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Anthurium industry plays a significant role in the global floriculture trade. To overcome the demerits of 

conventional vegetative propagation, micropropagation of Anthurium, through tissue culture is the most 

alternative techniques to increase the production. Anthurium andreanum, initiation was studied using mid, 

proximal and distal end of young leaves on full, half and ¾ strength MS media by reducing only the macro 

nutrients. 

Initiation and development from embryogenic mass derived from leaf explants of Anthurium andreanum were 

conducted. Embryos showed a sequence of developmental patterns from globular to heart and finally cotyledon 

stages. Only BAP 1 mg/L and 2, 4-D 0.1 mg/L combination with ¾ strength MS was found to be the best for 

somatic embryogenesis usingmid and distal region of the leaf. Shoot multiplication was observed best on MS 

medium supplemented with BAP 1 mg/L and Kinetin 1mg/L. Optimal number of rooting was obtained on 

simple MS medium without any Plant Growth Regulator (PGR). The regenerated plants were shifted to a 

greenhouse for acclimatization, coconut husk and charcoal (1:1) presented the best result for acclimatization 

of Anthurium. 

Friable callus of A. andreanum was established on ½ MS (Murashige & Skoog 1962) medium with BAP 

(1mg/L) and 2, 4-D (0.5 mg/L). 

Anthurium is one of the most popular and largest genus with 500 species of Araceae family. Anthurium is 

known for its attractive long lasting inflorescence with beautiful colors and shapes. These characters make the 

Anthurium an ever demanding plant as it is being used continuously as indoor decors (Dufour and Guerin, 

2003). Among tropical cut flowers, its trade value stands second after Orchids. One of the vegetative 

propagation methods for anthurium is through seed propagation which requires approximately three years for 

the plant to be completely developed in a breeding program (Hamidah et al., 1997). Moreover, slow 

germination rate and low seed viability are limiting factors for the large scale production of anthurium (Martin 

et al., 2003) plants obtained through seeds have usually poor uniformity and heterozygosity due to cross 

pollination (Bejoy et al., 2008). On the other hand, plant tissue culture technology has emerged as an alternative 

method for large scale production of true-to-type anthurium at faster rate than conventional methods (Chen et 

al., 1997). 

Various explants like seedling, leaf, petiole, spathe, lateral bud, or shoot tips are used for anthurium micro-

propagation (Atta-Alla et al., 1998; Joseph et al., 2003). The factors affecting regeneration of anthurium are 

age, genotype and choice of explant for the initiation. Although, regeneration from embryogenic calli is more 

reliable for rapid mass propagation while direct somatic embryogenesis results in high multiplication rate with 

high genetic integrity. 
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Some modifications of different hormonal and macronutrient concentrations in culture media such as reduced 

amount of macronutrients for somatic embryos induction may lead to ideal regeneration system for massive 

plant propagation of anthurium. This improvement could have economic importance by contributing towards 

enhanced production of anthurium plants along with limited consumption of nutrients, which leads to its 

commercial application on a large scale development of anthurium by tissue culture technology. 

 

Plant material and sterilization 

Young green leaves of Anthurium andraeanum were collected from mature plants. Initially different explants 

were used such as spadix, petal, and leaves were sterilized with different sterilants such as NaOCl (bleach) 

(20%) and mercuric chloride (0.1%) for different time intervals (Graph 1a). Young leaf explants were sterilized 

with different concentrations of NaOCl (bleach) and mercuric chloride (Graph 1b). After 20 minutes of gentle 

agitation in sterilization, the leaves were rinsed thrice with sterile distilled water. Sterilized leaves were cut 

into, proximal, midrib and distal end of appropriate sizes (1cm3) in the laminar flow cabinet under sterile 

conditions. 

All different types of explants were inoculated on modified MS (Murashige and Skoog, 1962) medium with 

macronutrients at full, 1/2 and 3/4 strength. The micronutrients used were full strength in each case with 

100 mg/L myo-inositol and MS vitamins. Table sugar instead of sucrose was added to the media as a source 

of carbon at the concentration of 30g/L. Plant hormones like BAP, 2,4-D alone and in combinations were 

supplemented with MS ¾ +BAP (0, 0.5, 1, 1.5 and 2) mg/L with 2, 4-D (0, 0.1 and 0.2) mg/L for 

somatic embryogenesis. For multiplication MS + BAP (0, 0.5,1, and 1.5) mg/L + Kinetin (0, 0.5, 1) mg/L + 

Sugar 40 g/L were used. All cultures were placed under dark condition at 25±20C. Somatic embryo formation 

was started in Anthurium andraenum after three weeks at ¾ MS in combination with 1 mg/L BAP and 0.1 mg/L 

2, 4-D and then followed to embryoid differentiation. The embryos were white to pale yellow in color. After 

2 months embryos turned green in color. The induced shoots were transferred to full MS supplemented with 

various concentrations of BAP (0-1.5mg/L) and KN (0-1mg/L) to enhance shoot multiplication. All cultures 

were placed at 25±2°C with a 16 h photoperiod. 

Rooting 

The newly formed shoots were excised and used for the induction of in- vitro rooting. MS media without any 

plant growth regulator with 30 g/L sugar was used for rooting. Twenty explants were selected for each 

treatment and all the best treatments were repeated twice. 

Acclimatization 

Plantlets with fully developed roots were removed from jars, washed in lukewarm water to ensure that all 

media/gel were removed and plants were transferred to pots containing different types of potting mix like 

charcoal (100%), coconut husk (100%), mixture of coconut husk + charcoal (50:50), soil (100%), marble 

peats (100%) and soil + manure (50:50) in the green house. 

Callus culture 

Leaf explants of Anthurium andraeanum cultures were transplanted onto the jars containing callus induction 

medium. This medium consisted of half-strength MS (Murashige & Shoog, 1962) basal salt and vitamins 

supplemented with 30 g/l sucrose, 6 g/l agar, with various concentrations of BAP (benzylaminopurine) and 2, 

4-D (2, 4-dichlorophenoxyacetic acid). All cultures were placed in the dark at 27°C for one month for callus 

initiation (Cimen Atak & Ozge Celik 2009; Puchooa & Sookun 2003; Nhut et al., 2006; Te-chato et al., 2006). 
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In-vitro propagation 

Various explants from different sources exhibited different responses on treatment with various sterilants 

(Graph-1). After screening of explants on the basis of low contamination rate, only leaf explants were 

processed for various concentrations of NaOCl (20 min.) and mercuric chloride (5-7s min.). 20% NaOCl for 

20 min. showed maximum survival rate and considered as the best for sterilization (Graph- 1). Leaf was chosen 

as the best explant for further experiments for somatic embryo induction, as Leaf explants from 

micropropagated plants were found to be more responsive than other plant portions for somatic embryos 

induction in Anthurium andraeanum (Hamidah et al., 1997). 

In a preliminary experiment, three portions of the leaf explants (proximal end, mid and distal region) were 

selected for initiation on modified Murashige and Skoog (1962) medium of full, 

½ and ¾ strength of macronutrients along with various concentrations of BAP and 2,4-D. Full and ½ 

strength MS media showed slow development of somatic embryos on all leaf portions whereas the mid and 

distal region of leaf grown on ¾ strength MS medium proved to be the best for somatic embryo induction 

after 8 weeks (Table- 1). Only M8 (BAP; 1 mg/L and 2, 4-D; 0.1 mg/L ), M9 media (BAP 1 mg/L and 2, 4-D 

0.2 mg/L ), M10 (BAP; 1.5 mg/L and 2, 4-D; 0 mg/L ) and M11 (BAP; 1.5 mg/L and 2, 4-D; 0.1 mg/L ) showed 

its effect for all parts of leaf but maximum somatic embryo percentage was observed from mid and distal 

regions of leaf on M8 media (Table- 1a). From this preliminary result, mid and distal regions of the leaf were 

chosen as the best part for further experiments to get somatic embryos (Table-1a). It is believed that proximal 

end of the leaf had more shoot regeneration potential as compared to the distal end which may be due to the 

difference in maturity between the regions (Welander, 1988; Martin et al., 2003). Typically, when embryogenic 

tissue is exposed to a medium lacking auxin (or to one containing only a low auxin concentration) numerous 

somatic embryos are formed, superficially. Together with embryos which may have been present in the tissue 

prior to the transfer, these sometimes develop into plantlets, but sometimes a second transfer onto an auxin-free 

medium may be necessary. Somatic embryos formed in the presence of auxin give rise to clumps of 

embryogenic cells if they are again exposed to high auxin concentrations. Assuming that the level within 

cultured tissues is in equilibrium with that in the medium, there are several ways in which the concentration 

of exogenously supplied auxin may be reduced to promote embryo formation (George, 1996). 

After 3 weeks, somatic embryo induction started in dark along cut edges of the explants. Only M8 media (BAP 

1mg/L and 2, 4-D 0.1mg/L) induced the best somatic embryos, it was also observed at lower and higher 

concentrations of above mentioned plant growth hormones but with lower frequencies (Table -1b). The lowest 

concentration of 2, 4- D indicated that there is requirement for auxin free environment for somatic embryos 

induction. The continuous incubation in darkness was found to enhance the process of somatic embryogenesis. 

The calli were pale yellow in color but after 2 months when it was transferred to light it turned green in color 

with induced shoots Fig- 1 (a, b, c). The differences in the regeneration capacity and mode of regeneration at 

higher concentrations and lower than optimum, may be explained by the variation in the endogenous levels of 

these growth hormones in the leaf tissues. The division and sub- culturing of somatic embryos were done after 

every 8 weeks. For the study of the different stages of the somatic embryo development, the embryoids were 

harvested at various time intervals, fixed, sectioned, stained and examined, microscopically. Transferring the 

somatic embryos from the dark to light and to full MS supplemented with various concentrations of BAP 

and kinetin gave shoot induction and multiplication 

(Table -1c). Effective regeneration and healthy shoot development were observed on R9 media (BAP; 1mg/L 

and KIN; 1mg/L) on MS full strength which showed maximum shoot formation with maximum number and 

length of the shoots (Table -1c; Fig- 1d). Further increase in BAP concentration did not improve the rate of 
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shoot production whereas lower amount of BAP and light enhances shoot development and proliferation. These 

shoots were both adventitious and axillary in nature. The shoots were sub-cultured after 60 days intervals on 

the same media. Subsequent cultures exhibited faster multiplication of shoots at the rate of 50 shoots within 

60 days of culture. Allowing the regenerated shoots to stand for two months on MS basal medium 

supplemented with BAP (1mg/L) and Kinetin (1mg/L) caused spontaneous rooting to occur. However, 

transferring the shoots to full strength MS medium without any plant growth regulators improved rooting by 

developing 7-9 roots on each shoot which was good for acclimatization Fig-1(e). 

After four weeks of development on the rooting medium, plantlets were transferred to pots with different 

potting mixtures (Table- 1d) which were kept in the green house for acclimatization. Under these conditions, 

coconut husk and charcoal (1:1) ratio gave the best growth for acclimatization, started new growth within 

15 days and continuously grew quite well Fig-1(f). 

After 2-3 months of acclimatization, 95% of the plantlets survived in the green houses Fig-1 (m, n). Finally, 

the plants were shifted to the field. 

Table 1a. Percentage of somatic embryo induction on different leaf portions of A. andreanum. 

Code 

PGRs 
Somatic embryos 

(SE) % of leaf mid 

portion 

SE % of leaf 

proximal end 

SE % of leaf 

distal end 
Cytokinin Auxin 

BAP 2, 4- D 

M1 0 0 0±0 0 0 

M2  0.1 29.8±0.62 0 34.1±0.9 

M3  0.2 15.07±0.21 0 10.66±0.76 

M4 0.5 0 10.33±0.34 0 10.73±0.66 

M5  0.1 29.9±0.34 0 40.5±0.62 

M6  0.2 20.0±0.20 0 24.53±0.50 

M7 1 0 49.96±0.35 0 55.06±0.20 

M8  0.1 89.76±0.68 20.03±0.45 94.9±0.75 

M9  0.2 80.9±1.08 10.73±0.66 82.9±0.78 

M10 1.5 0 19.96±0.65 8.67±0.58 14.96±0.65 

M11  0.1 50.3±0.3 5.09±0.17 50.06±0.20 

M12  0.2 29.33±0.58 0 40.6±0.65 

M13 2 0 5.1±0.18 0 10.16±0.15 

M14  0.1 25.39±0.45 0 30.3±0.32 

M15  0.2 30.6±0.79 0 35.44±0.42 

Means ± Standard Error 
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Table 1b. Somatic embryos induction at ¾ MS media with different plant growth regulators and their 

combinations. 

Code 

Plant Growth Regulators 
% of explants 

produced SE 

Response of 

Explant 
Cytokinin Auxin 

BAP 2, 4- D 

M1 0 0 0±0 - 

M2  0.1 34.6±0.36 + 

M3  0.2 15.10±0.26 + 

M4 0.5 0 19.65±0.34 + 

M5  0.1 44.80±0.53 + 

M6  0.2 40.03±0.15 + 

M7 1 0 60.93±0.81 ++ 

M8  0.1 89.76±0.58 ++++ 

M9  0.2 74.8±0.43 +++ 

M10 1.5 0 22.6±0.79 + 

M11  0.1 54.5±0.78 ++ 

M12  0.2 45.73±0.66 + 

M13 2 0 10.12±0.12 - 

M14  0.1 34.63±0.35 + 

M15  0.2 40.26±0.92 + 

Key: +, ++, +++, ++++ represents, 25%, 50%, 75% and 100% respectively 

Means ± SE 

Table 1c. Effect of plant growth regulators on length and No. of shoots of A. andreanum regenerated 

from somatic embryos. 

Code 
Cytokinins No. of regenerated 

shoots 

Length 

of shoot BAP KIN 

R1 0 0 0±0 0±0 

R2  0.5 10±0.1 1.64±0.55 

R3  1 14.8±0.32 1.44±0.05 

R4 0.5 0 18.06±0.12 2.09±0.17 

R5  0.5 37.43±0.51 3.38±0.15 

R6  1 41.66±0.57 4.89±0.06 

R7 1 0 46±0.1 4.98±0.01 

R8  0.5 45±1 4.37±0.14 

R9  1 50.43±0.51 6.57±0.20 

R10 1.5 0 34.26±0.10 5.03±0.06 

R11  0.5 32.1±0.1 6.04±0.05 

R12  1 40.43±0.51 5.03±0.07 

Means ± SE 
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Table 1d. Relative growth pattern of A. andreanum under different acclimatization supporting mediums. 

support medium % growth Pattern Remarks 

Charcoal 70 Healthy Leaves and flowers Very good 

Soil 40 Small curling leaves, no flowering Not good 

Sand 45 Small curling leaves, no flowering Not good 

Farm Yard Manure 40 Small curling leaves, no flowering Not good 

Coconut Husk 60 Healthy leaves and flowers Better 

Coconut Husk + Charcoal 95 Healthy, full size leaves and flowers Best 

Soil + Farmyard Manure 45 Small curling leaves, no flowering Not good 

Soil + Sand 50 Small curling leaves and flowers Not good 

 

Graph 1a. Response of A. andreanum explants to different sterilants. 

 

Graph 1b. Percent survival of leaf explants of A. andreanum for various sterilant concentrations. 
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Figure 1a. Micropropagation studies of Anthurium andreanum. 
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Callus culture 

Callus formation of Anthurium was observed on the leaf explants in ½ MS medium. Table 1e shows different 

combinations of BAP, 2, 4-D and the percentage of explants that induced callus formation from the leaves. 

Explants showed callus formation in 6-7 weeks in medium with BAP (0, 0.5 and 1mg/l) and 2, 4-D (0, 0.1, 

0.2, 0.5, 0.7 and 1mg/l). Out of 16 combinations (A1 to A16, Table-1e) best combination using PGRs was 

observed in A14 (80% callus with friable cum compact texture, Table-1e) for the callus induction and same 

medium devoid of agar was used for cell suspension culture preparation that was later used for 

biotransformation studies. Suspension thus prepared was good as callus easily dispersed when transferred to 

the liquid medium (Figure 1b). Rest of the media formulations resulted in greenish off white to off white color, 

while control did not yield any callus. Callus induction rate per explants had different responses to the medium 

with different combinations of plant growth regulators Other treatments that showed higher callus induction 

rates were A9-10 (60%), but the calli were more on the compact side. i.e., not feasible for biotransformation 

studies. 

The explants on ½ MS (Murashige & Skoog 1962) medium with BAP (1mg/L) and 2, 4- D (0.5 mg/L) observed 

highest callus formation. 

Cell suspension culture 

10-15 gms of the friable callus were found enough to form suspension in 25 days from inoculation time in the 

liquid medium (Figure-1b). Lesser amount of the callus such as 5 gms and less than that were not producing 

good cell suspension culture. Agitation of the suspension was at moderate speed i.e. 95 rpm. 

Table 1e. BAP and 2, 4-D effect on the callus induction of A. andreanum. 

Media Codes Growth Regulator 
Callus Formation 

Frequency % 
Description of Callus 

 (mg /L)   Color Texture 

 BAP 2,4-D    

A1 0 0 - - - 

A2 0 0.1 30 Off white Compact 

A3 0 0.2 30 Off white Compact 

A4 0 0.5 40 Off white Compact 

A5 0 0.7 40 Off white Compact 

A6 0 1 30 Off white Compact 

A7 0.5 0 50 Light green Compact 

A8 0.5 0.2 50 Greenish off white Compact 

A9 0.5 0.5 60 Greenish 0ff white 
Friable cum 

compact 

A10 0.5 0.7 60 Greenish off white 
Friable cum 

compact 

A11 0.5 1 20 Greenish off white Compact 

A12 1 0 30 Greenish off white Compact 

A13 1 0.2 50 Greenish off white 
Friable cum 

compact 

A14 1 0.5 80 Greenish off white 
Friable cum 

compact 

A15 1 0.7 50 Greenish off white Compact 

A16 1 1 30 Greenish off white Compact 
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(a) Callus (b) Cell suspension culture 

Figure 1b. Callus induction and cell suspension culture of Anthurium andreanum 
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