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Abstract 
 
In vitro morphogenesis of sweet potato (Ipomoea batatas) shoot explants after cultures in callus initiation medium 
(CIM) with two sucrose contents and plant regeneration medium (PRM) with three growth regulator combinations for 
different durations was studied. After 4 weeks, explants on 5 % sucrose CIM had significantly more shoots but  similar 
or lower root fresh mass and callus fresh mass than those on 3 % sucrose CIM subsequent to transfer for 6 weeks on all 
three PRM. Cultures transferred to growth regulator-free PRM after 4 and 12 weeks on 5 % sucrose CIM formed plants 
through organogenesis and embryogenesis, respectively. Embryogenic cultures from 4 weeks on CIM + 10 weeks on 
callus proliferation medium when transferred to PRM without growth regulator for 4 and 8 weeks produced multiple 
embryos in the prior and both embryos and shoot buds in the later.   

Additional key words: callus growth, Ipomoea batatas L. Lam, root growth, shoot regeneration.  
 
⎯⎯⎯⎯ 
 
Genetic improvement of sweet potato through 
conventional breeding has been limited by its hexaploid 
nature and incompatibility (Jones et al. 1986). 
Biotechnological tools such as tissue culture and genetic 
transformation may be useful for circumventing these 
problems (Perera and Ozias-Akins 1991, Gama et al. 
1996). There are several reports of in vitro embryogenesis 
and organogenesis in sweet potato. Plantlets have been 
regenerated via somatic embryogenesis from anther 
culture (Tsay and Tseng 1979), lateral buds and shoot 
apices (Liu and Cantliffe 1984, Chee and Cantliffe 1988, 
Al-Mazrooei et al. 1997, Lee et al. 2002) and roots (Jarret 
et al. 1984). Sweet potato shoots were obtained through 
organogenesis from root discs (Carswell and Locy 1984) 
and petioles (Gosukonda et al. 1995).  
 Effects of the variation in the amounts of sucrose in 
callus initiation medium (CIM) on regeneration of 
explants are not known. In vitro regeneration methods 
reported so far produce sweet potato plant by either 
organogenesis or somatic embryogenesis but not both.  
 

Therefore, the present study was conducted to: 1) assess 
the influence of sucrose content in the CIM on callus 
growth, root growth, and shoot regeneration, and  
2) examine if by varying the length of culture during 
different stages of growth calli could be induced to 
regenerate by organogenesis, embryogenesis or both. 

Explants were obtained from shoot apical meristems 
(apical dome + 1 - 3 leaf primordia, approximately  
0.5 - 1.0 mm in length) of sweet potato [Ipomoea batatas 
(L.) Poir. ex Lam] genotype 75-96-1 (from Coastal Plain 
Experiments Station, Tifton, Georgia). The basal medium 
was formulated according to Murashige and Skoog 
(1962; MS). All media were adjusted to pH 5.7 prior to 
autoclaving at 121 °C for 20 min, solidified with 
Phytagel (0.3 % m/v) (Sigma Chemical Co., St. Louis, 
USA). Subculture was made every 3 - 4 weeks, unless 
otherwise indicated. Cultures were incubated in growth 
chamber at 25 ± 3 °C under 16-h photoperiod (irradiance 
of 50 µmol m-2 s-1).  
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To determine the effects of sucrose contents on sweet 
potato regeneration, shoot tip explants were cultured on 
CIM containing 8.1 μM α-naphthaleneacetic acid (NAA) 
+ 1.2 μM kinetin (KIN) with 3 % and 5 % sucrose for 
4 weeks. The 4-week calluses were transferred onto three 
different plant regeneration media (PRM) with 2 % 
sucrose. The three media were: 1) growth regulator-free, 
2) 0.12 µM N-isopentenyladenine (2iP) + 0.11µM thidia-
zuron (TDZ), 3) 0.009 µM 2,4-dichlorophenoxyacetic 
acid (2,4-D) + 0.009 µM KIN. After 6 weeks on PRM, 
data were collected on average percent shoot regene-
ration, average root fresh mass, and average callus fresh 
mass per explant.  

To evaluate the influence of callus initiation duration 
on morphogenesis pattern, shoot tip explants were 
cultured on CIM with 5 % sucrose for 4 and 12 weeks. 
Cultures were then transferred onto growth regulator-free 
PRM with 2 % sucrose for plant regeneration. Somatic 
embryogenesis and organogenesis was determined after 
6 weeks.  

To assess the impact of culture duration during plant 
regeneration phase on morphogenesis pattern, 14-week 
somatic embryogenic cultures from shoot tip explants 
were cultured on the CIM with 5 % sucrose for 4 weeks 
and on callus proliferation medium (CPM, 5.4 μM NAA 
+ 4.6 μM KIN + 5 % sucrose) for 10 weeks. Afterward, 
they were transferred onto growth regulator-free PRM 
with 2 % sucrose and cultured for 4 or 8 weeks without 
subculture.  

Data were analyzed by analysis of variance (ANOVA) 
using Statistical Analysis System (SAS Institute 2000). 
Mean values of the data were separated with the least 
significant difference method at P < 0.05. 

After 4 weeks, explants on 5 % sucrose CIM had 
fewer roots and more friable calli than on 3 % sucrose 
CIM. When transferred onto PRM, calli initiated on 5 % 
sucrose CIM regenerated significantly more shoots than 
those initiated on 3 % sucrose in all three PRM (Table 1). 
The shoot regeneration of explants firstly grown on CIM 
with 5 % sucrose and transplanted on PRM with no 
growth regulator, PRM + 2,4-D + KIN, and PRM + 2iP + 
TDZ PMR was 72.2, 59.6, and 51.5 %, respectively.  
 

Huang and Liu (1998) have also observed increased rice 
shoot regeneration with a high sucrose concentration in 
medium. However, root fresh mass of regenerants on all 
PMR was significantly greater when explants were grown 
on CIM with 3 % sucrose than 5 % sucrose. Also, callus 
fresh masses of explants from 3 % sucrose medium were 
significantly higher than those from the 5 % sucrose 
medium. Similarly, a high sucrose concentration in 
culture medium decreased rice callus mass (Al-Khayri 
and Al-Bahrany 2002). 

Results showed that the duration of culture of 
explants on CIM determined whether they would undergo 
organogenesis or embryogenesis. Plant regenerated 
through organogenesis in explants cultured for only 
4 weeks on 5 % sucrose CIM, but through embryogenesis 
when the duration was increased to 12 weeks. The cells 
capable of division and proliferation were generated from 
shoot tips on 5 % sucrose CIM. After a culture period of 
4 weeks, slow growing, flat, and compactly tight calli 
were formed. When these calli were transferred onto 
growth regulator-free PRM, plants were obtained via 
organogenesis (Fig. 1). But when the calli were 
subcultured onto fresh 5 % sucrose CIM and cultivated 
for further 8 weeks, they appeared nodular, embryogenic-
like, friable, and bright yellow. Upon transfer to the 
growth regulator-free PRM, these calli regenerated via 
somatic embryogenesis (Fig. 2). The frequency of 
explants developing embryos was only 42.1 % compared 
to 100 % in case of organogenesis. Though the frequency 
of plant regeneration is higher through organogenesis, 
somatic embryogenesis is still preferred as it is more 
suitable for genetic transformation and results in higher 
number of plants. Results of this study agree with the 
findings of Ranch and Pace (1988) and (Carman 1990) 
that the plant regeneration is an archetypal event and 
shoot organogenesis is only a modification of the process 
of embryo induction and development. The length of the 
initial culture treatment with KIN + NAA modified the 
proportions among the different types of morphogenic 
structures was also reported in quince (D’Onofrio and 
Morini 2003/4). 

Explants cultured on 4-week CIM + 10-week CPM  

Table 1. Effect of sucrose content in callus initial medium (CIM) and growth regulators in plant regeneration medium (PRM) on the 
average percent shoot regeneration (APSR), average root fresh mass (ARFM), average callus fresh mass (ACFM) of sweet potato in 
plant regeneration medium (PRM). Means marked with the same letter in the same plant regeneration medium are not significantly 
different according to the least significant difference test (P < 0.05). 
 

Sucrose Growth regulators in PRM  Number of explants Shoot regeneration Root fresh mass Callus fresh mass
[%]  [μM]  [%] [mg explant-1] [mg explant-1] 

5 0 0 39 72.2a 147.7a 593.0a 
 2iP + TDZ 0.120 + 0.110 37 51.5a 100.3a 820.7b 
 2,4-D + KIN 0.009 + 0.009 37 59.6a 143.7a 610.7a 
3 0 0 39   4.9b 160.7a 750.7b 
 2iP + TDZ 0.120 + 0.110 38   8.3b 203.0b 783.7b 
 2,4-D + KIN 0.009 + 0.009 39 13.5b 221.3b 886.3b 
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when transferred on growth regulator-free PRM for 
4 weeks, regeneration occurred via embryogenesis but if 
the duration was extended to 8-weeks, plants were 
produced through both embryogenesis (Fig. 3) and 
organogenesis (Fig. 4). In tissues maintained on PRM for 
8 weeks, both multiple embryos and multiple shoot buds 
(Fig. 4) developed around 7th week. However multiple 
shoot buds later developed into abnormal plantlets 
(Fig. 5). According to Brown et al. (1989) and Brown  

et al. (1995) embryogenesis and organogenesis are 
competing organogenic events.  

In summary, results indicated that higher sucrose 
content in CIM enhanced callus friability, suppressed root 
growth, but significantly improved shoot regeneration in 
sweet potato. It was also observed that the morphological 
development pattern can be altered by changing the 
periods of culture on different growth stage medium.   

 

 
 
Fig. 1. Shoot buds emerged after the 4-week callus cultures from shoot tip of sweet potato explants transferred onto plant regeneration 
medium (PRM). 
Fig. 2. Somatic embryos were produced after the 12-week callus cultures from shoot tip of sweet potato explants transferred onto 
plant regeneration medium (PRM). 
Fig. 3. Somatic embryos in sweet potato 14-week embryogenic cultures converted into normal plantlets after 4 week on plant 
regeneration medium (PRM).  
Fig. 4. Multiple shoot buds were produced from sweet potato 14-week embryogenic cultures after 8 week on plant regeneration 
medium (PRM). 
Fig. 5. Multiple shoot buds developed into abnormal plantlets. 
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