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Abstract 
In this study, an optimum protocol for shoot formation through somatic embryogenesis using ma-
ture embryo explants was developed. Calli were initiated on Murashige and Skoog (MS) media 
supplemented with varying concentration of 2,4-Dichlorophenoxyl acetic acid (2,4-D) ranging 
from 1.5 mg/l - 4.0 mg/l alone or in combination with 0.5 mg/l Kinetin (KN). Significance differ-
ence (p < 0.05) was observed among the different concentrations of hormone used for callus in-
duction. The highest percentage callus formation was obtained from the media fortified with 4 
mg/l 2, 4-D for mature embryo obtained from imbibed seed while for the preconditioned mature 
embryo, the media supplemented with 2 m/l 2,4-D + 0.5 mg/l kinetin (KN) recorded more per-
centage callus formation compared to what was obtained from the media supplemented with 2.5 
mg/l2,4-D + 0.5 mg/l. More percentage shoot formation was obtained from the media supple-
mented with 1 mg/l 6-benzylaminopurine (BA). Average number of shoot per callus was also more 
in the media fortified with 1 mg/l BA (2.25) but this was not significantly different from what was 
obtained from the media fortified with 2 mg/l BA+ 0.1 mg/l 2,4-D at 5% level of significance. 
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1. Introduction 
Sorghum bicolor is an important cereal crop grown in the tropics, sub-tropic and temperate regions as well as in 
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poor quality soils and semi-arid regions [1]. It is the fifth most important cereal crop in the world and is the die-
tary staple of more than half a billion people in over 30 countries [2]. Sorghum bicolor is used as food for hu-
man consumption and feed for animals. Its use as a medicinal plant is getting prominent due to the various phy-
to-chemicals it contains that are used for the treatment of different ailments. Being an important crop with dif-
ferent uses, there is a need to breed better crops that are disease resistant and high yielding varieties. With the 
use of conventional breeding, many years may be required to develop an improved variety. Genetic transforma-
tion through biotechnology is an alternative method of genetic improvement which can be achieved within a 
short period of time. An essential step of this technique is the development of efficient protocol for plant rege-
neration.  

Explants such as immature inflorescences, immature embryos and shoot tip have been reported by [3]. To ob-
tain immature embryo throughout the year is not easy because sorghum flowering occurs once in its life time 
according to [4]. Zygotic embryos from mature seed are therefore used as explants for callus induction [5]. 
These explants, however, present some difficulties in regeneration [6]. The objective of the study is to optimize 
protocol for somatic embryogenesis and plant regeneration from mature zygotic embryos of sorghum 

2. Materials and Methods 
For the purpose of this study, seed of Karandafi (a mutant red sorghum) were collected from farmers’ fields in 
Sokoto and Katsina States. The seeds were washed with mild detergent under running tap water and surface ste-
rilized by dipping in 95% ethanol (v/v) for 2 minutes followed by treatment with 20% commercial bleach (con-
taining 3.5% Sodium hypochlorite) with few drops of tween 20 for 20 minutes. Afterwards, the seeds were 
rinsed three (3) times with sterile distilled water and part were soaked in distilled water and some were precon-
ditioned on hormone free MS (Murashige and Skoog) media for 24 hours. Embryos were aseptically excised 
from imbibed seeds using sterilized forceps and surgical blade. The excised embryos were used for callus induc-
tion on a modified semi solid MS medium [7] supplemented with sucrose 30 g/L, different concentration of 
2,4-D (1.5 - 4.0 mg/L, 2,4-D) with or without 0.5 mg/L Kinetin (KN). In another experiment, to evaluate the ef-
fect of preconditioning of the embryo by culture on hormone free MS media for 24hrs, preconditioned embryos 
were excised and culture on MS media supplemented with 2.0 mg/l + 0.5 mg/l KN or 2.5 mg/l 2,4-D) + 0.5 mg/l 
KN. The pH of the media was adjusted to 5.8 using 0.5 M HCl and 0.5 M NaOH, agar (0.8%) was used as gel-
ling agent and the media were heated to boiling for proper mixing. The sterilization of the media was done in an 
autoclave at 121˚C for 15 minutes and media were dispensed into petri dishes. Five Embryos were cultivated in 
each Petri dish (11mm diameter) and five (5) petri dishes were used per treatment and two (2) petri dishes were 
used for preconditioned mature embryo per treatment. The cultures were incubated in the darkness for callus 
proliferation at 25˚C ± 2˚C. Activated charcoal was used to control phenolic secretion [8]. The number of ex-
plants that formed calli and percentage callus formation were recorded. For the regeneration of the explants, the 
calli obtained from preconditioned mature embryo were taken to regeneration media after 2 weeks of callus in-
duction using MS medium supplemented with 1 - 2 mg/l BA + 0.1 mg/l 2,4-D. Eight test tubes were used per 
treatment. Percentage shoot formation, Average number of shoots per calli for each treatment and average shoot 
length were recorded. The data collected were subjected to analysis of variance and the mean were separated 
using Duncan Multiple Range Test (DMRT). 

3. Results and Discussion 
Callus Induction 
Sticking out of embryo was observed after fifth day of inoculation. The calli were initially whitish in nature and 
this later changed to yellowish type of calli. They became reddish type on hormone free media (Figure 1). There 
was significant difference in percentage callus formation among the different concentrations of hormone used at 
5% level of significance. Treating the explant with 4.0 mg/l 2,4-D gave the highest callus induction frequency 
(60%) followed by the media fortified with 2.0 mg/l 2,4-D combined with 0.5 mg/l KN which recorded (56%) of 
callus induction frequency. The least callus induction frequency was obtained from the media supplemented 
with 1.5 mg/l 2,4-D (0%) (Figure 2). No callus formation was obtained on hormone free media and in the media 
supplemented with 0.5 mg/l KN alone (0%) (Figure 2). Across all the treatments, calli with significant phenolic 
excretion demonstrated slow growth and most of them were lost after 3 weeks of culture. Complete (100%) cal-
lus induction was obtained from the media fortified with 2 mg/l 2,4-D + 0.5KN when this mature embryo was  
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RED CALLUS 

 
Figure 1. The calli obtained from mature embryo PEC-Poten- 
tially Embryogenic Calli; Callus obtained from mature embryo 
cultured.                                              

 

 
Figure 2. Effect of 2, 4-D and kinetin on callus induction using mature embryo.                     

 
preconditioned on hormone free media before inoculation (Table 1). It was observed from this study that 2 mg/l 
2,4-D + 0.5KN is an optimum concentration of hormone that can be used for callus induction. This is similar to 
what was obtained when immature embryo was cultured by Sudhakar et al. (2008). [6] reported that the highest 
percentage callus formation was obtained from germinating seeds using 4 mg/l 2,4-D and the callus induction 
frequency was said to reduce when the concentration of 2,4-D was increased to 6 mg/l. [9] reported highest cal-
lus induction frequency from immature inflorescence using 2.0 mg/l 2,4-D + 0.2KN. 

4. Regeneration 
To induce somatic embryogenesis, calli were cultured on hormone free media and media fortified with 0.1 mg/l 
2,4-D. Somatic embryo formations were observed in most of the calli transferred after three week of culture on 
both hormone free and media supplemented with low concentration of 2,4-D.To regenerate plantlets, developing 
somatic embryos were taking to regeneration media. Low level of regeneration and death of the developing em-
bryos was observed after 3 - 6 weeks of culture on regeneration media. To ensure improvement in the frequency 
of regeneration, whitish and compact calli obtained from preconditioned embryo were selected and cultured di-
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rectly on regeneration media fortified with different concentrations of BA. The calli turned greenish after few 
days of culture on regeneration media and plantlets development was observed after two weeks of culture 
(Figure 3). More percentage shoot formation was obtained from the media supplemented with 1 mg/l BA (75%) 
compared to 50% obtained from the media supplemented 2 mg/l BA + 0.1, 2, 4-D. The average number of shoot 
per callus was higher in the media fortified with 1 mg/l BA (2.25) but this not significantly differently at 5% 
level of significance with what was obtained from the media supplemented with 2 mg/l BA + 0.1 mg/l 2,4-D 
which recorded 1.88 (Table 2). The average shoot length was 2.26 cm in the media fortified with 1 mg/l BA 
which is not significantly different from average shoot length recorded by the media supplemented with 2 mg/l 
BA + 0.1 mg/l 2,4-D (Table 2). Proficiency of shoot regeneration at a concentration of 2 mg/l BA was reported 
by [8]. 
 
Table 1. Effect of 2,4-D and Kinetin on callus induction using mature embryo preconditioned on hormone free media for 24 
hours.                                                                                                 

PGR USED  No of explants inoculated No of explants that 
showed response 

Frequency of callus 
formation (%) 

2,4D KINETIN    

2.0 0.5 10 10 100 

2.5 0.5 10 4 40 

 
Table 2. Effect of BA alone or in combination with 2,4-D on plant regeneration.                                     

PGR 
USED  No of callus 

inoculated 
No of explants 
with response 

Percentage shoots 
formation (%) 

Total number of 
shoot/treatment 

Average number 
of shoot/callus 

Average shoot 
length (cm) 

BA (mg/l) 2,4-D (mg/l)       

I 0 8 6 75 18 2.25a 2.26a 

2 0.1 8 4 50 15 1.88a 1.48a 

 

   
(a)                                 (b)                                        (c) 

Figure 3. Plant regeneration through somatic embryogenesis. (a) shoots initiation stage. (b) shoots multiplication stage. (c) 
shoots elongation stage.                                                                                  
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Better shoot regeneration using 2.5 mg/l TDZ plus 1.0 mg/l BA and 0.5 mg/l IAA was reported by [4]. [10] 
reported multiple shoot formation using 2 mg/l BA + TDZ (Thidiazuron). [11] reported maximum number of 
shoot formation in sorghum using 13.3 uM BA and 2.3 uM 2,4-D. Research had shown that the major problems 
of using tissue culture technique for genetic improvement in sorghum were due to production of phenolic com-
pounds, low regeneration frequency of mature seeds and longer time required to obtain immature embryo. With 
the efficient method of regeneration, improved crop variety could be made available to farmers using tissue cul-
ture technique. So in this study, it was observed that better response was obtained when the mature seeds were 
preconditioned on hormone free media before it was taken to callus induction media. In conclusion, a protocol 
for shoot formation had been optimized using mature embryo. This showed that there was a possibility of im-
proving regeneration from mature embryo by preconditioning the mature seed on hormone free media before 
inoculation. 
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