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ABSTRACT 
This study was conducted in the Plant Tissue Culture Laboratory, College of Agriculture, 
University of Basrah during the 2018/2019 growing season. The aim of the study was to use the 
capitulum segments as explants in micro propagation of Orange and Malibu cultivars of gerbera 
plants. The results showed that the capitulum segments of the gerbera plant, Orange and Malibu 
cultivars that culturing by in vitro as explants led to the direct proliferation of adventitious shoots. 
The results also indicate the significant superiority of the Orange cultivar in its response rate to 
direct shoot regeneration, which reached 86.72% after 12 weeks of culturing. While the Malibu 
cultivar was significantly superior in the number and length of the shoots that were formed from 
direct organogenesis, which reached 10.48 shoots explant-1 and 1.78 cm respectively. The 
concentration of 1.0 mg L-1 BA was significantly superior to the other concentrations in the response 
of explants to direct shoot proliferation and the number and length of shoots recorded 99.22% and 
15.90 shoots explant-1 and 1.78 cm, respectively. While the explants that cultured on the MS medium 
that supplied with 5.0 mg L-1 BA recorded the lowest response to direct shoot proliferation and the 
number and length of shoots, which reached 27.50%, and 2.00 shoots explant-1 and 0.35 cm, 
respectively. 
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INTRODUCTION 
 
Gerbera belongs to the Asteraceae family, and it is 
a perennial herbaceous plant, the common name 
of the plant is Transvaal Daisy, Barberton Daisy 
or African daisy [1]. The first to call the gerbera 
plant was the German naturalist Traugott Gerber 

and its species were classified by Harry Bolus. 
Royal Botanic Gardens in Kew, UK was 
scientifically named under the name Gerbera 
jamesonii [2]. It is ranked fourth as cut flowers in 
the world after Rose, Chrysanthemum and Tulip 
[3]. Its flowers are distinguished by their long life 
after cutting, their resistance to transport damage 
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and the high prices [4]. Gerbera plants are 
propagated by division or suckers, and these 
methods produce a relatively low multiplication 
rate. As for the method of seed propagation, it is 
not desirable because the plants obtained from 
culturing seed are not similar to the mother plant, 
because the plant is heterozygous [5]. Therefore, 
some scientists and researchers resorted to the 
micropropagation of gerbera plants with the aim 
of rapid multiplication and large numbers of 
cultivars that have high specifications to obtain 
true to type plants and free of pathogens and insect 
infestations through the use of plant organ 
segment as explants by In vitro technique [6]. 
Also, plant growth regulators have an important 
role in determining the success of gerbera 
propagation. Since they are added at low 
concentrations and absorbed by plant tissues, then 
they move to their worksites and are linked to a 
receptor, to stimulate the cell’s activity [7-9]. 
Auxins and cytokinins are the most used in tissue 
cultures and are among the most important 
ingredients in culture media, and their effect is 
directly on the growth of the cultured explant, and 
plant tissue culture can be considered unsuccessful 
without these regulators [9-11]. Cardoso and Silva 
[12] used some explants to propagate the gerbera 
plant tissue as the shoot tips were the most 
common explant in micropropagation in addition 
to inducing the direct adventitious shoots from the 
floral capitulum. Parvin et al [13] were used also 
different explants of the gerbera plant (flower 
buds, leaf segments, leaf petiole and capitulum) 
and cultured them on MS media, where different 
combinations of BA at 1, 2, 3, 4, 5 mg L-1 and 0.0, 
0.01 mg L-1 NAA was added to them. The 
combination of the concentration of 3 mg L-1 BA 
and 0.01 mg L-1 NAA recorded the highest 
response to shoot regeneration, and the flower 
buds and capitulum were the best explants for 
propagating the gerbera plant, respectively. 
Kumari et al. [11] were reported micropropagation 
of gerbera by culturing the unmaturated capitulum 
at a diameter of 0.5- 1.0 cm and maturated 
capitulum at a diameter of 1.5- 2.0 cm. They have 
obtained shoot proliferation when culturing the 
explants on MS medium supplemented with 10 
mg L-1 BA and 1.0 mg L-1 IAA as the number of 
shoots from multiplication reached 10.51 shoots 
after 47.51 days of culturing. This study aims to 
micropropagation two cultivars of gerbera 

(Orange and Malibu) plant by using capitulum 
segments as explants to obtain large numbers of 
these two cultivars of this plant that have good 
properties. 
 
MATERIALS AND METHODS 
 
This study was conducted in the Plant Tissue 
Culture Laboratory, College of Agriculture, 
University of Basrah during the 2018/2019 
growing season. The medium was prepared from 
ready-made MS salts [14] produced by Cassion 
Labs, USA, that added to the medium at a 
concentration of 4.440 mg L-1. Then, organic 
compounds consisting of 30 g L-1 sucrose, 1.0 mg 
L-1 vitamin for each of nicotinic acid, glycine, 
Thiamin-HCl and pyridoxine-HCl, 100 mg L-1 
myo-inositol, 80 mg L-1 adenine sulfate, 200 mg 
L-1 sodium hydrogen orthophosphate and 1.0 g L-1 
polyvinyl pyrrolidone were added. Growth 
regulators, auxins and cytokinins, were added to 
the medium at the required concentrations 
according to the objective of the experiment. Then 
the pH was adjusted to 5.7-5.8 with titration 
solutions NaOH and HCl at 0.1 N to each of them. 
Then Agar was added at 7 g L-1 after the medium 
became homogeneous and clear. The MS medium 
was poured into the culture tubes of 2.5 x 18 cm in 
an amount of 20 ml per tube. Then the nozzles of 
tubes were closed with medical cotton and 
aluminium foil. The other experiments used glass 
jars of 4.5 x 15 cm 3 and put 25 ml of MS medium 
in them. Culture vessels and their contents were 
sterilized by Autoclave under the pressure of 1.04 
kg cm-2 and temperature of 121°C for 20 minutes. 
After the sterilization was completed, the culture 
tubes were removed from the Autoclave. The 
culture vessels were cooled at room temperature 
and kept in the growth room until use in the 
culture.  
 
In this study, capitulum segments were used as 
explants that were taken from gerbra (Gerbera 
jamesonii Bolus) plant Orange and Malibu 
cultivars, obtained from a nursery in Baghdad, 
Iraq. The capitulum of 1.0 cm in diameter was 
then cut with a blade into four pieces (Plate 1, A). 
Then these explants were washed with liquid soap 
and water, and then washed with distilled water 
three times. The explants of each cultivar were 
separately placed in a beaker containing an 
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antioxidant solution of 150 mg L-1 citric acid and 
100 mg L-1 ascorbic acid for 30 minutes. After 
that, surface sterilization was performed for them 
after she was removed from the antioxidant 
solution. Then the explants of each cultivar were 
placed in 70% ethyl alcohol for 1-2 minutes and 
washed with sterile distilled water three times to 
remove the sterilization solution residue. Then, it 
was dipped in the Elsa fungicide solution at 500 
mg L-1 for 15 minutes. Then it was washed with 
distilled water three times and then placed in a 
0.1% mercury chloride solution with 2-3 drops of 
Tween 20 for 8 minutes. Then they were washed 
with sterile distilled water three times. The 
sterilized explants were cultured in glass tubes and 
jars that contain the previously prepared MS 
medium. The cultures were then incubated in the 
growth chamber at a temperature of 25 ± 2ºC and 
1000 lux light density for 16 light hours per day. 
Data were recorded after 12 weeks of culturing. 
 
Effect of Different Concentrations of BA on 
Direct Shoot Regeneration 
 
The capitulum segments were cultured by five 
replicates on MS medium supplied with     
different concentrations of BA at 1.0, 2.0, 3.0,     
4.0, 5.0 mg L-1 and constant concentration at 0.1 
mg L-1 NAA and 0.5 mg L-1 GA3. The      
following data were recorded after 12 weeks of 
culturing: 
 

1. The Response to direct shoot regeneration 
(%). 

2. The number of shoots per explant. 
3. Shoot Length (cm). 

 

Effect of Different Concentrations of Auxin 
NAA on Rooting  
 
The shoots that producing from direct 
organogenesis were cultured in five replicates for 
each treatment in MS medium supplied with 
different concentrations of auxin NAA at 0.1, 0.3, 
0.5, 0.7and 0.9 mg L-1 plus the constant 
concentration of BA at 0.1 mg L-1. The     
following data were recorded after 12 weeks of 
culturing: 
 

1. The response to rooting (%). 
2.  Number of roots per plant. 
3. Root length (cm). 

Experiment Design and Statistical Analysis 
 
The experiments of this study were designed 
according to the Randomized Complete Design. 
The results were analyzed using the statistical 
program SPSS version 24. The mean of the 
treatments were compared between them by using 
the Revised Least Significant Difference Test at a 
probability level of 1% according by Al-Rawi and 
Khalaf Allah [15]. 
 
RESULTS AND DISCUSSION 
 
The Plate 1, B-J show the direct shoot 
regeneration stages from the capitulum cultures of 
the gerbera plant by in vitro culture. As the cells 
of the capitulum tissues began to swell and 
discolor white (Plate 1, B-D). Then the cells of 
this tissue differentiated, resulting in the 
emergence of adventitious vegetative buds, 
colored green (Plate 1, E-H). After that, the shoots 
were formed directly from the growth of the 
adventitious vegetative buds and their elongation 
12 weeks after culturing (Plate 1, I-J). 
 
The results from Tables 1, 2 and 3 indicate the 
significant superiority of the Orange cultivar in its 
response rate to direct shoot regeneration, which 
reached 86.72% after 12 weeks of culturing. 
While the Malibu cultivar was less responsive to 
direct organogenesis, which was 79.72%. As for 
the Malibu cultivar, it was significantly superior in 
the number and length of the shoots that were 
formed from direct organogenesis, which reached 
10.48 shoots explant-1 and 1.78 cm respectively 
(Plate 1, L). While the Orange cultivar recorded 
the lowest mean number and length of shoots, 
which reached 6.56 shoots explant-1 and 0.86 cm 
respectively (Plate 1, K). 
 

The same tables also show that the concentration 
of 1.0 mg L-1 BA was significantly superior to the 
other concentrations in the response of explants to 
direct organogenesis and the number and length of 
shoots recorded 99.20% and 15.90 shoots explant-1 
and 1.78 cm, respectively after 12 weeks of 
culturing. While the explants when cultured on the 
MS medium supplied with 5.0 mg L-1 BA 
recorded the lowest response rate to direct shoot 
regeneration and the number and length of shoots, 
which reached 27.50%, and 2.00 shoots explant-1 
and 0.35 cm, respectively. 
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Table 1. The effect of cultivar, BA concentration and the interaction between them on the response 
of capitulum explants to direct shoot regeneration after 12 weeks of culturing 

 
Cultivar BA concentration (mg L-1) Cultivar effect 

1.0 2.0 3.0 4.0 5.0 
Orange 99.20 98.80 98.40 89.20 48.00 86.72 
Malibu 99.20 98.40 97.20 96.80 7.00 79.72 

BA effect 99.20 98.60 97.80 93.00 27.50  
RLSD p≥0.01 Cultivar BA concentration Cultivar × BA conc. 

** 4.09 5.78 
 
 **: High significant 

 
Table 2. The effect of cultivar, BA concentration and the interaction between them on the number 
of shoots after 12 weeks of culturing 
 

Cultivar BA concentration (mg L-1) Cultivar effect 
1.0 2.0 3.0 4.0 5.0 

Orange 13.20 9.20 5.60 3.40 1.40 6.56 
Malibu 18.60 13.20 10.20 7.80 2.60 10.48 

BA effect 15.90 11.20 7.90 5.60 2.00  
RLSD p≥0.01 Cultivar BA concentration Cultivar × BA conc. 

** 0.836 1.259 
 
 **: High significant 

 
Table 3. The effect of cultivar, BA concentration and the interaction between them on the shoot 
length after 12 weeks of culturing 
 

Cultivar BA concentration (mg L-1) Cultivar effect 
1.0 2.0 3.0 4.0 5.0 

Orange 1.92 1.06 0.60 0.40 0.34 0.86 
Malibu 1.64 2.06 2.26 2.58 0.36 1.78 

BA effect 1.78 1.56 1.43 1.49 0.35  
RLSD p≥0.01 Cultivar BA concentration Cultivar × BA conc. 

** 0.177 0.250 
 
**: High significant 

 
The interaction treatment between the Orange or 
Malibu cultivar and a concentration of 1.0 mg L-

1BA recorded the highest response rate to direct 
shoot regeneration, which recorded 99.20% in 
both treatments, which did not differ significantly 
with most of the interaction treatments. While the 
interaction treatment between the Malibu cultivar 
and the concentration of 5.0 mg L-1BA recorded 
the lowest response rate to direct organogenesis, 
which was 7.00%, which differed significantly 
with all interaction treatments (Table 1). The 
interaction treatment between the cultivar Malibu 
with a concentration of 1.0 mg L-1BA recorded the 
highest mean number of shoots that were formed 
from direct organogenesis, which amounted to 
18.60 shoots explant-1, which differed 
significantly with all interaction treatments. While 

the interaction treatment between Orange cultivar 
and the concentration of 5.0 mg L-1BA, recorded 
the lowest mean of the number of shoots, which 
reached 1.40 shoots explant-1 (Table 2). The 
interaction treatment between the cultivar Malibu 
with a concentration of 4.0 mg L-1BA recorded the 
highest mean of the shoot length that were 
proliferated from direct organogenesis, which 
amounted to 2.58 cm, which differed significantly 
with all interaction treatments. While the 
interaction treatment between Orange cultivar and 
the concentration of 5.0 mg L-1BA, recorded the 
lowest mean of the shoot length, which reached 
0.34 cm (Table 3). 
 
The results from Table 4 indicate the significant 
superiority of the Orange cultivar in its response 
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to shoot rooting, which reached 68.56%. While 
the Malibu cultivar recorded the lowest response 
to shoot rooting, at 62.60%. The data from Table 5 
and 6 also indicate the significant superiority of 
the Malibu cultivar in the number and length of 
the main roots, which reached 3.84 roots plant-1 
and 3.12 cm, respectively (Plate 1, N). While the 
Orange cultivar recorded the lowest mean of main 
root number and length, at 2.72 roots plant-1 and 
2.81 cm, respectively (Plate 1, M). 
 
The data from Tables 4, 5 and 6 indicate the 
significant superiority of the shoot that cultured on 
the MS medium supplied with 0.5 mg L-1 NAA in 
the shoot response to rooting, and the number    
and length of the main roots, which reached 
97.80% and 5.90 roots plant-1 and 4.54 cm, 
respectively. As for the shoots that were cultured 
on the MS medium supplied with 0.9 mg L-1 
NAA, recorded the lowest response to rooting of 
shoots and the number and length of the main 
roots were 10.00%, 0.90 roots plant-1 and 0.72 cm, 
respectively. 
 
The data in Table 4 indicate the significant 
superiority of the interaction treatments between 
Orange cultivar and the concentration of 0.3, 0.5, 
or 0.7 mg L-1 NAA in the shoot response to 

rooting, which amounted to 99.60%, which did 
not differ significantly with the interaction 
treatment between Malibu cultivar and 
concentration of 0.5 mg L-1 NAA. Whereas, the 
results in Table 5 indicate the significant 
superiority of the interaction treatment between 
the Malibu cultivar and the concentration of 0.5 
mg L-1 NAA in the number of main roots, which 
reached 6.60 roots plant-1 roots, compared with 
other interaction treatments. The results from 
Table 6 also indicate the significant superiority of 
the two interaction treatments between the Orange 
or Malibu cultivar and the concentration 0.5 mg L-

1 NAA in the mean root length, which were 4.56 
cm and 4.52 cm, respectively. As for the data in 
Tables 4, 5 and 6, it shows that the interaction 
treatment between Orange cultivar and 0.9 mg L-1 
NAA, recorded the lowest response to rooting of 
shoots and the number and length of main roots, 
which were 9.00%, 0.60 roots plant-1 and 0.24 cm, 
respectively. 
 
The Plate 1, O, P indicate the success of the 
acclimatization of gerbera plant for both cultivars, 
Orange and Malibu, when cultured in the 
agricultural medium consisting of peat moss and 
sand at a ratio of 2 : 1 after 12 weeks of culturing, 
with a high success rate of 88.87%.  

 
Table 4. The effect of cultivar, NAA concentration and the interaction between them on the 
response of shoots to rooting after 12 weeks of culturing 
 

Cultivar NAA concentration (mg L-1) Cultivar effect 

0.1 0.3 0.5 0.7 0.9 

Orange 35.00 99.60 99.60 99.60 9.00 68.56 
Malibu 62.00 62.00 96.00 82.00 11.00 62.60 

NAA effect 48.50 80.80 97.80 90.80 10.00  

RLSD p≥0.01 Cultivar NAA concentration Cultivar × NAA conc. 
** 3.82 5.40 

 
 **: High significant 

 
Table 5. The effect of cultivar, NAA concentration and the interaction between them on the number 
of main roots after 12 weeks of culturing 
 

Cultivar NAA concentration (mg L-1) Cultivar effect 

0.1 0.3 0.5 0.7 0.9 

Orange 1.80 3.40 5.20 2.60 0.60 2.72 
Malibu 3.40 3.60 6.60 4.40 1.20 3.84 

NAA effect 2.60 3.50 5.90 3.50 0.90  

RLSD p≥0.01 Cultivar NAA concentration Cultivar × NAA conc. 
** 0.59 0.87 

 
 **: High significant 
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Table 6. The effect of cultivar, NAA concentration and the interaction between them on the root 
length after 12 weeks of culturing 
 

Cultivar NAA concentration (mg L-1) Cultivar effect 
0.1 0.3 0.5 0.7 0.9 

Orange 1.66 4.14 4.56 3.44 0.24 2.81 
Malibu 3.10 3.16 4.52 3.62 1.20 3.12 

NAA effect 2.38 3.65 4.54 3.53 0.72  
RLSD p≥0.01 Cultivar NAA concentration Cultivar × NAA conc. 

** 0.12 0.17 
 
**: High significant 
 

 
 

Plate 1. Micropropagation of gerbera (Gerbera jamesonii Bolus) plant. Capitulum segments (A); 
Direct organogenesis stages (B- J); Direct shoot regeneration at 1.0, 2.0, 3.0, 4.0 and 5.0 mg L-1 BA 
(Left to right, respectively) in Orange cultivar (K) and Malibu cultivar (L); Root formation at 0.1, 
0.3, 0.5, 0.7 and 0.9 mg L-1 NAA (Left to right, respectively) in Orange cultivar (M) and Malibu 
cultivar (N); Plant acclimatization in Orange cultivar (O) and Malibu cultivar (P)



Ibrahim and Yassin 

 
7 

The significant superiority of the Orange cultivar 
in the capitulum response to direct adventitious 
shoots and shoot rooting, and the significant 
superiority of the Malibu cultivar in the number 
and length of shoots and roots after 12 weeks of 
culturing due to the genetic differences between 
them [6,8,16].  
 
The significant superiority of the MS medium that 
supplied with 1.0 mg L-1BA + 0.1 mg L-1 NAA + 
0.5 mg L-1 GA3 in the response of the capitulum to 
direct shoot regeneration and the number and 
length of branches is due to the fact that this 
concentration of benzyl adenine is optimum for 
stimulating the capitulum tissue to 
dedifferentiation and form new cells. These new 
cells begin to be re-differentiated by the 
components of the MS medium that leads to the 
initiation of adventitious buds that grow and 
develop as direct adventitious shoots on the 
capitulum tissue. The interaction between 
endogenous hormones in the tissue and the 
exogenous hormones that are added to the MS 
medium may have a positive role in the initiation 
adventitious buds and stimulate the division and 
elongation of cells that leads to the formation of 
direct shoots on capitulum segments [6,17-20,21]. 
 
The significant superiority of the shoot that 
culturing on the MS medium that supplied with 
0.5 mg L-1 NAA + 0.1 mg L-1 BA in their response 
to rooting and the number and length of the roots 
is due to the stimulation of the tissues in the bases 
of the shoots to form cells through the interaction 
between this optimum concentration with the 
endogenous and exogenous hormones that were 
added to the MS medium as well as its 
components. These cells re-differentiate, grow and 
develop into adventitious roots [11,21-25]. 
 
CONCLUSIONS 
 
The capitulum segments of the gerbera plant, 
Orange and Malibu cultivars that culturing by In 
vitro as explants led to the direct proliferation of 
adventitious shoots. The shoots of the Orange 
cultivar were significantly superior in their 
response to direct organogenesis and rooting 
compared to the Malibu cultivar, which was 
significantly higher in the number and length of 
shoots and roots. The shoots of gerbera plant that 

cultured on the MS medium that supplied with 1.0 
mg L-1 BA led to their significant superiority in 
their response to direct proliferation, number and 
length of shoots, and the medium that supplied 
with 0.5 mg L-1 NAA led to the significant 
superiority of the shoots in their response to 
rooting and the number and length of the main 
roots. 
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