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Abstract - Through this study a reliable and efficient protocol was developed for micropropagation of begonia plant 
Begonia rex by tissue culture technique. Two types of explants were tested at initiation stage including leaf discs and 
petioles after being disinfested with NaOCl (1%) for 15 minutes and the survival rates reached 70% and 60% respectively. 
The initiated shoots were successfully multiplied by the addition of BA and kinetin to the culture media especially at 4.0 
mgl-1 and 7.0 mgl-1 of both cytokinins respectively. Kinetin was more effective than BA at the same or higher levels added to 
the multiplication media. The micro-shoots were rooted on MS medium enriched with 0.75 mgl-1 NAAby giving 75% 
rooting percentage, 75.00 roots per explant as the highest number of roots equaled to those produced by 1.5 mgl-1 NAA and 

the longest roots (6.65 cm) which were significantly higher than the control treatment. Generally, NAA performed better 
than IAA and IBA at rooting stage of begonia micro-shoots. On the other hand, while testing the effect of different MS salt 
strengths on rooting stage with the addition of the best treatment from the previous experiment (0.75 mgl -1 NAA), the 
highest rooting percentage (90%) was achieved from the culture of micro-shoots on half strength MS salts which was higher 
than 75% rooting percentage obtained from both full and quarter MS salt strengths. The produced plantlets, were 
successfully acclimatized and transplanted to the open air conditions with a high survival rate estimated at 75%. 
Conclusion: It is clear that through applying this micropropagation protocol for begonia is very effective and reliable and it 
is highly recommended for local nurseries toward mass production of this economically important plant with low cost 

projects. 
 

Keywords - Begonia, Begonia Rex, Micropropagation, Plant Growth Regulators, MS. 

 

I. INTRODUCTION 

 

Begonia (Begonia rex) is an ornamental plant belongs 

to Begoniaceae family. Begonia genus holds 

approximately 2000 varieties, originating in Brazil 

but in Europe it appeared in 1828, as ornamental 

plants (Săvulescu, 1955).Plant tissue culture method 

is a part of biotechnology that is used for massive 

propagation especially for horticulture crops and 

ornamental plants. Many factors such as growth 
regulators, plant species, explants type, 

environmental conditions (temperature and light) 

influence organogenesis and in vitro multiplication. It 

seems that among these factors, growth regulators 

have the most effective influence on plant in vitro 

propagation (Jain, 2002). 

Begonias are usually propagated by conventional 

vegetative methods such as stem and leaf cuttings. 

One of the drawbacks to vegetative propagation by 

cuttings is the low multiplication rate (Peck and 

Cumming, 1984). 
Plant tissue culture technology is increasingly used 

for vegetative propagating a number of begonias all 

over the world including Begonia rex (Aroraet al., 

1970). Planting material of ornamental plants is so 

important for commercial and international 

production. High quality of this material is necessary 

and critical for growers (Chebetet al., 2002). The use 

of cell culture techniques for the propagation of 

begonia plants has largely arisen because of the 

potential for the technique to overcome many of these 

problems associated with conventional culture. 

Disease-free plants can be obtained with new 

varieties and/or hybrids easily multiplied. In vitro 

techniques for plant improvement, such as cell fusion, 

are also being applied (Takayama, 1990). Plant 

regeneration from somatic embryogenesis has higher 

genetic integrity over the traditional organogenesis 

(Kothari et al., 2010). 
 

In vitro propagation by pedicel explants is based on 

the adventitious buds technique. In herbaceous plants, 

adventitious buds develop from leaves produced 

adventitious shoots in Begonia leaves (Chen et al., 

2001). The success of the clonal propagation method 

depends on numerous factors like genotype, media, 

plant growth regulators and type of explants, which 

should be tested during the process (Kim et al., 2003). 

This study basically aimed to determine the response 

of different types of begonia explants to various 
culture media components including leaf discs and 

petioles, test the effects of growth regulators 

including cytokinins (BA and Kinetin) and auxins 

(IAA, IBA and NAA) on organogenesis of begonia 

explants and to develop a procedure for mass 

production for the micro propagated begonia plantlets 

which will considered as taking a practical step 

toward meeting the increased local demand for such 
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economically important ornamentals in Iraqi 

Kurdistan Region. 

 

II. MATERIALS AND METHODS 

 

All experiments were carried out at plant tissue 

culture laboratory of the Department of Horticulture, 

College of Agriculture, University of Duhok, Iraqi 

Kurdistan Region. Two types of explants including 

leaf discs and petioleswere used as explants in this 

investigation taken from healthy adult begonia 

mother plants (Black Beauty Cultivar) grown in pots 

under greenhouse conditions. To establish healthy 

begonia cultures, different surface sterilizers like 
sodium hypochlorite at different concentrations and 

time durations were tested (1, 2 and 3% NaOCl for 5, 

10 and 15 minutes). After sterilization, the explants 

were thoroughly rinsed several times with sterile 

distilled water before being inoculated in the culture 

medium to remove the traces of the sterile (Tomaand 

Denial, 2012). All the explants visibly damaged by 

sterilants were removed. The undamaged leaf discs 

were cut aseptically approximately in 1 cm2 and 

petioles in 1 cm long. Three explants were cultured in 

each culture vessel with five replicates under laminar 
air flow(Sara et al., 2012). 

For the assessment of different concentrations and 

durations of sodium hypochlorite, their effects were 

recorded after two weeks by measuring the following 

the percentage of contaminated explants, the 

percentage of survival explants and the percentage of 

died explants. 

After the establishment of aseptic cultures of the 

explants, they were transferred to shoot multiplication 

medium by testing different concentrations of 

cytokinins including BA and kinetin to enhance shoot 

multiplication of Begonia rex. 
For enhancing shoot multiplication, different kinetin 

concentrations were (0, 1.0, 3.0, 5.0 and 7.0 mgl-1) 

and different BA concentrations including 0, 1.0, 2.0, 

3.0 and 4.0 mgl-1 were studied. At multiplication 

stages, three explants were cultured in each culture 

vessel and each treatment was replicated five times. 

The cultures were incubated in the primary growth 

room under 25± 2°C and exposed to 16 hrs daily to 

1000 lux illumination. The number of leaves, number 

of shoots and means length of shoots as shoot 

multiplication parameterswere recorded after six 
weeks from culture. At rooting stage, different 

concentrations of auxins and with various MS salts 

concentrations were tested on MS medium to induce 

root formation on microshoots. For rooting 

experiments to determine the most suitable auxins, 

their concentrations and salts strength of MS medium 

on in vitro rooting, the following experiments were 

conducted: Different concentrations of IAA, IBA and 

NAAeach at 0, 0.5, 0.75, 1.0 and 1.5 mgl-1 and Full, 

half and quarter MS salt strengths media with the best 

auxinconcentration from the previous experiment. At 

acclimatization stage, a number of well rooted 
begonia plantlets were taken and gradually 

transferred into the out-air conditions after removing 

from culture flasks and their roots were washed with 

distilled water. The plantlets then were transferred to 

pots containing a steam sterilized soil mix 

(peatmoss+ loam 1:1, v:v) suitable to grow begonia 

plant species. Pots were covered by glass vessels and 

placed in growth room at the lab set at 23-25ºC and 

exposed to 16 hrs.daily to 1000 lux illumination. The 

plants were irrigated with a nutrient solution 

containing 1/4 strength of MS salts. After 8 to 10 

days, the glass vessels were removed and after further 
8 to 10 days, the plants were transferred to be grown 

under regular greenhouse conditions. 

 

All experiments were designed as completely 

randomized design (CRD). The comparison between 

means was carried out according to Duncan's multiple 

range test (P < 0.05) using a computerized program 

of SAS (SAS, 2001). 

 

III. RESULTS AND DISCUSSION 

 
At disinfestation experiment for achieving healthy 

cultures, Figure (1) shows that leaf explants gave 

significantly higher survival rate (70%) when they 

were treated with 1% of NaOCl for 15 minutes (T3) 

as compared with the other treatments. On the other 

hand, the least survival rate of leaf explants (0.0%) 

was recorded at 3% NaOCl with at all tested 

durations (T7, T8 and T9). As well as, for petioles, 

the significantly highest survival percentage was 60% 

as treated with 1% NaOCl for 15 minutes (T3) as 

compared with the rest of treatments. The least 

survival rate (0.0%) was obtained with petioles 
treated with 2% NaOCl for 15 minutes (T2) and 3% 

NaOCl with the all tested durations (T7, T8 and T9). 

These results confirm the effectiveness of sodium 

hypochlorite in reducing explant contamination. 

Sodium hypochlorite is the most important choice for 

surface sterilization as it is very effective not only as 

decontaminate but is also easy to be removed from 

explants in a minimal damage to plant tissues 

(Ndakidemiet al., 2013). For shoot multiplication 

stage, data tabulated in Table (1) illustrate that the 

highest number of shoots (51.0 shoots/ explant) was 
obtained when leaf explants were cultured on MS 

medium supplemented with 4.0 mgl-1 BA, which was 

significantly higher than those observed from the rest 

of treatments. The longest shoots (2.575 cm) were 

recorded while adding 4.0 mgl-1 BA which was 

significantly showed superiority as compared to other 

concentrations. While concerning the number of 

leaves per explant, the addition of 4 mgl-1 BA was 

superior upon the rest of treatments by producing the 

highest number of leaves reached to 111.250 leaves/ 
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explant. The least values for each character were 

11.750 number of shoots/explant, 1.250 cm and 
28.500 leaves/ explant which were recorded from the 

addition of 0, 1 and 0 mgl-1 BA respectively. 

 

 
Table (2) declares the supply of different BA 

concentrations to MS medium was significantly 

effective on the number of shoots per explant, shoots 
length and the number of leaves produced on shoots 

from the culture of petiole explants. The highest 

number of shoots (38.250 shoots/ explant) was 

achieved from the addition of 4 mgl-1 BA. Whereas 

the longest shoots (2.350 cm) were recorded while 

adding 4.0 mgl-1 BA. While concerning the number of 

leaves per explant, the addition of 4 mgl-1 BA was 

superior upon the rest of treatments by producing the 

highest number of leaves reached to 73.000 leaves/ 

explant. The least values for these traits were found 

while adding 1 mgl-1 BA by giving 5.250 shoots/ 

explant, 0.875 cm and 16.750 leaves/ explant 
respectively. 

On the other hand, Table (3) shows that the medium 

supplemented with 5.0 mgl-1 kinetin gave the highest 

number of shoots (50.00 shoots/ explant) which was 

significantly different from 3.0 and 0.0 mgl-1 kinetin 

treatments. However, it did not show significant 

differences when compared to 1 and 7 mg.l-1 

concentration. As well as shoot length reached its 

maximum at 7 mg.l-1 kinetin concentration with value 

4.300cm, which was significantly different when 

compared to the control with value 1.850cm, but did 
not reached the significant difference when compared 

with the other kinetin concentrations. Similar 

observation was recorded concerning the number of 

leaves; the highest number of leaves per shoot 

reached 114.250 leaves at 7 mg.l-1 kinetin treatment, 

which was significantly higher than control with 

value 28.500 leaves and 1 mgl-1 treatments with value 

69.00 leaves but did not differ significant when 

compared with other kinetin concentrations. 

Table (4)shows the effect of kinetin on shoots 

number, average of shoot length and leaves number 
per explant on MS medium after six weeks of culture 

from petiole explants of begonia. The results showed 

that the number of shoots per explant was 

significantly affected by kinetin application, since the 

treatment of 5.0 mgl-1 kinetin gave the highest 

number of shoots (32.250 shoots/ explant) however 

statistically there were no significant differences 

among different concentrations of kinetin, but it had 

significant differences as compared to the control 

with value 12.50 shoots. The same Table illustrates 

the effect of various levels of Kinetin on the mean of 

shoots length per explant after six weeks of culture. 
The longest shoots (4.750 cm) were obtained at 7.0 

mgl-1 of Kinetin concentration as compared to the 

control (2.175 cm), but did not significantly differ as 

compared with other kinetin concentrations. The 

highest number of leaves reached 112.750 leaves/ 

explant when kinetin was added at 7.0 mgl-1 

concentration however statistically there were no 

significant differences among different concentrations 

of kinetin, but it had significant differences as 

compared to the control which had the least value 

(21.250 leaves/ explant) (Figure 2). 
In general, it can be concluded from the effect of 

different BA and Knietin concentrations on begonia 

shoot multiplication from both leaves and petioles 

that kinetin was more effective than BA except of 

kinetin when added at 7.0 mgl-1 which recorded lower 

number of shoots (37.750 shoots/ explant) as 

compared to BA at the 4 mgl-1 which gave 51.0 

shoots/ explants. These results were in accordance 

with those byHempelet al. (1985) which reported that 

kinetin was better than BA and 2iP at Gerbera shoot 

multiplication stage. But these results are in 

disagreement with those found by Sunpui and 
Kanchanpoom (2002) who recorded the highest 

number of shoots on petiole explants of African violet 

on MS medium supplemented with 3 mgl-1 BAP. At 

the present investigation, BA was used at lower 

concentrations than those used for kinetin. This is 

because that BA at its side chain contains three 

double bonds, whereas, kinetin contains two double 

bounds on its lateral chain. It is well known that the 

cytokinins activity increases with the increase of the 

number of double bonds on their side chains 

(Maheshwaranet al., 2000). The overall data showed 
that leaf explants gave higher values for all 

investigated parameters as compared with petiole 

explants. These results were similar to those 

published by Sara et al. (2012) but disagree with what 

has been found by Kumaria et al. (2012) who 

reported that while using various concentrations of 

BAP, the rate of shoot multiplication of Begonia 

rubrovenia was higher for petiole explants as 

compared to leaf explants. The reasons behind these 

results might be due to theregulation by the 
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interaction and balance between the growth regulators 

supplied to the medium, and the growth substances 
produced endogenously (George et al., 2008). On the 

other hand, the differences in the regeneration 

potential of the two explants might be attributable to 

the physiological state, age and cellular 

differentiation of the constituent cells (Murashige, 

1974). Although relatively the number of shoots per 

explants, their mean length of shoots per explants and 

number of leaves per explants were increased by 

increasing BA or kinetin concentrations. The reasons 

behind the positive role of cytokinins are due to the 

important physiological action of cytokinins when 

added to the nutrient media at multiplication stage in 
releasing lateral buds from the apical dominance of 

terminal buds, buds induction, differentiation, by 

promoting formation of xylem tissues of buds which 

facilitate the transformation of water and nutrient 

leading to lateral bud growth (Ahmed et al., 2012). 

Furthermore, cytokinins enter in increasing the 

synthesis of RNA, protein and enzymes inside the 

cell which enhance bud growth as well (Al-Rifae´e 

and Al-Shobaki, 2002). 

 

 
At rooting stage, the well adapted Begoniarexshoots 

derived from the multiplication were successfully 

rooted. The results showed that different 
concentrations of IAA, IBA, NAAand various MS 

salt strengths tested had significant effects on rooting 

percentage, number of roots per explant and length of 

roots after six weeks of culture. 

Table (5) shows that the highest rooting parameters 

were recorded from the addition of 0.5 mgl-1 IAA to 

the culture medium including the highest rooting 

percentage (81.25%) the highest number of roots 

(45.25 roots/ explant) and the longest roots (8.95 cm). 

Table (6) declares that the highest rooting percentage 

(62.50%) and the highest number of roots (66.25 
roots/ explant) were achieved when IBA was added at 

1.0 mgl-1. Whereas, the longest roots (8.18 cm) were 

produced by the addition of 1.5 mgl-1 IBA which was 

significantly different from the control. 

Table (7) showed the effect of NAA on rooting stage 

of begonia microshoots. The addition of NAA at 0.75 

mgl-1 was the best auxin concentration ate rooting 

percentage by giving 75% rooting percentage, 75.00 

roots per explant as a highest number of roots equaled 

to those produced by 1.5 mgl-1 NAA and the longest 

roots (6.65 cm) which were significantly higher than 

the control. 
From the data presented on Tables 6, 7 and 8, one can 

conclude that the addition of NAA at 0.75 mgl-1 is the 

best choice for rooting begonia microshoots (Figure 

3). Thus this auxin and this concentration were 

chosen for the next experiment to test the effects of 

MS salt strength. 

 

 
 

The effects of different MS salt strengths are shown 

in Table (8). The highest rooting percentage (90%) 

was achieved from the culture of microshoots on half 

strength MS salts which was higher than 75% rooting 
percentage obtained from both full and quarter MS 

salt strengths. The highest number of roots (75.00 

roots/ explant) was recorded from the culture on full 

MS salt strength which was significantly different 

from the culture on quarter MS salt strength which 

gave only 32.75 roots/ explant but did not reach the 

significantly difference as compared with half 

strength MS salts which gave 71.00 roots/ explant. 

Concerning the mean length of roots, no significant 

differences were recoded among the three MS salt 

strengths tested. 
These results confirmed the role of auxins in 

enhancing rooting process since they promote 

adventitious roots initiation in the bases of cultured 

shoots. The differences in the potency of IAA, IBA 

and NAA in promoting rooting might be attributed to 
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the structure of the auxins under study, the 

endogenous hormone level, as well as the genetic 
makeup of species under consideration (George et al., 

2008). In addition, there are many differences in 

metabolism and transport of different auxins, which 

affect their response or physiological effects on 

adventitious root formation (Epstein and Miller, 

1993). The physiological effects of auxins are 

represented in increasing of cell division or 

converting the matured differentiated cells in shoots 

bases into meristematic cells (totipotent cells), so 

adventitious roots meristem will be formed and its 

cells will divide to produce adventitious roots 

(Hartmann et al., 2002). The reason behind the 
superiority of half MS salt strength on the full MS 

salt strength in rooting traits is due to the higher C/N 

ratio which means increasing energy source 

(carbohydrate), considered necessary source for 

rooting since the same sucrose was used with both 

salt strength (Hartmann et al., 2002). 

The promoting effect of mineral concentration of the 

culture medium on rooting can be attained as 

inorganic ions, which participate in the process of 

regulating hormonal balance (Amzallaget al., 1992). 

However rooting can take place in full strength 
culture medium, but is a very common practice to 

transfer the shoots to be rooted from high strength 

media to less concentrated solution. This practice is 

used for herbaceous plants as well as woody 

ornamentals, fruit trees and forest species. So this will 

reduce the cost of commercial production of this 

plant. 

Finally, the well rooted Begonia rex plantlets were 

taken and gradually moved from lab aseptic 

conditions into the out-air conditions after removing 

from culture flasks and their roots were washed with 

distilled water. The plantlets then were transferred to 
pots containing a steam sterilized soil mix 

(peatmoss+ loam 1:1, v: v) suitable to grow begonia 

plant species. Pots were enclosed in polyethylene 

bags and glass vessel, which were closed and placed 

in growth room at the lab set at 23-25ºC and exposed 

to 16 hrs daily to 1000 lux illumination. The plants 

were irrigated with a nutrient solution containing 1/4 

strength of MS salts. After 8 to 10 days, the bags 

were opened and after further 8 to 10 days, the bags 

were removed and plants were grown under regular 

greenhouse conditions. The results of acclimatization 
showed that the survival percentage reached to 75% 

of plantlets was survived to grow under greenhouse 

conditions (Figure 4). 

 

IV. CONCLUSION 

 

It is clear that through applying this micropropagation 

protocol for begonia is very effective and reliable and 

it is highly recommended for local nurseries toward 

mass production of this economically important plant 

with low cost projects. 
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BA Concentrations 

(mgl-1) 

Number of shoots/ 

explant 

Mean length of shoots 

(cm) 

Number of leaves/ 

explant 

0.0 11.750 d 1.400 b 28.500 d 

1.0 16.250 d 1.250 b 35.500  cd 

2.0 29.500 c 1.250  b 42.500 c 

3.0 40.250 b 1.625 b 86.750 b 

4.0 51.000  a 2.575 a 111.250 a 
Table (1): Effect of different BA concentrations on shoot multiplication stage on leaf explants of Begonia rex after six weeks in 

culture 

Different letters within columns represent significant differences according to Duncan´s multiple range test at 

5% level. 
 

BA Concentrations (mgl-

1) 

Number of shoots/ 

explant  

Mean length of shoots 

(cm)  

Number of leaves/ 

explant 

0.0 10.250 c 1.675 b 20.000 c 

1.0 5.250 d 0.875 d 16.750 c 

2.0 18.250 b 1.400 bc 27.250 b 

3.0 17.250 b 0.750 cd 29.750 b 

4.0 38.250 a 2.350 a 73.000 a 
Table (2): Effect of different BA concentrations on shoot multiplication stage on petiole explants of Begonia rex after six weeks in 

culture 

Different letters within columns represent significant differences according to Duncan´s multiple range test at 

5% level. 

 

Kinetin Concentrations 

(mgl-1) 

Number of shoots/ 

explant 

Mean length of shoots 

(cm) 

Number of leaves/ 

explants 

0.0 14.750 c 1.850 b 28.500 c 

1.0 36.750 abc 4.050 a 69.000 b 

3.0 23.500 bc 3.525 a 87.750 ab 

5.0 50.000 a 3.950 a 105.500 a 

7.0 37.750 ab 4.300 a 114.250 a 
Table (3): Effect of different Kinetin concentrations on shoot multiplication stage on leaf explants of Begonia rex after six weeks in 

culture 
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Different letters within columns represent significant differences according to Duncan´s multiple range test at 

5% level. 
 

Kinetin Concentrations 

(mgl-1) 

Number of shoots/ 

explant 

Mean length of shoots 

(cm) 

Number of leaves/ 

explants 

0.0 12.500 b 2.175 c 21.250 b 

1.0 29.000 a 3.400 b 101.250 a 

3.0 27.000 a 3.725 ab 83.500 a 

5.0 32.250 a 3.550 b 95.000 a 

7.0 31.500 a 4.750 a 112.750 a 
Table (4): Effect of different kinetin concentrations on shoot multiplication stage on petiole explants of Begonia rex.after six weeks 

in culture 

Different letters within columns represent significant differences according to Duncan´s multiple range test at 

5% level. 

 

IAA Concentration (mgl-

1) 
Rooting Percentage (%) 

Number of Roots/ 

Explant 

Mean Length of Roots 

(cm) 

0.0 43.75  13.25 c 1.50 c 

0.5 81.25  45.25 a 8.95 a 

0.75 75.00  43.00 ab 6.60 ab 

1.0 75.00  34.00 ab 7.15 ab 

1.5 68.75  31.50 b 5.40 b 
Table (5): Effect of different IAA concentrations on rooting stage of Begonia rexmicroshoots after six weeks of culture 

Different letters within columns represent significant differences according to Duncan´s multiple range test at 

5% level. 

 

IBA Concentration (mgl-

1) 
Rooting Percentage (%) 

Number of Roots/ 

Explant 

Mean Length of Roots 

(cm) 

0.0 43.75  22.75 c 2.65 b 

0.5 36.25  53.25 ab 6.76 a 

0.75 50.00  46.25 b 7.35 a 

1.0 62.50  66.25 a 7.38 a 

1.5 36.35  52.00 ab 8.18 a 
Table (6): Effect of different IBA concentrations on rooting stage of Begonia rexmicroshoots after six weeks of culture 

Different letters within columns represent significant differences according to Duncan´s multiple range test at 

5% level. 

 

NAA Concentration 

(mgl-1) 
Rooting Percentage (%) 

Number of Roots/ 

Explant 

Mean Length of Roots 

(cm) 

0.0 43.75  43.75 b 1.50 b 

0.5 68.50 62.50 ab 5.45 a 

0.75 75.00 75.00 a 6.65 a 

1.0 62.50 62.50 ab 4.28 ab 

1.5 75.00 75.00 a 6.55 a 
Table (7): Effect of different NAA concentrations on rooting stage of Begonia rexmicroshoots after six weeks of culture 

Different letters within columns represent significant differences according to Duncan´s multiple range test at 

5% level. 

 

MS Salt Strength 
Rooting Percentage (%) 

Number of Roots/ 

Explant 

Mean Length of Roots 

(cm) 

Full 75.00 75.00 a 6.65 a 

Half 90.00 71.00 ab 7.98 a 

Quarter 75.00 32.75 bc 6.85 a 
Table (8): Effect of different MS salt strengths on rooting stage of Begonia rexmicroshoots after six weeks of culture on MS medium 

supplemented with 0.75 mgl
-1

 NAA 
Different letters within columns represent significant differences according to Duncan´s Multiple range test at 

5% level. 
 


