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This study demonstrates a protocol for in vitro regeneration of Gerbera jamesonii cv. ‘Sunglow’ 
developed by culturing leaf segments on Murashige and Skoog (MS) medium supplemented with 1.0, 
1.5, 2.0, 2.5 and 3.0 mg L

-1 
indole-3-butyric acid (IBA), naphthalene acetic acid (NAA), 2,4-

dichlorophenoxy acid (2,4-D) and 1.0, 2.0, 3.0, 4.0 and 5.0 mg L
-1

 benzyl adenine (BAP) and kinetin (Kin). 
The treatment, 1.5 mg l

-1
 2,4-D gave 100% callus induction with a friable, nodular and creamish white 

callus. BAP gave fair callus growth with compact and brownish callus. However, Kin failed to produce 
callus. Shoot regeneration was assayed with 1.0, 2.0, 3.0, 4.0 and 5.0 mg L

-1 
BAP and Kin. BAP at 3.0 mg 

l
-1

 showed 76.67% shoot regeneration, 4 shoots per explant and shoot length of 9 cm, whereas
 
same 

concentration of Kin gave only 16.67% regenerated shoots, 1.97 shoots per explant and length of 5.167 
cm. In vitro root induction was determined by using 0.5, 1.0, 1.5 and 2.0 mg L

-1 
indole-3-acetic acid (IAA) 

and NAA. IAA at 1.5 mg L
-1 

exhibited a rooting percentage of 97.67%, whereas similar concentration of 
NAA gave relatively less rooting percentage of 60.67%. IAA gave thick roots with maximum root number 
(7.567/per explant) and length (7.33 cm), on the contrary, NAA gave relatively thin roots having less 
number of 3.567 roots with a length of 4.667 cm. 
 
Key words: Gerbera jamesonii, in vitro regeneration, leaf segments, culture. 

 
 
INTRODUCTION 
 
Gerbera jamesonii is one of the widely grown ornamental 
plants, used as a cut flower as well as potted plant with 
an increasing demand in domestic and international 
market. Its propagation can be carried out by both sexual 
and asexual methods. Seed propagation is usually 
undesirable because it takes longer time to produce 
flowers (Nhut et al., 2007). Vegetative propagation 
overcomes this problem and produce plants of better 
performance (Topoonyanont and Debergh, 2001). Among 
vegetative propagation, leaf cutting, stem cutting and 
divisions of clumps are the most common techniques 
(Kumar and Kanwar, 2007). Disadvantage in vegetative 
propagation through divisions is that it  is  very  slow  and 
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Abbreviations: MS, Murashige and Skoog; IBA, indole-3-
butyric acid; NAA, naphthalene acetic acid; 2,4-D, 2,4-
dichlorophenoxy acid; BAP, benzyl adenine; Kin, kinetin.  

only five plantlets per year are produced from a single 
one year old plant (Kumar et al., 2004). In vitro technique 
is a world-wide applied tool for propagation in the 
horticultural industry and can be helpful to solve such 
problem.  

In gerbera, the chances of production of solid mutants 
from adventitious shoot regeneration techniques are 
much higher than those of axillary shoot techniques. 
Therefore, adventitious shoots are useful in mutation 
breeding as a tool for the production of solid mutants 
(Jerzy and Lubomski, 1991). The most important 
application of regeneration is its use in conjunction with 
genetic transformation. A reliable protocol for 
regeneration acts as a fundamental for genetic 
transformation, offering an opportunity for the introduction 
of wide range of beneficial traits in gerbera. In a previous 
work, adventitious shoots in gerbera were regenerated 
from callus by using different explants (Kumar et al., 
2004). However, vegetative propagation through 
adventitious buds by using midrib as explant source was 
not   successful  (Nhut et al., 2007).  Furthermore,   callus  
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Table 1. Effect of different levels of NaOCl on necrosis, infection and survival percentages of cultured leaf explants of 
G. jamesonii cv. “Sunglow” after 4 weeks. 
 

NaOCl solution 

(% v/v) 

Necrosis 

(%)* 

Infection (%)* Survival 

(%)* Bacterial Fungal Total 

5 0 31 69 100 0 

10 04 23 47 70 26 

15 37 18 26 44 19 
 

*, 100 explants/treatment. 

 
 
 
cultures give inconsistency in organ regeneration. The 
regeneration from floral buds and capitulum cultures has 
also been reported in gerbera by many workers (Modh et 
al., 2002), however, the regeneration percentage from 
these methods is very low. In the present investigation, 
an attempt was made to develop an efficient method to 
improve the in vitro regeneration rate of G. jamesonii cv. 
“Sunglow”. 
 
 
MATERIALS AND METHODS 
 
Immature young leaves of Gerbera jamesonii cv. Sunglow with 
petiole size 10 × 2 cm (first leaf from apical portion) were excised 
and washed thoroughly under running tap water for about half an 

hour to remove soil and other foreign contaminants. Leaves were 
divided into 3 to 4 equal strips each of 2 × 2 cm size and surface 
sterilized with 5, 10 and 15% (v/v) sodium hypochlorite (NaOCl) 
solution (Fluka RdH active chlorine 6 to 14%) for 6 min with 
continuous agitation followed by 3 rinses with sterilized distilled 
water to remove the NaOCl residues. Sterilized leaf sections with 
petiole were resized to 5 x 5 mm pieces (Kumar et al., 2004) and 
cultured aseptically in test tubes containing callus induction medium 

(CIM) comprising MS salts, macro and micro elements, and 
vitamins (Murashige and Skoog, 1962) supplemented with 1.0, 1.5, 
2.0, 2.5 and 3.0 mg L

-1 
IBA, NAA, 2,4-D, and BAP and Kin at 1.0, 

2.0, 3.0, 4.0 and 5.0 mg L
-1

. The medium was also complemented 
with 30 g L

-1
 sucrose and solidified with 7 g L

-1
 agar. The pH was 

adjusted to 5.8 before sterilization at 121°C for 8 min. The cultures 
were incubated in dark at 25 ± 1°C for 30 days and then transferred 
to light under 16/8 h photoperiod (2,000 lux) with white fluorescent 
tubes (Philips TL 40W/54). The experiment was arranged in 

completely randomized design with three replications per treatment 
and ten explants per replication. Visual observations of necrosis, 
bacterial and fungal contamination were recorded after two weeks. 
Data was recorded for callus induction percentage, callus growth 
and type of callus (friable and compact). 

For shoot regeneration studies, one month old calli of size 4 x 6 
mm were transferred to culture jars on shoot regeneration media 
(SRM) based on MS medium (MS macro and micro elements, and 
vitamins) supplemented with 1.0, 2.0, 3.0, 4.0 and 5.0 mg L

-1
 BA 

and Kin together with 30 g l
-1

 sucrose and 7 g L
-1

 agar. The pH of 
media was adjusted to 5.8 before autoclaving. Cultures were 
incubated at 25 ± 1°C under 16/8 h photoperiod (2,000 lux) with 
white fluorescent tubes (Philips TL 40W/54). Data was recorded for 
shoot regeneration percentage, number of shoots per regenerated 
callus and shoot length (cm) after four weeks.  

In vitro regenerated shoots were uniformly prepared to a size of 1 
to 1.5 cm by separating them from a multiple shoot complex 

originating from the callus after shoot initiation and were transferred 
to rooting media (RM) consisting of MS macro and micro elements, 
and vitamins plus 30 g L

-1
  sucrose  and  7 g L

-1
 agar  with   0.0, 0.5, 

1.0, 1.5 and 2.0 mg L
-1

. The pH was adjusted to 5.8 before 
sterilization. The cultures were incubated at 25 ± 1°C under 16/8 h 
photoperiod (2,000 lux) with white fluorescent tubes (Philips TL 
40W/54). After four weeks, the data on rooting percentage, average 
number of roots per shoot and root length of explants (cm) were 
recorded. Statistical analysis of the data was carried out by using 
analysis of variance (ANOVA) technique and differences among 

treatment means were compared by using least significance 
difference (LSD) test at 5% probability level (Steel et al., 1997). 
 
 
RESULTS AND DISCUSSION 
 
Disinfestation of leaf explants of G. jamesonii cv. 
‘Sunglow’  
 
Visually screened data pertaining to effect of various 
concentrations of NaOCl on disinfestation and survival 
percentages of leaf explants of G. jamesonii cv. 
‘Sunglow’ (Table 1) shows that 10% NaOCl had 
significantly increased the survival percentage (26%) 
which decreased to 19% when the concentration of 
NaOCl was further increased to 15%. NaOCl at the 
concentration of 15% reduced infection (44%) but 
increased necrosis (37%). It indicates that together with 
disinfestation, immature leaf sections might have been 
damaged and caused the death of the explants. No 
visible symptoms of necrosis were observed at 5% 
NaOCl but all the explants exhibited 100% infestation. 
The selection of a safe sterilant is of prime importance for 
the control of infection and establishment of explant 
tissue. Furthermore, appropriate concentration of NaOCl 
is required for the removal of fungal and bacterial 
contamination (Ahmad et al., 2003). In the present 
investigation, an effective control of contamination with 
maximum survival percentage (26%) and minimum 
necrosis (4%) was observed from leaf explants of G. 
jamesonii cv. ‘Sunglow’ by using 10% NaOCl solution. 
 
 

Callus induction percentage 
 
Significant difference was observed between treatments 
regarding callus induction percentage among all 
treatments, 2,4-D was the most effective auxin at 1.5 mg 
L

-1
 (T12) which gave 100% callus induction (Figure 1a) 

followed  by   NAA  (T8 2.0 mg L
-1

)  with   83.33%    callus  



 
 
 
 
induction (Figure 1b). The callusing percentage recorded 
in IBA (T2 1.5 mg L

-1
) was 58.33%. When different 

concentrations of BAP were introduced to the callus 
induction medium, the results showed poor percentages 
in all concentrations, except T18 (3.0 mg L

-1
) where 25% 

callus induction was noted.  
Many researchers observed auxins (IBA, NAA and 2,4-

D) as the best growth regulator for callus induction 
(Suzuki et al., 2002) which is in agreement with the 
results obtained in the present investigation where auxins 
in comparison with cytokinins gave better callus induction 
percentage (Koroch et al., 2003). Auxins stimulate RNA 
metabolism and induce the transcription of messenger 
RNA which code the proteins that are required for the 
chaotic cell proliferation and ultimately the callus 
formation. Nahid et al. (2007) reported that 2,4-D, NAA 
and IBA induce cell division and enlargement at optimum 
concentrations which is associated with increase in the 
activities of autolytic and synthetic enzymes by effecting 
cell wall plasticity and by synthesizing new cell wall 
materials. A decrease in callus induction percentage of 
IBA as compared to 2,4-D and NAA was observed which 
is probably due to its instability by making it less effective 
than other auxins like 2,4-D and NAA (Obukosia et al., 
2005).  

BAP had positive effect on callus induction, whereas, 
Kin is generally less effective. Modh et al. (2002) reported 
that BAP stimulate RNA and protein synthesis which 
activate enzyme activity for cell division and cell wall 
loosening. Previously, poor callus induction on MS 
medium supplemented with different concentrations of 
Kin from leaf explants of G. jamesonii was also reported 
by Kumar and Kanwar (2007). 

Among different concentrations of auxins (IBA, NAA 
and 2,4-D) and cytokinins (BAP and Kin), it was found 
that by increasing the concentration of growth regulators, 
there is a great fall in the callusing percentages which 
agrees with the report of Can et al. (2008). 
 
 
Callus growth and types of callus 
 
Data for the growth and type of callus on MS medium 
supplemented with different concentrations of growth 
regulators was analyzed (Table 2). The first visible 
response was the initiation of callus along the wounded 
edges of leaf explants within 7 to 15 days on all 
concentrations of IBA, NAA, 2,4-D and BAP which 
gradually covered the partial or entire leaf surface within 
30 days of inoculation. It is because the cut ends of leaf 
explants provided a way for the nutrients and growth 
regulators to be absorbed efficiently from the medium 
and start functioning according to the nature of the 
growth regulator (Reynoired et al., 1993). This response 
was not observed in the explants cultured on different 
concentrations of Kin. A friable, nodular, creamish white 
callus  with   excellent   callus   growth   (Figure  1c)   was  
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recorded on 2,4-D at T12 (1.5 mg L

-1
). NAA at T8 (2.0 mg L

-

1
) and T9 (2.5 mg L

-1
) also gave excellent callus growth 

with creamish white, friable and nodular type of callus. 
Similar results were obtained from IBA (1.5 mg L

-1
) at T2. 

BAP at T18 (3.0 mg L
-1

) gave compact type of callus with 
brown colour and fair growth (Figure 1d) whereas all 
concentrations of Kin gave extremely poor callus growth. 

According to Thorpe (1980), inclusion of an auxin in the 
media is necessary for callus induction and growth by 
influencing the development of progressively more 
random planes of division. Taiz and Zieger (2002) 
showed that auxins (IBA, NAA and 2,4-D) directly 
stimulated the early phases of cell elongation by causing 
responsive cells to actively transport hydrogen ions out of 
the cell and lower the pH around cells. This acidification 
of the cell wall region activates wall-loosening proteins 
known as expansions to allow slippage of cellulose 
microfibrils in the cell wall and breaking of bonds in wall 
polysaccharides, allowing the walls to stretch more easily 
and to increase the callus growth more rapidly. Can et al. 
(2008) reported that auxins make nuclear DNA to 
become more methylated than usual state which revert 
the cell to dedifferentiated state and initiate cell division 
and enlargement. In the present work, compact callus 
was observed on all concentrations of BAP which 
according to Suzuki et al. (2002) was characterized with 
dense cytoplasm and conspicuous nuclei with 
comparatively thicker cell walls which were tightly packed 
together giving rise to an undifferentiated mass.  

It was observed that callus colour turned brown and 
dark brown when the concentrations of IBA, NAA, 2,4-D 
and BAP were increased from an optimum level of 3.0 
mg L

-1
. Shirin et al. (2007) observed that meristematic 

cell division is blocked at supra optimal concentrations of 
auxins (IBA, NAA and 2,4-D) and cytokinins (BAP and 
Kin) which causes the inhibition of protein synthesis, 
leading to the browning and death of callus. Numerous 
small white threads like roots were observed originating 
directly from leaf explants on all concentrations of IBA. It 
is because IBA activated those genes in the leaf explant 
which are involved in direct rooting and in certain cases 
IBA indirectly affected polyamine synthesis which control 
rooting. According to the study of Minocha et al. (1993), 
synthesis of cellular polyamine levels respond to the 
exogenous IBA concentrations which cause direct rooting 
from leaf explants. 
 
 
Shoot regeneration percentage 
 
Among different treatments, shoot regeneration 
percentage varied significantly (Table 3). BAP at the 
concentration of T3 (3.0 mg L

-1
) gave highest shoot 

regeneration percentage of 76.67%. Comparatively less 
shoot regeneration frequency was recorded with Kin 
application which is in line with the findings of Karim et al. 
(2003).  
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Figure 1. (a) Callus induction percentage in 2,4-D at T12 (1.5 mg L

-1
), with complete callus 

covering; (b) NAA at T8 (2.0 mg L
-1

) showing 83% of leaf explant covered with callus; (c) A friable, 
nodular, creamish white callus observed with excellent growth on 2,4-D at T12 (1.5 mg L

-1
); (d) Fair 

growth with compact and brownish type callus observed on BAP at T18 (3.0 mg L
-1

). 

 
 
 

Kin proved less effective for shoot regeneration and gave 
comparatively lower regeneration percentages then BAP. 
Moreover Can et al. (2008) observed the inefficiency of 
Kin over BAP for obtaining better regeneration 
percentages. A decreasing trend in regeneration 
percentages with increasing concentrations of BAP and 
Kin after an optimum level (3.0 mg L

-1
) was found among 

different treatments. Shirin et al. (2007) suggested that 
among cultures where cytokinins are in limited 
concentrations, the division of cell nuclei becomes 
arrested at one stage of the cell cycle which affects the 
regeneration percentage. 
 
 
Number of regenerated shoots  
 
Results  show  that the number of regenerated shoots per 

callus ranged between 0.23 and 4.0, depending on the 
type and concentration of growth regulators (BAP and 
Kin). BAP at T3 (3.0 mg L

-1
) produced significantly higher 

number of shoots by producing an average of 4.0 shoots 
per callus (Figure 2a and Table 3), whereas Kin at T8 (3.0 
mg L

-1
) gave 1.967 shoots. Initially, shoot buds with pink 

and green colour appeared within 3 to 4 weeks of 
subculturing almost in all concentrations of BAP and Kin. 
They took 6 to 8 weeks to develop into a healthy shoot. In 
Kin substituted media, 1 to 5 shoot buds appeared 
occasionally but almost all of them failed to develop into a 
shoot with the exception of only 1 or 2. BAP being the 
chemical analogue of cytokinin not only affect different 
phases of regeneration but also indicate cytokinin 
specificity for obtaining higher number of regenerants and 
shoots which is in corroboration with the findings of 
Aswath and Wazneen (2004). Haberer and Kieber (2002)  
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Table 2. Effect of different growth regulators on callus induction, growth and type. 
 

Treatment (mg L
-1
) Callus induction (%) Callus growth* Callus type 

IBA  

T0 0.0 0.0000
k
 - 0 

T1 1.0 50.00
efg

 ++ Friable 

T2 1.5 58.33
defg

 +++ Friable 

T3 2.0 41.67
ghi

 ++ Friable 

T4 2.5 25.00
hij

 ++ Friable 

T5 3.0 16.67
j
k ++ Friable 

    

NAA  

T6 1.0 45.00
fgh

 ++ Friable and nodular 

T7 1.5 53.33
defg

 ++ Friable and nodular 

T8 2.0 83.33
abc

 +++ Friable and nodular 

T9 2.5 70.00
bcde

 +++ Friable and nodular 

T10 3.0 66.67
cdef

 ++ Friable and nodular 

    

2,4-d  

T11 1.0 91.67
ab

 +++ Friable and nodular 

T12 1.5 100.0
a
 +++ Friable and nodular 

T13 2.0 75.00
bcd

 +++ Friable and nodular 

T14 2.5 20.00
ijk

 ++ Friable and nodular 

T15 3.0 8.333
jk
 ++ Friable and nodular 

    

BA  

T16 1.0 6.000
jk
 + Compact and nodular 

T17 2.0 11.67
jk
 + Compact and nodular 

T18 3.0 25.00
hij

 + Compact and nodular 

T19 4.0 8.333
jk
 + Compact and nodular 

T20 5.0 0.0000
k
 - 0 

    

kin  

T21 1.0 0.0000
k
 - 0 

T22 2.0 0.0000
k
 - 0 

T23 3.0 0.0000
k
 - 0 

T24 4.0 0.0000
k
 - 0 

T25 5.0 0.0000
k
 - 0 

LSD5%  22.82 
 

Different letters within a column indicate significant difference at p < 0.05. +++: Excellent callus growth, ++: very good callus growth, 

+: fair callus growth and -: poor/no callus growth. 

  
 
 
observed that addition of BAP in the regeneration media 
generally provide a stimulus for the regeneration and 
allow the cell cycle regulation required for the induction of 
cell division and specialization during plant development 
which not only stimulated shoot meristemoid formation 
but also increased shoot number. Rashotte et al. (2003) 
showed that BAP enhanced shoot number by increasing 
cell division as BAP might be required to regulate the 
synthesis of those proteins which are involved in the 
formation of meiotic spindle apparatus.  

Kin gave comparatively  less  shoot  number  than BAP 

which is in accordance with the findings of Geetha et al. 
(1998). Furthermore, Haberer and Kieber (2002) reported 
that Kin appeared to be ineffective in shoot development 
process because of insufficient cytokinin activity which 
blocks early developmental stage of adventitious shoot 
formation and reduces shoot number. It appeared that 
shoot number had a tendency to decrease as BAP and 
Kin concentrations reduced very much or increase 
beyond 3.0 mg L

-1
. Therefore, it can be suggested that 

the optimal BAP and Kin concentrations in the medium 
should  be  high  enough  to satisfy the basic requirement  
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Table 3. Effect of different concentrations of BAP and Kin on shoot regeneration percentage, shoot number and shoot length (cm).  
  

Treatment (mg L
-1
) Shoot regeneration (%) Shoot number Shoot length (cm) 

BAP  

T0 0.0 0.00
i
 0.00

h
 0.00

i
 

T1 1.0 53.33
c
 2.700

c
 6.800

bc
 

T2 2.0 64.67
b
 3.533

b
 7.767

b
 

T3 3.0 76.67
a
 4.000

a
 9.000

a
 

T4 4.0 45.33
d
 2.577

c
 6.067

cd
 

T5 5.0 36.67
e
 2.230

cd
 5.133

de
 

    

Kin  

T6 1.0 4.000
h
 0.633

fg
 3.167

f
 

T7 2.0 7.333
gh

 1.233
e
 4.233

e
 

T8 3.0 16.67
f
 1.967

d
 5.167

de
 

T9 4.0 12.33
fg
 1.067

ef
 1.967

g
 

T10 5.0 5.333
h
 0.233

g
 0.833

h
 

LSD 5% 6.022 0.4474 0.9858 
 

Different letters within a column indicate significant difference at p < 0.05. 

 

 
 

for cell division and differentiation and low enough not to 
impose any negative effect on number of shoots per 
callus. Rashotte et al. (2003) reported that suboptimal (<3 
mg L

-1
) concentrations of BAP and Kin reduce cell 

division during a cell cycle which causes a marked 
decrease in shoot number. Whereas supraoptimal levels 
(>3 mg L

-1
) of BAP and Kin have inhibitory effect on 

number of shoot per explant. This inhibitory effect has 
been related with the negative effect of BAP and Kin on 
protein synthesis (Casimiro et al., 2001).  
 
 
Length (cm) of regenerated shoots 
 
Significant difference for shoot length was noticed for 
different concentrations of BAP and Kin (Table 3). BAP at 
T3 (3.0 mg L

-1
) gave maximum shoot length of 9.0 cm 

(Figure 2b) followed by Kin at T8 (3.0 mg L
-1

) producing 
5.167 cm long shoots. Furthermore, highest Kin 
concentration at T10 (5.0 mg L

-1
) gave lowest shoot length 

of 0.833 cm. Chen et al. (1985) reported that BAP 
increased the amount of mRNAs which promote cell 
expansion, cell division and chlorophyll synthesis by 
activating synthesis of protein that bind chlorophyll for 
shoot elongation. D’ Angeli et al. (2001) observed more 
shoot length when optimal concentration of BAP was 
applied, it produced more diffused and well distributed 
endogenous isopentenyladenine (iP) and isopently 
adenosine (iPR) in the tissues of the vegetative shoot 
apex which is considered to be the precursor of all the 
naturally occurring cytokinins.  

Furthermore, Haberer and Kieber (2002) observed that 
BAP increased the cytokinin biosynthesis by coding those 
enzymes which are involved in the conversion of 
dimethylallyl diphosphate (DMAPP) and adenisine-mono-

phosphate (AMP) to isopentenyleadenosine-5-
monophosphate (iPMP) through the action of ipt genes, 
thus causing a marked increase in shoot length.  

The results obtained in the present investigation might 
be in line with those of D’ Angeli et al. (2001) who 
reported that maximum shoot development was found in 
BAP than Kin in Agnihothri. Bennet et al. (1994) observed 
that reduced shoot length can be connected to less 
efficiency of exogenous Kin to trigger endogenous 
cytokinin level of the cell for normal growth. Werner et al. 
(2001) mentioned that the inhibition of shoot elongation is 
induced by excess cytokinin due to the production of 
ethylene in cells which increased the production of 
protein synthesis inhibitors and inferred the inhibitory 
effect on shoot length. 
 
 
Rooting percentage (%)  
 

Significant difference was observed among treatments; 
rooting percentages (Table 4) varied from 0 to 97.67% 
with the varying concentrations of auxins. IAA at T7 (1.5 
mg L

-1
) gave the highest rooting percentage of 97.67% 

followed by IAA at T8 (2 mg L
-1

) giving 85% rooting. No 
root induction was observed in auxin free media. 
According to the study of Metaxas et al. (2004) metabolic 
changes in the rooting zones of cuttings due to auxins 
are capable of promoting adventitious root formation 
which indicates that auxin is an essential growth regulator 
required for the process of root formation of gerbera. 
Husen and Pal (2001) reported that IAA application 
strongly enhances root induction through the endogenous 
IAA acropetal movement from the shoot towards the 
central cylinder (phloem or precursor procambial cells). 
Metaxas  et  al. (2004)  found that IAA plays an important  
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Figure 2. (a) Maximum shoot number of 4 with BAP at T3 (3.0 mg L

-1
) and (b) Shoot length of 9.0 cm with BAP at T3 (3.0 mg L

-1
). 

 
 
 

Table 4. Effect of different concentrations of NAA and IAA on rooting percentage, root number and root length (cm). 

  

Treatment (mg L
-1
) Rooting percentage Root number Root length (cm) 

NAA   

T0 0.0 0.000
i
 0.000

i
 0.000

i
 

T1 0.5 36.67
h
 2.533

h
 2.933

h
 

T2 1.0 43.33
g
 3.567

g
 3.567

g
 

T3 1.5 60.67
e
 4.433

e
 4.667

e
 

T4 2.0 51.67
f
 4.067

f
 4.233

f
 

    

IAA  

T5 0.5 68.33
d
 5.800

d
 5.267

d
 

T6 1.0 76.67
c
 6.567

c
 5.767

c
 

T7 1.5 97.67
a
 7.567

a
 7.333

a
 

T8 2.0 85.00
b
 7.033

b
 6.333

b
 

LSD5% 5.404 0.3116 0.2365 
 

Different letters within a column indicate significant difference at p < 0.05. 

 
 
 

role in rhizogenesis through the process of 
redifferentiation of the cells in which predetermined cells 
switch from their morphogenetic path to act as mother 
cells   for   root   primordial    initiation.  Furthermore,  IAA 

promoted rooting of the cuttings because it increases 
sugar availability at the site of primordium development 
(Saxena et al., 2000). Haissig (1986) observed that IAA 
plays an important role in mobilization of carbohydrates in  
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Figure 3. (a) Healthy and thick roots with a number of 7.599 at IAA (T7 1.5 mg L
-1

) and (b) Maximum root length of 7.333 
cm at IAA (T7 1.5 mg L

-1
). 

 
 
 
the upper stem and increases its transportation towards 
the rooting zone where it gives energy to initiate the root 
primordium.  

Among both auxins, NAA resulted in less rooting 
percentage as compared to IAA which is in line with the 
findings of Ali et al. (2009) who proposed that NAA is less 
effective in inducing rooting. According to the study of 
Dunlap et al. (1986) NAA is a more stable auxin than IAA 
and do not oxidize rapidly once absorbed within the cell. 
Casimiro et al. (2001) also reported that the rate of 
degradation of NAA and its subjection to the enzymatic 
activity is also less because of its stability; therefore, it is 
less active in the process of root initiation. The results 
indicate that rooting percentage reduce after attaining a 
peak value at optimum concentrations (1.5 mg L

-1
) of IAA 

and NAA. Similar results were obtained by Ali et al. 
(2009) who reported that higher than optimum 
concentration of auxin inhibit the root primordia formation. 
 
 
Root number 
 
Exogenous application of NAA and IAA had a positive 
effect on root number. Root number varied significantly 
among different  treatments  (Table 4). IAA at T7 (1.5 mg L

-1
) 

gave maximum root number of 7.567 (Figure 3a) and 
NAA at T3 (1.5 mg L

-1
) gave 4.433 roots, which was 

significantly low as compared to all the concentrations of 
IAA applied. Furthermore, no root appeared in basal MS 
media without NAA and IAA supplementation. Celenza et 
al. (1995) found that IAA and NAA promoted root 
initiation and growth by inducing the cells to the pericycle 
and parenchyma to dedifferentiate and start initial cell 
division process. Laskowski et al. (1995) also mentioned 
that auxin accumulation within the root tissues may cause 
an increase in the number of adventitious root formation. 
Mockaitis and Howell (2000) reported an increase in 
myelin basic protein (MBP)-kinase activity in response to 
auxin treatment which provides a stimulus for mitogen 
activated protein kinase (MAPK) activation and initiated 
mitotic process which induces dedifferentiation of 
xylematic or parenchyma cells that acquired meristematic 
activity resulting in cell division and increased number of 
adventitious roots.  

IAA proved to be more efficient in producing maximum 
number of good quality, healthy and thick roots than 
NAA. Pagnussat et al. (2004) reported that IAA increases 
the number of roots through the development of 
meristematic tissues and regulation of cell differentiation. 
Bruce and West (1989) reported that once root primordial  



 
 
 
 
have been developed in the cuttings, then IAA causes a 
considerable metabolic activity within the cells which 
results in the formation of new root tissues that later grow 
into a root.  

Less number of low quality and thin roots were 
observed with NAA as compared to IAA which is almost 
similar to the results of Mariska et al. (1989) who reported 
that NAA produced less root number, whereas IAA gave 
more number of roots.  
 
 
Root length (cm)  
 
The results show that root length was synergistic to the 
previous two trends of rooting percentage and rooting 
number. Among various treatments, a significant 
difference in root length was recorded (Table 4). IAA at T7 

(1.5 mg L
-1

) gave the longest roots of 7.333 cm (Figure 
3b), whereas NAA at T3 (1.5 mg L

-1
) gave root length of 

4.67 cm, which was significantly low as compared to all 
the concentrations of IAA applied. Posada et al. (1999) 
observed that auxin not only stimulated rhizogenesis but 
also increased the early phases of cell elongation by 
causing responsive cells to actively transport hydrogen 
ions out of the activating wall loosening proteins known 
as expansins which allow the slippage of cellulose 
microfibrils in the cell wall and ultimately increased the 
root length by making the cell wall less rigid. 
Furthermore, Pagnussat et al. (2004) reported that auxin 
is necessary for gibberellin (GA) mediated control of root 
growth, causing a marked increase in root length. 

In accordance with the previous parameters (rooting 
percentage and root number), less root length was 
observed with NAA as compared to IAA. Puchooa (2004) 
observed small, thin and delicate roots with NAA. Karim 
et al. (2003) reported that among auxins, reduced effects 
of NAA might be linked with the fact that within the root 
tissues, NAA is a more persistent auxin which restrain the 
successful development of root meristemoids and may 
obstruct the synthesis of enzymes concerned with cell 
elongation.  

With different concentrations of IAA and NAA, it was 
observed that root length decreased immediately after an 
optimum level (1.5 mg L

-1
). Puchooa (2004) reported that 

increased IAA and NAA concentrations inhibit 
cytoplasmic streaming in plant cells which cause the 
acidification of the cytoplasm by disturbing the orientation 
of actin filament in the cell wall and retard the process of 
cell wall loosening, and ultimately arrest the root growth. 
Moreover, Salisbury and Ross (2005) observed that 
higher concentrations of IAA and NAA reduce root growth 
due to increased level of endogenous ethylene 
biosynthesis. 
 
 
REFERENCES 

 
Ali A,  Ahmad  T,  Abbasi  NA,   Hafiz   IA   (2009).   Effect   of   different  

Shabbir et al.        9983 
 
 
 
    concentrations of auxins on in vitro rooting of olive cultivar ‘Moraiolo’. 

Pak. J. Bot., 41(3): 1223-1231. 
Ahmad T, Rahman H, Ahmad CMS, Laghari MH (2003). Effect of 

culture media and growth regulators on micropropagation of Peach 
rootstock GF 677. Pak. J. Bot., 35(3): 331-338. 

Aswath C, Wazneen S (2004). An improved method for in vitro 

propagation of gerbera. J. Orn. Hort., 7: 141-146. 
Bennet IJ, McComb JA, Tonkin CA, McDavid DAJ (1994). Alternating 

cytokinins in multiplications media stimulates in vitro shoot growth 

and rooting of Eucalyptus globulus Labill. Ann. Bot., 74: 53-58. 

Bruce RJ, West CA (1989). Elicitation of lignin biosynthesis and 
isoperoxidase activity by peptic fragments in suspension cultures of 

castor bean. Plant Physiol., 91: 889-897. 
Can E, Celiktas C, Hatipoglu R (2008). Effect of auxin type and 

concentrations in different media on the callus induction and shoot 
formation of crested wheatgrass (Agropyron cristatum). Biotechnol. 

Biotechnol., 22: 782-786. 
Casimiro I, Marchant A, Bhalerao RP, Beeckman T, Dhoogi S, Swarup 

R, Graham N, Inze D, Sandberg G, Casero PJ, Bennet MJ (2001). 
Auxin transport promotes Arabidopsis lateral root initiation. Plant Cell, 
13: 843-852. 

Celenza JL, Grisafi PL, Fink GR (1995). A pathway for lateral root 
formation in Arabidopsis thaliana. Genes Dev., 9: 2131-2142. 

Chen CM, Ertl JR, Leisner SM and Chang CC (1985). Localization of 

cytokinin biosynthetic sites in pea plant and carrot roots. Plant 
Physiol., 78: 510-513. 

D’ Angeli S, Lauri P, Dewitte W, Van OH, Caboni E (2001). Factors 
affecting in vitro shoot formation from vegetative shoot apices in 

apple, and their relationship between the organogenesis response 
and the cytokinin localization. Plant Biosyst., 135: 95-100. 

Dunlap JR, Kresovich S, McGee RE (1986). The effect of salt 
concentration on auxin stability in culture media. Plant Physiol., 81: 
934-936. 

Geetha N, Venkatachalam P, Prakash V, Sita GL (1998). High 
frequency induction of multiple shoots and plant regeneration from 
seedling explants of pigeonpea. Plant Cell Rep., 17: 22-26. 

Haberer G, Kieber JJ (2002). Cytokinins. New insights into a classic 
phytohormone. Plant Physiol., 128: 354-362. 

Haissig BE (1986). Metabolic process in adventitious rooting of cuttings. 

In: Jackson, M. B. (ed) New root formation in plants and cuttings, 
Martinus Nijhoff Publishers, Dordchgt/Boston/Lancaster, pp. 141-189. 

Husen A, Pal M (2001). Clonal propagation of Tectona grandis (Linn. f.): 

effects of IBA and leaf area on carbohydrates drifts and adventitious 
root regeneration on branch cuttings. Ann. For., 9(1): 88-95. 

Jerzy M Lubomski M (1991). Adventitious shoot formation on ex vitro 

derived leaf explants of Gerbera jamesonii. Scient. Hort., 47: 115-

124. 
Karim MZ, Amin MN, Azad MAK, Begum F, Rahman, Islam MM, Alam 

R (2003). Effects of different plant growth regulators on in vitro shoot 

multiplication of Chrysanthemum morifolium. Online J. Biol. Sci., 3(6): 
553-560.  

Koroch AR, Kapteyn J, Juliani HR, Simon JE (2003). In vitro 

regeneration of Echinacea pallida from leaf explants. In vitro Cell 

Dev. Biol. Plant, 39: 415-418. 
Kumar S, Kanwar JK (2007). Plant regeneration from cell suspensions 

in Gerbera jamesonii Bolus. J. Fruit Ornamental Plant Res. 15: 157-

166. 
Kumar S, Kanwar SK, Sharma DR (2004). In vitro regeneration of 

Gerbera jamesonii from leaf and petiole explant. J. Plant Biochem. 

Biotech., 13: 73-75. 
Laskowski MJ, Williams ME, Nasbaum C and Sussex IM. (1995). 

Formation of lateral root meristems is a two stage process. Dev., 121: 
3303-3310.  

Mariska I, Gati E, Sukmabjaja I (1989). In vitro clonal propagation of 

gerbera. Bullintin Penelitiate Hortikultural, 17: 34-43. 

Metaxas D, Syros T, Yupsanis T, Economou A (2004). Peroxidases 
during adventitious rooting in cutting of Arbutus unedo and Taxas 

baccata as affected by plant genotype and growth regulator 
treatment. Plant Gr. Reg., 44(3): 257-266. 

Minocha R, Kvaalen H, Minocha SC, Long S (1993). Polyamines in 

embryo genic culures of Norway spruce and Red spruce. Tree 
Physiol., 13: 365-377.  



9984        Afr. J. Biotechnol. 
 
 
 
Mockaitis K, Howell SH (2000). Auxin activated mitogenic activated 

protein kinase (MAPK) activation in roots of Arabidopsis seedlings. 
Plant J., 24: 785-796. 

Modh FK, Dhaduk BK, Shah PR (2002). Factors effecting 
micropropagation of gerbera from capitulum explants. J. Orn. Hort., 5: 
4-6. 

Murashige T, Skoog F (1962). A revised medium for rapid growth and 
bioassay with tobacco tissue cultures. Plant Physiol., 15: 473-497. 

Nahid JS, Saha S, Hattori K (2007). High frequency shoot regeneration 
from petal explants of Chrysanthemum morifolium Ramat. In vitro. 

Pak. J. Biol. Sci., 10(19): 3356-3361. 
Nhut DT, An TTT, Huong NTD, Don NT, Hai NT, Thein NQ, Vu NH 

(2007). Effect of genotype, explant size, position and culture medium 
on shoot regeneration of Gerbera jamesonii by receptacle transverse 

thin cell layer culture. Scient. Hort., 111: 146-151. 

Obukosia DS, Kimani E, Waithaka K, Mutttu E, Kimani PM (2005). 
Effects of growth regulators and genotypes on pyrethrum in vitro. In 
vitro Cell Division. Biol. Plant, 41: 162-166. 

Pagnussat GC, Lanteri ML, Lombardo MC, Lamattina L (2004). Nitric 
oxide mediates the indole acetic acid induction activation of mitogen 
activated protein cascade involved in adventitious root development. 

Plant Physiol., 135: 279-286. 
Posada M, Ballesteros N, Obando W, Angarita A (1999). 

Micropropagation of Gerbera from floral buds. Acta Hort., 482: 329-

332. 
Puchooa D (2004). In vitro regeneration of lychee (Litchi chinensis 

Sonn.). Afr. J. Biotechnol., 3(11): 576-584. 

Rashotte AM, Susan DBC, Jennifer PC, Kieber JJ (2003). Expression 
Profiling of Cytokinin Action in Arabidopsis. Plant Physiol., 132: 1998-
2011. 

Reynoired JP, Chriqui D, Noin M, Brown S, Marie D (1993). Plant 
regeneration from in vitro leaf culture of several Gerbera species. 
Plant Cell Tiss. Org. Cult., 33: 203-210. 

 
 
 

 
 

 
 
 
 
 
 

 
 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

 
 
 
 
Salisbury FB, Ross CW (2005). Plant Physiol. 3

rd
 Ed. Wadsworth 

Publishing Company, California, pp. 486-488. 
Saxena C, Samantaray S, Rout GR, Das P (2000). Effect of auxins on 

in vitro rooting of Plumbago zeylanica: peroxidase activity as a 

marker for root induction. Biologia Plantarum, 43(1): 121-124. 
Shirin F, Hossain M, Kabir MF, Roy M, Sarker SR (2007). Callus 

induction and plant regeneration from Internodal and Leaf explants of 
four potato (Solanum tuberosum L.) cultivars. World J. Agric. Sci., 

3(1): 01-06. 
Steel RGD, Torrie JH, Boston MA (1997). Principles and Procedures of 

statistics. 2
nd

 Ed. McGraw- Hill Book Co. Inc. USA, 633 pp. 

Suzuki S, Miki O, Masaru N (2002). Embryogenic callus induction from 
leaf explants of the Liliaceous ornamental plant, Agapanthus praecox 
sp. Orientalis. Histological study and response to selective agents. 

Scientia Horticulturae, 95: 123-132. 

Taiz L, Zieger E (2002). Auxin: Plant Physiology. Sinaver Association 
Inc. Pub. Plant Sci., 41: 179-183. 

Thorpe TA (1980). Organogenesis in vitro: Structural, physiological and 

biochemical aspects. Int. Rev. Cytol., 2(A): 71-112. 
Topoonyanont N, Debergh PC (2001). Reducing bushiness in 

micropropagated Gerbera. Plant Cell Tiss. Org. Cult., 67: 133-144. 

Werner T, Motyka V, Strnad M, Schmulling T (2001). Regulation of plant 
growth by cytokinin. Proc. Natl. Acad. Sci. USA., 98: 10487-10492. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


