 1.0 mg/l BAP (25%). Calli 
were found hard and compact, which were initiated on media 

supplemented with higher concentrations of hormonal 
combinations. The results of the present experiment agree 
with the findings of Kothari and Chandra (1986). They found 
that a combination of BAP, NAA and GA3 (gibberellic acid) 
was suitable for high frequency callus production in Tagetes.

However, Ketel et al. (1985) reported that certain marigold 
species i.e T. erecta and T. patula are difficult to culture in 
vitro due to browning of explants that led to poor callus 
growth or death of explants. Our results showed that, young 
leaf of T. erecta provides an excellent material to obtain most 
rapid and prolific callus formation. This might be due to 
genotypic variation of explants reinforced by the cultural and 
environmental conditions.

Table II shows the capacity of shoot bud differentiation and 
shoot proliferation from leaf derived calli of T.erecta 
depended on hormonal variation. For shoot formation green 
nodular compact calli were cultured on MS medium 
containing different concentration of BAP with Kinetin for 
shoot formation. The highest percentages of shoot formation 
were observed in MS medium containing 1.0 mg/l BAP with 
0.5 mg/l kinetin. The explants showed shoot initiation after 
10-15 days (Fig.1a). In this medium 80% of cultures were 
found to regenerate shoots and the number of regenerated 
shoots per explants was 10±0.5. In MS medium 

supplemented with BAP (0.5 mg/l) with kinetin (0.5 mg/l), 
2-3 shoot developed within 15-20 days (Fig. 1b). Media 
containing a high level of BAP (3.0-5.0 mg/l) with Kinetin 
(0.5 mg/l) yielded a few of shoots and decreased with further 
more increase in BAP concentrations. Kothari and Chandra 
(1984, 1986) and Vanegas et al. (2002) reported that 
development of adventitious shoot bud was observed on a 
medium with different concentrations of BAP with IAA. On 
the contrast, in the present study, there was a good shoot bud 
initiation and proliferation response only in the presence of 
cytokinins (BAP with kinetin). The cytokinins are generally 
added to a culture media to stimulate cell division, to induce 

shoot formation and axillary shoot proliferation. Our 
results showed that, an absolute cytokinin may be required 
for Tagetes organogenesis from leaf explants. The 
potential of calli to differentiate was ascribed to a 
phytohormone effect mediated by differential gene 
activity (Breteler and Ketel 1993). 

For adventitious root formation elongated healthy shoots (3-4 
cm in length) were excised and transferred to the half 
strength MS media supplemented with different 
concentrations (0.5-2.0 mg/l) of IBA and IAA. In most cases, 
root initiation started with in 7-10 days of culture 

(Fig.1c). It may be mentioned that, root induction was 
not observed in MS medium which was free from any 
hormonal supplement. Best response observed when 1.0 
mg/l of IBA was used (Table III). In this medium, 90% 
shoots rooted within four weeks of culture and each 
microcutting produced 6-8 roots. Similar effects of IBA 
were reported in Ocimum americanum L. syn, O. canum 
Sims and O.sanctum L. (Pattnaik and Chand, 1996). Root 
developed in medium containing lower concentration 
IBA or IAA (0.5 mg/l) was poor in quality. On the other 
hand, medium containing higher concentrations of IBA 
or IAA (2.0 mg/l) always formed root accompanied with 
callusing. The proper stage of root development is 
another criterion for selecting plantlets to be transferred 
into the soil. In vitro regenerated plantlets were 
transferred to small pots for future establishment 
(Fig.1d). After 10-15 days when the plants were fully 
acclimated to outdoor conditions, they were then 
transplanted in the earthen pots (Fig. 1e). 

The present report showed that MS medium containing 
1.0 mg/l BAP with 0.5 mg/l kinetin proved more 
effective for multiple shoot formation from the leaf 
explants derived calli. The technique described here 
appears to be readily adaptable for large scale 
propagation of this important medicinal and 
ornamental plant to earn foreign exchange and also to 
meet the local demand.

Conclusion

Multiple shoots were obtained from young leaf induced 
callus of T. erecta. Our study demonstrated that MS medium 
with BAP and NAA combination induced highest percentage 
of callus, whereas BAP with Kinetin produced maximum 
shoots from callus. Maximum roots were produced in half 
strength MS medium with IBA. When transferred to soil, 
80% plantlets survived. The technique described here is a 
promising method of micro propagation of T.erecta to a 
larger scale. In order to make it more effective further 
experiments should be done at the stage of acclimatization 
using different types of soil media combinations.
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Fig. 1 (a-e). Different stages of plant regeneration from leaf explants in Tagetes erecta
a. Callus induction in MS supplemented with 5.0 mg/l BAP and 2.5mg/l NAA
b. Regeneration of multiple shoots in MS supplemented with 1.0 mg/l BAP and 0.5 mg/l kinetin 
c. Root induction in half strength MS with 1.0 mg/l of IBA
 d. and e. Hardened  plantlets transferred to soil
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Introduction

Marigold (Tagetes erecta L.) is an annual herbaceous 
medicinal plant of the botanical Family: Compositae and is 
presently grown in almost all tropical countries including 
Bangladesh. It is often cultivated in homestead gardens and 
as pot plants. Besides attractive flower colors, both leaves 
and flowers are equally important medicinally. The plant is 
effective against in emmenagogue, piles, rheumatism, colds, 
bronchitis, kidney troubles and muscular pains (Ghani, 
1998). It has been also noticed that Tagetes are highly 
effective in keeping the population of nematode under 
control (Khan et al., 1971; Lehman, 1979; Siddiqui and 
Alam, 1988). The nematocidal effect is attributed to the 
presence of thiophenes (Chan et al., 1975), which are 
naturally occurring biocides (Croes et al., 1989, Hulst et al., 
1989). Because of its aesthetic, medicinal and commercial 
values the demand of Tagetes has been steadily increasing. 

The plant is generally propagated by seeds and cuttings. Seed 
germination is unreliable due to its poor rate. Sometimes 
Tagetes production declines due to incidence of viral and 
other diseases which may cause a great extent of commercial 
losses (Sastry et al., 2019). Tissue culture techniques provide 

a fast and dependable method for production of a large 
number of disease free, uniform plantlets in a shorter period 
of time. Several authors have reported about the micro 
propagation of Tagetes spp. but the reproducibility of the 
results was not satisfactory (Kothari and Chandra, 1984, 
1986; Bespalhok and Hattori, 1998; Misra and Datta, 2001). 
However, further improvement of the protocol is essential 
because it is one of the major pre-requisites for genetic 
manipulation and to improve the  quantity and  quality  of  
planting  material  to approach for safe, long-term 
maintenance of valuable  germ plasm,  developed  
through  breeding programmes (Vanegas et al., 2002). 
Thus, the present study was undertaken to develop an 
improved and easily reproducible protocol for 
multiplication of T. erecta through organogenesis.

Materials and methods

The experiment was conducted at Biological Research 
Division, Bangladesh Council of Scientific and Industrial 
Research (BCSIR), Dhaka, Bangladesh. The apical shoot 
tips with leaf primordia (2-4 mm) were collected from 

2-3 month old field grown T. erecta and used as primary 
explants. First explants were washed under running tap water 
for 10-15 min and then surface sterilized with 0.1% HgCl2 for 
10 min followed by five to six rinses with sterilized distilled 
water further. For callus induction the leaf segment of 2-4 
mm length were excised and were inoculated in 150 × 25 mm 
culture tubes containing MS (Murashige and Skoog, 1962) 
supplemented with various combinations and concentrations 
of auxins and cytokinins and with 0.6% agar pH 5.7. Six 
callus induction media (CIM) were used. CIM1 and CIM2 
media contained BAP 1.0 and 2.0 mg/l, respectively, CIM3 
medium contained BAP 2.5 mg/l with NAA 0.5 mg/l, CIM4 
medium contained BAP 5.0 mg/l with NAA 2.5 mg/l. CIM5 
medium contained BAP 10 mg/l with NAA 5.0 mg/l and 
CIM6 medium contained no growth regulators.

In the present protocol, four regeneration media (RM1, RM2, 
RM3 and RM4) supplemented with kinetin (0.5 mg/l) and 
different combinations of BAP (0.5, 1.0, 3.0 and 5.0 mg/l) 
were used as treatment for plant regeneration. Twenty five 
shoots were used per treatment with three replications. For 
root induction, >1.0 cm long micro shoots were inoculated in 
the rooting medium containing half strength MS media with 
various concentrations of auxin and sucrose for root 
induction. Inoculated cultures were incubated at 25±2°C 
under fluorescent tube light with 16 h photoperiod and data 
were recorded after 3 weeks of culture.

For hardening, the culture tubes containing rooted shoots 
were kept at room temperature under light for 14 d. Then the 
rooted shoots were removed from culture tubes, washed 
thoroughly to free agar from roots and finally transplanted 
into small pots containing soil. Plantlets were well covered 
with a piece of polythene sheet for three weeks to ensure high 
humidity while watering was continued regularly.

Results and discussion

Calli were developed at the cut surfaces of the leaf explants 
within 8-10 d of inoculation and subsequently covered the 
entire surfaces within 15-18 d in the callus induction media. 
Although, callus induction was observed in all media but 
there was a wide range of variation in percentages of callus 
formation as well as color and texture of the callus (Table I). 
Callus induction was not found in MS medium without 
growth regulators even after four weeks of culture. The most 
rapid and prolific callus response was obtained from a 
combination of 5.0 mg/l BAP with 2.5 mg/l NAA. The 
highest percentages (90%) of callus formation were observed 
on this medium compared to other media 10.0 mg/l BAP with 
5.0 mg/l NAA (49%), 2.5 mg/l BAP with 0.5 mg/l NAA 
(58%), 2.5 mg/l BAP (45%) and 1.0 mg/l BAP (25%). Calli 
were found hard and compact, which were initiated on media 

supplemented with higher concentrations of hormonal 
combinations. The results of the present experiment agree 
with the findings of Kothari and Chandra (1986). They found 
that a combination of BAP, NAA and GA3 (gibberellic acid) 
was suitable for high frequency callus production in Tagetes.

However, Ketel et al. (1985) reported that certain marigold 
species i.e T. erecta and T. patula are difficult to culture in 
vitro due to browning of explants that led to poor callus 
growth or death of explants. Our results showed that, young 
leaf of T. erecta provides an excellent material to obtain most 
rapid and prolific callus formation. This might be due to 
genotypic variation of explants reinforced by the cultural and 
environmental conditions.

Table II shows the capacity of shoot bud differentiation and 
shoot proliferation from leaf derived calli of T.erecta 
depended on hormonal variation. For shoot formation green 
nodular compact calli were cultured on MS medium 
containing different concentration of BAP with Kinetin for 
shoot formation. The highest percentages of shoot formation 
were observed in MS medium containing 1.0 mg/l BAP with 
0.5 mg/l kinetin. The explants showed shoot initiation after 
10-15 days (Fig.1a). In this medium 80% of cultures were 
found to regenerate shoots and the number of regenerated 
shoots per explants was 10±0.5. In MS medium 

supplemented with BAP (0.5 mg/l) with kinetin (0.5 mg/l), 
2-3 shoot developed within 15-20 days (Fig. 1b). Media 
containing a high level of BAP (3.0-5.0 mg/l) with Kinetin 
(0.5 mg/l) yielded a few of shoots and decreased with further 
more increase in BAP concentrations. Kothari and Chandra 
(1984, 1986) and Vanegas et al. (2002) reported that 
development of adventitious shoot bud was observed on a 
medium with different concentrations of BAP with IAA. On 
the contrast, in the present study, there was a good shoot bud 
initiation and proliferation response only in the presence of 
cytokinins (BAP with kinetin). The cytokinins are generally 
added to a culture media to stimulate cell division, to induce 

shoot formation and axillary shoot proliferation. Our 
results showed that, an absolute cytokinin may be required 
for Tagetes organogenesis from leaf explants. The 
potential of calli to differentiate was ascribed to a 
phytohormone effect mediated by differential gene 
activity (Breteler and Ketel 1993). 

For adventitious root formation elongated healthy shoots (3-4 
cm in length) were excised and transferred to the half 
strength MS media supplemented with different 
concentrations (0.5-2.0 mg/l) of IBA and IAA. In most cases, 
root initiation started with in 7-10 days of culture 

(Fig.1c). It may be mentioned that, root induction was 
not observed in MS medium which was free from any 
hormonal supplement. Best response observed when 1.0 
mg/l of IBA was used (Table III). In this medium, 90% 
shoots rooted within four weeks of culture and each 
microcutting produced 6-8 roots. Similar effects of IBA 
were reported in Ocimum americanum L. syn, O. canum 
Sims and O.sanctum L. (Pattnaik and Chand, 1996). Root 
developed in medium containing lower concentration 
IBA or IAA (0.5 mg/l) was poor in quality. On the other 
hand, medium containing higher concentrations of IBA 
or IAA (2.0 mg/l) always formed root accompanied with 
callusing. The proper stage of root development is 
another criterion for selecting plantlets to be transferred 
into the soil. In vitro regenerated plantlets were 
transferred to small pots for future establishment 
(Fig.1d). After 10-15 days when the plants were fully 
acclimated to outdoor conditions, they were then 
transplanted in the earthen pots (Fig. 1e). 

The present report showed that MS medium containing 
1.0 mg/l BAP with 0.5 mg/l kinetin proved more 
effective for multiple shoot formation from the leaf 
explants derived calli. The technique described here 
appears to be readily adaptable for large scale 
propagation of this important medicinal and 
ornamental plant to earn foreign exchange and also to 
meet the local demand.

Conclusion

Multiple shoots were obtained from young leaf induced 
callus of T. erecta. Our study demonstrated that MS medium 
with BAP and NAA combination induced highest percentage 
of callus, whereas BAP with Kinetin produced maximum 
shoots from callus. Maximum roots were produced in half 
strength MS medium with IBA. When transferred to soil, 
80% plantlets survived. The technique described here is a 
promising method of micro propagation of T.erecta to a 
larger scale. In order to make it more effective further 
experiments should be done at the stage of acclimatization 
using different types of soil media combinations.
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Introduction

Marigold (Tagetes erecta L.) is an annual herbaceous 
medicinal plant of the botanical Family: Compositae and is 
presently grown in almost all tropical countries including 
Bangladesh. It is often cultivated in homestead gardens and 
as pot plants. Besides attractive flower colors, both leaves 
and flowers are equally important medicinally. The plant is 
effective against in emmenagogue, piles, rheumatism, colds, 
bronchitis, kidney troubles and muscular pains (Ghani, 
1998). It has been also noticed that Tagetes are highly 
effective in keeping the population of nematode under 
control (Khan et al., 1971; Lehman, 1979; Siddiqui and 
Alam, 1988). The nematocidal effect is attributed to the 
presence of thiophenes (Chan et al., 1975), which are 
naturally occurring biocides (Croes et al., 1989, Hulst et al., 
1989). Because of its aesthetic, medicinal and commercial 
values the demand of Tagetes has been steadily increasing. 

The plant is generally propagated by seeds and cuttings. Seed 
germination is unreliable due to its poor rate. Sometimes 
Tagetes production declines due to incidence of viral and 
other diseases which may cause a great extent of commercial 
losses (Sastry et al., 2019). Tissue culture techniques provide 

a fast and dependable method for production of a large 
number of disease free, uniform plantlets in a shorter period 
of time. Several authors have reported about the micro 
propagation of Tagetes spp. but the reproducibility of the 
results was not satisfactory (Kothari and Chandra, 1984, 
1986; Bespalhok and Hattori, 1998; Misra and Datta, 2001). 
However, further improvement of the protocol is essential 
because it is one of the major pre-requisites for genetic 
manipulation and to improve the  quantity and  quality  of  
planting  material  to approach for safe, long-term 
maintenance of valuable  germ plasm,  developed  
through  breeding programmes (Vanegas et al., 2002). 
Thus, the present study was undertaken to develop an 
improved and easily reproducible protocol for 
multiplication of T. erecta through organogenesis.

Materials and methods

The experiment was conducted at Biological Research 
Division, Bangladesh Council of Scientific and Industrial 
Research (BCSIR), Dhaka, Bangladesh. The apical shoot 
tips with leaf primordia (2-4 mm) were collected from 

2-3 month old field grown T. erecta and used as primary 
explants. First explants were washed under running tap water 
for 10-15 min and then surface sterilized with 0.1% HgCl2 for 
10 min followed by five to six rinses with sterilized distilled 
water further. For callus induction the leaf segment of 2-4 
mm length were excised and were inoculated in 150 × 25 mm 
culture tubes containing MS (Murashige and Skoog, 1962) 
supplemented with various combinations and concentrations 
of auxins and cytokinins and with 0.6% agar pH 5.7. Six 
callus induction media (CIM) were used. CIM1 and CIM2 
media contained BAP 1.0 and 2.0 mg/l, respectively, CIM3 
medium contained BAP 2.5 mg/l with NAA 0.5 mg/l, CIM4 
medium contained BAP 5.0 mg/l with NAA 2.5 mg/l. CIM5 
medium contained BAP 10 mg/l with NAA 5.0 mg/l and 
CIM6 medium contained no growth regulators.

In the present protocol, four regeneration media (RM1, RM2, 
RM3 and RM4) supplemented with kinetin (0.5 mg/l) and 
different combinations of BAP (0.5, 1.0, 3.0 and 5.0 mg/l) 
were used as treatment for plant regeneration. Twenty five 
shoots were used per treatment with three replications. For 
root induction, >1.0 cm long micro shoots were inoculated in 
the rooting medium containing half strength MS media with 
various concentrations of auxin and sucrose for root 
induction. Inoculated cultures were incubated at 25±2°C 
under fluorescent tube light with 16 h photoperiod and data 
were recorded after 3 weeks of culture.

For hardening, the culture tubes containing rooted shoots 
were kept at room temperature under light for 14 d. Then the 
rooted shoots were removed from culture tubes, washed 
thoroughly to free agar from roots and finally transplanted 
into small pots containing soil. Plantlets were well covered 
with a piece of polythene sheet for three weeks to ensure high 
humidity while watering was continued regularly.

Results and discussion

Calli were developed at the cut surfaces of the leaf explants 
within 8-10 d of inoculation and subsequently covered the 
entire surfaces within 15-18 d in the callus induction media. 
Although, callus induction was observed in all media but 
there was a wide range of variation in percentages of callus 
formation as well as color and texture of the callus (Table I). 
Callus induction was not found in MS medium without 
growth regulators even after four weeks of culture. The most 
rapid and prolific callus response was obtained from a 
combination of 5.0 mg/l BAP with 2.5 mg/l NAA. The 
highest percentages (90%) of callus formation were observed 
on this medium compared to other media 10.0 mg/l BAP with 
5.0 mg/l NAA (49%), 2.5 mg/l BAP with 0.5 mg/l NAA 
(58%), 2.5 mg/l BAP (45%) and 1.0 mg/l BAP (25%). Calli 
were found hard and compact, which were initiated on media 

supplemented with higher concentrations of hormonal 
combinations. The results of the present experiment agree 
with the findings of Kothari and Chandra (1986). They found 
that a combination of BAP, NAA and GA3 (gibberellic acid) 
was suitable for high frequency callus production in Tagetes.

However, Ketel et al. (1985) reported that certain marigold 
species i.e T. erecta and T. patula are difficult to culture in 
vitro due to browning of explants that led to poor callus 
growth or death of explants. Our results showed that, young 
leaf of T. erecta provides an excellent material to obtain most 
rapid and prolific callus formation. This might be due to 
genotypic variation of explants reinforced by the cultural and 
environmental conditions.

Table II shows the capacity of shoot bud differentiation and 
shoot proliferation from leaf derived calli of T.erecta 
depended on hormonal variation. For shoot formation green 
nodular compact calli were cultured on MS medium 
containing different concentration of BAP with Kinetin for 
shoot formation. The highest percentages of shoot formation 
were observed in MS medium containing 1.0 mg/l BAP with 
0.5 mg/l kinetin. The explants showed shoot initiation after 
10-15 days (Fig.1a). In this medium 80% of cultures were 
found to regenerate shoots and the number of regenerated 
shoots per explants was 10±0.5. In MS medium 

supplemented with BAP (0.5 mg/l) with kinetin (0.5 mg/l), 
2-3 shoot developed within 15-20 days (Fig. 1b). Media 
containing a high level of BAP (3.0-5.0 mg/l) with Kinetin 
(0.5 mg/l) yielded a few of shoots and decreased with further 
more increase in BAP concentrations. Kothari and Chandra 
(1984, 1986) and Vanegas et al. (2002) reported that 
development of adventitious shoot bud was observed on a 
medium with different concentrations of BAP with IAA. On 
the contrast, in the present study, there was a good shoot bud 
initiation and proliferation response only in the presence of 
cytokinins (BAP with kinetin). The cytokinins are generally 
added to a culture media to stimulate cell division, to induce 

shoot formation and axillary shoot proliferation. Our 
results showed that, an absolute cytokinin may be required 
for Tagetes organogenesis from leaf explants. The 
potential of calli to differentiate was ascribed to a 
phytohormone effect mediated by differential gene 
activity (Breteler and Ketel 1993). 

For adventitious root formation elongated healthy shoots (3-4 
cm in length) were excised and transferred to the half 
strength MS media supplemented with different 
concentrations (0.5-2.0 mg/l) of IBA and IAA. In most cases, 
root initiation started with in 7-10 days of culture 

(Fig.1c). It may be mentioned that, root induction was 
not observed in MS medium which was free from any 
hormonal supplement. Best response observed when 1.0 
mg/l of IBA was used (Table III). In this medium, 90% 
shoots rooted within four weeks of culture and each 
microcutting produced 6-8 roots. Similar effects of IBA 
were reported in Ocimum americanum L. syn, O. canum 
Sims and O.sanctum L. (Pattnaik and Chand, 1996). Root 
developed in medium containing lower concentration 
IBA or IAA (0.5 mg/l) was poor in quality. On the other 
hand, medium containing higher concentrations of IBA 
or IAA (2.0 mg/l) always formed root accompanied with 
callusing. The proper stage of root development is 
another criterion for selecting plantlets to be transferred 
into the soil. In vitro regenerated plantlets were 
transferred to small pots for future establishment 
(Fig.1d). After 10-15 days when the plants were fully 
acclimated to outdoor conditions, they were then 
transplanted in the earthen pots (Fig. 1e). 

The present report showed that MS medium containing 
1.0 mg/l BAP with 0.5 mg/l kinetin proved more 
effective for multiple shoot formation from the leaf 
explants derived calli. The technique described here 
appears to be readily adaptable for large scale 
propagation of this important medicinal and 
ornamental plant to earn foreign exchange and also to 
meet the local demand.

Conclusion

Multiple shoots were obtained from young leaf induced 
callus of T. erecta. Our study demonstrated that MS medium 
with BAP and NAA combination induced highest percentage 
of callus, whereas BAP with Kinetin produced maximum 
shoots from callus. Maximum roots were produced in half 
strength MS medium with IBA. When transferred to soil, 
80% plantlets survived. The technique described here is a 
promising method of micro propagation of T.erecta to a 
larger scale. In order to make it more effective further 
experiments should be done at the stage of acclimatization 
using different types of soil media combinations.
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