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INTRODUCTION  
Cassava [Manihot esculenta (Cranz
shrub belonging to the family Euphorbiaceous
Cassava is native to South America and is 
extensively cultivated as an annual crop in 
tropical and subtropical regions for its edible 
starchy tuberous root. It is a major source of 
carbohydrates. In Nigeria, Cassava when dried 
to a starchy powder (or pearly) extract, is 
called tapioca; while its fermented, flaky 
version is named garri .Cassava is the third 
largest source of carbohydrate in the tropics 
(Gressholf and Doy, 1974). It is one of the most 
drought tolerant crops, capable of growing on 
marginal soils. Nigeria is the world’s la
producer of cassava (Roca and Thro, 1993
Cassava is classified as sweet or bitter. Like 
other roots and tubers, cassava contains anti 
nutrition factors and toxins. Therefore it must 
be properly processed before c
Improper processing of cassava can leave 
enough residual cyanide to cause acute cyanide 
intoxication and goiters and may cause ataxia 
or partial paralysis (Leotard and Mckey,
Among the cassava germplasm in Nigeria, there 
are local varieties with low cyanide content and 
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Cranz)] is a woody 
Euphorbiaceous. 

Cassava is native to South America and is 
extensively cultivated as an annual crop in 
tropical and subtropical regions for its edible 
starchy tuberous root. It is a major source of 
carbohydrates. In Nigeria, Cassava when dried 

rly) extract, is 
called tapioca; while its fermented, flaky 
version is named garri .Cassava is the third 

of carbohydrate in the tropics 
It is one of the most 

drought tolerant crops, capable of growing on 
oils. Nigeria is the world’s largest 

producer of cassava (Roca and Thro, 1993). 
Cassava is classified as sweet or bitter. Like 
other roots and tubers, cassava contains anti 

Therefore it must 
before consumption. 

of cassava can leave 
enough residual cyanide to cause acute cyanide 

oiters and may cause ataxia 
Mckey, 2004). 

Among the cassava germplasm in Nigeria, there 
ith low cyanide content and 

farmers general preferred these varieties 
because they can be consume 
processing or even raw. Generation of adequate 
planting material of the low cyanide cassava 
varieties is constrained by the slow nature of 
conventional propagation method. Moreover, 
convention propagation method allows
transfer of diseases from one 
another. Application of biotechnology in the 
propagation of cassava has provided a new 
strategy for mass production of planting 
materials. A number of protocols has been 
reported for regeneration of cassava 
et al., 2006; Hankoua et al., 2006; 
et al., 2011; Ubalua and Mbanaso, 2014)
Successful micropropagation of low cyanide
cassava requires optimization of
the existing varieties. However, no such
had been reported on the 
varieties cultivated in Nigeria.  It is
necessary to optimize the tissue culture 
protocol for the Nigerian varieties
protocol could be useful for future 
improvement and rapid propagation and 
dissemination of quality planting materials
farmers.  

http://dx.doi.org/10.4314/bajopas.v11i1.79S

Cassava constitutes a greater part of the diet of most Africans south of the Sahara and the 
demand for the crops has been on a steady increase. Agriculturally, cassava performs very 
well, but the roots and leaves contain cyanogenic glycosides that are dangerous to human 
health. As such, cassava cultivars with low cyanide content offer great opportunities for 
domestic and industrial utilization. However the major constraints to the production of low 
cyanide cassava cultivar are susceptibility to diseases such as cassava mosaic virus (CMV) 

availability of disease free planting materials. Application of biotechnology such as 
plant tissue culture could have a significant impact in the production large amount disease 
free planting materials. The effects of 2, 4-D and Picloram on callus induction and primary 
somatic embryogenesis in the low cyanide cassava varieties was evaluated. The result 
indicated a significant increase in percentage callus induction with increase in the 

D with 4mg/L producing the highest callus induction frequency of 
72.21%. Similarly on media supplemented with Picloram, 7mg/L produced the highest callus 
induction frequency (73.11%) and frequency decreases with corresponding decrease in 

the formation of somatic embryos, the result indicated a 
significant increase in number of primary embryos with increase in the concentrations of 2, 

This protocol presents a reproducible system for generation totipotent 
be used in genetic improvement of cassava and mass production of 
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significant increase in number of primary embryos with increase in the concentrations of 2, 

This protocol presents a reproducible system for generation totipotent 
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MATERIAL AND METHODS 
Plant Material 
Local Cassava varieties (BAKIN ICE, MESILIYA 
and DAKATA) used in this study were obtained 
from local farmers in Kano. Kano is located on 
the latitude 11.6◦N and longitude 8.3◦E with 
tropical type of climate characterized by two 
distinct seasons, wet and dry. The study was 
carried out in the Biotechnology laboratory, 
Department of Plant Science, Ahmadu Bello 
University Zaria, Kaduna State. 
 
Culture medium 
The medium used was Murashige and Skoog 
(MS) (Murashige and Skoog, 1962) basal medium 
consisting of macro and micro salts and 
vitamins. The medium was supplemented with 
2% sucrose; PH was adjusted to 5.8 with 1M 
KOH and solidified with 8% agar before being 
Autoclaved for 15 minutes at 121ºC. All cultures 
were incubated at 29±2ºC. 
 
Callus induction and development of pro-
embryonic structures 
Young leaves from in vitro plantlets were 
excised and cultured on MS supplemented with 
either 2, 3 or 4mg/L 2, 4-D or 5, 6 or 7mg/L 
picloram. Leaves were dissected along the 
midrib and placed with their adaxial part in 
contact with the media. Eight leaf segments 
were cultivated in each petri dish and six petri 
dishes were used for each replication. Cultures 
were incubated in the dark at 29±2. After four 
weeks of culture in the dark, frequency of 
callus induction and primary somatic embryos 
were evaluated. Data was subjected to analysis 
of variance (ANOVA) using SAS program (SAS, 
1999) and means were separated using least 
significant difference Test (LSD). For 
percentages, the data was transformed using 
arcsine transformation before the analysis and 
were converted back to percentages for 
presentation. 
 
RESULTS  
Effect of Auxins on Callus Formation  
When young leaves were cultured on MS 
supplemented with 2, 4-D or Picloram, explants 
were observed to swell and callus began to 
develop at the margins and cut edges of the 
young leaves. The callus formation gradually 
increased and covered the entire explants four 
weeks after sub-culture. The results indicated a 
significant increase in percentage callus 
induction with increase in the concentration of 
2, 4-D. When Cassava genotypes were 
cultivated on media fortified with 2mg/L 2, 4-
D, BAKIN ICE and MESILIYA recorded the highest 
response with 48.33% and 41.50% callus 
formation respectively. These genotypes 
expressed significantly higher callus induction 

frequencies compared to DAKATA with 
percentage callus induction of 30.00%.  
However, when 2, 4-D was increased to 3mg/L, 
percentage callus induction significantly 
increased to 58-71% (figure 1). There were also 
significant differences between the Cassava 
genotypes with respect to frequency of callus 
induction in the presence of 4mg/L. The 
highest percentage callus was produced by 
DAKATA and BAKIN ICE with callus induction 
frequency of 71.67% and 69.17% respectively. 
Callus induction frequency was significantly 
higher in these genotypes compared MESILIYA 
with percentage callus induction of 55.00%. On 
the other hand, when MS was supplemented 
with 5mg/L picloram, callus induction 
frequency was within the range of 33-48% 
(figure 1). Percentage callus induction 
increased when Picloram concentration was 
increased to 5mg/L (figure 1). BAKIN ICE and 
DAKATA recorded 48.33% and 40.00% callus 
induction frequencies respectively and were 
significantly different from MESILIYA (33.33%). 
Increase in the concentration of Picloram to 
6mg/L did not significantly increase the 
frequency of callus induction (figure 1). Further 
increase in the concentration of Picloram to 
7mg/L resulted in significant increase in the 
callus induction frequency (figure 1). The 
highest percentage callus induction was 
produced by BAKIN ice (83.00%) and DAKATA 
(80.00%) and these genotypes were significantly 
higher than MESILIYA (53.00%). 
For primary somatic embryogenesis, the results 
indicated a significant increase in number of 
primary somatic embryos with increase in the 
concentration of 2, 4-D from 2mg/L to 4mg/L. 
When 2, 4-D was increased from 2mg/L to 
3mg/L the numbers of primary somatic embryos 
significantly increased. DAKATA produced the 
highest number of primary somatic embryos 
with mean number of 28 somatic embryos and 
was significantly higher than BAKIN ICE and 
DAKATA with 23 and 24 somatic embryos 
respectively. Further, increase in 2, 4-D to 
4mg/L, significantly increase the number of 
somatic embryos in all the genotypes evaluated 
in this study.  
When media was supplemented with 5mg/L 
Picloram the number of somatic embryos was 
comparable to that 2mg/L 2, 4-D (figure 2) and 
increased in the concentration of Picloram to 
6mg/L significantly increased the number of 
somatic embryos in all the cassava genotypes 
(figure 2). Further increase in Picloram to 
7mg/L significantly increased the number of 
somatic embryos in MESILIYA (27) and DAKATA 
(20), but number of somatic embryos 
significantly decreased to 8 in BAKIN ICE. 
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FIGURE 1: Influence of different 
young leaves of in vitro plantlets of local cassava varieties.  

 

FIGURE 2: Influence of different concentrations of 2, 4
somatic embryos in leaf derived callus of low cyanide
 
DISCUSSION 
Young leaves isolated from in vitro
plants of the low cyanide cassava genotypes; 
BAKIN ICE, MESILIYA and DAKATA were used to 
determine the effect of different concentration 
of 2, 4-D or Picloram on callus induction and 
somatic embryogenesis. By 28 days after 
inoculation, significant number of the explants 
formed callus in all the cassava varieties
were significant differences among the 
genotypes, type and auxin concentrations in 
the frequency of callus induction after four 
weeks of culture. The most appropriate 
concentrations for callus induction and somatic 
embryogenesis in these varieties were
2,4-D and 7mg/L picloram.. A number of 
studies have shown that picloram and 2,4
are  the growth regulators used most frequently 
to induce callus formation and embryogenesis 
in cassava (Hankoua et al., 2006; 
al., 2011; Ubalua and Mbanaso, 2014).
Efficient induction of primary somatic embryos 
and their subsequent germination into plantlets 
is a pre-requisite to the production of large 
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concentration of 2,4-D and picloram on callus induction

plantlets of local cassava varieties.   

 
Influence of different concentrations of 2, 4-D and Picloram on the formation 

derived callus of low cyanide cassava varieties.   

in vitro grown 
cassava genotypes; 

were used to 
determine the effect of different concentration 

callus induction and 
By 28 days after 

inoculation, significant number of the explants 
lus in all the cassava varieties. There 

ficant differences among the 
concentrations in 

of callus induction after four 
weeks of culture. The most appropriate 
concentrations for callus induction and somatic 

in these varieties were 4mg/L 
nd 7mg/L picloram.. A number of 

studies have shown that picloram and 2,4-D  
are  the growth regulators used most frequently 
to induce callus formation and embryogenesis 

Wongtiem et 
2011; Ubalua and Mbanaso, 2014).  

primary somatic embryos 
r subsequent germination into plantlets 
requisite to the production of large 

numbers of plantlets. Formation of 
somatic embryos was observed in all cassava 
varieties evaluated in this study. 
organized pro-embryonic tissues
subsequent development to mature somatic
embryos is an essential step in somatic 
embryogenesis and has been reported to be 
genotype dependent in cassava 
al., 1997; Taylor et al., 2001; 
2006). Varietal differences in response
various concentrations of 2, 4-D and Picloram 
were observed in this study.
response of the cassava genotypes to different 
auxin types and concentrations were reported 
(Roca and Thro, 1993; Taylor et al., 
study indicated that, the frequencies of 
primary somatic embryos in low cyanide 
cassava varieties can be increase
application of 4mg/L 2, 4-D. Previous reports 
showed that 2, 4–D was used to 
induced embryogenesis in 
andraeanum (Pinheiro et al 2013) and sweet 
potato (Magalhaes et al., 2006).  
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In addition to 2, 4-D, 7mg/L Picloram
efficiently induced somatic embryogenesis in 
low cyanide cassava. This finding was 
consistent with reports of Sofari 
who observed that 2, 4-D and Picloram 
somatic embryogenesis in cassava 
from Africa, south America and Asia. 
(1996) and Taylor et al. (2001) reported that 
Picloram and 2, 4-D were the most efficient 
auxins in the induction of somatic embryos in 
cassava. Our finding also showed that, 
Picloram was most efficient for induction
 

Plate 1: Stages in the development of Secondary Somatic embryos from leaf explants of low 
cyanide Cassava cultivars. (A) In vitro plantlets (
consisting of MS supplemented with 2, 4
leaf sections on callus induction media for 4 weeks in the dark. (
primary somatic embryos. 
 
CONCLUSION AND RECOMMENDATION
Finally, it is worth noting that, in this study, 
the number of primary somatic embryos 
observed I this study might be related to the 
addition of auxin to the culture medium and 
the amenability of the cassava varieti
vitro regeneration. Therefore, studies that 
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