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Taro (Colocasia esculenta L. Schott) is an important crop for food and nutrition security, incomes, and 
livelihood of people in developing countries. Its cultivation and productivity have been limited mainly 
due to a lack of quality planting materials. Therefore, this study developed an effective 
micropropagation method for two common taro varieties in Kenya (Purple Wild and Dasheen) using 
apical meristem derived from portions of the corm and base of leaf petioles. This study optimized the 6-
benzylaminopurine (BAP) and indole-3-butyric acid (IBA) levels for a better shoot and root 
development. The highest shoot induction was observed in both varieties when Murashige & Skoog 
(MS) media was supplemented with 2 mg/L of BAP. Similarly, the maximum rooting response was 
achieved in both varieties on half-strength MS media supplemented with 0.5 mg/L of IBA. The study 
also revealed significant interactions between variety × BAP levels and variety × IBA levels (P<0.0001) 
for shoot and root development, respectively. This apical meristem-based micropropagation method 
developed in this study can be used for rapid multiplication of genetically clean planting materials for 
commercial uses and to establish taro transformation protocols. 
  
Key words: Taro, 6-benzylaminopurine (BAP), indole-3-butyric acid (IBA), shoot induction, root induction, 
regeneration. 

 
 
INTRODUCTION 
 
Taro (Colocasia esculenta L. Schott) is one of the edible 
members of the family Araceae distributed across the 
world, particularly in the tropics (Okonkwo, 1993). It is 
native  to   Southeast   Asia   (Matthews,  1991;  Yoshino, 

2002) and widely cultivated as a staple food crop in the 
Pacific Islands, Asia, and Africa (Onwueme, 1999). The 
global acreage under taro production for 2019 was 1.957 
million hectares, with a total  production  of  10.54  million 
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tons. Nigeria, China, Cameroon, Ghana, and Papua New 
Guinea were the top five producers of taro in the world 
(FAO, 2021). Taro is mainly cultivated for corm 
production, but the pseudo-stems and leaves are also 
edible and used to prepare various traditional food 
dishes. Taro corms are a good source of digestible 
starch, crude fiber, minerals, vitamin C, thiamin, 
riboflavin, and niacin (Boampong et al., 2019; Jane et al., 
1992; Kidanemariam, 2018). Both corms and leaves are 
rich in crude proteins (Temesgen and Retta, 2015). 
Besides nutritional values, taro is an important food 
security crop in developing countries because of its high 
yield potential, that is, as high as 110 t/ha (Lebot, 2009). 
Although taro is primarily grown for domestic 
consumption, the production of taro for cash generation 
has been a rewarding business. Moreover, taro is 
adapted to a wide range of environments and agricultural 
practices (Kantaka, 2004), making taro a crop of choice 
under changing climatic conditions.  

Despite the importance of taro in food and nutrition 
security, incomes, and livelihood of rural people, the 
current global productivity of taro is estimated around 
5.39 t/ha, which is about 5% of its experimental yield 
(Lebot, 2009). Low productivity and limited cultivation of 
taro are attributed to several factors, including a high 
incidence of pest and diseases; scarcity of quality 
planting materials; labour-intensive traditional production 
system; difficulties in post-harvest handling and 
marketing; and low investment in taro research and 
extension (Onwueme, 1999). Taro is commonly 
propagated through vegetative means like side suckers, 
small corms, and corm pieces. These propagation 
materials are bulky in nature and low throughput, and the 
availability of these planting materials is seasonal. 
Moreover, these vegetative planting materials often serve 
as vehicles for various pests and diseases from one taro 
crop to the next crop and subsequently compromise the 
quality and quantity of taro production. Therefore, the 
availability of quality planting material in sufficient 
quantities has been a major challenge among taro 
producers. More importantly, the taro seeds system lacks 
an efficient and high throughput micropropagation system 
that helps in the mass propagation of quality planting 
materials.  

The tissue culture or micropropagation technique 
provides a sustainable solution to the problems 
associated with conventional propagation by enabling 
rapid production of high-quality, disease-free, and 
uniform planting materials (IAEA, 2004). Since tissue 
culture is performed in a controlled laboratory 
environment, the multiplication of planting materials could 
be achieved all year-round. The tissue culture technique 
has been successfully applied on thousands of plant 
species (Fay, 1992; Villalobos and Engelmann, 1995; 
Jackson et al., 2001; Sarasan et al., 2006), but the use of 
this technique for in-vitro regeneration and mass 
production of  taro planting material  has  been  limited  in  

 
 
 
 
Kenya primarily due to the lack of efficient regeneration 
and mass multiplication protocols. Several protocols for 
taro tissue culture are available (Yam et al., 1990; Tuia, 
1997; Minas, 2002; Hossain, 2012), including the one 
that uses locally available nutrients to substitute MS 
medium (Ngetich et al., 2015). All these efforts to develop 
taro micropropagation protocols could be due to 
genotype dependent response of taro to 
micropropagation methods, variations in growth media 
and culture conditions, types of explants used in 
micropropagation, and to reduce the costs. 

The direct and indirect shoot organogenesis are 
considered the best micropropagation method due to a 
low cost, minimal soma-clonal variations, and high 
throughput production system (Mukami et al., 2018; 
Burner and Grisham, 1995). Apical meristem culture 
eliminates viruses in many plant species, thus helps in 
the production of disease-free planting materials and 
achieving better yields than conventional planting 
materials (Wang and Valkonen, 2008, 2009). In this 
study, organogenesis-based regeneration protocols was 
developed for two common taro varieties of Kenya, that 
is, Purple Wild and Dasheen, through optimizing cytokinin 
and auxin levels for the shoot and root regeneration, 
respectively.  
 
 
MATERIALS AND METHODS 
 

Collection and management of planting materials 
 

Two taro varieties, Purple Wild and Dasheen were collected from 
Busia (0.4347 °N, 34.2422 °E), Kakamega (0.2827 °N, 34.7519 °E), 
Kiambu (1.0314 °S, 36.8681 °E), Kisii (0.8067 °S, 34.7741 °E), 
Machakos (1.5177 °S, 37.2634 °E), Meru (0.3557 °N, 37.8088 °E), 
Murang’a (0.7839 °S, 37.0400 °E), Nyeri (0.4197 °S, 37.0400 °E), 
and Siaya (0.0617 °S, 34.2422 °E) counties of Kenya in August 
2017. Taro plantlets were collected in polythene bags, labelled, and 
transported to the greenhouse of International Livestock Research 
Institute, Nairobi, Kenya. The taro plantlets were established in 4 L 
pots (Planter 1 H200 × Dia268 mm) with autoclaved soil consisting 
of forest soil and manure in the ratio of 2:1 by volume. Notably, a 
hand full of gravel was dispensed at the bottom of each for 
drainage of excess water. These planets were maintained in a 
screen house at ambient conditions for four months before using 
these stock plants in subsequent experiments.  
 
 

Media and explants preparation 
 

Murashige and Skoog (MS) media was prepared using 4.4 g/L of 
MS media with basal salts, 30 g/L of sucrose dissolved in distilled 
water, and pH was adjusted to 5.8 using 0.1 N HCl and 0.1 N 
NaOH, and 3 g of Gelrite added to the bottle. All the media, 
glassware, and metallic equipment, e.g., forceps and blade holders 
used in experiments, were autoclaved at 121°C at 15 psi for 20 min. 
The explants comprising the corm top attached to the base of the 
petioles were harvested from stock plants in the greenhouse, 
trimmed to a length of 2 cm, and taken to the laboratory. The 
explants were thoroughly washed using running tap water for 30 
min and immersed in a 1 L glass beaker filled with tap water 
containing soap antibacterial (Dettol) and two drops (100 µl/L) of 
tween  20 and swirled gently by hand for 30 min. The explants were 
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Table 1. Responses of taro varieties (Dasheen and Purple Wild) to five different concentrations of Benzyl-aminopurine (BAP) 
for shoot induction (at 15 days) and shoot multiplication (30 days). 
 

Genotype BAP concentration (mg/l) Shoot induction (15 days) Shoot multiplication (30 days) 

Dasheen 

0.0 0.033± 0.126
d
 0.500± 0.205

f
 

0.5 0.911± 0.126
c
 3.189± 0.205

d
 

1.0 1.856± 0.126
b
 5.211± 0.205

bc
 

2.0 3.256± 0.126
a
 7.611± 0.205

a
 

3.0 1.867± 0.126
b
 4.911± 0.205

c
 

    

Purple Wild 

0.0 0.189± 0.126
d
 1.311± 0.205

e
 

0.5 1.811± 0.126
b
 4.800± 0.205

c
 

1.0 2.178± 0.126
b
 5.544± 0.205

b
 

2.0 3.033± 0.126
a
 7.444± 0.205

a
 

3.0 1.878± 0.126
b
 4.722± 0.205

c
 

    

Mean  - 1.701 4.524 

Pr > F - < 0.0001 < 0.0001 
 

Means (± SE) followed by different alphabets in each column are significantly different (p ≤ 0.0001) using Duncan multiple range test. 

 
 
 
rinsed twice, then transferred to another beaker containing 3 g/L 
Redomil fungicide (Metalaxyl 8% + Mancozeb 64% WP) an hour 
with gentle swirling at intervals, and then rinsed thrice using 
autoclaved-distilled water. After that, the explants were immersed in 
70% ethanol for 1 min and rinsed thrice using autoclaved distilled 
water in a laminar flow chamber. The explants were subjected to 
40% JIK regular bleach (added with 100 µl tween-20 L-1) for 20 min, 
rinsed thrice in autoclaved distilled water, and trimmed to a length 
of about 1 cm in a laminar flow chamber.  

 
 
Shoot induction, multiplication, and elongation 

 
The trimmed explants were transferred to shoot induction medium 
(SIM) comprising MS basal supplemented with 30 g/L sucrose and 
five 6-benzyl aminopurine (BAP) hormone levels (0, 0.5, 1.0, 2.0, 
and 3.0 mg/L). For each variety, ten explants were subjected to 
each BAP level and replicated three times, and the experiment was 
arranged in a completely randomized design. The cultured explants 
were maintained in the growth room with the set temperature at 24 
± 2°C for 16/8 h light/dark cycle for 30 days. The induced shoots at 
15 days were transferred to fresh SIM and grown for a further 15 
days at similar growth conditions to enhance shoot elongation and 
multiplication. Data on shoot numbers were recorded at fortnightly 
intervals. 

 
 
Root induction 
 

The elongated shoots of ~7 cm length generated in the SIM 
comprising MS basal supplemented with 30 g/L sucrose were 
transferred to rooting media consisting of MS basal salt 
supplemented with 30 mg/L sucrose and five IBA concentrations (0, 
0.25, 0.5, 0.75, and 1 mg/L). For each variety five explants were 
subjected to each IBA level and replicated three times, and this 
experiment was arranged in a completely randomized design. The 
plantlets were then incubated in the growth room at 24±2°C under 
16/8 h light/dark cycle to induce rooting. Data on the total number of 
roots initiated per shoot and their length was recorded after 25 
days. 

Hardening and acclimatization 

 
The rooted plantlets were removed from the growth room, 
immersed in distilled water to remove media, and transferred 
individually to a disposable plastic cup that acted as a potting 
container. The container was first filled with gravel and then topped 
with forest soil and manure in the ratio of 1:2:1 by volume. The 
plants were labeled according to the variety and the concentration 
of BAP/IBA. They were grown for 25 days, transferred to the 
glasshouse, and placed under an improvised humidity chamber for 
eight days, after which they were removed and exposed to ambient 
temperature conditions in the greenhouse. The plants were watered 
daily, and plant survival rates were recorded for each treatment. 

 
 
Data collection and data analysis 

 
Data on shoots and roots development was recorded after 15 days. 
The number of induced roots and their length after culturing them 
for 15 days on the rooting medium was recorded. The percentage 
survival of the plantlets transferred for acclimatization was recorded 
after 15 days. Data were subjected to analysis of variance (ANOVA) 
and treatment means were compared using Duncan Multiple Range 
Test (DMRT) using the XLSTAT 2020 software (Addinsoft, 2021), 
and the graphs were plotted using R statistical software (Wickham, 
2016).  

 
 
RESULTS  

 
Effect of BAP concentrations on shooting  

 
The effect of different BAP concentrations on shoot 
induction and shoot multiplication in two taro varieties are 
shown in Table 1. The BAP concentrations evaluated in 
this study were significantly different for shoot induction 
and multiplication  in  two  taro  varieties (P<0.001). At 15  
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Figure 1. Direct organogenesis (A) 15-day old apical meristem initiated on MS medium containing 
2 mg/l BAP hormone; (B) 15-day old sub-cultured apical meristem shoots on MS medium 
containing 2mg/l BAP hormone; (C) Multiple shoots formed at 30 days; (D) Root development in 
MS medium containing IBA hormone for Purple wild and Dasheen varieties, respectively; (E) 
Hardened plantlets in plastic cups at 25 days in the glasshouse. 

 

 
 
days, the number of shoot induced was the highest at a 
BAP concentration of 2.0 mg/L for both varieties (P 
<0.001), but varieties were indifferent for shoot induction 
in this concentration. The same concentration was the 
best performer for shoot multiplication in both genotypes, 
and two varieties were similar for shoot multiplication. 
When the BAP concentration was 3.0 mg/L, there was a 
significant decrease in shoot induction and shoot 
multiplication in both varieties (P <0.0001). A significant 
interaction was also noted between lower BAP 
concentration (0.5 mg/l) and varieties e.g., Dasheen had 
significantly less shoot induction and shoot multiplication 
than Purple Wild. A schematic of organogenesis in taro in 
this study is presented in Figure 1. 
 
 
Effect of IBA concentration rooting 
 
The effect of different IBA concentrations on number of 
roots and root length in two taro varieties are presented 
in Figure 2. The different IBA concentrations evaluated in 
this study deferred significantly for number of root 
production   and   root    length   (P < 0.0001).    The   IBA 

concentration of 0.5 mg/L induced the highest number of 
roots in both Dasheen and Purple Wild varieties 
compared to other treatments and number of root 
induction in both varieties were similar for this 
concentration. A gradual decline was observed in the 
number of root inductions in both taro varieties when IBA 
concentration was increased to 0.75 and 1 mg/L. 
Dasheen performed better than Purple Wild for root 
induction in all levels of IBA concentrations and control 
treatment, indicating significant interactions among 
treatments evaluated in this study for root induction 
(P<0.0001).    
 
 
DISCUSSION  
 
Micropropagation is the in-vitro clonal propagation of 
plants (Bhojwani and Dantu, 2013). Since food insecurity 
is still a serious global challenge, it is imperative 
todevelop a direct shoot organogenesis protocol for crops 
of economic importance as these protocols enable us to 
produce large numbers of new high-quality plantlets in a 
relatively  short  time  and  space.  Micropropagation  is a
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Figure 2. The effect of different IBA concentrations on the number of roots induced in Dasheen and Purple Wild taro 
varieties at 25 days of culture (A), and the effect of different IBA concentrations on the root length (cm) induced in 
Dasheen and Purple Wild taro varieties (B). Means were compared using Duncan multiple range test and bars with 
different letters in a figure are significantly different (p≤ 0.0001). 

 
 
 
low-cost technology, and plantlet derived from 
micropropagation helps in plants germplasm conservation 
(Gupta et al., 2020). In this study, micropropagation 
method was developed for two common varieties of taro 
in Kenya, that is, Dasheen and Purple Wild.  
    Benzylaminopurine (BAP), an adenine derivative, is an 
important cytokinin used in shoot induction (Chand et al., 
1999). BAP hormone is mainly preferred for in-vitro 
regeneration of monocots (Ramakrishnan et al., 2014). 
Results generated from shoot proliferation media showed 
a significant difference in the number of shoots induction 
between the two taro varieties. Reports by Toledo et al. 
(1998) state that various varieties of potatoes respond to 
shoot induction differently because of different genetic 
background. In this study, shoots and leaves were best 
produced on the two varieties when cultured on a BAP 
level of 2 mg/L. Here, we noted that this regime gave the 
best shoot induction in both Dasheen and Purple Wild 
varieties. BAP enhanced growth and development of 
axillary buds in C. esculenta var. esculenta, and this has 
been documented in a previous study (Chung and Goh, 
1994). Seetohul et al. (2008) report the highest in-vitro 
multiplication rates of taro shoot tips in MS medium 
supplemented with 2 mg/L of BAP, which is agreeing with 
our findings. As observed in the current study, a higher 
concentration of BAP (6 mg/L) produced a fewer shoot 
compared to a lower concentration (El-Sayed et al., 
2016). This could be attributed to the toxicity caused by 
high cytokinin concentrations, which causes a delay in 
shoot formation (Manju et al., 2017). During the 
multiplication stage, the requirement of cytokinin differs 
depending on the type of crop, explant, developmental 
phase, growth regulator concentration, and the interaction 
between growth regulators and the environment  (Yokoya  

et al., 1999). 
Both taro varieties used in this study successfully 

formed root when grown in MS media supplemented with 
different concentrations of IBA as well as in the absence 
of IBA. Roots are essential to plants as they supply water 
and nutrients to plants (Schiefelbein et al., 1997). An 
earlier study reports better rooting in taro shoots in half-
strength MS medium supplemented with 1.5 or 2.0 mg/L 
of naphthaleneacetic acid (NAA) than in half-strength MS 
medium supplemented with 1.5 or 2.0 mg/L IBA at 15 
days of culture (Behera and Sahoo, 2008). The present 
study showed that MS (4.4 g/L) premix supplemented 
with 0.5 mg/L of IBA was the best concentration for 
rooting in both taro varieties evaluated. The application of 
auxins to micro-propagated shoots could intensify the 
production of the root by increasing the endogenous 
contents of enzymes (Asghar et al., 2011). Another study 
reports auxins induced complication in lateral root 
formation through repetitive cell division (Liu et al., 2002). 
In the present study, the roots were of a shorter length in 
IBA supplemented medium than those induced in media 
with no IBA, possibly due to inhibition of shoot bud 
formation at elevated IBA concentration and arrest of root 
production as the auxin in the root primordial is shifted 
from the apex shoot (Ozel et al., 2006).    

A previous study established that plants could be 
transplanted when they have rooted, but good results are 
achieved if the plants do not have too many long roots 
but have a greater number of roots (Singh et al., 2012). 
Despite initial difference in root length all the plants 
developed well during the acclimatization. The present 
study demonstrates that supplementation of MS media 
(4.4 g/L) with 2.0 mg/L BAP and 0.5 mg/L IBA enhance 
better shoot and root induction, respectively.  
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Conclusion 
 
This study has developed an efficient regeneration 
protocol for Dasheen and Purple Wild, two common taro 
varieties in Kenya. The upper part of the corm and the 
base of the petioles were used as the explants. This 
protocol is a doorway for future studies on taro in tissue 
culture and facilitates rapid multiplication of disease-free 
genetically uniform taro varieties for commercial uses. 
The protocol can also be useful in the taro transformation 
process, a means for rapid multiplication of genetically 
engineered plants improved for different traits of 
agronomic importance.  
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