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Cassava (Manihot esculenta Crantz) is one of the major food security crops in Ethiopia. Recently, clean 
planting materials of improved cassava cultivars are in high demand. A limitation, however, is the low 
multiplication ratio (1:10) of the crop via conventional methods. Thus, a study was undertaken to 
develop an efficient in vitro mass propagation protocol for two elite cassava clones, 44/72-NR and 
44/72-NW. Combination of different plant growth regulators (PGRs); four concentrations of 6-
benzylaminopurine (BAP) and kinetin (Kin) on shoot multiplication and that of α-naphthaleneacetic acid 
(NAA) and BAP each at four concentration combination on root induction were assessed. The 
experiments were factorial laid out in a completely randomized design (CRD) with PGRs as one-factor 
and clones as another, replicated five times. Significant (p< 0.05) interaction effects were observed in 
response to shoot multiplication and root induction treatments within six weeks of culture. Murashige 
and Skoog (MS) medium containing BAP and Kin each at 0.75 mg/L gave an average of 7.30 shoots per 
explant than other media combinations. Consecutively, the regenerated cassava shoots produced an 
average of 6.14 roots within four weeks in a 0.5 mg/L NAA medium and were successfully acclimatized 
and transferred to field. 
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INTRODUCTION 
 
Cassava (Manihot esculenta Crantz) is a major food crop 
for about 800 million people in sub-Saharan Africa and 
other parts of the world (Taye, 2009). Although reliable 
statistical information on the area of production and 
productivity of cassava in Ethiopia is lacking, the crop 
had long been in cultivation particularly in the Southern, 

South Western and Western parts of the country (IAR, 
1981). In all those growing regions, the farmers are 
paying more attention to the crop due to its being reliable 
and cheap source of food available year round. In addi-
tion, it is considered as the only flexible and alternative 
crop to the poor farmers due to its acceptable yield
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under marginal soil and drought prone conditions with 
minimum inputs (FDRE, 2002). Despite its great potential 
to attain food security, cassava has gained little attention 
in the national agricultural research system of Ethiopia. 
However, a remarkable growth has been registered in its 
production within the last decade compared with other 
crops (Amsalu, 2003).   

Most recently, the Ethiopian government has consi-
dered cassava as one of the major food security crops. It 
has also been given top research priority with special 
emphasis on its promotion and expansion to all drought 
prone and degraded regions of the country (FDRE, 
2002). Consequently, there is an urgent need for disease 
free and high quality cassava planting materials in the 
national production system. Towards this aim, Hawassa 
Agricultural Research Center (HaARC) has released two 
cassava varieties, Qulle and Kello for the Southern region 
(HaARC, 2008) and Jimma Agricultural Research Center 
(JARC) is about to release a number of varieties for the 
South Western parts of the country. The limitations, how-
ever, are the low multiplication ratio (1:10) of  the crop 
using traditional production methods and systemic infec-
tions, which hamper the progress in replacing susceptible 
or non-adapted varieties, or in expanding cassava into 
new areas. Thus, tissue culture techniques could be a 
feasible option to overcome these problems. 

Plant tissue culture techniques were developed five 
decades ago (Santana et al., 2009) and since then, they 
have been recognized as powerful tools for studying and 
solving basic and applied problems of cassava produc-
tion and productivity like many other crops (Robert and 
Dennis, 2000; Adane, 2009). This technique is faster and 
requires less space than that required for conventional 
methods of preparing cuttings (Loyola-Vargas and 
Vazques-Flota, 2006). In this regard, available research 
findings (Were et al., 2004; Le et al., 2007) have long 
proved the tissue culture techniques to be the only 
realistic and efficient means for supplying large volumes 
of true-to-type clean planting materials of any new high-
value crop variety like cassava within short period. How-
ever, multiplication of tissues requires the optimization of 
the plant growth regulators (PGRs) concentrations in the 
MS media and these PGR requirements vary with spe-
cies since PGRs often determine the course of morpho-
genesis (Staden et al., 2008; IITA, 2009). Earlier, Konan 
et al. (2006) and Acedo (2009) revealed that shoot multi-
plication of many crops including cassava could be 
enhanced with a relatively higher concentration of cyto-
kinins (disrupt apical dominance of the shoot tips); while 
rooting is promoted by the use of auxins. Kane (2005) 
also reported cytokinins, 6-benzylaminopurine (BAP) and 
kinetin (Kin) and auxin, α-naphthaleneacetic acid (NAA) 
as the most widely used and effective (0.01-10 mg/L) 
PGRs for shoot multiplication and root induction, 
respectively. 

Smith et al. (1986) and Konan et al. (1997) were the 
first to report success in the production of an average of 5 
to  6  shoots  per  bud from in vitro culture of cassava, al- 
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though the field survival rates recorded were low (62 - 
74%). Several workers have since these earlier studies 
also succeeded in in vitro nodal culture of cassava 
(Konan et al., 2006; Medina et al., 2006; Escobar et al., 
2009). Despite these reported successes, no work has so 
far been done to develop an in vitro mass propagation 
protocol for those elite cassava clones in Ethiopia, and 
development of such a protocol is urgently needed to 
ensure rapid mass propagation and dissemination of the 
improved cassava clones to respond to the prevailing 
high interest to increase cassava production and intro-
duce it into new potential areas of the country. In view of 
all these, the objective of this study was to develop an 
efficient in vitro mass propagation protocol for two elite 
cassava clones, 44/72-NR and 44/72-NW. 
 
 
MATERIALS AND METHODS 
 
Study location 
 
The research work was conducted in the Tissue Culture Laboratory 
of the Plant Biotechnology Division, Jimma Agricultural Research 
Centre (JARC), Jimma, Ethiopia. The center is located 363 km 
south west of the capital, Addis Ababa at 7°46' N latitude and 
36°0’E longitude. 
 
 
Genetic materials 
 
Two preferred cassava clones, 44/72-NR and 44/72-NW, obtained 
from JARC were selected due to their best performance across the 
South Western region of Ethiopia with respect to early maturity, 
high productivity, and resistance to diseases and pests compared 
to other cultivars tested. 
 
 
Stock plant establishment  
 
Twenty-five to thirty cm long mature stem cuttings with 5-8 nodes of 
both clones were taken from the horticulture research field of JARC 
and soaked in a 0.3% (w/v) Kocide-101 solution for five minutes 
followed by rapid rinsing under running tap water, twice. The 
cuttings were planted in plastic pots of 2 L volume filled with a pre-
sterilized potting mix of forest soil, well-decomposed coffee husk, 
and red sand at the respective ratio of 1:1:2 by volume (JARC 
experience) and the stock plants were established in the main-
tenance greenhouse of the biotechnology division at an average 
temperature of 25 ± 2°C.  
 
 
Explant sterilization and initiation 
 
Three-to-five-week old sprouted nodal buds of 1.5 - 2.0 cm length 
were collected from both clones, washed thoroughly once under 
running tap water using a liquid detergent and kept soaked in a 
0.3% (w/v) Kocide-101 solution for 30 min followed by rapid rinsing 
three times with double distilled water in the laminar flow hood 
cabinet. The nodal buds were then soaked in 70% (v/v) ethyl 
alcohol for 1 min and immediately rinsed three times with double 
distilled water before the actual sterilization with sodium hypochlo-
rite (NaOCl). After disinfection in 0.1% (v/v) NaOCl with 1-3 drops of 
Tween-20 (wetting agent) for 10 min and washing with double 
distilled water thrice, all the dead and chlorine affected tissues of 
the nodal bud explants were removed under aseptic conditions.
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The nodal buds were then placed in test tubes containing solid 
Murashige and Skoog (MS-1962) medium supplemented with 100 
mg/L myo-inositol, 1 mg/L thiamine, 1.6 mg/L GA3, 0.01 mg/L NAA 
with 3% (w/v) sucrose (carbon source) and 0.8% (w/v) agar (gelling 
agent) at 5.8 pH (IITA, 2009) for initiation. The test tubes were 
incubated at 23-24°C under 16/8 h light/dark cycles and a light 
intensity of 1000 Lux. The nodal buds of the two clones normally 
took 1-2 months to develop into a plantlet ready for sub culture.  
 
 
Treatments and experimental design 
 
The initiated 4-8 weeks old plantlets from the two clones were 
multiplied through stem cuttings containing single node. The nodal 
buds were placed onto full strength solid MS basal medium in 
Magenta culture vessels containing different concentrations and 
combinations of PGRs namely 6-Benzylaminopurine (BAP) and 
Kinetin (Kin) each at four concentrations (0, 0.75, 1.5, and 2.25 
mg/L) in all combinations for shoot multiplication and α-naphthalene 
acetic acid (NAA) at four concentrations (0, 0.5, 1, and 1.5 mg/L) in 
all combination with BAP at four concentrations (0, 2.5, 5, and 7.5 
mg/L) for root induction (Table 1). Before conducting the rooting 
experiment, the initiated mini in vitro derived shoots were trans-
planted onto a fresh growth regulator free MS basal medium for five 
weeks in order to avoid any carry over effect of NAA used at the 
initiation stage.  

The two clones were equally and randomly treated while all 
exogenous factors were held constant except the factors being 
considered. In all cases, the brim of each test tube and/or Magenta 
culture vessel was flamed together with their caps prior to closing 
and sealed with a strip of Para film. The vessels were clearly 
labelled with the media code, date of inoculation as well as name of 
variety and incubated at 25 ± 2°C, 16 h photoperiod with a light 
intensity of 2000-3000 Lux from cool white 40 watt florescent bulbs. 
Completely Randomized Design (CRD) in factorial arrangement 
with PGRs as one-factor and clone as another factor with five repli-
cations and five nodal buds per replication was used. In order to 
ensure reliability of the results, the experiments in the study were 
repeated twice. 
 
 
Acclimatization and transfer of plantlets 
 
After the plantlets had produced 3-5 leaves and initiated roots with-
in four weeks, they were removed from the glass jar and transferred 
to a container of warm (10°C) double distilled water and gently 
rinsed to remove the agar-media off the roots followed by immer-
sion into a 0.3% (w/v) Kocide-101 solution (prophylaxis measure). 
Finally, 30 plantlets (15 plantlets from each clone) were planted in 
six plastic pots of 2 L volume filled with a pre-sterilized potting mix 
of forest soil, well-decomposed coffee husk, and red sand at the 
respective ratio of 1:1:2 by volume (JARC experience) and acclima-
tized in a 70% shade netted greenhouse for two successive weeks 
followed by 30% shaded greenhouse for a week and then trans-
ferred to the environment with ambient conditions. 
 
 
Data collected 
 
After 2-3 weeks, the plantlets were studied for various growth ana-
lysis parameters and transferred to green house. During the 
research work, data on shoot length (cm), number of nodes/plantlet, 
number of leaves/plantlet, number of shoot/plantlet, number of 
roots/plantlet, root length (cm)/plantlet, shoot fresh and dry weights 
(g) as well as root fresh and dry weights (g) and root to shoot 
weight ratio were recorded on 1600 samples taken from shooting 
and rooting experiments each consisting of 800 samples. 

 
 
 
 
Data analysis 
 
The average data estimated from the raw data collected for each 
trait in the two experiments were subjected to analysis of variance 
(ANOVA) using statistical analysis software (SAS), version 9.2. Log 
and arcsine transformation techniques were applied for all counted 
and percentage data of each trait respectively, in order to fulfil the 
assumptions of ANOVA (Montgomery, 2005) and mean compare-
sons were undertaken according to Student-Newman-Keuls multi-
ple-range test (SNK) at the alpha level of 5%.  
 
 
RESULTS AND DISCUSSION 
 
Effects of cytokinins on in vitro shoot multiplication 
of cassava 
 
Different concentrations and combinations of cytokinins, 
BAP and Kin, were tested to compare their effectiveness 
on shoot regeneration of cassava using axillary nodal bud 
culture. Shoot regeneration of the two cassava clones 
were influenced differentially by the concentrations and 
combinations of the cytokinins used (Table 2). Both BAP 
and  Kin had a significant (P ≤ 0.01) effect on the number 
of shoots, leaves, and nodes, as well as shoot length, 
shoot fresh and dry weights whilst only leaf number was 
significantly (P ≤ 0.05) affected by clone type (Table 2). 
Similarly, all shoot growth and development parameters 
considered were significantly (P ≤ 0.01) affected by BAP 
x Kin interaction. The effect of interaction between BAP 
and clone type on shoot fresh and dry weight parameters 
was also significant (P ≤ 0.01). However, Kin × clone and 
BAP × Kin × clone interactions had no significant effects 
on all the shoot multiplication parameters evaluated. 

The full strength solid MS basal medium supplemented  
with BAP and Kin combination (both at 0.75 mg/l) 
resulted in regeneration of the highest mean maximum 
values on almost all shoot growth parameters considered 
namely, number of shoots (7.30), leaves (5.67), and 
nodes (5.65), shoot length (5.05 cm), shoot fresh (2.55 
g), as well as dry (2.20 g) weights per explant (Table 3). 
This could be associated with the synergistic effect of the 
two cytokinins when combined, and their effectiveness 
even at low concentrations as earlier reported (Onuoch 
and Onwubiku, 2007; Staden et al., 2008) in cassava. 
Both authors observed similar effects of the two cyto-
kinins when combined at concentrations as high as 0.75-
1 mg/L. Growth and development inhibitory effect of the 
two cytokinins were reported when they were combined 
at very high concentrations (Berrie, 1984; FFTC, 2009) in 
cassava, which corroborates with our present observa-
tion. In general, combining BAP and Kin (both above 0.75 
mg/L) has no additional advantage as almost all of the 
evaluated shoot growth parameters failed to improve at 
higher concentrations and combinations of the two 
cytokinins (Table 3). 

In accordance with the results of this study, previous 
reports in cassava (Kartha et al., 1984; Ogburia, 2003; 
Konan et al., 2006) and Egyptian sweet potato (El Far et
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Table 1. Shoot multiplication and rooting treatment combinations arrangement. 
 

Experiment 
type 

Hormone 
Source 
(mg/L) 

Treatment combination 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

 
Shoot 
Multiplication 

BAP 0 0 0 0 0.75 0.75 0.75 0.75 1.5 1.5 1.5 1.5 2.25 2.25 2.25 2.25 

Kin 0 0.75 1.5 2.25 0 0.75 1.5 2.25 0 0.75 1.5 2.25 0 0.75 1.5 2.25 

                  

Root 
regeneration 

BAP 0 0 0 0 2.5 2.5 2.5 2.5 5 5 5 5 7.5 7.5 7.5 7.5 
NAA 0 0.5 1.0 1.5 0 0.5 1.0 1.5 0 0.5 1.0 1.5 0 0.5 1.0 1.5 

 
 
 
Table 2. Mean square estimates of in vitro induced shoot parameters of cassava explants as affected by different concentrations and 
combinations of BAP, Kin and clone (ANOVA). 
 

 
Treatment 

 
 

DF 

Shoot multiplication parameters/explant 

Shoot Number of 

Number (No) Length (cm) Fresh Wt (g) Dry Wt (g)  Leaves (No) Nodes (No) 

BAP  3 2.665** 3.602** 1.600** 1.379** 2.670** 1.302** 
Kin  3 1.28** 0.680** 0.218** 0.252** 0.425** 0.225** 
BAP x Kin  9 0.52** 0.479** 0.171** 0.150** 0.386** 0.098** 
Clone  1 0.01 0.021 0.001 0.007 0.028* 0.530 
BAP x Clone  3 0.04 0.009 0.042** 0.029** 0.049 0.016 
Kin x Clone  3 0.04 0.024 0.001 0.001 0.007 0.002 
BAP x Kin x Clone  9 0.09 0.015 0.004 0.004 0.010 0.014 
R2 (%)  77.0 89.8 85.9 88.9 88.5 73.1 

  

*, ** indicates that Mean square values of shoot parameters considered are significant at 0.05 or 0.01 probability level, respectively.  
 
 
 

al., 2009) showed a reduction of shoot growth characters 
in response to in vitro culture when BAP and Kin were 
combined at higher concentrations. 

Significant (P < 0.01) differences were observed bet-
ween the two clones for the number of leaves regene-
rated (Supplementary Data). The mean number of leaves 
regenerated per explant from clone 44/72-NR was 7% 
higher than the number of leaves regenerated from clone 
44/72-NW. This variation in number of leaves between 
the clones could be associated with the variation in the 
amount of the endogenous cytokinins available in the 
explant buds rather than the effect of the externally 
applied ones. In agreement with the results of the present 
study, Escobar et al. (2009) reported that variations bet-
ween clones in their response to similar treatments were 
primarily due to the presence of variable levels of 
cytokinin in explant buds. 

Moreover, the leaves produced from clone 44/72-NR 
were morphologically good looking and had deep green 
colour than of 44/72-NW (Figure 1). This variation in the 
colour of the regenerated leaves might be due to the two 
cytokinins which enhanced chlorophyll development in 
the leaves of clone 44/72-NR as compared with the 
leaves of clone 44/72-NW, which also suggests that 
chlorophyll development at least in these two cassava 
clones is controlled by different genes. Consistent with 
this result, Konan et al. (2006) and Wondwosen (2009) 

also reported differential responses of different cassava 
clones in vitro for number of leaves regenerated. 

As shown in Figure 2, the highest mean shoot fresh 
(1.94 g) and dry (1.56 g) weights per explant were 
observed in both clones on MS medium supplemented 
with 0.75 mg/L BAP. This shows the effectiveness of BAP 
at lower concentration in inducing axilary shoot prolifera-
tion and development of chlorophyll and confirms the 
report of Kulaeva et al. (2002) which demonstrated that 
the enhanced development of etioplasts especially grana 
in response to low BAP could accelerate the photosyn-
thetic rate and thereby influence the shoot fresh and dry 
weights of the two clones. The result also corroborates 
the earlier submission by Najma and Uzman (2001) who 
reported the potential of BAP to elicit a maximum res-
ponse at appreciably lower concentrations. 
 
 

Effects of auxin and cytokinin on in vitro root 
induction of cassava  
 

In this experiment, different concentrations and combina-
tions of NAA and BAP were tested to compare their 
effectiveness on root regeneration of cassava. All the 
characters evaluated were found to be influenced by the 
different concentrations and combinations of the NAA 
and BAP applied.  The number of main roots, root length, 
root fresh and dry weights, and root to shoot weight ratio
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Table 3. Interaction effect of BAP and Kin on shoot growth and development of cassava explants after six weeks of in vitro culture. 
 

Cytokinin source 
Growth parameters/explants 

  Shoot Number of 

BAP 
(mg/L) 

Kin   (mg/L) Number (No) 
Length 

(cm) 
Fresh weight (g) 

Dry weight 
(g) 

 
Leaves 

(number) 
Nodes 

(number) 

0.00 

0.00 1.60k 1.53f 0.55g 0.36gh 2.33f 2.34fg 
0.75 4.60c 3.82b 1.70b 1.25c 3.10d 3.18c 
1.50 3.90de 3.82b 1.51c 1.04d 2.74e 2.70de 
2.25 3.10fg 3.09d 1.30d 0.84e 2.40f 2.38ef 

 

0.75 

 

0.00 
 

5.40b 
 

3.69b 
 

1.81b 
 

1.42b 
 

4.02b 
 

3.61b 
0.75 7.30a 5.05a 2.55a 2.20a 5.67a 5.65a 
1.50 4.10d 3.41c 1.55c 1.08d 3.29c 3.38bc 
2.25 3.20f 3.12d 1.24d 0.80e 2.84e 2.86d 

 

1.50 

 

0.00 

  

 3.90de 
 

3.53c 
 

1.42c 
 

0.98d 
  

 2.72e 

 

2.76de 

0.75 3.70e 3.04d 1.05e 0.65f 2.83e 2.84d 
1.50 2.90fgh 2.11e 0.78f 0.43g 2.21fg 2.24fgh 
2.25 2.40i 1.55f 0.68f 0.34gh 2.08gh 2.10fgh 

 

2.25 

 

0.00 
 

2.80gh 
 

1.97e 

 

0.50gh 
 

0.25hi 
 

2.13gh 

 

2.12fgh 

0.75 2.60hi 1.37f 0.42ghi 0.20i 1.98hi 1.97fgh 
1.50 2.00j 0.93g 0.37hi 0.16i 1.88i 1.88gh 
2.25 1.80jk 0.65h 0.31i 0.12i 1.80i 1.82h 

 CV (%) 9.84 8.05 8.14 6.97 6.68 6.00 
 

Means followed by the same letter within a column are not significantly different at 5% probability level, according to Student-Newman-Keuls multiple-
range test (SNK).  
 
 
 
characters were significantly (P ≤ 0.01) affected by both 
NAA and BAP (Table 4).  

Similarly, there was significant (P ≤ 0.01) difference 
between the two clones for all the root growth parameters 
evaluated except root fresh weight and root to shoot 
weight ratio. Also, NAA × BAP interaction had significant 
(P ≤ 0.01) effect on all root growth parameters examined. 
The interaction effect of NAA and clone was observed to 
be significant (P ≤ 0.05) only on main root length, while 
the effect of BAP × clone interaction had non-significant 
effect on all parameters considered. Moreover, only main 
root length was significantly (P ≤ 0.01) influenced by NAA 
× BAP x clone interactions.  

The lower auxin-cytokinin combination (0.5 mg/l NAA  
and 2.5 mg/L BAP) led to a considerable increase in the 
mean main root number (3.86), root fresh (3.57 g), and 
dry (2.08 g) weights per explant (Table 5). Likewise, the 
maximum mean root to shoot weight ratio (3.04) per 
explant was recorded in 1.0 mg/L NAA and 2.5 mg/L BAP 
combination enriched medium. This could be associated 
with the synergistic effect of auxin and cytokinin, when 
both were applied together at lower concentrations. This 
is in line with the earlier submission by Staden et al. 
(2008) who reported synergistic effect of NAA and BAP in 
cassava when combined at lower concentrations. Also, 
treatment combinations of 1.5 mg/L NAA with 5.0 and 7.5 

mg/L BAP resulted in significant (P > 0.05) reduction in 
mean root fresh and dry weights (gm) per explant, res-
pectively. Previously, Konan et al. (2006) and Zimmermann 
et al. (2009) found an antagonistic effect of higher BAP 
on NAA activity on root induction of selected cassava 
clones, which corroborates the results of the present 
study. 

On the other hand, the shoots of both clones cultured 
on MS medium with 0.5 mg/L NAA alone had numerous 
long main roots and very few secondary roots (Figure 3). 
This is a well documented unique effect of auxin (NAA) 
that regulates numerous developmental processes such 
as tissue swelling, cell division, cell elongation, and for-
mation of adventitious roots when it is fortified at lower 
concentrations (Wilmoth et al., 2005). From the results of 
this study, it was observed that combining auxin and 
cytokinin in root induction medium has no additional 
benefit since NAA per se is enough to achieve the 
required results. Similar findings with this result were 
reported previously in cassava (Ogburia, 2003; Le et al., 
2007; Escobar et al., 2009; Wondwosen, 2009) and 
Egyptian sweet potato (El Far et al., 2009). 

Significant (P ≤ 0.01) variations among the two clones 
were observed for the number of main root and root dry 
weight characters. Clone 44/72-NR produced the maxi-
mum mean number of main root (2.86) and root dry
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A 

B C  
 
Figure 1. Morphological variations between the two cassava clones: in 
vitro proliferated shoots of clone 44/72-NR (right) and 44/72-NW (left) in 
0.75 mg/L BAP and Kin media after two weeks of culture. (A), In vitro 
derived shoots of clone 44/72-NR (B) and 44/72-NW (C) in 0.75 mg/L BAP 
and Kin media after six weeks of culture. 
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Figure 2. Interaction effect of BAP and clone on fresh and dry weights of cassava shoots 
after six weeks of in vitro culture. 
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Table 4. Mean square estimates of in vitro induced root parameters of cassava explants as affected by different concentrations and 
combinations of NAA, BAP and clone (ANOVA). 
 

Treatment DF 
Root parameters/explant Root : shoot weight 

ratio Number (No) Length (cm) Fresh weight (g) Dry weight (g) 

NAA  3 1.210** 4.561** 2.997** 1.713** 0.259** 
BAP  3 2.718** 3.794** 3.156** 2.507** 5.041** 
NAA x BAP  9 0.141** 0.473** 0.555** 0.508** 0.102** 
Clone  1 0.226** 0.299** 0.040 0.105** 0.042 
NAA x Clone  3 0.001 0.029* 0.024 0.003 0.004 
BAP x Clone  3 0.012 0.015 0.015 0.012 0.016 
NAA x BAP x Clone  9 0.012 0.020** 0.019 0.013 0.013 
R2 (%)  91.2 96.7 92.1 92.1 78.0 

 

 *, ** indicate that Mean square values of root parameters considered are significant at 0.05 or 0.01 probability level, respectively.  
 
 
 

Table 5. Interaction effect of NAA and Kin on in vitro root induction of cassava shoots after six weeks of culture. 
 

Auxin 
source 

Cytokinin 
source 

Root growth parameters/explant 

NAA (mg/L) Kin (mg/L)  Number    (No) Fresh weight 
(g) 

Dry weight (g) Root : shoot    weight 
Ratio 

0.0 

0.0 3.50d 3.21c 2.05b 2.50c 
2.5 2.48g 3.19c 1.91c 2.17d 
5.0 2.10h 1.83f 1.09f 0.86g 
7.5 1.58k 1.51g 0.86g 0.19i 

      

0.5 

0.0 6.14a 7.83a 5.95a 3.16a 
2.5 3.86c 3.57b 2.08b 2.56c 
5.0 2.74f 2.31e 1.31e 1.06fg 
7.5 1.97i 1.46gh 0.81g 0.54h 

      

1.0 

0.0 4.13b 2.55d 1.82c 2.83b 
2.5 3.15e 2.22e 1.46d 3.04ab 
5.0 2.18h 1.43gh 0.90g 1.19f 
7.5 1.67jk 1.17i 0.71gh 0.17i 

      

1.5 

0.0 2.50g 1.59g 1.07f 1.59e 
2.5 2.25h 1.29hi 0.81g 2.32cd 
5.0 1.78j 0.98j 0.58hi 1.20f 
7.5 1.58k 0.85j 0.47i 0.25i 

CV (%) 5.27 6.60 7.03 12.32 
 

Means followed by the same letter within a column are not significantly different at 5% probability level, according to Student-Newman-Keuls 
multiple-range test (SNK). 

 
 
 

weight (1.57 g) per explant as compared with clone 
44/72-NW (Table 6) even when the in vitro rooting 
environment was the same for both. This might be due to 
the genetic variation that exists between the two clones. 
It could also be associated with long and high number of 
main and secondary roots (Supplementary Data) of clone 
44/72-NR when compared with that of clone 44/72-NW, 
which directly increase number of main root and root dry 
weight. Furthermore, this clone was produced higher 
number of leaves in the shooting phase (Figure 1), which 

might have helped in supplying higher amount of 
photosynthates to the root which is a strong sink. 
Corroborate with this finding, Smith et al. (1986) and 
Acedo (2009) in cassava, Anura (2009) and Geleta 
(2009) in sweet potato previously reported the responses 
of root number and dry weight as it was different for 
different cassava clones in vitro. 
 
 

Acclimatization of in vitro derived plantlets 
 

The ultimate success of in vitro propagation lies in the
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Figure 3. In vitro root development of clone 44/72- NR (A) and 44/72- NW (B) in 0.5 
mg/L NAA media after four weeks of culture. Root length = 5.5 cm (C). 

 
 
 

Table 6. Variation in number and dry weight of roots between two cassava clones 
after six weeks of in vitro culture 
 

Clone 
Parameters per explant 

Number of roots (No) Dry weight of root (g) 

44/72-NR 2.86a 1.57a 
44/72-NW 2.59b 1.42b 

 

Means followed by the same letter within a column are not significantly different at 5% 
probability level, according to Student-Newman-Keuls multiple-range test (SNK) 

 
 
 

successful establishment of plantlets in the soil. In this 
study, the in vitro rooted plantlets of both clones were 
planted onto a commonly recommended pre-sterilized 
potting mix of forest soil: well decomposed coffee husk: 
red sand (1:1:2 ratio by volume) to evaluate their survival 
rate under open field condition. Out of a total of 50 
plantlets (25 plantlets from each clone) taken for final 
acclimatization, 93.3% of 44/72-NR and 86.7% of 44/72-
NW survived and all plants were successfully transferred 
to field (Figure 4). 

Conclusion 
 
From the study, it was observed that in vitro shoot growth 
and development using nodal bud explants of the two 
cassava clones were best attained when the in vitro 
initiated plantlets were inoculated onto full strength solid 
MS medium supplemented with 0.75 mg/L BAP in 
combination with the same level of Kin. Likewise, the best 
in vitro root induction in the two cassava clones was 
observed when the in vitro derived shoots of both clone
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Figure 4. Ex vitro acclimatization of in vitro raised cassava plantlets: initiated plantlets 
during first day of acclimatization (A), seedlings after two weeks (B), survived seedlings 
under open field condition after 60 days (C). 

 
 
 
were cultured in MS medium containing only 0.5 mg/L 

NAA. Thus, from our study, it can be concluded that for 
effective micro-propagation of the two cassava clones, 
MS medium need to be standardized in such a way that 
the shoot multiplication medium could be supplemented 
with a combination of BAP and Kin (each at 0.75 mg/L) 
and 0.5 mg/L NAA for root induction. 
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