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Culture medium preparation 
 
Culture medium was prepared by taking the proper amount of 
Murashige and Skoog (1962) stock solutions (mg/l). Full-strength of 
MS with 3% of sucrose as carbohydrate source (w/v) for shoot 
initiation and multiplication was added at a pH of 5.8 whereas, half-
strength of MS with the same pH were used for root induction. Agar 
(7 g l - 1) (Sigma, St Louis MO, USA) was added after the volume 
and pH of the medium was adjusted. The media was sterilized by 
autoclaving at a temperature of 121°C with a pressure of 15PSi for 
15 min and stored at room temperature.  
 
 
Culture initiation 
 
Shoot tip and nodal segment explants were inoculated in test tubes 
containing full MS (Murashige and Skoog, 1962) media 
supplemented with BAP (2.22, 4.44, 8.88 and 22.20 μM) sucrose 
(30 g l - 1), and agar (7 gl-1) (Sigma, St Louis MO, USA). Free growth 
hormone MS medium was used as a control. One explant per test 
tube was cultured with 10 test tubes per treatment. The cultured 
test tubes were incubated in the light condition (1500 - 2000 lux) in 
growth room for three weeks. Then, clean and shoot inducing 
explants were transferred to fresh media and incubated for another 
three weeks under light conditions.  

The same experiment was repeated three times. Data on the 
percentage of initiated shoots per explants were scored after three 
weeks of the second passages of the culture. The averages of 
initiated percentages were received from each replicates for four 
different BAP concentrations. So there were 4X2 factorial 
combinations in Completely Randomized Design (CRD), to test the 
four BAP concentrations against the two explants, where 0 is used 
as a control.  
 
 
Shoot regeneration  
 
All healthy initiated shoots were transferred to free growth hormone 
medium of half - MS length for four days to reduce latent effects of 
the previous medium composition. Highly initiated shoots were 
transferred to shoot multiplication MS fresh medium supplemented 
with BAP (2.22, 4.44, 6.66 and 8.8 μM) and kinetin (2.33, 4.65, 6.98 
and 9.3 μM) alone or in combination with each other during fourth 
week having free PGRs as a control. There were five replicates with 
five explants per jars for each was cultured in each medium. The 
same treatments were repeated two times to reduce the number of 
errors. The cultures were maintained at 25 ± 2°C with a 16 h 
photoperiod at a light intensity of 1500 - 2000 lux from cool white 
florescent 60 watt bulbs. After four weeks of culture on shoot 
elongation and multiplication media, the average height of 
elongated shoots and average number of shoots per explants were 
recorded. The same procedure was repeated for the same 
treatment for accuracy of the data. Therefore, the experiment was 
4x4x2 factorial combinations in CRD and treatment with free PGRs 
as control.  
 
 
Root formation  
 
The regenerated shoots with minimum average length of 2 cm were 
cultured on half - strength MS media supplemented with 15 g/l of 
sucrose and IBA (1.23, 2.45, 4.9 and 7.35 μM) for root induction. 
Similarly the effect of IAA and NAA were evaluated with the same 
concentration given for IBA. Half strength of MS was used as 
control. Therefore, the experiment was 4x3x2 factorial combinations 
in CRD having 0 as a control. There were five replicates with five 
shoots cultured for each jars. The same procedures for the same 
experiments were repeated twice for the accuracy of the data. The 
average  percentage of root forming  shoots  per explant  from each  

 
 
 
 
jars of the treatments and the average number and length of roots 
per shoot was scored after three weeks of the culture. To reduce 
the residual latent effect of the previous experiments of medium 
composition the plantlets were stayed on free PGRs half-strength of 
MS medium for four days before culturing on rooting medium.  
 
 
Acclimatization 
 
After the plantlets were elongated and roots are initiated, they were 
considered to be ready for acclimatization ex vitro. Therefore, 
individual plantlets were removed from the jars and washed 
carefully under warm but not hot water to facilitate the removal of 
agar from their roots. Then, they were transferred to sterilized 
potting mix of forest soil: well decomposed coffee husk: sand, at a 
respective v/v ratio of 2:1:1 in transparent polystyrene plastic boxes 
of 25 x 16 x 7 cm dimension. They were then kept in a transparent 
polyethylene tunnel covered by 70% shade net above it on Iron 
farmed table. The system was designed to give high relative 
humidity (80 - 90%) to prevent desiccation for ten days. Afterwards 
the plantlets were transferred to a 70% RH. In the tunnel, the water 
was sprayed everyday twice without creating water logging and 
meant to maintain relative humidity (RH) as high as possible. 
Starting from the 15th day, the RH within the system was reduced to 
gradually to 60% at the end of the month. After the month, the 
plantlets were transferred to a 70% shade net, where they were 
retained for a month. Later they were transferred to a 30% shade 
net and maintained there for another month. The survival 
percentages of plantlets were registered in each step.  
 
 
Statistical analysis  
 
The experiment was laid in Completely Randomized Deign (CRD) 
with factorial treatment combinations. The experimental design was 
set to 4 × 2, 4 × 4 × 2 and 4 × 3 × 2 factorials for culture initiation, 
shoot regeneration and rooting, respectively. Treatment was one 
factor and explants were another factor. Each shoot tip and nodal 
culture in a jar was the observational unit. There were five 
replications per treatment and five explants per for each replicate. 
All explants were cultured on a free PGRs medium prior to their use 
for an experiment; so as to avoid any sort of carryover effects from 
previous culture medium they were retained. Data collected from 
each experiment was subjected to statistical analyses using the 
SAS statistical software (version 9.2) and ANOVA was constructed, 
followed by mean separation using Ryan - Einot - Gabriel - Welsch 
Multiple Range Test (REGWQ) at α=5% which was estimated for 
grouping significant factors on variables from non-significant one. 
Means with the same letters in a column that are not significantly 
different from each other were considered by Ryan - Einot - Gabriel 
- Welsch Multiple Range Test (REGWQ) at α=5%.  
 
 
RESULTS 
 
Explants and surface disinfection 
 
The concentration of sodium hypochlorite, duration of 
explants’ exposure to sterilant and interaction of sodium 
hypochlorite with time had highly significant effect 
(p<0.0001 at α=5%) on the level of contamination and 
plant tissue death. There was also highly significant effect 
(p<0.0001 at α=5%) between the two explants. Table 1 
shows that the survival of explants either from surface 
sterilization or microbial contamination, the highest
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Table 1. Interaction effect of Sodium hypochlorite concentrations and its time of exposure on sterilization of explants. 
 

NaOCl (%) Time (min) 
Survived explants (%) 

Nodal (Mean ± SD) Shoot tip (Mean ± SD) 

1.3 5 24.00 ± 3.46j 26.00 ± 1.00e 

1.65 5 30.00 ± 0.00ij 26.67 ± 1.15e 

2.08 5 32.00 ± 0.00hij 34.00 ± 2.64e 

2.6 5 45.00 ± 2.64cdefg 39.67 ± 0.58e 

1.3 7 37.67 ± 3.79efgh 54.33 ± 2.31e 

1.65 7 38.67 ± 2.52fghi 54.00 ± 1.00bc 

2.08 7 40.67 ± 2.52ghi 47.67 ± 4.72cd 

2.6 7 46.00 ± 2.64cdef 34.67 ± 1.15e 

1.3 10 57.33 ± 2.08b 73.00 ± 1.73a 

1.65 10 53.00 ± 1.00bc 63.33 ± 7.23b 

2.08 10 45.33 ± 1.15cdefg 49.00 ± 6.24cd 

2.6 10 43.00 ± 2.64cde 33.00 ± 1.73e 

1.3 12 76.00 ± 6.08a 72.00 ± 6.08a 

1.65 12 81.67 ± 2.52a 59.67 ± 5.51b 

2.08 12 60.33 ± 7.77b 44.00 ± 1.00d 

2.6 12 43.33 ± 0.58edfg 34.33 ± 2.08e 

1.3 15 59.33 ± 4.16b 45.67 ± 3.78cd 

1.65 15 49.00 ± 1.00cd 47.33 ± 3.05cd 

2.08 15 47.67 ± 2.08cde 33.33 ± 0.58e 

2.6 15 38.00 ± 1.73fghi 25.33 ± 3.21e 

 

Means with the same letters in a column are not significantly different from each other by Ryan - Einot - Gabriel - Welsch 
multiple range test (REGWQ) at α=5%.  

 
 
 
percentage was achieved from NaOCl (1. 65% v/v) for 12 
min after keeping in 70% of alcohol for 30 s. For nodal 
culture 81.67± 2.52% of explants survived from the nodal 
explants and ready to be transferred to the next 
subculture. This was followed by 76.00± 6.08% of clean 
explants at 12 min and 1.3% of sodium hypochlorite for 
nodal explant source. The highest percentages (73.00 ± 
1.73) was achieved from shoot tip explant at 10 min 
exposure and 1.3% of sodium hypochlorite; and then 
followed with 72.00 ± 6.08% at a time of 12 min and 1.3% 
of sodium hypochlorite. The lowest concentration of 
sodium hypochlorite at 5 and 7 min resulted to low 
percentages of survived explants for both nodal and 
shoot tip explants. Among the given concentrations of 
sodium hypochlorite the highest concentrations (2.08 and 
2.6% of sodium hypochlorite) at longer time (12 and 15 
min) of exposure gave low percentages of survived 
plantlets (Figure 2). 
 
 
Effect of BAP on shoot induction  
 
Clean plantlets from surface sterilization were transferred 
to shoot induction medium that contains BAP (2.22, 4.44, 
8.88 and 22.2 μM) and start to respond after seven to 
fourteen days. The mean separation of the interaction of 
explants by BAP on percent shoot induction is shown in 

Appendix II. The responses include high callus formation, 
swelling on the upper and lower part of the cultured 
explants, color change and direct shoot induction (Figure 
4). For both explants, after being cultured on growth 
initiation medium for three weeks the frequency of shoot 
induction percentages were differ at different BAP 
concentration.  

Analysis of variance showed that, there was highly 
significant effect (p<0.0001 at α = 5%) among the 
interaction of different BAP concentration on percent 
shoot initiation for both explants (Appendix II and III). 
ANOVA also revealed that there was no significant effect 
(P< 0.0803 at α = 5%) in interaction of BAP with explants 
(BAP*explant). But among the explants, there is highly a 
significant effect (p< 0.0001 at α = 5%). Figure 3 shows 
that high percentage (80.00 ± 3.56%) shoots were 
induced from nodal explants at BAP concentration of 2.22 
μM followed by 73.25 ± 3.30% on a medium with 4.44 μM 
of BAP. In the case of shoot tip explants, high 
percentages of shoots were induced at 70.00 ± 4.97% 
followed by 66.75 ± 2.36% at 2.22 μM and 4.44 μM of 
BAP, respectively (Figure 3 and Appendix II). From the 
given concentrations, high concentrations of BAP and a 
medium without BAP resulted in low percentage of 
shoots induction. The lowest percentage induction was 
observed from 22.2 μM of BAP for both nodal and shoots 
tip, 42 and 35%, respectively.  
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Effects of BAP and Kinetin on shoot multiplication  
 
Contamination free, vigorous and highly induced plantlets 
were transferred to a medium containing BAP (2.22, 4.44, 
6.66 and 8.88 μM) in combination with kinetin (2.33, 4.65, 
6.98 and 23.26 μM) or alone for four weeks (Table 2).  

ANOVA showed that there was highly significant effect 
(p<0.0001 at α= 5%) between each growth hormones at 
different concentration (Appendix IV). It also showed that 
there was highly significant effect on shoot number 
multiplication rate between the two explants (p<0.0001 at 
α= 5%). In the case of shoot length, the interaction effect 
of BAP and kinetin as well as this this plant growth 
regulators with explants had highly significant effect 
(p<0.0001 at α= 5%) whereas, there had no significant 
effect (p<0.8053 at α= 5%) between each explants 
(Tables 2 and 3).  

High multiplication rate was obtained at the com-
bination of BAP (2.22 μM) and kinetin (2.33 μM) for both 
nodal (13.40 ± 0.60) and shoot tip explants (11.03 ± 
0.55). This was followed by 6.66 μM of BAP which 
resulted to shoot number of 10.13 ± 0.81 for nodal and 
8.73 ± 0.2 for shoot tip explants. A medium without 
growth regulators (BAP and kinetin) and a medium with 
high concentration of BAP and kinetin alone or in 
combination of the two resulted to low multiplication rate 
(Table 2). This was for both explants at different concen-
tration and with different shoot number per explants.  

Longest average shoot length was obtained from 6.66 
μM of BAP alone and 4.65 μM of kinetin alone that is the 
same with that of BAP alone (3.27 ± 0.30 cm) in the case 
of nodal explants. The shoot length that was obtained 
from shoot tip was slightly longer than the shoot height 
observed from nodal explants. The longest shoot height 
was gained from 4.65 μM of kinetin alone, 3.80 ± 0.20 
cm. Medium with high multiplication rate per explants 
gave slightly smaller average length of shoot when com-
pared to a medium giving more number of shoot per 
explants. 
 
 
Effects of IAA, IBA and NAA on root proliferation 
 
The plantlets with minimum average length of 2 cm from 
multiplication medium were cultured on rooting medium 
on different concentration of IAA, IBA and NAA. Root 
induction was observed after a week and the optimum 
root number and root length were obtained after three 
week (Figure 3). ANOVA shows that auxins (IAA, IBA 
and NAA) concentration had highly significant effect (p < 
0.0001 at α= 5%) on rooting percentages, root number 
and root height (Appendix V), but there was no significant 
effect on IBA concentrations on shoot elongation.  

Percentage increases/decrease in shoot height, root 
number and root height per explants is given by plus or 
minus (±). Means within a column followed by the same 
letters  are not statically  significant at α = 5% by  Ryan -   
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Einot - Gabriel - Welsch Multiple Range Test (REGWQ). 

Table 4 shows higher rooting percentage (99.33 ± 
1.15%) on half - strength MS medium at 2.85 μM of IAA 
followed by 92.33 ± 3.05% of rooting at 2.45 μM of IBA 
the same medium with minimum callusing. Among the 
given concentrations, the root inducing auxin hormones 
high concentration resulted to less rooting percentages 
with greater diameter of callus induction. Naphthalene 
acetic acid (NAA) at a concentration of 8.06 μM resulted 
to less percentage of rooting (40.33 ± 1.53%) that was 
less than the root induced (64.00 ± 3.61%) on half 
strength medium without any plant growth regulators.  
Regenerated shoots with average height of two to four 
centimeters were sub-cultured on a medium prepared for 
rooting purpose on half - strength MS medium of the 
different auxins at different concentrations. The longest 
shoots were observed from a medium of 2.45 μM of IBA 
(8.00 ± 0.50 cm) followed by 1.23 μM of IBA (7.90 ± 0.36 
cm). Smallest shoot height where observed from 1.34 μM 
of NAA (4.50 ± 0.30 cm) followed by 5.37 μM of NAA 
(5.33 ± 0.76 cm).  

Largest mean number of roots were counted (14.23 ± 
0.45) from 2.45 μM of IBA followed by (11.67 ± 0.35) on 
2.86 μM IAA. Highest concentrations of auxins resulted in 
less number of root. Relatively, less number of roots were  
observed (Table 4) from NAA at 8.06 μM (3.27 ± 0.31).  

Longest root height was observed from a medium res-
ponding less number of shoots. There was smaller num-
ber of roots on IAA and IBA at different concentrations 
that accounted larger number of roots than NAA (Figure 3). 
 
 
Acclimatization 
 

The best plantlets from rooting after three weeks were 
planted for acclimatization both on transparent 
polystyrene plastic boxes and black polyethylene pot with 
dark shade nets. Different soil mixes were sterilized and 
tested as a best soil type for endod from the soil 
combination of top forest soil, compost (coffee husk) and 
sand (Appendix VI). For the first week plantlets on a pot 
were wilted and only average of 45% were survived. The 
best soil mix, in which high percentages (82.2) of 
plantlets survived and developed was on top soil, coffee 
husk and sand (2:1:1) respectively (Figure 3). 
 
 

DISCUSSION 
 

Microbial contamination is one of the most serious 
problems in plant cell and tissue culture. These 
contaminants may be introduced with explants into the 
culture medium and affect the potential of the plants for 
regeneration. Disinfectants such as alcohol, sodium 
hypochlorite (NaOCl) and Silver nitrate (AgNO3) with few 
drops of Tween 20 hamper the growth rate of fungus and 
bacteria on the growth medium (Odutayo et al., 2007; 
Ryan, 2008). 



114         Afr. J. Biotechnol. 
 
 
 

Table 2. Effects of BAP and Kinetin on the multiplication rate and shoot length per explants for in vitro propagation of 
endod. 
  

Level of PGRs Nodal Shoot tip 

BAP (μM) 
Kinetin 

(μM) 
Shoot number 
(mean ± SD) 

Shoot length (mean ± 
SD) (cm) 

Shoot number 
(mean ± SD) 

Shoot length 
(mean±SD)(cm) 

- - 2.67 ± 0.58kl 3.00 ± 0.00abcd 2.53 ± 0.42l 3.00 ± 0.20bcd 

2.22 - 4.00 ± 0.20hij 2.40 ± 0.40cde 3.13 ± 0.23k 2.50 ± 0.10def 

4.44 - 4.80 ± 0.20f 3.07 ± 0.50abcd 4.80 ± 0.20f 3.07 ± 0.50bcd 

6.66 - 10.13 ± 0.81a 3.27 ± 0.30a 8.73 ± 0.21b 2.77 ± 0.25bcde 

8.88 - 4.53 ± 0.42fg 2.53 ± 0.11abcde 4.37 ± 0.15fg 2.20 ± 0.20ef 

22.20 - 3.27 ± 0.31k 2.80 ± 0.20abcde 2.16 ± 0.29l 2.77 ± 0.20bcde 

- 2.33 5.27 ± 0.31ef 2.13 ± 0.23e 3.87 ± 0.31kij 2.57 ± 0.21cdef 

- 4.65 4.20 ± 0.20ghij 3.27 ± 0.12a 4.20 ± 0.20ghij 3.80 ± 0.20a 

- 6.98 3.77 ± 0.25hij 2.80 ± 0.20abcde 4.80 ± 0.35f 3.37 ± 0.15ab 

- 9.3 3.20 ± 0.20k 2.33 ± 0.12de 3.60 ± 0.20hij 2.87 ± 0.12bcd 
2.22 2.33 13.40 ± 0.60a 2.43 ± 0.21bcde 11.03 ± 0.55a 2.70 ± 0.26cdef 

2.22 4.65 7.67 ± 0.58c 2.90 ± 0.36abcd 7.33 ± 0.42c 2.57 ± 0.21cdef 

2.22 6.98 7.33 ± 0.58c 2.63 ± 0.32abcde 4.73 ± 0.31f 2.93 ± 0.12bcd 
2.22 9.3 3.87 ± 0.23hij 3.00 ± 0.00abcd 4.47 ± 0.42fgh 2.93 ± 0.12bcd 
4.44 2.33 6.33 ± 0.58d 3.00 ± 0.00abcd 3.00 ± 0.00k 3.00 ± 0.00bcd 

4.44 4.65 8.93 ± 0.31b 2.83 ± 0.29abcde 6.33 ± 0.58d 3.20 ± 0.20bc 

4.44 6.98 7.00 ± 0.00c 2.53 ± 0.23abcde 8.50 ± 0.50b 2.20 ± 0.20ef 

4.44 9.3 3.80 ± 0.72hij 2.83 ± 0.15abcde 4.67 ± 0.58fg 2.70 ± 0.26cdef 

6.66 2.33 8.00 ± 0.40bc 2.67 ± 0.12abcde 4.73 ± 0.31f 2.10 ± 0.17f 

6.66 4.65 5.33 ± 0.58ef 2.43 ± 0.21bcde 6.47 ± 0.42d 2.67 ± 0.29bcde 

6.66 6.98 6.07 ± 0.11d 2.53 ± 0.23abcde 7.00 ± 0.40c 2.17 ± 0.29ef 

6.66 9.3 3.93 ± 0.12hij 2.47 ± 0.31bcde 3.33 ± 0.58k 2.47 ± 0.30def 

8.88 2.33 7.83 ± 0.76bc 3.13 ± 0.12abcd 7.50 ± 0.50c 2.87 ± 0.23bcd 
8.88 4.65 6.73 ± 0.25d 2.60 ± 0.20abcde 6.67 ± 0.58d 3.00 ± 0.20bcd 

8.88 6.98 5.50 ± 0.50e 2.90 ± 0.17abcd 4.97 ± 0.55f 2.50 ± 0.10def 

8.88 9.3 4.13 ± 0.31ghij 3.17 ± 0.35abcd 4.13 ± 0.42ghij 2.87 ± 0.23bcd 
CV % = 7.62 

 

Means within a column followed by the same letters are not statically significant at α= 5% by Ryan - Einot - Gabriel - Welsch 
Multiple Range Test (REGWQ).  

 
 
 

Table 3. R yan - Einot - Gabriel - Welsch Multiple Range Test (REGWQ) for shoot number and shoot height multiplying 
potential of nodal and shoot tip explants. 
  

Explants  Shoot Number means Pr > |T| Shoot Length means (cm) Pr > |T| 

Nodal 5.84a  
<.0001 

2.76c 0.8053 
Shoot Tip 5.29b 2.75c 

  

Means within a column followed by the same letters are not statically significant at α= 5% by Ryan - Einot - Gabriel - Welsch 
Multiple Range Test (REGWQ).  

 
 
 
Plant material collection and handling were done 
according to Zerihun et al. (2009). The collected explants 
were gently washed with tap water and detergents, 
followed by keeping in antifungal (0.3% Mancozeb) 
before treating with four different concentrations of 
NaOCl (1.3, 1.65, 2.08 and 2.56%) were used in this 
study. According to Demeke et al. (1990), using NaOCl is 

best sterilant for endod. ANOVA revealed statistically 
high significant effect (p <0.0001 at α = 5%) among 
sodium hypochlorite concentrations, time of exposures, 
explants, the interaction of sodium hypochlorite con-
centration and time of exposure (time*NaOCl) and 
interaction of the three factors (time*NaOCl*explant). This 
showed that long and short time exposure matters for the 
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Table 4. Effect of various concentrations of IAA, IBA and NAA on rooting of proliferated shoots of P. dodecandra cultured on 
half - strength MS medium 
  

Level of PGRs (μM)  Rooting percentages 
(Mean ± SD) 

Shoot height (cm) 
(Mean ± SD) 

Root number 
(Mean ± SD) 

Root height (cm) 
(Mean ± SD) IAA IBA NAA 

0 0 0 64.00 ± 3.61e 6.00 ± 1. 00b 3.83 ± 0.29fg 4.17 ± 0.29a 

0 0 1.34 73.67 ± 1.53d 4.50 ± 0.30c 5.43 ± 0.60e 2.83 ± 0.29cbd 

0 0 2.68 84.00 ± 2.00c 6.50 ± 0.50b 7.93 ± 0.83d 2.37 ± 0.15de 

0 0 5.37 49.67 ± 3.51f 5.33 ± 0.76bc 4.97 ± 0.21ef 3.07 ± 0.40bc 

0 0 8.06 40.33 ± 1.53g 6.73 ± 0.50ab 3.27 ± 0.31g 3.87 ± 0.11b 

0 1.23 0 81.33 ± 3.21c 5.40 ± 0.53bc 9.33 ± 0.61c 2.47 ± 0.30cde 

0 2.45 0 92.33 ± 3.05b 6.47 ± 0.42b 14.23 ± 0.45a 2.77 ± 0.25cbd 
0 4.9 0 71.00 ± 1.00d 6.23 ± 0.40b 9.80 ± 0.53c 2.50 ± 0.10cde 

0 7.35 0 42.33 ± 2.52g 5.77 ± 0.25bc 5.83 ± 0.29e 1.90 ± 0.10e 

1.45 0 0 85.00 ± 3.00c 7.90 ± 0.36a 9.97 ± 0.55c 2.90 ± 0.10cbd 

2.85 0 0 99.33 ± 1.15a 8.00 ± 0.50a 11.67 ± 0.35b 3.23 ± 0.38b 
5.71 0 0 85.33 ± 1.53c 6.37 ± 0.32b 10.00 ± 0.50c 1.87 ± 0.12e 
8.57 0 0 69.33 ± 2.52de 6.03 ± 0.45b 9.00 ± 0.40c 1.97 ± 0.25e 

Mean 72.13 6.24 8.10 2.76 
CV % 3.44 8.36 5.99 8.83 
R - square 0.98 0.82 0.99 0.92 

 
 
 
survival percentage of the explants to the given 
concentrations (1.3, 1.65, 2.08 and 2.56%) of sodium 
hypochlorite. Observation of higher contamination rate of 
explants in treatment combinations having lower 
concentration of sodium hypochlorite and short time of 
exposure might be due to insufficient concentration and 
time of treatment to kill the contaminating microbes. The 
higher the concentration of sodium hypochlorite with 
longer time of exposure, the better the removal of 
microbial contaminants, which was obtained as a 
synergistic effect of chlorine concentration and duration 
of time of treatment. The active ingredient of the chlorine, 
which is a powerful oxidant in high concentrations, can 
kill bacteria, fungi etc., inhibiting of bacterial cell wall 
synthesis, blocking bacterial DNA replication, bacterial 
protein synthesis and altering their shape and the 
physiological activities of their enzymes (Reed and 
Tanprasert, 1995; Hartmann et al., 2002); but, this high 
concentration yield fewer percentages of plantlets. This 
might be due to inability of the plant tissue to survive with 
high concentration of sterilant, causing plant tissue death 
(Ervin et al., 2002). This plant tissue death was highly 
observed in shoot tip explant. The immaturity of the soft 
tissues of the shoot tip might cause inability to resist high 
concentration of sterilants than nodal explants (Hartmann 
et al., 2002). 

Growth and morphogenesis in vitro are regulated by 
the interaction and balance between the growth 
regulators supplied within a medium and the growth 
substances induced endogenously (Hartmann et al., 
2002). 6-Benzylamino purine is the best cytokinin growth 
hormone used for shoot induction in plant tissue culture 

(Singh et al., 2007; Sugla et al., 2007) and the same is 
true for P. dodecandra tissue culture (Omer et al., 1995; 
Demeke et al., 2007).  

The present study also used several concentrations of 
BAP and obtained 80% from nodal and 70% from shoot 
tip explants induced at 2.22 and 4.44 μM of BAP, 
respectively. High concentration of BAP induced lesser 
percent (42%) of shoot and resulted stunt shoot growth. 
Demeke et al. (2007) reported in their preliminary 
experiment as 0.44 μM of BAP induced 1.9 shoots per 
explant on E-17 variety. The present study showed that 
2.22 μM BAP induced an average of 3.13 shoots from 
shoot tip explants and 4 shoots from nodal explants. The 
possible differences of this study (Demeke et al., 2007) 
might be due to the genotype and the BAP concen-
trations used. The significance effect of BAP concen-
tration with interaction of explants might be due to the 
concentration effect of BAP concentration. Once both 
explants pass the sterilization stages there was no 
significant effect among these explants in shoot 
induction.  

Callus induction at the base of the explants was the 
major problem in this study. The medium prepared with 
silver nitrate (1% AgNO3) reduced unnecessary induction 
of callus and results to more number, green and vigorous 
shoots. Such problems were found in tissue culture of 
plants with high endogenous auxin concentrations. This 
might be due to the stress/wounding of the explants 
during subculture which possibly induced ethylene bio-
synthesis. This ethylene activity results to callus forma-
tion (Mayor et al., 2003; Wu et al., 2006; Anantasaram and 
Konchanapoom, 2008). Thus, Silver nitrate has proved to 
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be a very potent inhibitor of ethylene action, its 
application gives a good shoot induction and 
multiplication with minimum callus formation (Kumar et 
al., 2007). The effect of silver nitrate is not only the 
reduction of callus formation but also reducing the 
plantlets from microbial loads, because silver nitrate is 
also used as antibiotics for this purpose (Orlikowska., 
1997; Ozudogru et al., 2004).  

Shoot multiplication and development increased with 
increasing the concentration of cytokinins (BAP and 
kinetin) up to 6.66 μM or when in combination less than 
this. High concentration induced rapid but stunt growth 
and little number of shoots. In the present study 2.22 μM 
of BAP with 2.33 μM Kinetin gave maximum number of 
shoots than highly concentrated cytokinins. From the 
study of Demeke and Hagus (1992) 4.7 shoots per 
explants for nodal explants on MS medium with 0.44 μM 
BAP and 0.27 μM of GA3 were reported. For shoot tip 
explants also 3.1 on MS medium with 0.44 μM of BAP for 
other varieties (E-3 and E-17) were reported.  

In the present study, a mean of 13.4 numbers of shoots 
for nodal explants and 11.03 shoots for shoot tip explants 
were recorded at 2.22 μM of BAP and 2.33 μM of kinetin 
combination. At very high concentration of either BAP or 
Kinetin or in combination of the two, shoots number per 
explant was fewer than even MS medium free of plant 
growth hormones.  

The study of Demeke and Hagus (1992), Omer et al. 
(1995) also revealed that concentration of plant growth 
regulators had significant effect for shoot multiplication 
and elongation on micropropagation of other varieties of 
P. dodecandra. They also reported that there was no 
significant effect in shoot multiplication and shoot number 
among the explants. The present study also revealed 
highly significant effect between treatments 
(BAP*kinetin), between treatments and explants 
(treatment*explants) for shoot multiplication and elonga-
tion, whereas there was no significant effect among 
explants for shoot length.  

The same to shoot induction, callus induction at the 
base of the explant was the major problem for shoot 
multiplication and growth. In this study, the medium 
prepared with AgNO3 (100 mg/l) gave optimum shoot 
number and shoot length per explants, which is similar to 
the obser9ation of (Ozudogru et al., 2004).  

Plantlets observed from this medium were more 
vigorous, green, more number of plantlets compared to 
the multiplications on medium free of AgNO3. The same 
observation was reported using silver nitrate on some 
tissue cultures of plants having the same callus induction 
problems (Wu et al., 2006; Anantasaram and 
Konchanapoom, 2008). 

Small concentrations and even optimized concen-
trations of cytokines for multiplication had induced the 
roots that also inhibit shoot multiplication. Either using 
small concentration or addition of any auxin hormones at 
a level of any concentration showed the same effect. This  

 
 
 
 
showed that there is endogenous auxin concentration 
(Daffalla et al., 2011). 

For any micropropagation protocol, successful rooting 
of microshoots is a prerequisite to facilitate their 
establishment in soil. An addition of an auxin, mainly IAA, 
IBA and NAA to the medium or free growth hormone was 
essential to induce rooting in the regenerated shoots 
(Hartmann et al., 2002; Daffalla et al., 2011). In this 
study, half - strength MS medium supplemented with IAA 
(1.45, 2.85, 5.71 and 8.57 μM), IBA (1.23, 2.45, 4.9 and 
7.35 μM) and NAA (1.34, 2.68, 5.37 and 8.06) were 
evaluated and relatively 2.85, 2.45 and 2.68 for IAA, IBA 
and NAA respectively gave good rooting percentage. The 
concentrations beyond these led to a decrease in the 
number of roots and root length per rooted explant and 
rooting rate. The root elongation phase is very sensitive 
to auxin concentration, and it is inhibited by high 
concentration of auxin in the rooting medium. Daffalla et 
al. (2011) reported that roots may require a less concen-
tration of auxin to grow, but root growth is strongly 
inhibited by its higher level because at this level, auxin 
induces the production of ethylene, a root growth 
inhibitor.  

In present study, compact callus formation inhibiting the 
growing shoots and very small number and inadequate 
root length were observed at the higher concentration of 
almost all the given auxins. This result is in agreement 
with the study of Demeke and Hagus (1992) who 
reported that increasing concentration of auxins resulted 
greater production of callus with short, thick and small 
number of roots. They also reported the production of thin 
and long roots with minimum callus induction from low 
concentration of auxins. Their result also confirmed IBA 
at low concentration gave 90% of root induction with 
minimum calli induction for the other varieties, whereas, 
92.33% of root induction for variety E-44 type. However, 
the present study resulted in high percentage (99%) of 
root induction by IAA at 2.86 μM.  

Analysis of variance for the present study revealed that 
there was highly significance effect among the concen-
trations of the given auxins for all experimental variables, 
namely, rooting percentages, root number, and root 
height except insignificancy of IBA on shoot elongation. 
The increase or decrease in concentration of these 
hormones led variability of root induction percentage. 
Induction percentage, less at high concentration; shoot 
elongation that was longer at low concentration; number 
of roots, high at optimum low concentration; and root 
length that was also based on the auxins concentrations. 
The longest root was measured from free PGRs half-MS 
length medium. What worth mentioning and should not 
be passed without mentioning is the rooting medium was 
also used as shoot elongation. So there is no need of 
developing another protocol for shoot elongation.  

In vitro induced shoots are very delicate and prone to 
sudden environmental changes that may damage the 
plant unless it is gradually adapted to the new environment. 



 
 
 
 
Hence, rooting and acclimatization is required to enable 
shoots adapt to the natural environment. The essentiality 
of appropriate root development in vitro is for successful 
establishment of endod shoots during acclimatization. For 
this case, green and vigorous plantlets with large number 
of roots and root length of greater than 2cm were planted 
in transparent polyethylene plastic box. The best soil mix 
for endod acclimatization was 2:1:1 (top soil, coffee husk 
and sand).  

The plantlets were planted on either polyethylene 
coffee box that was made to provide good aeration, 
whereby more percentages of plantlets were survived 
and a plastic pot covered with black shed net. Due to 
unsuitability of the environment, for the first week 
plantlets were wilted and only 45% of plantlets were 
survived from plastic box. In a Polyethylene coffee box 
and on sterilized 2:1:1 (top forest soil, coffee husk and 
sand) soil mixes, 82.2% of the plantlets were survived.  
 
 
Conclusion 
 
Surface sterilization process is very important to minimize 
and avoid the risk of culture loss due to microbial 
contamination. Highly concentrated sterilants give free of 
microbial contamination but less number of survived 
plantlets due to synergetic effect to the plant tissue. So 
that optimum sterilants’ concentration and exposure of 
time is crucial for micropropagation of P. dodecandra 
variety (cv. E-44).  

Increasing concentration of BAP in shoot induction 
gives less percent of shoots induced. So, the best level of 
BAP concentration is 2.22 μM for both nodal and shoots 
tip explants. For mass propagation of E-44, multiplication 
protocol development is indispen-sible. To do this BAP 
and kinetin combination of the two at low concentration 
(2.22 μM) for both nodal and shoot tip were optimized in 
this study. Root induction and unnecessary callus 
formation occurs almost at all stages, shoot induction, 
multiplication and rooting stages without using any auxin 
hormone. This indicates that naturally the plant has high 
concentration of endogenous auxin. Thus, it was difficult 
to manage the ethylene biosynthesis that occurs due to 
high concentration auxins and that results growth 
retardation, inhibition of shoot induction and multiplication 
and even rooting.  

Silver nitrate was used in this study to inhibit ethylene 
biosynthesis, and then callus induction was highly 
reduced. This results high percentages of shoot induction 
and large number of shoots when prepared with shoot 
induction medium and multiplication medium, respec-
tively, but promising result was not occurred in rooting 
medium. The culture was stayed as it was cultured 
without induction of roots. From this we can conclude, 
Silver nitrate also inhibits auxins, thus the amount of 
auxins required in the medium cannot influence for root 
induction.  
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