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Abstract. The present study was conducted for dahlia plants propagation by direct and indirect
organogenesis methods. The results showed that a significant superiority of the combination of 2.0 +
2.0 mg L™* (NAA + BA) on other combinations added to the MS medium components in the averages
number of direct shoots/shoot tip and shoot length reached 10.00 shoots and 6.67 cm, respectively.
While, the shoot tip cultured on MS medium supplemented with a combination 1.5 + 1.5 mg L™ (NAA +
BA) did not respond to adventitious shoot formation after eight weeks from culture. Also the results
showed that the shoot tips and nodal segments developing on MS medium supplemented with 3.0 +3.0
mg L™ (NAA + BA) were superior significantly on the hypocotyl in the percentage of the induction of
callus reached 75.00%, 60.00% and 23.33%, respectively after eight weeks from culture. The shoot tip
gave the largest amount of the white callus fragile. The results showed indirect shoots regeneration from
the developing callus of shoot tip and hypocotyl cultured on the MS medium supplemented with 3.0 +
3.0 mg L™ (NAA + BA) after eight weeks from culture. The two combinations of 2.0 + 2.0 and 2.5 + 2.5
mg L™ (NAA + BA) were superior significantly on the other combination (3.0 + 3.0 mg L™) in the rates of
the number and length of regenerated shoots from the developing callus of shoot tip recorded 6.33, 5.67
and 5.00 shoots, and 6.67, 5.67 and 5.00 cm, respectively after eight weeks from culture. As well as the
direct and indirect shoots were rooted when they cultured on half strength of MS medium supplemented
with 0.6 mg L™ IBA concentration. The dahlia plants produced by micro propagation have been
acclimatized at high success percent of 100%.
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Introduction. Dahlia [Dahlia variabilis (Wild.) Desf.] belongs to the worldwide highly
appreciated perennial ornamental plants. The original home of this plant is Mexico and
then spread cultivated to all countries of the world at the beginning of the seventeenth
century (Dole & Wilkins 1999). To the genus of Dahlia belongs 42 species (Rowlands
1999). This plant can be easily infected with fungal, bacterial and viral diseases (Bose &
Yadav 1989). The in vitro culture technique is the best method which can successfully
eliminate these infections and healthy dahlia plants can be obtained (Sediva et al 2006).
Fatima et al (2007) found the maximum response to cotyledon leaf and hypocotyl of
Dahlia explants on callus induction and indirect shoot organogenesis. In contrast, there
are reports on response of other plant explants to direct shoot regeneration instead of
callus formation, when these are cultured on MS media (Murashige and Skoog medium)
containing naphthalene acetic acid (NAA) and Benzyl adenine (BA) combination, as
Snapdragon (Cui et al 2004), Perilla (Hou & Jia 2005) and Dioscorea (Chen et al 2007)
reported. The aim of this current study is mass propagation to good Dahlia cultivars using
the seedling segments as explants and so as to obtaining healthy and true to type plants.

Material and Method

The study was conducted in the laboratory of plant tissue culture at the College of
Agriculture, University of Basra, Iraq. Dahlia hybrid seeds produced by the Dutch
company "Aviflora" was used, sterilized with a solution of sodium hypochlorite at 1.05%
concentration for a period of 15 minutes. The seeds were then washed three times in
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sterile distilled water. The sterilized seeds was cultured on MS medium (Murashige &
Skoog 1962) containing 2.0 mg L™* BA, 0.3 mg L™ NAA, 30,000 mg L™ sucrose, 1 mg L*
vitamins and glycine, 2,000 mg L™ polyvinyl pyrrolidone (pvp). The pH of the media was
adjusted to 5.7 with 0.1 N NaOH or HCI after adding 5,000 mg L™ agar, and before
autoclaving at 1.04 Kg cm™ for 20 minutes. All media were dispensed in 25 x 150 mm
test tube containing 25 mL medium. Cultures were incubated under 1000 Lux light
intensity provided by white fluorescent lamps for 16 hrs photoperiod at 27 & 1°C. These
seeds germinated after two weeks of culturing and then was used after cutting as
explants.

The effect of NAA + BA combination in direct organogenesis. The internodes
segment of shoot base (1.0 cm length) was cultured on MS media supplemented with
different concentrations of NAA and BA (1.5 + 1.5, 2.0 + 2.0, 2.5 + 2.5 and 3.0 + 3.0)
mg L. The sucrose and agar was added to medium, and medium preparation and
sterilization was performed as in the previous paragraph with adenine sulfate at 40 mg L™
concentration addition. The notes and studied traits were recorded after eight weeks from
culture. The followed traits included: number of direct shoots, shoot length (cm), number
of leaves/shoot and leaf area (cm?).

The effect of source of explants in the callus induction. The explants (cotyledon,
hypocotyl, shoot tip, nodal and root segments) cultured on MS medium was
supplemented with a combination of NAA and BA (3.0 + 3.0 mg L™). The organic
materials added to medium, preparation of media, sterilization and incubating was
conducted as in the preceding paragraph. The percentage of response to callus induction
was recorded after eight weeks from culture.

The effect of the combination of NAA + BA in callus induction. The shoot tips
cultured on MS medium supplemented with different concentrations of NAA and BA (1.5
+ 1.5, 2.0 + 2.0, 2.5 + 2.5 and 3.0 + 3.0) mg L. The organic materials added to
medium and preparation of media, sterilization and incubating was conducted as in the
preceding paragraph. The same traits has been recorded as in the previous experiment
after eight weeks from culture.

Effect of the developing callus from explants in indirect shoots regeneration. The
developing callus (100 mg weight) from explants cultured on MS medium was
supplemented with a combination of NAA and BA (3.0 + 3.0 mg L™). The traits included:
The number of indirect shoots/100 mg callus, shoot length (cm), number of leaves/shoot
and leaf area (cm?) after eight weeks from culture.

The effect of combination of NAA + BA in indirect shoots regeneration. The
developing callus (100 mg weight) from shoot tips cultured on MS medium was
supplemented with different concentrations of NAA and BA (1.5 + 1.5, 2.0 + 2.0, 2.5 +
2.5 and 3.0 + 3.0) mg L*. The same trait has been recorded as in the previous
experiment after eight weeks from culture.

Rooting shoots and acclimatization of dahlia plants. The regenerated direct and
indirect shoots were rooting on half strength of MS medium supplemented with IBA at
0.6 mg L* concentration. The dahlia plants produced from rooted shoots were
acclimatized by grown in plastic pots 10 cm in diameter containing peat moss and soft
sand ratio of 1:2, placed in a growth room under controlled conditions (temperature 27 +
2°C, 16/8 hrs photoperiod and light intensity 1500 Lux).

Experimental design and statistical analysis. Completely randomized design was
used with five replicates. The data were subjected to the analysis of variance and mean
values were compared using revised-LSD as described by Snedecor & Cochran (1980).
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Results and Discussion

The effect of the combination of NAA + BA in direct organogenesis. Results shows
in Table 1, adventitious shoots formation by direct organogenesis from culturing of shoot
bases on MS medium supplemented with 2.0 + 2.0, 2.5 + 2.5 and 3.0 + 3.0 mg L™* (NAA
+ BA) except 1.5 + 1.5 mg L™ combination, which did not respond to adventitious shoot
formation after eight weeks from culture (Figure 1 A and B). The balance between auxins
and cytokinins plays an important role in shoot formation. It caused increasing the
synthesis of RNA and proteins and enzymes inside the cell, which stimulates cell division
and the adventitious shoot regeneration (Taiz & Zeiger 2006). These results are in
agreement with results of other searchers on other plants as Snapdragon (Cui et al 2004)
and Dioscorea (Chen et al 2007).

The results also showed the significant superiority of the combination of 2.0 + 2.0
mg L™ (NAA + BA) on other combinations added to the MS medium components in the
averages number of shoots proliferating and length (10.00 shoots and 6.67 cm,
respectively). Similar results are reported on other plants by Pal & Dhar (1985), Hitmi et
al (1998), Hedayat et al (2009), Mendi et al (2009). There was no significant difference
between the two combinations 2.5 + 2.5 and 3.0 + 3.0 mg L™ (NAA + BA) in number
and length of shoots (7.00 and 5.67 shoots, and 4.00 and 3.33 cm, respectively). The
results also showed no significant difference between the combinations of NAA + BA in
the number of leaves/shoot and leaf area (Table 1).

Table 1
The effect of the combination of NAA + BA in direct organogenesis

NAA + BA No. of Shoot length No. of Leaf area

(mg L™ shoots/explant (cm) leaves/shoot (cm?)

1.5+ 1.5 - - - -

2.0+ 2.0 10.00 6.67 8.00 0.43

2.5+ 25 7.00 4.00 7.33 0.37

3.0+ 3.0 5.67 3.33 6.67 0.33
R-LSD (0.05) 2.65 2.01 ns ns

ns - non significant difference.

The effect of source of explant in the callus induction. The results in the Table 2
showed that the shoot tips and nodal segments developing on MS medium supplemented
with 3.0 + 3.0 mg L™ (NAA + BA) were superior significantly on the hypocotyl in the
percentage of callus induction reached 75.00%, 60.00% and 23.33%o, respectively after
eight weeks from culture (Figure 1 C, D, E & F). Fatima et al (2007) reported similar
results on hypocotyl.

Table 2
The effect of source of explants in the callus induction

Source of explant % Response of callus formation Notes
Cotyledon - 0
Hypocotyl 23.33 +
Shoot tip 75.00 +++

Nodal segment 60.00 ++
Root segment - 0
R-LSD (0.05) 30.29 -

0 - no formation of callus, + - small amount of callus, ++ - middle amount of callus, +++ - large amount of
callus.

The cotyledons and root segments developing on the same as the previous MS medium
components did not respond for callus initiation. The results of this study did not agree
with another study on the callus initiation from cotyledons (Fatima et al 2007), when
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they indicated the growth of callus from cotyledons cultured on MS medium
supplemented with NAA and BA. The results also indicated (Table 2) that the shoot tip
gave the largest amount of the white callus fragile, while the callus grew less quantity
from nodal segments.

Figure 1. Micro propagation of dahlia hybrid plants [Dahlia variabilis (Wild.) Desf.] via
direct and indirect organogenesis techniques. A & B — Direct adventitious shoot
regeneration from shoot tip cultured on MS medium supplemented with different
combinations of NAA and BA (2.0 + 2.0, 2.5 + 2.5, 3.0 + 3.0 mg L™, respectively (Left to
right). C, D, E, F — Callus formation, growth and development from shoot tips cultured on
MS medium supplemented with 3.0 mg L™ NAA and 3.0 mg L™ BA concentrations. G, H,
I, J, K — Indirect shoots regeneration and growth stages from developing callus of shoot
tip cultured on MS medium supplemented with 2.0 mg L™ NAA and 2.0 mg L™ BA
concentrations. L — Indirect shoots regeneration from callus cultured on MS medium
supplemented with different combinations of NAA and BA (2.0 + 2.0, 2.5 + 2.5 and
3.0+3.0 mg L™, respectively (Left to right) after six weeks. M - Indirect shoots
regeneration from callus cultured on MS medium supplemented with 2.0 mg L™* NAA and
2.0 mg L' BA concentrations after eight weeks. N - Rooting shoot cultured on half
strength of MS supplemented with 0.6 mg L™ concentration of IBA after eight weeks. O -
Plant of dahlia after six weeks from the acclimatization.
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The increase in the amount of the developing callus on the shoot tip is due to the
continuing division of the cells in the meristematic region (Firoozabady & Gutterson
2003). The amount of callus formed on hypocotyl was very few (Table 2). The difference
in the growth of callus is due to an increase in the concentration of BA in MS medium,
which has become the supra-optimal cause to cell division.

The effect of NAA + BA combination in callus induction. The results in the Table 3
indicate that the shoot tips cultured on MS medium supplemented with 3.0 + 3.0 mg L™
(NAA + BA) gave the highest response rate of callus initiation, reached 75.00% (Figure 1
C & D). Several researchers have also reported similar response of explants on the same
components of MS medium to callus formation in dahlia (Fatima et al 2007) and
asparagus (Pontaroli & Camadro 2005), while the combination of 2.0 + 2.0 mg L™ (NAA
+ BA) gave a lowest rate in response to the callus induction, reached 13.33%, after eight
weeks from culture. The results showed the significant superiority of the combination of
3.0 + 3.0 mg L™ (NAA + BA) on the other in the percentage of response to shoot tip for
callus initiation, while the shoot tips did not respond to callus induction when cultured on
MS medium supplemented with 1.5 + 1.5 mg L™ (NAA + BA). That shoot tips cultured on
MS medium supplemented with 3.0 + 3.0 mg L™* (NAA + BA) gave a large amount of
white callus fragile compared with the amount of callus produced from the combination of
2.5 + 2.5 mg L™* (NAA + BA), while a weak growth of callus on shoot tips cultured on MS
medium supplemented with 2.0 +2.0 mg L™ of NAA + BA was observed (Table 3). The
callus induction is due to the balance between auxins and cytokinins which plays an
important role in increasing the synthesis of RNA and proteins and enzymes inside the
cell, which stimulates cell division and the formation of callus (Taiz & Zeiger 2006).

Table 3
The effect of the combination of NAA + BA in callus induction
NAA + BA (mg L™ % Response of callus formation Notes
1.5+ 1.5 - 0
2.0+ 2.0 13.33 +
25+ 25 46.67 ++
3.0+ 3.0 75.00 +++
R-LSD (0.05) 28.15 -

0 - no formation of callus, + - small amount of callus, ++ - middle amount of callus, +++ - large amount of
callus.

Effect of the developing callus from explants in indirect organogenesis. The
results in the Table 4 show shoots regeneration from the developing callus on shoot tip
and hypocotyl cultured on the MS medium supplemented with 3.0 + 3.0 mg L™ (NAA +
BA) after eight weeks from culture. Fatima et al (2007) reported similar response of
explant tissues of dahlia plant on MS medium containing NAA and BA and obtained
indirect shoot regeneration. Also these results are in accordance with results of other
studies on indirect organogenesis from callus (Salman & Al-Dabagh 2000; Al-Taha et al
2012; Ibrahim et al 2013). The callus produced from cotyledons, nodal and root
segments did not respond to shoots regeneration when grown on the same MS medium
components. The results also showed that developing callus from shoot tip achieved
significant superiority in the number of shoots (5.00), compared with the shoot produced
from the developing callus of hypocotyl (2.67 shoots). The regenerated shoots from
callus produced from hypocotyl were superior significantly on the shoots produced from
the developing callus of shoot tip in leaf area recorded 0.63 and 0.43 cm?, respectively.
The results showed no significant differences between the shoots proliferating from callus
producing shoot tip and hypocotyl in the means of shoot length and number of
leaves/shoot (Table 4). The shoot initiation from the callus tissue was recorded in many
plants as the source of these shoots are plant tissue cultured in medium that lose
differentiation (de-differentiation) and return to meristematic cells consisting of new cells
(Figure 1 C & D) and then re-differentiation again by the medium components and
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environmental conditions (Figure 1 E, F, G, H, I, J, K). This process causes the
promeristmoids which develop into adventitious buds having the same morphogenesis of
the auxiliary bud of leaf (Thorpe 1978).

Table 4
Effect of the developing callus from explants in indirect organogenesis
Developing No. of Shoot length No. of Leaf area
callus from: shoots/explant (cm) leaves/shoot (cm?)
Cotyledon 0 0 0 0
Hypocotyl 2.67 2.67 5.33 0.63
Shoot tip 5.00 5.00 8.00 0.43
Nodal segment 0 0 0 0
Root segment ] 0 ] 0
Significance + - - —+
+ = significant difference, - = non significant difference.

The effect of combination of NAA + BA in indirect organogenesis. Results from
Table 5 show that the two combinations of 2 + 2 and 2.5 + 2.5 mg L™ (NAA + BA) were
superior significantly against 3 + 3 mg L™ combination in the number and length of
shoots from the developing callus of shoot tip recorded 6.33, 5.67 and 5.00 shoots, and
6.67, 5.67 and 5.00 cm, respectively after eight weeks from culture (Figure 1 L & M).
These results are in accordance with the findings of Fatima et al (2007). The reason for
the long shoots at the lower concentrations is due to reduce the role of endogenous auxin
in stimulating cell elongation. Also those results showed no significant differences
between the combinations (NAA + BA) in the number of leaves/shoot and leaf area of the
regenerated shoots from callus (Table 5). The callus of shoot tip cultured on MS medium
supplemented with 1.5 + 1.5 mg L* (NAA + BA) did not respond to the adventitious
shoots regeneration. The balance between auxin and cytokinin lead to re-differentiation
of the cultured explant and generate callus which result in adventitious shoots
(Firoozabady & Moy 2004).

The direct and indirect shoots were rooting on half strength of MS medium
supplemented with 0.6 mg L™ concentration of IBA after eight weeks from culture (Figure
1 N). Dahlia plants produced from tissue culture acclimatized at high success at a percent
of 100% (Figure 1).

Table 5
The effect of combination of NAA + BA in indirect organogenesis

NAA + BA No. of Shoot length No. of Leaf area

(mg L™ shoots/explant (cm) leaves/shoot (cm?)

1.5+ 1.5 0 0 0 0

2.0+ 2.0 6.33 6.67 10.67 0.27

25+ 25 5.67 5.67 8.67 0.40

3.0+ 3.0 5.00 5.00 8.00 0.43
R-LSD (0.05) 1.03 1.28 ns ns

ns - non significant difference.

Conclusions. The present studies results concluded that the most suitable explants that
can be used in the propagation of dahlia plant via in vitro are shoot tips. Also the most
affective combinations of NAA + BA added to MS medium components prepared for direct
and indirect organogenesis is 2.0 + 2.0 and 3.0 + 3.0 mg L™ respectively.
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