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Abstract:   

 Caladium is of great interest due to their indoor and outdoor decorative value. This study was initiated 

to induce shoot from tuber explants of Caladium bicolor. Multiple shoot formation was induced from excise 

tuber explants, on Murashige and Skoog medium with combination of BAP and NAA treatments. The 

maximum shoot length (5.36 cm) was observed with I3 which contain 2mg/l concentration of BAP and 1mg/l 

NAA treatment within 4 weeks were obtained in growth chamber at 25±2°C with light source of 2500 lux for 

16hr/day. When shoots were produced in vitro were subculture to multiply on fresh medium with different 

concentration of BAP and NAA. After 4 weeks about (5.6 cm) shoot and max length (5.3 cm) and survival 

was obtained with media M3 supplemented with 2.0 mg/l BAP along with 1.0 mg/l NAA. MS medium 

containing 2.0 mg/l concentration of IBA was found to be satisfactory for root induction resulted in root length 

(6.5 cm) and average no. of roots (11). Well rooted plantlets were transferred to primary hardening. 

 

Keywords: Caladium, Murashige and Skoog medium, Micropropagation, Growth Regulator, primary 

hardening 

 

I. Introduction: 

Caladium species commonly known as Angel’s wing belongs to family Araceae. Plants of the family 

Araceae are widely cultivated as ornamentals and for food. The genus Caladium has seven prominent species, 

which are all tropical and originated from the Amazon Basin in areas such of South America. There are around 

100 different cultivars available in the commercial market with only about 20 making up the bulk of 

production (Anonymous, 2004). Caladium is one of the commercially important ornamental crops. It occupies 

a very selective and special position to the people because of its prettiness, elegance and sweet pleasant color 

harmony. Ornamental value of Caladiums depends to a great extent on leaf characteristics, including shape, 

colour, colour pattern, and venation pattern (Deng and Harbaugh,2005). The ornamental value of Caladiums 

used as pot or landscape plants is determined primarily by leaf characteristics. Improving leaf characteristics 

or generating new combinations of them has been one of the most important objectives in Caladium breeding 

and cultivar development (Wilfret, 1993).  

Caladium (Caladium bicolor Vent.) are important floriculture industry of South America where 95% 

of the world’s Caladium grows. From here they are shipped nationwide and across making an important 

source of income. Grown for their colorful leaves that have a combination of green and white, green and red, 

white with 6 red blotches or green veins and some have lavender spots (Deng and Harbaugh, 2006). The size 

of the heart shaped leaves may vary from 6 inches to 2 feet in length. The plant needs bright light but no direct 

sunlight. The plants are very cold sensitive and prefer temperatures above 25ºC and ample of moisture.  

Caladium is generally propagated from tubers for commercial purpose but tuber propagation has 

limitations as tubers produce healthier plants commercial propagation is difficult, being seeds very small, very 

high mortality and plants grown from seeds are very expensive. It has also been reported that seed propagation 
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results in variability (Gill et al., 1994). Concerns have been raised about possible loss of genetic diversity due 

to a drastic decline in the number of cultivars in the last century (Deng et al., 2007). Moreover, this method 

is very difficult to keep the plant true to type and pathogen free (Siddiqui et al., 1993).  

Tissue culture has emerged as the predominant method of propagating ornamental plants and has been 

used to rapidly propagate disease-free Caladium (Hartman, 1974). Interest in tissue culture propagation of 

Caladium bicolor has evolved due to its ornamental importance throughout the world. Propagation through 

meristem has been identified as mechanism of rapid regeneration in Caladium. Micropropagation of C. 

bicolor was for the first time reported by Hartman (1974) and later on a new Caladium cultivar was discovered 

from C. humboldtii named as Marcel by Lecouffe (1981) through soma clonal variation (Larkin et al., 1981).  

However, cost of tuber is an important constraint in Caladium production. This production of cost can 

be reduced by the application of tissue culture technique and thereby Caladium productivity can be increased. 

Plant tissue culture now has direct commercial applications as well as value in basic research. In addition to 

that, it will give disease free healthy seedling for higher yield. The Caladium growers will be benefited by the 

use of tissue culture regenerated material for Caladium production. This produced Caladium we can export 

as well as fulfill the domestic demand. Present investigation was undertaken to achieve large-scale 

multiplication and faster development of Caladium through tissue culture technique using shoot tips as 

explant. 

II. Material and Methods: 

 The present investigation entitled, Micropropagation studies in Caladium was conducted at Srujan 

Biotech LLP, At- Pimpalus, Dist.-Nashik, Maharashtra, India. The details of the material used and the 

methods adopted to carry out the present experiment are outlined in this chapter. 

2.1 Collection of plant material:  

The mother plant was collected from Lokmangal biotech, At-Wadala, Tal- North Solapur, Dist. - 

Solapur, Maharashtra India, 413222. Caladium tuber segment explants taken from mother plants for 

sterilization procedures. 

2.2 Sterilization of glassware’s: 

The glassware’s such as culture bottles, measuring cylinders and the other equipment like forceps, 

cutting paper and blade holder were washed in running tap water using detergent followed by rinsing with 

double distilled water and then wrapped in aluminum foil and subsequently autoclaved at 121° C at 15 lbs. 

pressure for 20 minutes. 

2.3 Preparation of stock solutions:  

Separate stock solutions of macronutrients, micronutrients, potassium iodide, iron, glycine and various 

vitamins were prepared by dissolving each chemical separately in small quantity of double distilled water and 

made the required volume with double distilled water. The stock solutions of growth regulators were prepared 

by dissolving them in small quantity of appropriate solvents, heating gently and then made the volume with 

double distilled water. 

2.4 Media preparation: 

According to the available literature on Micropropagation of Caladium plants, Murashige and Skoog 

(1962) medium is the most commonly used growing medium for Caladium. The procedure for composition 

of 1 liter MS medium is given as follows: 

1. Dissolved 30g of sucrose and 100 mg inositol in approximately 200 ml in DDH2O.  

2. After sucrose and inositol dissolution, the stock solutions were added in following order and   mixed well. 

i. Stock solution A (macronutrients) - 50 ml 

ii. Stock solution B (micronutrients) - 5 ml 

iii. Stock solution C (Iron) - 5 ml 

iv. Stock solution D (vitamin) - 1 ml 

v. Stock solution E (KI) -1ml 

vi. Stock solution F (glycine) -1ml 

3. pH of liquid medium was adjusted at 5.6-5.8 with the help of 1N NaOH or 0.1N HCl. 

4. The volume was made up to 400 ml with distilled water. 

5. In another flask 5gm agar was added to the 300 ml of double distilled water. The agar was heated at 600C 

to dissolve completely. 

6. The heated agar solution was added to the stock solutions and mixed thoroughly. 

7. The total volume was made up to 1000 ml by addition of DDH2O. 

8. The culture medium was poured into culture bottles (25-30 ml in each bottle approximately) and bottles 

were capped and autoclaved at 1210C at 15 lbs. pressure for 15 to 20 minutes. After sterilization, the 

medium was cooled to room temperature and stored in cool and dry place until use. 
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2.5 Surface sterilization:  

Selection of explant (Tuber segment) 

↓ 

Explant washed under running tap water for 30 min. 

↓ 

Cutting of explant into appropriate size 1cm 

↓ 

Explant treated with Bavistin 0.1% for 20 min. 

↓ 

Explant washed with distilled water for 20 min. 

↓ 

Explant treated with tween-20 for 20 min. 

↓ 

Explant washed with distilled water for 20 min. 

↓ 

Again, treated with streptocycline 40 ppm for 10 min. 

↓ 

Explant washed with sterile distilled water. 

↓ 

Explant treated with 0.1% HgCl2 for 4 min. 

↓ 

Explant were thoroughly washed with sterile distilled water for 4-5 times. 

2.6 Inoculation of explants: 

All inoculations and aseptic manipulations were carried out in a laminar air flow cabinet. Before use, 

the working surface of the laminar air flow cabinet was cleaned by swabbing with 70% Ethanol and switching 

on the UV light for 20 min. to reduce the chances of contamination, prior of the working After that the UV 

light was switched off and working was continued in the ordinary light. The instruments like scalpels, forceps 

were sterilized by an alcoholic dip followed by flaming inside the laminar air flow cabinet. Other requirements 

like bottles, conical flasks, cotton, distilled water etc. were sterilized by steam sterilization method. Before 

the onset of inoculation, hands were washed thoroughly by soap and then swabbing with 70% Ethanol. 

Initiation media (4 liter) divided in to 4 parts as given below. Each part contains 1 liter MS medium. All four 

parts contains different concentrations of growth regulators. 

After surface sterilization, explants were transferred to large sterile glass plate having sterile cardboard 

paper on it, with the help of sterile forceps under strict aseptic conditions in laminar air flow cabinet. Then 

explants were cut into very small pieces (about 1cm) with sterile scalpel. The bottles containing initiation 

medium prepared as given in, were unplugged by holding them over spirit lamp and inoculations were 

performed by placing explants on the surface of the medium with the help of flame sterilized long forceps and 

replacing the cap of the bottle. During inoculation the explants were properly positioned on the media and 

were gently pressed with forceps to secure their firm contact with the media. After vertically inoculating 

explants in to culture bottles the mouth of bottles were quickly flamed and bottles were tightly capped and 

properly sealed with klin film to avoid entry of external air. After that properly labelled media, number of 

bottles and date of inoculation were properly labelled. The bottles were transferred to growth room. Data were 

recorded after four weeks of initiation in terms of average shoot length (cm), % of survival. 

2.7 Incubation of culture: 

The inoculated culture bottles were incubated at 25± 2 ºC temperature for 16 hours light and 8 hours 

dark per day in 2000-3000 Lux light intensity under cool fluorescent white light in the culture room. 

2.8 Shoot Multiplication (4 weeks): 

Shoot multiplication was carried out using the 3-4 cm long and most vigorous shoots from the 

initiation stage. Stem Tuber segments were cut in 1-2 cm size and cultured on shoot multiplication media. 

 Shoot multiplication media (2 lit.) were divided in to 2 parts as given below. Each part contains 1 liter 

MS medium. First part was free from growth regulators and remaining four parts contains different 

concentrations of growth regulators (BAP and NAA). 
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Table 1. Media combinations for shoot multiplication 

Sr. 

No 
Media combination Code 

No. of bottles 

inoculation 

1 MS(Control) A1 2 

2 MS Medium + 1 mg/l BAP + 1.0 mg/l NAA A2 2 

3 MS Medium + 2 mg/l BAP + 1.0 mg/l NAA A3 2 

4 MS Medium + 3 mg/l BAP + 1.0 mg/l NAA A4 2 

 

Shoot proliferation was determined after four weeks of culture. Data were recorded in terms of average 

shoots length (cm), average number of shoots per explants % of survival. 

 

 

 

Plate no. 1. Inoculation of shoot 

 

2.9 Rooting (4 weeks):  

Rooting was carried out using 2-3 cm long and most vigorous shoots from the shoot multiplication 

stage. Stem shoot segments were cut in to 1-2 cm size and cultured on rooting media. 

 

 

Table 2.  Media Combination for Rooting 

Sr. 

No 
Media combination Code 

No. of bottles 

inoculation 

1 MS(Control) A1 2 

2 MS Medium + 1.0 mg/l IBA A2 2 

3 MS Medium + 1.5 mg/l IBA A3 2 

4 MS Medium + 2.0 mg/l IBA A4 2 
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The following data were recorded after 4 weeks of culture on the rooting media in terms of average root length 

(cm), average number of roots per explants. 

2.10 Hardening: 

 The well-rooted plantlets after one month incubation growth room become ready for hardening. 

 Bottle containing such plant were taken to the hardening section. 

 Cocopeat was then filled in seedling trays and moistened with water 

 With the help of the punching the hole was made of 1- 1.5 cm. 

 Bottles were opened and taken out the bunch of plantlets. 

 Media sticking to the roots was removed and plantlets were dipped in water. 

 Single plantlet was then separated from the bunch. 

 Plantlet were the sorted according to the height. 

 Very long rooted plantlets were removed. 

 Then single plantlet was cultured in single hole made in cocopeat in the seedling tray 

 Pressed the cocopeat slightly. 

 Then this try is were then placed were transferred to the polyhouse. 

 In these polyhouses small tunnel made up of polythene sheets were constructed 

 The trays were then placed on the stand in the tunnels. 

 For the proper growth of the temperature was maintained at 25º C 

 To avoid the transpiration losses of the plant, humidity was maintained about 80- 90% 

 Plantlets were incubated in the primary hardening unit for about 1 month 

 After one-month plants become ready for the secondary hardening Duration: 4 weeks 

 

III. Results and Discussion 

3.1 Results: 

3.1.1 Establishment of Caladium in vitro 

Data were obtained after 4 weeks of initiation of culture showed that tuber segment Caladium of could be 

established at all tested media including the control medium (free from growth regulators). The best results 

were obtained on MS medium supplemented with 2mg/l BAP and 1mg/l NAA. (Table 3) The shoot length 

(average shoot length 5.36 cm) was observed on medium containing on media supplemented with 2 mg/l BAP 

and 1mg/l NAA showed in  (Table 3). 

 

Table 3. Effect of different concentration of BAP and NAA on sprouting of bud by using tuber 

segment explant of Caladium 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sr. 

No 
Media combination 

Media 

Code 

Average 

Length of 

shoot (in cm) 

Survival 

(in %) 

1 MS(Control) I1 1.2 60 

2 
MS Medium + 1 mg/l BAP + 1.0 mg/l 

NAA 
I2 3.2 65 

3 
MS Medium + 2 mg/l BAP + 1.0 mg/l 

NAA 
I3 5.36 75 

4 
MS Medium + 3 mg/l BAP + 1.0 mg/l 

NAA 
I4 3.63 70 
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Fig 3.1. Effect of different concentration of BAP and NAA on sprouting of bud by using tuber 

segment explant of Caladium 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate no 2. 1st Day of Plant Inoculation 
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Plate no. 3 Fourth week after Inoculation 

 

 

3.1.2 Shoot multiplication: 

According to study, for multiplication different combinations of BAP + NAA had been used. BAP 

2.0mg/l, 3.0mg/l, 1.0mg/l and NAA 1.0mg/l was successfully used. The highest multiplication ratio was 

obtained on MS medium supplemented with 2mg/l BAP and 1.0mg/l NAA. The maximum number of shoots 

(average number of shoots 5.6) and best shoot length (average shoot length 5.3 cm) is faction survival rate 

75% and observed on media containing 2mg/l BAP and 1.0 mg/l NAA (Table 4.). 

 

Table 4. Effect of various combinations of hormone such as BAP and NAA on multiple shoot 

formation by using a tuber segment of Caladium 

 

Sr. 

No 
Media combination 

Media 

Code 

Average 

number of 

shoot 

Average 

Length of 

shoot (in cm) 

Survival 

(in %) 

1 MS(Control) M1 3.5 2.5 60 

2 
MS Medium + 1 mg/l BAP + 1.0 mg/l 

NAA 
M2 5.5 3.5 65 

3 
MS Medium + 2 mg/l BAP + 1.0 mg/l 

NAA 
M3 5.6 5.3 75 

4 
MS Medium + 3 mg/l BAP + 1.0 mg/l 

NAA 
M4 5.8 3.5 70 
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Fig 4.1. Effect of various combinations of hormone such as BAP and NAA on multiple shoot 

formation by using a tuber segment of Caladium 

 

 

 

 

 

Plate no. 4. Result of shoot multiplication 

 

3.1.3 Rooting: 

Multiplied shoots were then transferred to fresh media for root induction.  

The best results of rooting observed on MS supplemented with 2.0mg/l IBA. The maximum number 

of roots was obtained on MS medium supplemented with 2.0mg/l IBA (average number of roots 11) and 

(average length of roots 6.5 cm) and as survival % 85% showed in (Table 5). 
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Table 5. Effect of various concentrations of IBA on root induction from isolated multiple shoots of 

Caladium 

Sr. 

No 
Media combination 

Media 

Code 

Average 

number 

of 

root 

Average 

Length of 

root (in cm) 

Survival 

(in %) 

1 MS(Control) R1 2 2.1 60 

2 MS Medium + 1.0 mg/l IBA R2 7 3.4 65 

3 MS Medium + 1.5 mg/l IBA R3 8 5.2 75 

4 MS Medium + 2.0 mg/l IBA R4 11 6.5 85 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.1 Effect of various concentrations of IBA on root induction from isolated multiple shoots of 

Caladium 

 

 

 

Plate no.5 Result of rooting 
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3.1.4 Hardening:  

Four weeks after induction good no. of root and shoot were found and plants acclimatized in growth 

chamber, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate no.6 Primary hardening 

 

3.2 Discussion: 

3.2.1 Initiation 

During initiation of explants, it has been observed that tuber explants cultured on MS media devoid of growth 

hormone (Cytokinin) failed to induce the initiation of explants. Out of all concentrations of BAP (2.0 mg/l) 

and NAA (1.0 mg/l) used for shoot initiation BAP (2 mg/l) and NAA(1.0mg/l) promoted the shoot initiation 

i.e., average length of shoot (5.3 cm). Ali et al., 2007 reported that meristem segment gave maximum response 

with respective to the initiation of explant when inoculation on MS media fortified with 2.0mg/l BAP and 

1mg/l NAA. They found 75% response with 1-3 no. of shoot/explant and shoot length was 5.3 cm.  Seydi et 

al., 2016 also found similar results i.e., shoot length/explant 5.3 but with hormonal conc. as 2.0 mg/l BAP and 

1.0mg/l NAA. 

3.2.2 Multiplication: 

Good in vitro response (average shoot number 5.6 and average shoot length 5.3 cm) was observed of 

Caladium initiated shoots were cultured on MS media augmented with BAP (2.0 mg/l) + NAA (1.0 mg/l). 

increasing concentration of BAP and NAA resulted in gradually increased in in vitro response of shoots, while 

further increased concentration was found to be directly proportional to poor response of the shoot 

multiplication. Ali et al., 2007 observed the different conc. of NAA and BAP the best result of shoot 

elongation and direct shoot regeneration were observed at 2.0 mg/l BAP with 1.0 mg/l NAA. Similar results 

were found by Seydi et al., 2016. When different growth hormone tested in augmentation with MS for shoot 

elongation. 2.0 mg/l BAP with 1.0 mg/l NAA was found to be best eliciting 75% shoot induction with highest 

shoot number 5.6 shoots and shoot length was 5.3 cm. 

3.2.3 Rooting:  

Finally initiated elongated shoots were excised and implanted on MS media augmented with IBA (1.0-

2.0 mg/l). The optimum root induction i.e., average number of roots (11) and average root length (6.5 cm) 

was obtained on MS media supplemented with 2 mg/l IBA. The present studies results were consonance with 

results obtained by Ali et al. 2006 observed that MS containing 2.0 mg/l IBA was found to be the best. It 

produced 100% rooting with 11 roots/shoot of 6.5 cm in length. 

3.2.4 Hardening: 

Well rooted plantlets were transferred to seedling tray containing cocopeat and soil (1:1) mixture. For 

primary hardening. 
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IV. Summary and Conclusion 

4.1 Summary: 

The present project work was conducted in the tissue culture laboratory of Lokmangal Biotech, 

Wadala and Srujan Biotech LLP, At- Pimpalus, during 26 Jun 2021 to 30 May 2022. The work undertaken to 

standardized the protocol for the in vitro culture establishment, multiplication and rooting of Caladium. 

Caladium is ornamental plant. The use of desirable concentration of phytohormones that lead to produce of 

maximum numbers of shoot induction and root induction in laboratory. The productions of large numbers of 

Caladium plants were possible through micropropagation technique. In Caladium MS medium containing 2 

mg/l BAP and 1.0 mg/l NAA was the best for culture initiation. (Average shoot length 5.3 cm). In Caladium 

MS medium containing 2 mg/l BAP + 1 mg/l NAA was most suitable for shoot multiplication (average 

number of shoots 5.6) and (average shoot length 5.3 cm). IBA has been widely used as root induction hormone 

and showed positive role during in vitro rooting. In Caladium 2.0 mg/l IBA proved to be the best for in vitro 

rooting (average number of roots 11) and (average length of roots 6.5cm). The tissue culture technique is 

favorable in Caladium for production of disease and pest free. 

 

 

4.2 Conclusion: 

Using tuber segment of in vitro grown plant as explant source could be efficiently for rapid 

micropropagation to get multiple shoot and plantlets of Caladium. The production of large number of 

Caladium plants were possible through in vitro propagation technique. In Caladium MS medium containing 

2.0 mg/l BAP and 1.0 mg/l NAA was the best for culture initiation. 

In Caladium MS medium containing 2.0 mg/l BAP and supplemented with 1.0 mg/l NAA was most 

suitable for shoot multiplication. Improvement in shoot multiplication was observed by different 

concentrations of BAP (2.0, 3.0, 1.0 mg/l) and NAA (1.0 mg/l). Best shooting response was observed on 

medium containing 2.0 mg/l BAP+1.0mg/l NAA (average number of shoots 5.6 and average shoot length 5.3 

cm). The MS medium supplemented with different concentrations of auxin (IBA). The concentration of auxin 

was 1.0 mg/lit, 1.5 mg/lit, 2.0 mg/lit taken after 4 weeks the best result obtained from the 2.0 mg/lit IAB. The 

average length of roots (6.5 cm) and average no. of roots (11) were formed. 

 

Table 6. Media combinations shown successful results. 

Sr. No. Stage Media Combination 

1 Initiation MS+2.0 mg/l BAP+1.0mg/l NAA 

2 Multiplication MS+2.0 mg/l BAP +1.0 mg/l NAA 

3 Rooting MS+2.0 mg/l IBA 

4 Hardening Coco peat + Soil (1:1) 
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