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Abstract 
In vitro regeneration of Dahlia was carried out using in vitro callus obtained from leaf as explants. 
Maximum shoot formation (71.67%) was obtained on M.S. medium supplemented with BAP (0.5 mg/l). 
Maximum root formation (78.33%) observed in M.S. medium supplemented with NAA (2.0 mg/l). 
Various plant characters were recorded from in vitro regenerated plants. 
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Introduction 

Cytokonin plays a role in organogenesis 
by stimulating cell division both in vivo and in 
vitro. Immunocytochemistry and direct 
measurement of cytokinin both reveal high 
cytokinin levels in mitotically active areas, such 
as the root and shoot meristems, and very slow 
levels are found in tissues where the cell cycle is 
arrested (Binns, 1994; Dewitte et al., 1999; 
Corbesier et al., 2003; Rashotte et al., 2005). 

In general, in vitro shoot and root 
formation depend on adding plant growth 
regulators in culture medium, especially auxins 
and cytokinins (Skoog and Muller, 1957). 
However, the answer to the combination of these 
growth regulators vary as a function of the 
species and tissue used, as related to 
Cryptanthus sinuosus L. B. Smith (Arrabal et 
al., 2002); S. obvallata (Dhar and Joshi, 2005), 
Vriesea reitzii Leme and Costa (Rech Filho et 
al., 2005), Alstroemeria cv. ‘Yellow King’ 
(Pedraza- Santos et al., 2006). This shows the 
importance of developing specific protocols for 
the species, and even for the genotypes of the 
same species (Grattapaglia and Machado, 1998). 
MATERIALS AND METHODS 

Different experiments were conducted 
for evaluation of optimum culture requirements 
for shoot formation and rooting in Dahlia. M.S. 
(Murashige and Skoog, 1962) culture medium 
supplemented with different growth hormones 
was used. 
Shoot Formation 

To standardize the media for shoot 
formation different concentrations of auxins and 
cytokinins were tested. Observations on 
frequency shoot formation were recorded at 15 
days interval after establishment of the cultures 
(Table No. 1). 

Rooting 
The well proliferated shoots were 

utilized to get in vitro plantlets. For this purpose, 
the shoots that attained the height of 4-5 cm 
were separated one by one from culture and 
were cultured on ½ or full strength MS media 
supplemented with different concentrations of 
auxins (Table No. 2 and 3). 
Hardening and Acclimatization 

After establishment of complete in vitro 
plants, it were gradually acclimatized and 
hardened. Plantlets were thoroughly washed 
with tap water to remove traces of agar medium. 
Plantlets were first transferred into pure sand 
inside the green house. Plats were covered with 
polythene bags to provide humidity. The 
polythene bags were removed gradually 
whenever it becomes foggy. After sufficient 
growth, the plantlets were shifted to into the 
mixture of soil and organic manure (1:1). The 
plantlets were watered regularly. Potted plants 
were brought out from green house into the open 
sun light for few days. Eventually these plants 
were shifted into the field for further growth. 
Data related to plant height, number of 
branching, number of sub-branching, number of 
leaves, number of flowers, diameter of flower, 
number of florets per plant was recorded (Table 
No. 4). 
RESULTS 

Callus obtained according to the 
methods prescribed by Wadankar and Malode, 
2012; was further sub-cultured either on growth 
regulators free or supplemented with M.S. 
medium for efficient organ formation. 
Shoot formation 

Effect of different hormones on shoot 
formation from callus induced from leaf is 
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tabulated in Table No. 1. Bulk callus obtained 
from explant leaf in M.S. medium supplemented 
with 2,4-D (3.0 mg/l) (Wadankar and Malode, 
2012) was utilized for shoot induction studies. 
Sixteen different combinations of hormones 
were supplemented into the M.S. medium for 
shoot formation. Basal medium M.S. alone was 
used as a control. All results were observed and 
recorded after fifteen days. M.S. medium 
supplemented with BAP (0.5 mg/l) showed 
maximum shoot formation (71.67%). Increasing 
the concentration of BAP in M.S. medium 
decreased the rate of shoot formation. 0.5 mg/l 
kinetin showed 41.67% shoot formation, further 
increase in concentration of kinetin in M.S. 

medium decreased the rate of shoot formation. 
M.S. medium supplemented with combinations 
of two cytokinins that are BAP (0.25 mg/l) and 
kinetin (0.25 mg/l) showed 61.67% shoot 
formation. Increasing the concentration of BAP 
and kinetin in combinations resulted further 
decrease in the rate of shoot formation (Table 
No. 1). 

M.S. medium supplemented with 2,4-D 
(0.5 mg/l) produced 36.67% shoot formation. 
The rate of shoot formation was found to be 
decreased gradually with increase in 
concentration of 2,4-D in medium.  M.S. 
medium alone (Control) showed very poor rate 
of shoot induction (18.33%) (Table No. 1). 

 
Table No. 1: Effect of different hormones on shoot formation from callus induced from leaf 

(Wadankar and Malode, 2012). 
Media 

composition 
Concentration 

(mg/l) 
No. of callus 

culture 
Age of cultures 

(Days) 
Shoot induction 

(%) 
M.S. Basal 
(Control) 

0 20 15 18.33 

M.S. + BAP 

0.5 20 15 71.67 
1 20 15 51.67 

1.5 20 15 40 
2 20 15 23.33 

M.S. + Kn 

0.5 20 15 41.67 
1 20 15 40 

1.5 20 15 23.33 
2 20 15 13.33 

M.S. + BAP + 
Kn 

0.25 + 0.25 20 15 61.67 
0.5 + 0.25 20 15 48.33 

1 + 0.5 20 15 31.67 
2 + 0.5 20 15 23.33 

M.S. + 2,4-D 

0.5 20 15 36.67 
1 20 15 60 

1.5 20 15 28.33 
2 20 15 25 

 
Root formation 

The shoots produced were subjected to 
½ as well as full strength of M.S. medium both 
in basal as well as in combination of different 
auxin and auxin-cytokinin for rooting (Table No. 
2 and 3). Shoots grown on M.S. basal medium 
either in half or full strength did not showed 
much rooting response. Only 15% and 18.33% 
of rooting was obtained both in half as well as 
full strength M.S. basal medium respectively 
after 17-20 days of shoot inoculation. However, 
when full strength M.S. medium was 
supplemented with 2.0 mg/l NAA, 78.33% 
rooting was observed, on 17 days of inoculation. 
Number of roots was also high (8) at 2.0mg/l 

NAA concentration. Further increase or decrease 
in the concentration of NAA, there is marked 
decrease in the rate of root formation and also 
number of days has been increased in root 
initiation (17). M.S. medium + IAA showed less 
efficiency for root induction. Highest root 
formation (56.67%) showed by 2.0 mg/l IAA 
was lesser than the lowest root formation by 
NAA (58.33% root formation in 1.0 mg/l). M.S. 
medium with BAP (2.0 mg/l) and NAA (1.5 
mg/l) in combination showed 75% of root 
formation. M.S. medium compared to ½ strength 
M.S. medium gave higher percentage of root 
formation in all above mentioned combinations 
(Table No. 2 and 3). 
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Table No. 2: Effect of different hormones on root formation using ½ M.S. medium 

Media 
composition 

Concentration 
(mg/l) 

No. of shoots 
culture 

Age of cultures 
(Days) 

Root induction 
(%) 

½ M.S. Basal 
(Control) 

0 20 25 15 

½ M.S. + IAA 
1 20 25 23.33 
2 20 25 75 
3 20 25 61.67 

½ M.S. + NAA 
1 20 25 58.33 
2 20 25 66.67 
3 20 25 43.33 

½ M.S. + BAP + 
NAA 

2 +0.5 20 25 43.33 
2 +1 20 25 61.67 

2 +1.5 20 25 63.33 
2 +2 20 25 56.67 

3 +0.5 20 25 38.33 
3 +1 20 25 33.33 

3 +1.5 20 25 18.33 
3 +2 20 25 15 

4 +0.5 20 25 21.67 
4 +1 20 25 16.67 

4 +1.5 20 25 11.67 
4 +2 20 25 8.33 

 
Table No. 3: Effect of different hormones on root formation using M.S. medium 

Media 
composition 

Concentration 
(mg/l) 

No. of shoots 
culture 

Age of cultures 
(Days) 

Root induction 
(%) 

M.S. Basal 
(Control) 

0 20 25 18.33 

M.S. + IAA 
1 20 25 41.67 
2 20 25 56.67 
3 20 25 46.67 

M.S. + NAA 
1 20 25 58.33 
2 20 25 78.33 
3 20 25 63.33 

M.S. + BAP + 
NAA 

2 +0.5 20 25 56.67 
2 +1 20 25 61.67 

2 +1.5 20 25 75 
2 +2 20 25 65 

3 +0.5 20 25 50 
3 +1 20 25 41.67 

3 +1.5 20 25 36.67 
3 +2 20 25 20 

4 +0.5 20 25 26.67 
4 +1 20 25 16.67 

4 +1.5 20 25 13.33 
4 +2 20 25 8.33 

 
 
 
 
 

 
 
Plant hardening 
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After establishment of complete 
plants, it were gradually acclimatized and 
hardened. Data related to plant height, total 
number of branches, number of sub

 
Table No. 4: Morphology of Dahlia

Plant characters

Plant height (cm)
Total no. of branches
No. of sub-branches

No. of leaves
Length of leaves (cm)
Breadth of leaves (cm)

Total no. of flowers 
Diameter of flower (cm)

No. of florets
Flower colour
Stem colour 

 
DISCUSSIONS 

The present study also showed the 
differentiated response of callus into shoots and 
roots on hormone free or selected regeneration 
medium. The results of present study revealed 
that callus exhibits more potential for shoot 
regeneration even on hormone free medium. The 
callus subjected to hormone free medium may 
contain a population of cells which were the part 
of original meristematic tissues. Meristematic 
cells of callus retain relatively higher totipotency 
and swiftly induce the organ formation even on 
the basal medium (Siddiqui, 1993).
Shoot formation 
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After establishment of complete in vitro 
plants, it were gradually acclimatized and 
hardened. Data related to plant height, total 
number of branches, number of sub-branches, 

number of leaves, length of leaves, breadth of 
leaves, total number of flowers, diameter of 
flower, number of florets and 
plant was recorded regularly (Table No. 4).

Dahlia 

Plant characters Parameters  
(Average per plant)

Plant height (cm) 79.9 
Total no. of branches 14.4 

branches 2.9 
No. of leaves 72.1 

Length of leaves (cm) 9.5 
Breadth of leaves (cm) 7.2 

Total no. of flowers  7.7 
Diameter of flower (cm) 12.3 

No. of florets 176.9 
Flower colour Red 

 Brown 

The present study also showed the 
differentiated response of callus into shoots and 
roots on hormone free or selected regeneration 
medium. The results of present study revealed 
that callus exhibits more potential for shoot 
regeneration even on hormone free medium. The 

ormone free medium may 
contain a population of cells which were the part 
of original meristematic tissues. Meristematic 
cells of callus retain relatively higher totipotency 
and swiftly induce the organ formation even on 
the basal medium (Siddiqui, 1993). 

The present study demonstrates the 
effect of phytohormones for shoot formation. 
Among the various phytohormones mainly two 
cytokinins i.e. BAP and Kinetin were used in 
M.S. medium either alone or in combination and 
2,4-D in M.S. medium was u
shoot formation. M.S. medium without 
phytohormone also resulted shoot formation.
M.S. medium + BAP 

M.S. medium supplemented with BAP 
(0.5 mg/l) showed maximum percentage of 
shoot formation (71.67%). While further 
increase in the the concentration of BAP in M.S. 
medium showed decreased the percentage of 
shoot formation (Table No. 1; Fig. 1).

18.33

71.67

51.67
40

23.33

Control 0.5 1 1.5

M.S. medium + BAP (mg/l)

Fig. 1. Effect of BAP on shoot formation from callus 
induced from leaf of Dahlia.
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number of leaves, length of leaves, breadth of 
leaves, total number of flowers, diameter of 
flower, number of florets and flower colour per 
plant was recorded regularly (Table No. 4). 

 
(Average per plant) 

The present study demonstrates the 
effect of phytohormones for shoot formation. 
Among the various phytohormones mainly two 
cytokinins i.e. BAP and Kinetin were used in 
M.S. medium either alone or in combination and 

D in M.S. medium was used as auxin for 
shoot formation. M.S. medium without 
phytohormone also resulted shoot formation. 

M.S. medium supplemented with BAP 
(0.5 mg/l) showed maximum percentage of 
shoot formation (71.67%). While further 

tration of BAP in M.S. 
medium showed decreased the percentage of 
shoot formation (Table No. 1; Fig. 1). 
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2

Fig. 1. Effect of BAP on shoot formation from callus 



Journal of Global Biosciences
ISSN 2320-1355 

http://www.mutagens.co.in/jgb.html
 

 
 
M.S. medium + Kn 

0.5 mg/l kinetin showed 41.67% shoot 
formation, further increase in concentration of 

 

 
M.S. medium + BAP + Kn 

0.25 mg/l BAP + 0.25 mg/l Kn showed 
highest (61.67%) shoot formation, further 

 

 
M.S. medium + 2,4-D 

M.S. medium supplemented with 2,4
(0.5 mg/l) produced 36.67% shoot formation and 
60% at 1 mg/l. The rate of shoot formation 
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0.5 mg/l kinetin showed 41.67% shoot 
formation, further increase in concentration of 

kinetin in M.S. medium decreased the rate of 
shoot formation (Table No. 1; Fig. 2).

0.25 mg/l BAP + 0.25 mg/l Kn showed 
highest (61.67%) shoot formation, further 

increase in concentration of BAP + Kn in
medium decreased the rate of shoot formation 
(Table No. 1; Fig. 3). 

M.S. medium supplemented with 2,4-D 
(0.5 mg/l) produced 36.67% shoot formation and 
60% at 1 mg/l. The rate of shoot formation 

further decreased gradually with increase in 
concentration of 2,4-D in medium (Table No. 1; 
Fig. 4). 
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41.67 40
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M.S. medium + Kn (mg/l)

Fig. 2. Effect of Kn on shoot formation from callus 
induced from leaf of Dahlia.
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Fig. 3. Effect of BAP + Kn on shoot formation from 
callus induced from leaf of Dahlia.

Vol. 1, 2012 pp. 28-41 

                                                                                                             32 

n M.S. medium decreased the rate of 
shoot formation (Table No. 1; Fig. 2). 

 

increase in concentration of BAP + Kn in M.S. 
medium decreased the rate of shoot formation 

 

further decreased gradually with increase in 
D in medium (Table No. 1; 
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Although cytokinins are important in the 

multiplication in vitro, this hormone can cause 
the inhibition of shoot growth (Grattapaglia and 
Machado, 1998).Similar results were reported 
for two herbaceous species Strelitzia reginae 
Banks. and A. comosus var. erectifolius (Paiva et 
al., 2004; Pasqual et al., 2008). 

Various ornamental herbaceous species 
did not regenerate shoots in a medium without 
growth regulator, such as Tagets erecta L. 
(Vanegas et al., 2002)and Alstroemeria cv. 
‘Yellow King’ (Pedraza-Santos et al., 2006), or 
showed shoot formation in these conditions, as 
observed for Vriesea gigantean Gaudich, 
Vriesea philippocoburgii Wawra  and V. reitzii 
bromeliad (Droste et al., 2005; Rech Filho et al., 
2005).The effect of BAP on stimulating shoot 
formation was reported for other species from 
the genus Artemisia (Holobiuc and Blindu, 
2007; Zia et al., 2007). 

The superiority of BAP over Kn for 
shoot formation is well demonstrated in the 
present study. Murashigeand Skoog (MS) 
medium supplemented with different 
concentrations of BAP and Kn both in individual 
and in combined form were used for shoot 
inductions(Anbazhagan et al., 2010).This 
observation is in agreement with the previous 
published works demonstrating BAP as the most 
successful cytokinin for shoot organogenesis in 
several other systems including Bacopa 
monnieri (Tiwari et al., 1998), Holarrhena 
pubescens (Sumana et al.,1999), Cynodon 
dactylon (Zhang et al., 2007) Salvia officinalis 
(Tawfik and Mohamed, 2007) and Scopolia 
parviflora (Kim et al., 2009). 

Most of the earlier researchers found 
BAP to be the most effective cytokinin for 
inducing shoot development in other species of 
the Asteraceae as well as in plants of other 
families (Heloir et al., 1997; Echeverrigaray et 
al., 2000; Lu, 2005; Li et al., 2005; Shen et al., 
2007). 

The present study also highlights the 
role of cytokinin particularly BAP for shoot 
formation. The primary mode of action of plant 
growth regulators involves binding of active 
substances to a specific receptor molecule which 
bind either on cell surface or within the 
cytoplasm. The concentration of the receptor to 
target tissue determines the response potential 
(Flores and Tobin, 1988). Bud formation begins 
with an asymmetric division of target cell, 
several cells back from the tip. This step is 
initiated by cytokinin binding to an unidentified 
receptor within the target cell, and its further 
development requires the continuous presence of 
cytokinins (Saunders and Hepler, 1982). The 
initial response of cytokinin may be mediated by 
an increase in the cytosolic calcium 
concentration by promoting calcium uptake from 
the medium. Calcium affects the cytoskeleton, 
which can regulate exocytosis (Hager et al., 
1991). Calcium ions have been shown to act 
through the regulating protein calmodulin. Each 
calmodulin have four high affinity calcium 
binding sites. Calmodulin alone is inactive as a 
regulator but the calmodulin-calcium complex 
can bind to and activate a number of enzymes 
including protein-kinase enzymes that add 
phosphorous to the serine or tyrosine hydroxyl 
group of proteins. The phosphorylation of 
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Fig. 4. Effect of 2,4-D on shoot formation from callus 
induced from leaf of Dahlia.
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enzymes can change their activity. So the 
calcium-calmodulin complex acts as a master 
switch, regulating alternative metabolic 
pathways within the cell. Therefore, the calcium 
ion may act as a second messenger, transforming 
the hormonal signal into a biochemical switch 
regulating the initial stages of bud formation 
(Overvoodre and Grimes, 1994). 

In the present study some cultures 
showed differentiation even in the presence of 
same concentration of 2,4-D, which was needed 
for callus induction. This can explained on the 
fact that the uptake of 2,4-D is dependent on 
available receptor sites. Higher the receptor sites 
grater will be the metabolism of 2,4-D 
molecules interact with 2,4-D receptors, the 
level of 2,4-D in medium drops which facilitate 

the growth of cells that restored their totipotency 
during these metabolic activities. 
Root formation 

For rooting, isolated shoots were 
transferred to different medium compositions. In 
present investigation for rooting of induced 
shoots both half and full strength M.S. medium 
were supplemented with different auxins i.e. 
NAA and IAA alone as well with auxin-
cytokinin combination i.e. NAA + BAP.  
½M.S. medium + IAA 

½M.S. medium supplemented with IAA 
1.0 mg/l, 2 mg/l and 3.0 mg/l produced 23.33%, 
75% and 61.67% root formation, respectively, 
whereas in control ( ½ M.S. medium) showed 
15% root formation (61.67%) (Table No. 2; Fig. 
5).Highest root induction was recorded in 2.0 
mg/l IAA in medium. 

 

 

 
 
½M.S. medium + NAA 

There was gradual increase in root 
formation percentage when ½M.S. medium was 
supplemented with NAA upto 2 mg/l. NAA (2.0 
mg/l) in ½ M.S. medium produced 66.67% root 

formation. The rate of shoot formation was 
found to be decreased with increase in 
concentration of NAA in medium 1.0 mg/l 
(58.33%) and 3.0 mg/l (43.33%) (Table No. 2; 
Fig. 6). 
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Fig. 5. Effect of ½ M.S. medium + IAA on in vitro root 
formation in Dahlia.
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½M.S. medium + BAP + NAA 

½ M.S. medium supplemented with 
BAP (2.0 mg/l) + NAA (1.5 mg/l) resulted 
highest root formation (63.33%). Further 
increase in concentration of BAP + NAA in ½ 
M.S. medium upto 3.0 mg/l + 2.0 mg/l, gradual 
decreased the rate of root formation (15%) 

(Table No. 2; Fig. 7). Again further slight 
increase in root formation in concentration BAP 
(4.0 mg/l) + NAA (0.5 mg/l) (21.67%) again 
further significant decrease in the root formation 
with increase in the concentration in BAP and 
NAA (Fig. 7). 

 

 

 
M.S. medium + IAA 

M.S. medium supplemented with IAA 
(2 mg/l) produced 56.67% root formation and 
further increase in concentration of IAA (3.0 

mg/l) in M.S. medium decreased the rate of root 
formation (46.67%) (Table No. 3; Fig. 8). 
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Fig. 6. Effect of ½ M.S. medium + NAA on in vitro root 
formation in Dahlia.
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M.S. medium + NAA 

There was gradual increase in root 
formation percentage when M.S. medium was 
supplemented with NAA upto 2 mg/l. NAA (2.0 

mg/l) in M.S. medium produced 78.33% root 
formation. The rate of root formation was found 
to be decreased with increase in concentration of 
NAA in medium (Table No. 3; Fig. 9). 

 

 

 
M.S. medium + BAP + NAA 

M.S. medium supplemented with BAP 
(2.0 mg/l) + NAA (1.5 mg/l) resulted highest 
root formation (75%). Further increase in 
concentration of BAP + NAA in M.S. medium 
decreased the rate of root formation. Pattern of 
decrease in root formation wit respect to 
concentration of BAP + NAA in medium is as 

2.0 mg/l + 2.0 mg/l (65%) >3.0 mg/l  + 0.5 mg/l 
(50%) > 3.0 mg/l  + 1.0 mg/l (41.67%) > 3.0 
mg/l  + 1.5 mg/l  (36.67%) > 3.0 mg/l  + 2.0 
mg/l  (20%) <4.0 mg/l + 0.5 mg/l (26.67%) > 
4.0 mg/l + 1.0 mg/l  (16.67%) > 4.0 mg/l  + 1.5 
mg/l  (13.33%) > 4.0 mg/l + 2.0 mg/l (8.33%) 
(Table No. 3; Fig. 10). 

 

18.33

41.67

56.67

46.67

0

10

20

30

40

50

60

Control 1 2 3

R
oo

t f
or

m
at

io
n 

(%
)

M.S. medium + IAA (mg/l)

Fig. 8. Effect of M.S. medium + IAA on in vitro root 
formation in Dahlia.
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Comparative effect of medium composition 
on in vitro root formation 
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observation is consistent with an earlier report 
(Lu, 2005). However, Feito et al.,1996, found 
that higher levels of cytokinin but lower levels 
of IAA were favorable to spontaneous rooting. 
The influence of endogenous hormones and their 
concentration on rooting may vary with different 
plant tissues/species and require further 
investigation. However, during root induction, 
the low concentration of auxin didn’t help the 
rooting when compared to the plant growth 
regulator free (PGR-free) medium. This result is 
consistent with observed in Asteraceae species 
(Borthakur et al., 2000; Pereira et al., 2000; 
Koroch et al., 2003; Shen et al., 2007). In the 
present investigation study, it is suggested that 
the half-strength M.S. medium may be sufficient 
for satisfactory rooting in Dahlia. This protocol 
may also have practical applications to 
commercial propagation of Dahlia for cut 
flowers in future. 

In present study best rooting response 
was obtained in full strength M.S. medium 
supplemented with 2 mg/l NAA (Table No. 3). 
Jackson (1960) and Devlin and Jackson (1961) 
reported that root are much more sensitive to 
auxins than stem and real stimulation of root 
elongation may be achieved if low enough 
concentration are used. Addition of auxins in the 
media usually favours the rooting phase, 
although the response varies with concentrations 
(Bobrowski et al., 1996).NAA has been used for 
rooting wild as well as cultivated Asteraceae 
species (Borthakur et al., 2000; Pereira et al., 
2000; Koroch et al., 2003). Similar results on 
chrysanthemum were obtained by Long et al., 
2006 and Karim et al., 2002. 

The application of auxins to 
micropropagated shoots seems to intensify the 
root number by mounting the endogenous 
contents of enzymes (Asghar et al., 2011). Liu et 

al., 2002, reported that auxin induces the 
complicated process of lateral root formation 
through repetitive cell division. George et al., 
2008, suggested that auxins are essential for the 
maintenance of polarity of the plants. 

Rooting of plants grown in vitro is a 
very important moment of micropropagation. 
The main growth regulator used at this stage is 
auxin, which stimulates forming roots. The most 
often used auxins are: IAA, IBA and 
NAA.Indole-3-acetic acid (IAA) was used in 
rooting of microshoots of Ocimum gratissimum 
(Gopi et al. 2006) and Nemathanthus hybridus 
(Swistowska and Kozak 2005).Contrary to our 
result, with Geert Jan De Klerk Jolanda, 1997, 
IAA was effective for the production of roots 
and NAA strongly inhibited the growth of roots. 

This inhibition of root initiation and 
elongation on higher concentration of auxin may 
be due to deposition of ethylene. As auxins of all 
types stimulates the plant cell to produce 
ethylene, especially when high amount of 
synthetic auxins are used. Ethylene retard root 
formation (Weiler, 1984; Pau and Chi, 1993). 

Root initial cells division depends on 
both endogenous and exogenous auxins 
concentration. The physiological effects of 
auxins are represented in increasing of cell 
division or converting the matured differentiated 
cells in shoots bases into meristimatic cells 
(totipotent cells), so adventitious roots meristem 
will be formed and its cells will divide to 
produce adventitious roots. Endogenous 
hormones might have a role in promoting shoots 
to root (Peak et al, 1987), until the hormonal 
balance reached its optimal level to push the 
roots to grow and develop in the presence of 
exogenous hormones, since increasing of auxins 
concentration promotes root formation on shoots 
bases (George and Shermington, 1984). 
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