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ARTICLE INFO                                       ABSTRACT 
 
 
 

The aim of this study was to test the effect of plants regulators on shoots multiplication in cassava 
cv TMS 92/0326 grown in liquid media with addition of 6-bezylaminopurine (BAP), and α-
naphthaleneacetic acid (NAA). Nodal segments (1.5 cm height) were used as explants and kept in 
vitro MS media containing also mio-inositol (100 mg l-1) and sucrose (30 g l-1). The pH of the 
media was adjusted to 5.8 before autoclaving. The nodal cuttings produced callus. These callus 
were yellowish and friable. The highest percentage of callogenesis 69.8% was obtained with 0.07 
mg l-1 NAA. The highest fresh weights of 1521.2 mg were obtained with 0.07 mg l-1 of NAA. 
When cultured in the presence of 0.01 to 0.1 mg l-1 BAP, the callus induced shoots. The highest 
percentages of 82.3% were obtained with 0.07 mg l-1. Also the highest numbers of shoots per 
callus 27.2 were obtained with 0.07 mg l-1.  
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INTRODUCTION 
 

Cassava [Manihot esculenta (Crantz)] is grown for its starchy 
tuberous roots which provide food for over 500 million 
people, mostly in a small-scale plantation by the farmers in the 
developing countries (Roca et al., 1992). Because of its 
hardiness and tolerance to the adverse environmental 
conditions it is a reliable crop, giving adequate yields even it is 
grown on marginal soils that unable to support other crop 
plants. Despite its high importance to food security in third 
world countries, cassava has long been neglected in plant 
breeding programmes; in addition, the potential for crop 
improvement by traditional breeding of cassava is constrained 
by the high heterozygosity, highly outcrossing nature and low 
natural fertility of the plants. This therefore, necessitates the 
adoption of breeding programmes to introduce new varieties 
of higher nutritional quality.  
 
*Corresponding author: Elian Hubert Dieu Béni, 
Laboratory of Plant Physiology, Higher Teacher’s Training College, 
University of Yaoundé 1. P.O. Box 47, Yaoundé, Cameroon. 

 
Tissue culture is one of the most successful, commercially 
exploited components of biotechnology and has been used for 
rapid clonal multiplication (micropropagation) of selected 
genotypes of diverse groups of plant species (Rani and Raina, 
2000). The first study on tissue culture of cassava was by 
Kartha et al. (1974) who reported regeneration of shoots from 
meristems of five cassava varieties cultured on MS medium 
supplemented with 0.1 mg l-1 Benzylaminopurine (BAP), 0.04 
mg l-1 Gibberellic acid (GA3) and 0.2 mg l-1 Naphylacetic acid 
(NAA). Bhagwat et al. (1996) reported regeneration of 
multiple shoots from nodal explants of cassava using 0.11 to 
0.22 μM/l thidiazuron (TDZ), 2.2 μM/l BAP and 1.6 μM/l 
GA3. Groll et al. (2001) regenerate of cassava through 
secondary somatic embryos in a media supplemented with 
picloram. A frequent in vitro culture manipulation for cassava 
involves standard media such as the Murashige and Skoog 
(1962) (MS medium), but with altered macro-and/or 
micronutrient concentrations. This manipulation was initially  
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restricted to embryo culture and nodal micro propagation, but 
was later extended to somatic embryogenesis (Taylor et al., 
1996). The objective of this study was to test the effect of 
plants regulators on shoots multiplication in cassava cv TMS 
92/0326.  
 

MATERIALS AND METHODS 
 
Plant material and disinfection 
 
TMR 92/0326 cassava variety was obtained from the 
International Institute of Tropical Agriculture (IITA) PMB 
2008, Messa Yaounde, Cameroon. Nodal cuttings (explants) 
for about 1.5 cm long were isolated from stems of this variety 
and then, cleaned under running tap water for 2 h. These 
explants were disinfected in 70% ethanol for 5 min followed 
by 3.5% sodium hypochlorite for 10 min and then rinsed four 
times (10 min each) in sterilized distilled water. All stages of 
disinfection were done in the laminar flow hood. 
 
Induction of callus from nodal cuttings 
 
For the induction of callus, the nodal cuttings with budded 
buds were sub cultured in the closed test tubes (150 x 80 mm) 
containing 10 ml of BM supplemented with 0.01 to 0.1 mg l-1 
NAA. The pH of all media was adjusted to 5.8 before 
autoclaving. All sub cultures were incubated under the same 
conditions as during budding of axillaries buds. 50 explants 
were sub cultured per medium and the experiment was 
repeated thrice. The percentage of explants inducing callus and 
the fresh weight of callus were evaluated per medium after 28 
days. For all experiments, the control was the BM without 
phytohormones. 
 
Induction and proliferation of multiple shoots from callus 
  
The effect of BAP on the induction and proliferation of 
multiple shoots was used indirectly by using callus as 
explants. With indirect method, callus induced in the presence 
of NAA were firstly sub cultured in basal medium without 
phytohormones for 7 days. This sub culture is followed by a 
second sub culture in BM supplemented with 0.01 to 0.1 mg l-1 

BAP. Also, the pH of all media was adjusted to 5.8 before 
autoclaving. All second sub cultures were incubated under the 
same conditions as during induction of callus. 50 callus were 
sub cultured per medium and the experiment was repeated 
thrice. The percentage of callus inducing multiple shoots and 
the average number of shoots per callus were evaluated per 
medium after 45 days. For all experiments, the control was the 
BM without phytohormones. 
 
Data analysis   
 
All experiments were set up in a completely randomized 
design. Differences between means were scored with 
Duncan’s multiplication range test. The analysis of samples 
from each treatment was statically evaluated by analysis of 
variance (ANOVA, p < 0.05) and the interactive effect of two 
phytohormones was assessed by two-way ANOVA. The 
program used was SPSS (version 12 for windows). 
 

RESULTS 
  
Effect of NAA on the production and growth of callus from 
budded nodal cuttings 
 
When cultured in the basal medium supplemented with 0.01 to 
0.1 mg l-1 NAA, the budded nodal cuttings produce callus after 
28 days. These callus were yellowish and friable (Figure 1b). 
The highest percentage of callogenesis (69.8%) was obtained 
with 0.07 mg l-1 NAA (Table 1). The fresh weight of callus 
varied with the concentration of NAA. The highest fresh 
weights of 1324.7 mg and 1521.2 mg were obtained with 0.07 
and 0.09 mg l-1 of NAA respectively (Table 1). With the other 
concentrations, the value of fresh weight was comprised 
between 545.5 mg and 1124.6 mg (Table 1).  
 

 
 
Fig. 1. Proliferation of multiples shoots from callus of Manihot esculenta. 
(a) Nodal cutting cultured on MS supplemented with 0.05 mg l-1 BAP;  (b) 
Callus produced on nodal during 28 days on MS supplemented 0.08 g l-1 
NAA;  (c and d) Multiple shoot proliferated  in callus culture during 45 
days on MS supplemented with 0.5 mg/l-1  BAP. 

 
Table 1. Effect of NAA on the callogenesis and fresh weight of 

callus from nodal cuttings with budded axillary buds of Manihot 
esculenta after 28 days of culture 

 

NAA (mg l-1) % of callogenesis Average fresh weight of callus (mg) 

0 0 0 
 0.01 0   0 
0.03 2.1d 545.5b 
0.05 6.4c 1124.6a 
0.07 69.8a 1521.2a 
0.09 41.4b 1324.7d 
0.1 27.1e 927.6e 

Duncan’s multiple range test was used to evaluate the difference in the 
percentage of callogenesis and fresh weight of callus. Data sharing the same 
letter in the same column were not significantly different at 5% level. 
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Effect of BAP on the induction of shoots from callus 
 
When cultured in the presence of 0.01 to 0.1 mg l-1 BAP, the 
callus induce shoots after 45 days (Figure 1c and d). The 
percentages of explants inducing shoots and the average 
number of shoots per explants varied according to the 
concentration of BAP. The highest percentage of 82.3% was 
obtained with callus with 0.07 mg l-1 BAP and the lowest 
percentages of 20.4 for callus were obtained with 0.03 mg l-1 
BAP (Table 2). Also the highest numbers of shoots per callus 
(22.4 to 27.2) were obtained with 0.09 mg l-1 and 0.07 mg l-1 
(Table 2).  
 

Table 2. Effect of BAP on the inducing of shoot from callus of 
Manihot esculenta  after 45 days of culture 

 

BAP (mg l-1) % of callus inducing shoots Average number of  
shoots per callus 

0 0 0 
0.01 0 0 
0.03 20.2e 3.6e 
0.05 32.7d 15.7d 
0.07 82.3a 27.2a 
0.09 55.6b 22.4b 
0.1 38.4c 17.6c 

Duncan’s multiple range test was used to evaluate the difference in the 
percentage of explants inducing shoots and average number of shoot per 
explants. Data sharing the same letter in the same column were not 
significantly different at 5% level. 
 

DISCUSSION  
 

M. esculenta as a many tropical crops can be successfully 
propagated in vitro. Different kinds of explants such as nodal 
cutting (Konan et al., 1994; Smith et al., 1986; Fotso et al., 
2014; Elian et al., 2014), meristems (Roca, 1992), axillary 
buds (Konan et al., 1994), shoot-tip (Berbee et al., 1974; 
Kartha et al., 1974a; Nair et al., 1979) can be used for this 
propagation. The shoot multiplicaion of Manihot esculenta can 
be indirect to induct by inducing shoot from callus as has been 
showed on the same the species by Acedo  and Labana (2008); 
Ma and Xu (2002) or other species such  as Saussurea 
obvvaiiata (Dhar and Joshi, 2005), Dioscorea zinguiberensis  
(Yongqin et al., 2003; Yuan Shu et al., 2005), Dioscorea alata 
(Fotso et al., 2013) and Colocassia esculenta (Yam et al., 
1990; 1991). In this work, the callus of Manihot esculenta was 
induced from budded nodal cutting in the presence of NAA. 
Many works have been carried out on the establishment of 
callus culture from cassava in different laboratories (Eugene  
et al., 2011; Fietosa et al., 2007; Atehnkeng et al., 2005, 
Schopke et al., 1996). But this is the first time that callus is 
established from budded nodal cutting of this species. The 
highest percentage of callogenesis (69.8%) was obtained with 
0.07 mg l-1 NAA. Similar results were obtained by Peter et al. 
(2011) on two cultivars of the same species (cv Afisiati and cv 
Afebankye) but with higher concentration of NAA (8 to 10       
mg l-1). The shoot of cassava was induced indirectly from 
callus in the presence of BAP. This confirm the highest 
potential of BAP to induce shoots in different species at as 
been showed in several works (Anh et al., 2007; Konan et al., 
1997; Fotso et al., 2013 and 2014; Davies, 2004). The 
percentages of explants inducing shoot were ranged from 
20.2% (0.03 mg l-1 BAP) to 82.3% (0.07 mg l-1 BAP). Also 
with the same concentrations of BAP, the average number of 
shoots per explants was ranged from 3.6 to 27.2 for callus. 

These results are comparable to does obtained by Deden and 
Herni (2011) and Fotso et al. (2014) on same cassava varieties 
but BAP was used in combination with 0.1 to 1 mg l-1 
thidiazuron and 80 mg l-1 adenine sulfate. 
 

Conclusion 
  
Indirect shoot multiplication of M. esculenta is achieved in 
this study. Callus was successfully produced from nodal 
cutting explants on Murashige and Skoog (MS) medium 
supplemented with 0.08mg l-1 Naphthalene acetic acid (NAA). 
Multiple shoots were initiated from callus on MS medium 
supplemented with 0.08 mg l-1 6-benzylaminopurine (BAP).  
 

REFERENCES 
 
Acedo VZ and Labana C 2008. Rapid propagation of released 

philippine cassava varieties through tissue culture. J. Root 
Crops, 34(2): 108-14. 

Anh Hong, LT, Le, BV, Anh, BL, Soytong, K, and Danh, ND 
2007. Plant regeneration of cassava (Manihot esculenta 
CRANTZ) plants. Journal of Agricultural Technology, 
3(1):121-127. 

 Basdeo, Luiz, GF, Vieiral and Larry R, Erickson 1996. 
Stimulation of in vitro shoot proliferation from nodal 
explants of cassava by thidiazuron, benzyladenine and 
gibberellic acid. Plant Cell, Tissue and Organ Culture. 
Kluwer Academic, The Netherlands. 46:1-7. 

Davies PJ 2004. The plant hormones: Their Nature, 
Occurrence and Function In: Davies PJ (Editor) Plant 
Hormones Biosynthesis, Signal Transduction, Action. 
Kluwer Acad Press. p 1-15. 

Deden S, and Herni W. 2011. Effects of plant growth 
regulators on shoot multiplication and root induction of 
cassava varieties in vitro culture. Biotropia., Vol. 18 No. 1, 
2011: 50 – 60. 

Dhar U, Joshi M 2005. Efficient plant regeneration protocol 
through callus for Saussurea obvallata (DC.) Edgew. 
(Asteraceae): effect of explant type, age and plant growth 
regulators. Plant Cell Rep., 24: 195-200. 

Elian HDB, Fotso, Tchouga AO Djeuani AC, Zinga I, Silla S  
and Omokolo ND (2014). Microtuberization of Manihot 
esculenta Crantz Cv TMS 95/0211. J. Agric. Food. Tech., 
4(4)1-1, 2014.  

Fietosa T, Bastos JLP, Ponte LFA, Jucá TL, Campos F 2007. 
Somatic Embryogenesis in Cassava Genotypes from the 
Northeast of Braz. Arch. Biol. Technol., 50: 201-206. 

Fotso, Elian HDB, Tchouga AO, Djeuani AC, Mbouobda HD, 
and Omokolo ND 2014. Effect of exogenous 
phytohormones and sucrose on micropropagation and 
microtuberization of Manihot esculenta Crantz cv TMS 
96/0023. African Journal of Biotechnology, Vol. 13(33), 
pp. 1966-1986. 

Fotso, Ngo Ngwe MFS, Mbouobda HD, Djocgoue PF and 
Omokolo ND 2013. Micropropagation of Dioscorea alata 
L. from microtubers induced in vitro. African Journal of 
Biotechnology, Vol. 12(10), pp. 1057-1067. 

Kartha KK, Gamborg OL, Constabel F and Shyluk JP 1974. 
Regeneration of cassava plants from apical meristems. 
Plant Science Letters, 2:107-113. 

Konan NK, Chopke C, Carcamo R, Beachy RN, Fauket C 
1997. An efficient mass propagation system for cassava 

4562                                         International Journal of Development Research, Vol. 05, Issue, 06, pp.4560-45663, June, 2015 



(Manihot esculenta Crantz) based  on nodal explants and 
axilarry bud-deived meristem. Plant Cell Reports, 16:444-
449. 

Konan NK, Sangwan RS, Sangwan-Norreel BS 1994. 
Efficient in vitro shoot-regeneration systems in cassava 
(Manihot esculenta Crantz). Plant Breeding, 113:227-236 

Ma GH, Xu QS. 2002. Induction of somatic embryogenesis 
and adventitious shoots from immature leaves of cassava. 
Plant Cell Tissue Org Cult. 70: 281-282. 

Morel G, Wetmore RH 1951. Fern callus tissue culture. Ann J 
Bot., 38: 141-143 

Murashige T, Skoog F 1962. A revised medium for rapid 
growth and bioassays with tobacco tissue cultures. Physiol  
Plant, 15: 473-479. 

Peter T, Eugene K A, Fletcher, and Amoako T N E 2011. 
Effect of 2,4-D, explants type and cultivar on the 
callogenesis expression of cassava (Manihot esculenta 
Crantz) in Ghana. African Journal of Biotechnology.  Vol. 
10(46), pp. 9396-9401. 

Rani, V. and Raina, S. N. 2000. Genetic Fidelity of Organized 
Meristem-Derived Micropropagated Plants: A Critical 
Reappraisal. In Vitro Cell. & Dev. Biol.-Plant, 36(5) 319-
330. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Roca WM, Henry G, Angel F, Sarria R 1992. Biotechnology 
research applied to cassava improvement at the 
International Center of Tropical Agriculture (CIAT).  

Schopke C, Taylor N, Carcamo R, Konan NDK, Marmey P, 
Henshaw GG, Beachy RN, Fauquet C 1996. Regeneration 
of transgenic cassava plants (Manihot esculenta Crantz) 
from microbombarded embryogenic suspension cultures. 
Nat. Biotechnol., 14: 731-735. 

Smith M.K, Biggs, BJ and Scott, KJ 1986. In vitro propagation 
of cassava (Manihot esculenta Crantz). Plant Cell, Tissue 
and Organ Culture, 6: 221–228.  

Taylor, NJ, Edwards, M, Kiernan, RJ, Davey, CDM, 
Blakesley, D and Henshaw, GG 1996. Development of 
friable embryogenic callus and embryogenic suspension 
culture systems in cassava (Manihot esculenta Crantz). 
Nature Biotechnology, 14: 726–730. 

Yam TW, Ishihashi S, Arditti J 1991. Callus growth and 
plantlet regeneration in taro, Colocassia esculenta var 
esculenta (L.). Ann. Bot., 67: 317-323. 

Yongqin C, Jinyu F, Fei Y, Zhongxun L, Yunsheng F 2003. 
Rapid clonal propagation of Dioscorea zingiberensis. Plant 
Cell Tiss. Organ Cult., 73: 75-80. 

 
 

******* 

4563            Elian Hubert Dieu Béni et al., Effect of plant growth regulators on in vitro shoot multiplication from callus of Manihot Esculenta 
Crantz CV. TMS 92/0326 


