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ABSTRACT 
 

An efficient and promising protocol for in vitro propagation of cassava plant (Manihot esculenta Crantz), 
American cultivar, using stem nodes was established. Stem nodes of cassava were treated with different 
concentrations of clorox at different times (10, 20 and 30 % clorox for 5, 10 and 15 min). The lowest significant 
contamination and the highest significant survival percentages were recorded with 20% clorox for 15 min. 
Sterilized and survival nodal explants were cultured on MS medium supplemented with different concentrations 
of BA and Kin (0.1, 0.3, 0.5 and 1.0 mg L-1 from each one alone) incombination with 0.05 mg L-1 of NAA. 
Maximum number of performed shootlets per explant (5.67) was achieved on MS medium supplemented with 
1.0 mg L-1 BA + 0.05 mg L-1 NAA (proliferation medium). For shootlets multiplication, each shootlet was re-
cultured on proliferation medium for two subcultures to investigate the effect of number of subcultures on 
multiplication rate. Maximum multiplication rate (~ 110 shootlets per nodal explant) was obtained after 75 days 
of culturing. For shootlets roots formation different concentrations of NAA and IBA (0, 0.5, 1.0, 2.0 and 4.0 mg 
L-1 from each one alone) were used. MS medium supplemented with 2.0 mg L-1 IBA achieved the maximum 
number of roots formation (10.2), root length (14.4 cm) with 100% rooting percentage. In vitro derived plantlets 
were successfully acclimatized on a mixture of peat moss and sand (1: 1) which gave the highest percentage of 
survival transplanting (100%).   

 
Key words: Manihot esculenta; cassava; in vitro propagation; proliferation; multiplication; rooting and  
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Introduction 
 

Cassava (Manihot esculenta Crantz), a perennial vegetatively propagated shrub and a member of the family 
Euphorbiaceae, is adaptable to different types of soils and cultivated under temperature and rainfall conditions 
varying between 10°C and 40°C and between 900 mm and 2000 mm, respectively. Cassava is grown in sub-
tropical countries between 30º N and 30º S and from sea level up to 1,800 m, covering a total cultivated area of 
over 13 × 106 ha. The crop is grown mainly for its tuberized roots, of which 80% of the dry matter is starch (El- 
Sharkawy, 2004). 

The Euphorbiaceae family occurs mainly in the tropics, which includes plants producing the most important 
economic products such as rubber (Hevea brasiliensis), castor oil (Ricinus communis L.), tung oil (Aleurites 
fordii), euphorbia (Euphorbia spp.) and jatropha (Jatropha curcas) (Sujatha et al., 2008). 

Cassava is the world’s fourth most important staple after rice, wheat and maize and an important 
component in the diet of over one billion people (FAO, 2000). The importance of cassava tends to be unknown 
by much of there search community. Nowadays, the use of cassava and cassava-derived products is not mainly 
restricted to human and animal consumption, but has expanded to serve various industrial needs, including for 
biofuel production, glue, textile and paper (Saelim et al., 2009). 

The cultivation of cassava, a major crop in the tropics, is beset by many problems including diseases, pests, 
high cyanide content of the roots, low nutritional quality and commercial value of the starch, the alloploidy 
nature of the plant, long growth cycle (8-24 month), physiological deterioration of roots after harvest and the 
low fertility of cassava. Improvement of the cassava germplasm by traditional breeding methods has been 
hampered by the non-availability of necessary genes in the germplasm, so the newer techniques of in vitro 
propagation and genetic transformation offering greater hope for improvement of cassava (Munyikwa et al., 
1998). 

Plant tissue culture has emerged as one of the major components of plant biotechnology. Moreover, its 
techniques has been demonstrated in rapid clonal propagation, regeneration and multiplication of genetically 
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manipulated superior clones, production of secondary metabolites and ex-situ conservation of valuable 
germplasms (Gupta and Ibaraki, 2006). 

In vitro propagation, a common method for vegetative reproduction, is a form of biotechnology which uses 
plant tissue culture and has a number of advantages over traditional methods of plant propagation. One is that 
exceptionally large numbers of seedlings can be produced in a very small amount of space (Hopkins, 2007).  

The aim of this study was establishment a simple protocol for in vitro propagation of virus free cassava 
plants to produce a large number of virus-free plantlets in short time. 

 
Materials And Methods 

 
This investigation was carried out in Plant Biotechnology Department, Genetic Engineering and 

Biotechnology Division, National Research Center, Cairo, Egypt, in cooperation with Horticulture Department, 
Faculty of Agriculture, Ain Shams University, from 2009 to 2011, to establish a promising protocol for in vitro 
propagation of virus free cassava plants.  

 
Preliminary experiment: 

 
Stakes of cassava (Manihot esculenta Crantz) (Figs.1,2,3 and 4), American cultivar, were obtained from 

Agricultural Research Centre, Giza, Egypt and cultured in pots, which contain peat moss for 3 months. Plants, 
as in preliminary study, were subjected to virus free test using ELISA according to the described method by 
Clark and Adams (1977). 

 
In vitro propagation: 

 
This experiment contained the following four sequential stages as follow: 

 
1. Establishment stage: 
 

Nodes (stem nodes) 1-1.5 cm length contained one axillary bud, which derived from virus free plants (Fig. 
5 and 6). Subsequently nodes were surface sterilized by immersion in 70 % ethanol for 30 sec. followed by four 
washes using sterile distilled water. Further immersed in different concentrations of commercial clorox solution 
(contains 5.25% sodium hypochlorite) for different times as follow:- 

 
10 % Clorox for 5 min  20 % Clorox for 5 min  30 % Clorox for 5 min 
10 % Clorox for 10 min  20 % Clorox for 10 min  30 % Clorox for 10 min 
10 % Clorox for 15 min  20 % Clorox for 15 min  30 % Clorox for 15 min 

 
Subsequently, explants were washed four times with sterile distilled water. The disinfected stem nodes were 

cultured on solidified half salts strength of MS basal-medium, 3% (w/v) sucrose and 0.7% agar. The pH of all 
used media was adjusted to 5.8 with 1N KOH or HCl. The media were distributed into 300 ml glass jars, where 
each jar contained 50 ml and sterilized by autoclaving for 23 min at 121º C and 1.2 kg cm-2. After culturing jars 
were incubated in illumination light condition at 26±1ºC and sufficient fluorescent light of 1500 lux for 16 hr 
photoperiod. Each treatment consisted of 5 replicates (jars) and each replicate contained 4 explants (nodes). 
After two weeks of culturing contamination (%) and survival (%) were estimated.  

 
2. Multiplication stage: 

 
2.1. Effect of MS medium composition on shootlets proliferation: 

 
Sterilized and survival stem nodes (establishment stage) were cultured on MS-medium, 3% (w/v) sucrose 

and 0.7% agar supplemented with different concentrations of BA, Kin incombination with 0.05 mg L-1 of NAA 
as follow: 

 
M1 = MS Basal (free growth regulators) 
M2 = MS + 0.1 mg L-1 BA + 0.05 mg L-1 NAA 
M3 = MS + 0.3 mg L-1 BA + 0.05 mg L-1 NAA 
M4 = MS + 0.5 mg L-1 BA + 0.05 mg L-1 NAA 
M5 = MS + 1.0 mg L-1 BA + 0.05 mg L-1 NAA 
M6 = MS + 0.1 mg L-1 Kin + 0.05 mg L-1 NAA 
M7 = MS + 0.3 mg L-1 Kin + 0.05 mg L-1 NAA 
M8 = MS + 0.5 mg L-1 Kin + 0.05 mg L-1 NAA 
M9 = MS + 1.0 mg L-1 Kin + 0.05 mg L-1 NAA 
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Fig. 1, 2, 3 and 4: Cultivated field with cassava plants (1), Plant produced tuber roots (2), Fresh and dry roots of  
                               cassava plant (3,4).  

 
Fig. 5: Cassava plant about 3 months as a source of stem cutting 
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Fig. 6: Cassava stem cuttings as a source of stem nodes 
 
Preparation and incubation of different media were carried out as described in establishment stage. Each 

treatment consisted of 5 replicates (jars) and each replicate contained 4 nodes. The morphological parameters as 
number of shootlets,leaves and shootlet length(cm)were recorded after two weeks of culturing to investigate the 
effect of different Ms medium composition on shootlets proliferation produced from nodal explants of cassava. 
 
2.2 Effect of number of subcultures on multiplication rate: 
 

The obtained shootlets from previous treatments were separated and re-cultured on fresh number of 
shootlets to investigate the effect of number of subcultures on multiplication rate. 

Preparation and incubation of different media were carried out as described in establishment stage .each 
treatment consisted of 5 replicates (jars) and each jar contained multiplication rate ( number of shootlets per 
explant) were recorded for two subcultures, intervals four weeks. Multiplication rate= Number of shootlets after 
2 weeks x number of shootlets after the first subculture xnumber of shootlets after the second subculture. 
 
3. Rooting stage: 

 
For achieved of roots formation, obtained shootlets were recultured on MS-medium, 3% w/v sucrose and 

0.7% agar supplemented with different concentrations of NAA and IBA as follow: 
 

R1 = MS Basal (free growth regulators) 
R2 = MS + 0.5 mg L-1 NAA 
R3 = MS + 1.0 mg L-1 NAA 
R4 = MS + 2.0 mg L-1 NAA 
R5 = MS + 4.0 mg L-1 NAA 
R6 = MS + 0.5 mg L-1 IBA 
R7 = MS + 1.0 mg L-1 IBA 
R8 = MS + 2.0 mg L-1 IBA 
R9 = MS + 4.0 mg L-1 IBA 

 
Preparation and incubation of culture media were previously described in establishment stage. Each 

treatment consisted of 5 replicates (jars) and each replicate contained 4 shootlets. Rooting percentage, number of 
roots and roots length (cm) were recorded after 2 and 4 weeks of culturing on rooting media. 

 
4. Acclimatization stage: 

 
In this stage, the in vitro derived plantlets resulting from rooting stage were washed from medium residues. 

Then subjected to acclimatization process in which three different composition of nutrient media were used as 
follow: 
1. Peat moss. 
2. Peat moss: sand (1:1) 
3. Peat moss: sand (2:1) 
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The pots were covered with transparent polyethylene bags, then incubated in a growth chamber at 28ºC for 
16/8 photoperiod and irrigated every three days. 

After one month of acclimatization, polyethylene bags were removed and plant length (cm) and survival 
(%) were recorded. Then, in vitro plants were left another two weeks in the temperature controlled chamber 
before transferring to green house. 

 
Statistical analysis: 

 
All data were analyzed using Duncun’s multiple range test at 5 % level (CoHort, 2004) according to 

Snedecor and Corchan (1982) to verify the differences between means of treatments. All experiments were 
designed in a completely randomized design. 

 
Results and Discussion 

 
At present, the major commercial application of cell and tissue culture is plant propagation. In vitro 

propagation is simply an extension of the methods used for centuries. Also, the higher price of individual plants 
is certainly an important factor to apply in vitro methods for propagation (Neumann et al., 2009).  

 
In vitro propagation: 

 
This experiment contained the following four sequential stages as follow: 
 

1. Establishment stage: 
 
The aim of this stage is the establishment of a sterilized and survival nodal cassava explants in order to 

undergo the different stages of in vitro propagation. 
 

1.1. Effect of different concentrations of clorox at various times on contamination and survival percentages: 
 
Effect of different concentrations of clorox solution (5.25 % sodium hypochlorite) ranged from 10 to 30% 

in relation to sterilization durations ranged from 5 to 15 min on contamination and survival percentages of 
cassava stakes was investigated. 

Concerning contamination, as shown in Table (1), significant differences between treatments were 
recorded. The best treatment was 30 % clorox for 15 min, which recorded the lowest contamination percentage 
(11.8 %). On the other hand, the highest contamination percentage was 97.8 %, was represented with 10 % 
clorox for 5 min. Therefore, the contamination percentage was decreased with increasing of clorox 
concentration and sterilization time.  

About survival, as shown in Table (1), significant differences between treatments were recorded. The best 
treatment was 20 % clorox for 15 min, which recorded the highest survival percent (75.6 %). On the other hand, 
the lowest survival percentage was 2.2 %, was represented with 10 % clorox for 5 min.  The survival percentage 
was increased using 10 % clorox for 5 min to 20 % clorox for 15 min, where it was 2.2 and 75.6, respectively. 
However the survival percentage was decreased from 29.6 to 6.8 % for 30 % clorox for 5 min to 30 % clorox for 
15 min, respectively.  

The results concluded that the best disinfection and highly survival treatment was 20 % clorox for 15 min 
because it has the maximum survival percentage (75.6%) with minimized percentage of contamination (19.8%). 
Similar results were reported by Sharifkhani et al. (2011) on Aloe vera.   

 
Table 1: Effect of different concentrations of clorox at various times on contamination and survival percentages after two weeks of  
                culturing cassava nodal explants on half salts strength of MS basal medium; cultures were incubated at 26± 1ºC and 16/8 h day  
              light 

Clorox concentrations Contamination (%) Survival (%) 
5 min 10 min 15 min 5 min 10 min 15 min 

10 97.8 a 87.0 b 84.4bc   2.20 e   9.0d e 10.2 de 
20 76.2 c 48.2 d 19.8 e 13.8 d 45.6 b 75.6 a 
30 28.2 e 19.4ef 11.8f 29.6 c 14.4 d   6.8 de 

Each treatment was the average of 5 replicates and each jar contains 4 explants 
Values followed by the same letters were not significantly different by Duncan’s test at 0.05 level 

 
2. Multiplication stage: 

 
This is the most critical stage, and is the point at which most of the failures in micropropagation occur.  
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2.1. Effect of MS medium composition on number of shootlets proliferation: 

 
Number of shootlets, leaves and shootlet length (cm) show significant differences between treatments, as 

shown in Table (2). The best medium produced the maximum number of shootlets (5.67) was 1.0 mg L-1 BA + 
0.05 mg L-1 NAA (Fig. 7). However, there were insignificant differences among M1, M6, M7, M8 and M9, which 
represented the lowest rates of proliferation at the same time. Furthermore, the obtained results showed that 
higher concentration of cytokinin compared to auxin was necessary to achieve a high rate of in vitro 
propagation. These findings were in agreement with those of Pati et al. (2006) on rose and Thepsamran et al. 
(2008) on jatropha.  

As well as, the results indicated that BA was more effective than Kin to induce shootlets proliferation from 
cassava nodal explants. The number of shootlets was increased by increasing of BA concentration in media. 
These results were in agreement with those obtained by Sudarsono and Goldy (1991) on muscadine grape (Vitis 
rotundifolia Michx.) and Saelim et al. (2009) on cassava. While, the number of shootlets nearly was constant 
using Kin at different concentrations. Also, our study indicated that BA and NAA supplemented media promote 
high rate of shootlets proliferation compared with Kin and NAA combinations. Similar results were obtained by 
Smith et al. (1986), Konan et al. (1997) on cassava and (Shrivastava and Banerjee, 2008) on jatropha. 

 
Table 2: Effect of MS medium supplemented with different concentrations of BA, Kin and 0.05 mg L-1 NAA on No. of shootlets, leaves and  
                shootlet length produced from nodal explants of cassava plant after two weeks of culturing and incubation at 26± 1ºC and 16/8 h  
              day light 

Treatments 
        

No. of shootlets No. of leaves shootlet length (cm) 

M1= MS Basal (free growth regulators) 1.00 d 6.00bcd 4.17 ab 
M2 = MS + 0.1 mg L-1 BA + 0.05 mg L-1 NAA 2.00 c 5.50 cd 1.10 d 
M3 = MS + 0.3 mg L-1 BA + 0.05 mg L-1 NAA 4.32 b 7.67 a 1.50 d 
M4 = MS + 0.5 mg L-1 BA + 0.05 mg L-1 NAA 4.00 b 7.25 ab 2.02 cd 
M5 = MS + 1.0 mg L-1 BA + 0.05 mg L-1 NAA 5.67 a 7.00abc 1.07 d 
M6 = MS + 0.1 mg L-1 Kin + 0.05 mg L-1 NAA 1.50cd 5.00 d 2.00 cd 
M7 = MS + 0.3 mg L-1 Kin + 0.05 mg L-1 NAA 1.00 d 4.50 d 3.25 bc 
M8 = MS + 0.5 mg L-1 Kin + 0.05 mg L-1 NAA 1.00 d 5.50 cd 5.37 a 
M9 = MS + 1.0 mg L-1 Kin + 0.05 mg L-1 NAA 1.25 d 4.75 d 4.18 ab 

Each treatment was the average of 5 replicates and each Jar contains 4 nodes. 
Values followed by the same letters were not significantly different by Duncan’s test at 0.05 level 
 

 
Fig. 7: In vitro shootlets proliferated on nodal explants of cassava plant cultured on MS medium supplemented  
            with 1.0 mg L-1 BA + 0.05 mg L-1 NAA 

 
However, the best MS medium produced the maximum number of leaves (7.67) was 0.3 mg L-1 BA + 0.05 

mg L-1 NAA, there was insignificant difference among M1, M2, M6, M7, M8, and M9 was recorded,  M7 
produced the minimum number of leaves (4.5). 

Moreover, the longest shootlet (5.37 cm) produced on 0.5 mg L-1 Kin + 0.05 mg L-1 NAA. Whereas, 1.0 mg 
L-1 BA + 0.05 mg L-1 NAA represented the shortest shootlet (1.07 cm), while MS basal medium recorded 4.17 
cm. So, there was direct relationship between the highest BA concentrations and the increase in shootlets 
number and the decrease in shootlets length, while Kin was the best to enhance shootlets elongation. These 
results were coincided with Catapan et al. (2000) on carolina leaf-flower (Phyllanthus caroliniensis). 
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2.2. Effect of number of subcultures on cassava multiplication rate: 

 
The results indicated that number of shootlets was decreased after the first subculture on MS medium 

supplemented with 1.0 mg L-1 BA + 0.05 mg L-1 NAA and recorded 4.50.  However, it recorded 4.32 for the 
second subculture as shown in Table (3). These results were nearly in agreement with the results obtained by 
Liang and Keng (2006) on stonebreaker (Phyllanthus niruri). On the other hand, subculturing is very important 
to maintain the culture or to increase its volume (Liang, 2007) on toothache (Spilanthes acmella). 

In general, as mentioned before it could be concluded that number of shootlets was decreased after the 
second subculture. So, more subcultures after that was not benefit. Also, to induce high rate of multiplication in 
short time and to avoid somaclonal variations for producing true to type plantlets, as soon as possible, which 
identical to mother plant. 

 
Table 3: Effect of MS medium composition, (first and second subcultures) on multiplication rate (No. of shootlets/explant) after 75 days of 

culturing nodal explants of cassava plant on MS medium supplemented with 1.0 mg L-1 BA + 0.05 mg L-1 NAA, incubated under 
light condition (16/8) at 26± 1ºC  

MS medium composition First subculture Second subculture Multiplication rate 
5.67 
 

4.50 4.32 = (5.67 × 4.50 × 4.32) ~ 110 

 
By the end of multiplication stage, the results showed that optimum multiplication rate (~ 110 shootlets per 

nodal explant) was obtained after 75 days of culturing on MS supplemented with 1.0 mg L-1 BA + 0.05 mg L-1 
NAA. 
 
3. Rooting stage: 

 
In vitro rooting consists of rooting the plants in axenic conditions. Despite the cost factor, in vitro rooting is 

still a very common practice in many plant species because of its several advantages. 
 
3.1. Effect of MS media supplemented with different concentrations of IBA and NAA on rooting percentage, 
number of roots and root length (cm): 

 
The effect of media composition on rooting (%), No. of roots and root length (cm) after two and four weeks 

of culturing on MS media supplemented with different concentrations of IBA and NAA was investigated. 
There were significant differences among treatments as shown in Table (4). The maximum percentage of 

root formation (100 %) was obtained with R8 (2.0 mg L-1 IBA) after the 2 weeks and 4 weeks of culturing and 
after 4 weeks of culturing on R2 (0.5 mg L-1 NAA) whereas the minimum rate (20 %) was obtained with R5 (4.0 
mg L-1 NAA). The same result was obtained from R8 for number of roots (5.6) and (10.2) after the 2nd and the 
4th weeks of culturing, whereas R5 produced the lowest number of roots (1.8) after 4 weeks. About the root 
length, the maximum root length (14.4 cm) was recorded with R8 (2 mg L-1 IBA) after 4 weeks of culturing, 
whereas R5 (4.0 mg L-1 NAA) produced the shortest root (0.2 cm). So, it could be concluded that R8 (2 mg L-1 
IBA) recorded the highest values 100, 10.2 and 14.4 for rooting percentage, roots number and roots length, 
respectively. On the other hand, R5 (4.0 mg L-1 NAA) produced the minimum values (20, 1.8 and 0.2) for 
rooting percentage, number of roots and root length, respectively after 4 weeks of culturing. 
 
Table 4: Effect of MS media supplemented with different concentrations of IBA and NAA on rooting (%), No. of roots and roots length  
             (cm) after 2 and 4 weeks of culturing shootlets of cassava and incubated under light condition (16/8) at 26± 1ºC  

Treatments 
 
          

Rooting (%) No. of roots Root length (cm) 
2 weeks 4 weeks 2 weeks 4 weeks 2 weeks 4 weeks 

R1= MS Basal   60 ab   60 abc 1.20 b   2.00 b 0.70 a    2.30 ab 
R2 = MS + 0.5 mg L-1 NAA   60 ab 100 a 3.00 ab   8.00ab 4.95 a   8.00 ab 
R3 = MS + 1.0 mg L-1 NAA   80 ab   80 ab 3.40 ab   4.40 b 5.76 a   6.70 ab 
R4 = MS + 2.0 mg L-1 NAA   60 ab   80 ab 3.20 ab   5.00 b 1.40 a   4.60 ab 
R5 = MS + 4.0 mg L-1 NAA   20 b   20 c 0.80 b   1.80 b 0.20 a   0.20 b 
R6 = MS + 0.5 mg L-1 IBA   40 ab   40 bc 2.40 ab   3.60 b 1.40 a   5.40 ab 
R7 = MS + 1.0 mg L-1 IBA   40 ab   40 bc 2.20 ab   3.60 b 1.40 a   2.40 ab 
R8 = MS + 2.0 mg L-1 IBA 100 a  100 a 5.60 a 10.20 a 3.90 a 14.40 a 
R9 = MS + 4.0 mg L-1 IBA  60 ab   60 abc 2.60 ab   4.00 b 0.50a   0.85 b 

Each treatment was the average of 5 replicates and each jar contains 4 shootlets 
Values followed by the same letters were not significantly different by Duncan’s test at 0.05 level 

 
So, it could be concluded that IBA was most effective for root initiation comparing with NAA. These 

results were nearly in agreement with those obtained by Shrivastava and Banerjee (2008), Singh et al. (2010), 
Khemkladngoen et al. (2011) on jatropha and Kalidass and Mohan (2009) on chamberbitter (Phyllanthus 
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urinaria Linn). This is may due to the role of IBA in favoring the conjugation between endogenous IAA and 
amino acid that leads to the synthesis of the specific proteins necessary for root initiation (Xavier et al., 2012). 
On the other hand, some studies indicated that the combinations between IBA, IAA and NAA were the best for 
root initiation comparing with the effect of each one alone (Catapan et al., 2000 on carolina leaf-flower, (Kumar 
et al., 2011 and Sharma et al., 2011) on jatropha. 

 
4. Acclimatization stage: 

 
The ultimate success of commercial in vitro propagation depends on the ability to transfer plants out of 

culture on a large scale at low cost and with high survival rates.  
 
4.1. Influence of peat moss and sand mixture on survival percentage and plant length of in vitro derived 
plantlets of cassava: 

 
Effect of different mixtures of peat moss and sand on survival (%) and plant length (cm) of in vitro derived 

plantlet of cassava was investigated as shown in Table (5) and Fig.(8). About survival percentage and plant 
length (cm), there were significant differences between treatments, whereas the mixture of peat moss and sand 
(1:1) recorded the maximum values (100%) and (22.3 cm) for survival and plant length, respectively (Fig. 9). 

 
Table 5: Influence of peat moss and sand mixture on survival (%) and plant length (cm) of in vitro derived plantlet of cassava 

Treatments Survival (%) Plant length (cm) 
Peat moss   33.3 b 15.0 b 
Peat moss: sand (1:1) 100.0 a 22.3 a 
Peat moss: sand (2:1)   66.6 ab 16.5 b 

Each treatment was the average of 5 replicates and each pot contains one plantlet   
Values followed by the same letters were not significantly different by Duncan’s test at 0.05 level 

 

 
Fig. 8: Influence of peat moss and sand mixture on survival (%) and plant length  (cm) of in vitro cassava plant.  
            Where (1) Peatmoss: sand (1:1), (2) Peat moss: sand (2:1), (3) Peat moss   

 

 
Fig. 9: Acclimatized cassava plantlet after one month of transplanting on Peat moss: sand at the ratio of 1:1 

1 2 3 
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Conclusion: 

 
It could be concluded that an efficient in vitro propagation protocol have been developed for cassava plant 

using virus free nodal explants for subsequent use in mass propagation of true-to-type plants. This protocol 
could be commercially feasible for producing uniform plants in a relatively short period and with high 
multiplication rate. This study describes a rapid protocol for direct shootlets multiplication from nodal explants 
of cassava by repeated sub-culture on MS medium supplemented with 1.0 mg L-1 BA + 0.05 mg L-1 NAA within 
75 days which can be utilized for commercial scale propagation and conservation of this important plant. 

 
Abbreviations: 
 

MS, Murashige-Skoog; BA, benzyl adenine; Kin, 6-furfurylaminopurine; NAA, α- naphthaleneacetic acid; 
IBA, indole-3-butyric acid. 
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