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Abstract— Strawberry (Fragaria x ananasa) is grown for
its excellent food and nutritional value in many parts of
the world. The main objective of this study was to
optimize an efficient, reliable and economical protocol
for In vitro propagation of strawberry plants. The effect
of BAP (6-Benzyl amino purine) alone or combined with
(Gibberellic acid, Kinetin, IBA) and the effects of TDZ
(Thidiazuron) on shoot proliferation of strawberry
(Fragaria x ananasa) has been evaluated. It has been
noticed that 2.0 mgl™ BAP combination with 0.25 mgl™
IBA able to generate the maximum number of shoots /
explants (6.375) with high shoot length ( 0.675 cm) and
high leaves number /explants (19.0). On the other hand,
presence of 1.5 mgl™ of TDZ in the nutrient medium
increased the shoot number/explants to (7.335) as
compared to BAP treatments. The proliferated shoots
were subjected to full strength MS media supplemented
with 0.75 mgl™ IAA give the optimal ratio of rooting.
Survived rooted plantlets were acclimatized gradually
and successfully transferred under greenhouse conditions
for hardening.
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l. INTRODUCTION

Strawberry Fragaria ananassa) is dicotyledonous,
perennial, stoloniferous herb and popular fruit ebhi
belongs to family Rosaceae grown in most arableénsg
of the world. Strawberry was one of the first frpiants
commercially cultivated in many counties in the ldasn

a large scale. Is a major soft fruit around the lgvor
(Biswaset al., 2007). Strawberry has been traditionally
the popular delicious fruit for its flavour, tasfeesh use,
freezing and processing industry the fruits ardn rod
vitamin C, B1, B2, protein, calcium, potassium, gep
and iron, most of the nutritious elements esserital
human being. Strawberries are good sources of alatur
antioxidants, it contains relatively high qualitiesellagic
acid, which is thought to be an anti-carcinogeno(&li

et al., 2011). Strawberris one of the few fruit crops that
can be grown for production of its delicious frditat
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generally arrives in the market at a time when tieio
fruits are available. It adapts very well in aressere
there is provision for irrigation. It has also artrendous
scope for growing near the town and the canningsuni
where the fruit can be utilized immediately aftarvest.

It can be successfully grown both under subtropéral
temperate climatic conditions (Tai al., 2002). They are
important in transformation genes and genetic
engineering that genetic engineering are an altiema
efficient strategy to implement strawberry improwar(
Moradi et al.,2011)

Prior to micropropagaton, strawberry clones were
propagated by runners. This method is relativebyvshs

it is limited to a finite number of plants produced the
runners and depended on season and does not gegrant
virus elimination and mass production. Commercial
production of Strawberry relies heavily on a couatins
production of disease free clones throughout thar.ye
Tissue culture has been effectively used in thigre as
ensure the availability of the virus free clones aamsl
when required ( Mohmoost al., 1994). In additiorin
vitro techniques are important tools for modern plant
improvement programs to induce a large number aftpl
from a single individual one in a relatively shegan of
time and space, less than traditional runnert{lEaji et

al., 2002). In view of the potential commercial valités
highly desirable to develop methods of rapid, &ffit
and large scale multiplication of Strawberry thrbug
tissue culture. The most important technique of
micropropagation were reported by various reseasc
using cultures of apical meristems excised frammners
and nodal segments to regenerate multiple shathsuwt
any intervening callus phase (Mohmoat al.,1994;
Sakilaet al., 2007; Litwinczuket al., 2009; Moradkt al.,
2011; Bhatkt al., 2012; Ashrafuzzamaat al., 2013).

This is the first time to report oim vitro propagation of
Strawberry in Kurdistan Region of Irag. In the Enes
study a simple protocol has been developed to gatpa
strawberry through tissue culture method by study t
effect of plant growth regulators such as BAP(6-Bé&n
amino purine), TDZ (Thidiazuron), Kinetin and
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GA;(Gibberellic acid) in various combination in clonal
multiplication in order to ensure abundant supgiyhis
plant material for commercial cultivation as wefl the
shoot regeneration system can be used to develop
transgenic plants following genetic transformatiof
plant cells.

Il. MATERIALS AND METHODS
This investigation carried out in Plant Tissue Grdt
laboratory, Scientific Research Center at the Unsity of
Duhok, Iraq during the period from September, 2043
May, 2014. Plant materials represented by runnes ti
were collected from the greenhouse of Malta Holtigal
Nurseries, General Directory of Agriculture in Dkho
Governorate in September, 2013. Runner tips were
surface sterilized by 3.75% commercial bleach (sodi
hypochlorite) for 15 minutes under gentle vacuutnef,
MS basal medium (Murashige and Skoog, 1962)
supplemented with 0.4 mglThiamine HCI, 0.5 mg!
BAP, 30 gI* sucrose, 0.7% w/v agar and 100 thgl
Inositol was used for the initiation stage. The pHhe
medium was adjusted to 5.7+ 0.1 using 0.1 N HCl@and
0.1 N NaOH prior autoclaving at 121°C temperaturd a
1.04 kg/cm2 pressure for 20 min. three explantsewer
inoculated per culture vessel. All aseptic culturesre
maintained at 16 h photoperiod at 25+ 2°C tempegatu
For shoot multiplication stage, TDZ and BAP combine
with 0.25 mgl* from GA3, Kinetin or IBA at different
concentrations (0.0, 0.5, 1.0, 1.5 and 2.0 thgkere
tested to promote shoots multiplication from the
successfully established explants. At rooting stdgé
and IBA were used at different concentrations (0.@5,
0.5, 0.75 and 1.0 mg) to test their ability to induce
rooting shoots. Observations for both multiplicatiand
rooting stages were recorded after 6 weeks of wiltu
period. The experiment was designed as complete
randomized design (CRD). The comparison between
means was carried out according to Duncan's maltipl
range test (< 0.05) using a computerized program of
SAS (SAS, 2001).
Finally, for acclimatization stage, a quite numbsr
successfully rooted plantlets were removed frontucel
vessels after washing their roots with distilledtevaand
immersing them in Benlate fungicide (0.1% for 1Ghmi
Then they were transferred to pots containing anste
sterilized soil mix (peatmoss+ loam+ Styrofoam Q:8;
v:v:v) under tightly controlled atmosphere of the
greenhouse.
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Il RESULTS AND DISCUSSION
Following 2 weeks of incubation, the explants deped
into a shoot, measuring 2-3cm. tall with severavés
(Figure 1, A).
1. Effects of cytokinins on shoot multiplication
Following six weeks of incubation of strawberry,wne
shoots were formed from shoot tips on cytokinin -
containing medium. The effect of BAP on shoot
proliferation is shown in Table (1).The highest afs0
number was attained at this 2.0 AP concentration
and was significantly higher than other treatmeetsgept
0.5 mg/l one. Although the number of shoots washed
its highest level at the 2.0 migreatment, (3.165 shoots /
explants) were developed, the next highest numlber o
shoots was attained at the 0.5 .00 shoots /explant).
The difference between these two concentrationsneas
significant. On the other hand, inclusion of 1.0IThgf
BAP in the culture medium reduced the number obsho
and only 2.083 shoots were developed. Similarlytiagro
reduction was achieved by reducing the BAP
concentration to 1.5mg) though this reduction was
significant (Table, 1). The least shoot number was
obtained in a medium devoid of BAP and was
significantly different from all other treatments.
Table.1: Effect of BA alone and combined with other
cytokinins or auxin on shoots multiplication in strawberry
after six weeks.

BAP Numbe Mean Numbe
Concentration r of lengt r of
s (mgi) shoots/  h of leaves/
explant shoot explant
s (cm)
0.0 1.458d 0.815 8.543¢c
a
0.5 3.000a 0.493 27.583a
b
1.0 2.083c 0.450 16.085
b b
15 2.665b 0.388 18.418
c b
2.0 3.165a 0.568 16.333
b b
BA+ GA;
(mgll)
0.5+ 0.0 2500c 0.545 12.335a
a
0.5+ 0.25 3.083b 0.393 11.250 a
b
1.0+ 0.25 3.083b 0.513 8.833b
a
1.5+0.25 2463c 0480 8375b
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b

2.0+ 0.25 4000a 0.553 10.043a
a

BA+ Kinetin
(mg/l)

0.5+ 0.0 2.083c 0.503 14.585a
b

0.5+ 0.25 2.668c 0.435 12.833a
c

1.0+ 0.25 3.168b 0.555 12.835a
b

1.5+ 0.25 4.033a 0.743 13.000 a
a

2.0+ 0.25 4000a 0.383 12.920a
d

BA+ IBA

(mg/l)

0.5+ 0.0 4.000c 0.525 14.250
b b

0.5+ 0.25 2.200d 0.433 9.000c
c

1.0+ 0.25 3.967c 0567 13.667
b b

1.5+ 0.25 5500b 0.623 17.775a
a

2.0+ 0.25 6.375a 0.675 19.900 a
a

Different letters within columns represent sigrafi¢
differences according to Duncan’s multiple rangst &

5% level.

The effect of BAP on shoot length is illustratedTiable
(1). In general, the length of the shoot was redusih
different concentrations of BAP. The length of shoo
averaged (0.815 cm) in the control treatment was
significantly higher than shoots developed undéedint
BAP concentrations. However, non significant redurct
was observed between BAP treatments unless 1.5 mgl
BAP level which recorded the least length of shoots
(0.388 cm).

The highest number of leaves per explant was recdord
for the (0.5 mg/l BAP) treatment (27.583), whichswa
significantly reduced to only 8.543 leaves/ explianthe
control treatment. Our results indicated that mediu
contained 2.0 mg/l BA alone proved to be the best f
shoot formation, shoot humber and number of butde T
results are in agreement with those of Emarah (2008
Ashrafuzzamart al. 2013 who reported that BA alone at
(2.0 and 0.5 mg/l) significantly showed the highestord

of shoot number/explantdVhile Mahmoodet al 1994
reported that the low concentration from BA (0.5/ing
produced better results. The reasons behind thitiyio
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role of BA on multiplication stage might be due to
cytokinins great role in releasing lateral buds by
promoting the formation of xylem tissues of budsiakh
will facilitate the transformation of water and riehts
leading to lateral bud growth as well as, the ingatrrole

of cytokinins in increasing the synthesis of RNAgteins
and enzymes inside the cell which enhance bud graat
well (Mohammed and Al-Younis,1991).

Effect of the combination between different
concentrations from BAP with 0.25 myglGA; on
micropropagation of strawberry are given in Tahlg. (
Adding 2.0 mg/l BAP with 0.25 mg/l GA gave
significantly highest number of branches per explan
(4.00) and gave the highest mean length of branches
(0.553 cm) as compared to the control and other
treatments, while the highest number of leavespplant
(12.335) was recorded in the control treatment wihvas
significantly reduced to only 8.375 leaves/ explinthe
medium supplemented with 1.5 rgAP. Similar
results have already been reported in strawberi§dkyia

et al. 2007 ; Litwinczuket al. 2009 ; Bhatet al. 2012
these authors describe the influence of gibberatlid on
the formation of adventitious shoots when comborati
with BA . Fouadet al. (1991) recorded that gibberellins
enhanced juvenile characteristics such as increplsed
runner and delayed flowering, among others treatsnen
due to the role of gibberellic acid in cell divisiand
elongation.

Table (1) shows the effect of different BAP
concentrations combination with 0.25 mg/l Kinetiron
shoot proliferation of strawberry plant. The adufitiof
BAP was significantly affective in increasing thenmber

of shoots per explant as compared to the contrbé T
highest number of shoots (4.033) and high shoajtlen
(0.743 cm) was recorded while adding 1.5 Tafl BAP +
0.25 mgt* Kinetin, whereas the lowest number was
found in control treatment (2.083). On the othendahe
addition of 2.0 mgt BAP and 0.5 kinetin reduced
significantly the mean length of shoots when coragao
the control treatment. This might be due to thehfer
competition on the nutrient medium between higher
numbers of branches as a result of the additioBAFP.
The results are in agreement with those of Sadtilal.
2007; Moradiet al. 2011; Bhatet al. 2012 whose found
that the highest response of shoot multiplicatioasw
obtained in MS medium supplemented with BA and
kinetin. Weifenget al. 2004 revealed that Kin used with
BA for adventitious bud induction gave better réstihan
Kin alone but, Waithakat al. 1980 revealed that axillary
dormancy was released by including a large lev@l(s!)

of Kin in the culture medium. The results can be
explained on the basis that different plants andnev
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different organs of the same plant are characterims
only by their unique intrinsic biochemical make-bpt
also by the sensitivity of the endogenously supblie
chemical stimuli.(Youssief 2009)

The effect of different concentration of BAP comdtinn
with 0.25 mgl* IBA in strawberry plant shoots
multiplication is shown in Table (1). Adding 2.0 Hig
BAP combined with 0.25 mglIBA gave highest number
of branches per explant (6.375), highest averagetsh
length (0.675 cm) and highest number of leavesamtpl
(19.900) significantly when compared to the control
treatments,while the lowest number of branches per
explant (2.200) was recorded in the medium
supplemented with 0.5 m{BAP + 0.25 mgt IBA as
well as the lowest mean shoot length (0.433cm) and
leaves number (9.0 leaves/explants) in the same
treatment, significantly from other treatments.

In the present study, the use of 2.0 MBA and 0.25
mg/l IBA proved to be the best for shoot formatioh
strawberry (6.375 shoots per explants). These teesng
resemblance with those of Youssief (2009) who found
that using 0.5 mgl BAP and 0.5 mgt IBA will increase
shoot proliferation of strawberry and Singh and degn
2004 reported that using half strength MS medium
supplemented with mgBA and 1 mgt IBA produced
the highest number of shoots (13 per explant) dred t
combination IBA with BA will increase the branching
the plant.

The number of shoots per explant was highly infagsh
by the addition of TDZ to the nutrient medium Taf®g.
The highest number of shoots (7.335) was achierad f
the addition of 1.5 mfiTDZ (Fig. 1,B). The least shoot
number (1.0) was obtained in a medium free of Thd a
was significantly different from all other treatnen

Table .2: Effect of TDZ on shoots multiplication in
strawberry after six weeks.

TDZ Numbe Mean Numbe
Concentration r of lengt r of
s (mgih) shoots/  h of leaves/
explant shoot explant
s (cm)
0.0 1.000d 1.128 7.043Db
a
05 5.750b 0.483 8.083a
b
1.0 5668b 0310 6.918c
b
15 7.335a 0.283 8.085a
b
2.0 4553c 0.253 5.443d
b
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Different letters within columns represent sigrafi¢
differences according to Duncan’s multiple rangst &

5% level.

At the same time, results of table (2) clarified #ffect of
TDZ on shoot length. In general, the length of sheots
was reduced by increasing TDZ concentration. Tharme
of shoots length (1.128cm) in the control treatmeat
significantly higher than the shoots developed he t
media contained different concentrations from TDZ,
which was not significant among those treatmentse T
highest number of leaves per explant was reconddde
1.5 mg* TDZ (8.085) leaves/explants, which was
significantly reduced to only 5.443 leaves/ explatien
2.0 mgl* TDZ was added to the nutrient mediufthe
positive role of TDZ in strawberry plant tissue toué
was reported by using TDZ alone or combined witheot
cytokinins or auxin, the shoot proliferation perzaye
was reached its maximum value in MS medium
supplemented with 1.0 myl TDZ (Diengagan and
Murthy 2014) while Haddadi and Abd Aziz (2010)
reported that MS medium supplemented with 2 uM TDZ
and 4 uM BAP gave the optimal shoots multiplication
from shoot tips, high concentration of TDZ combioat
with IBA gave the best results for shoot multiptioa (
Murti et al. 2012). To interpreted that, diverse of
underlying mechanisms were revealed to show how
morphogenic events were induced by application@Z T
Other reports showed that TDZ may modify endogenous
plant growth regulators either directly or inditgcto
induce necessary reactions in cellitissue, affgciis
division/regeneration.  Other  possibilities  include
modification in cell membrane, energy levels, reartti
absorption, transport and assimilation (Gtial.2011).

2. Effects of auxins on rooting

The results revealed that the two tested auxing (@Ad
IBA) stimulated root initiation in strawberry, howey,
the extension of rooting varied according to autyipe
and its concentration. IAA as the most active glowt
regulators reveals that the highest rooting peeggnt
100% was recorded in the medium supplemented with
0.25 or 0.75 mg! IAA. On the other hand, the media
supplemented with 0.75 myl IBA gave the highest
percentage (100%) of rooting. Inclusion of IAA tile
medium reduce the numbers of roots / explant when
compared with the control treatment unless 1 ‘mgl
concentrations which was non significant increment
(Table 3) where as the lower concentration (0.3%)ng
cause a significant reduction or in roots numbeB34
roots / explant) Root length, on the other handghed its
maximum value at the 0.75 mg/l IAA level (4.393 cm)
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which was differ significantly when compared tdet
treatments (Figure 1, C and D).

Table .3:Effect of IAA, IBA on strawberry rooting after

six weeks.
Conc. Rooting Number Mean

Auxin  Mgl™® Percentage% of roots/ length of

explant  roots(cm)
0.0 91.675b 6.790 a 3.905 a
0.25 100 a 4.833b 3.100 b
IAA 0.50 91.675b 7.043 a 2.933¢c
0.75 100 a 6.265 a 4.393 a
1.00 83.350 ¢ 6.875 a 2.460 c

0.0 91.675b 5.790b 3.525a
IBA 0.25 83.325¢ 7.083 a 2.828 b
0.50 83.350 ¢ 5.250 b 3.725a
0.75 100.000 a 2.455 ¢ 2.410b
1.00 91.675b 8.208 a 2.968 b

Different letters within columns represent sigrafi¢
differences according to Duncan’s multiple rangs &

5% level.

On the other hand, IBA caused a significant inczeias
roots number when compared to the control treatment
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Figurel:
micropropag

Table 3 also showed that the optimal concentratibn
IBA to induced rooting initiation is 1.00 my|(8.208
roots per each shoot), and there were significant
differences when compared with control treatment. A
comparable number of roots were also developed2at 0
mgl™ IBA level (7.083) roots although the non signifitan
differences were observed between them. For rogjte

it was observed that an inverse relation was ekiste
between IBA concentration and root length. Bestt roo
length was (3.725 c¢m) achieved at 0.50 Trigbatment,
and significant differences were recorded amongeroth
treatment except the control.

The results showed that IAA is most suitable footro
induction in strawberry plants and this results evaot
harmonious with those of Sakikt al. 2007 ; Moradiet

al. 2011; Ashrafuzzaman 2013 whose observed the best
root formation for strawberry in the medium con&in
IBA.

These results indicated that the positive roleafaxin on
anin vitro rhizogenesis in strawberry is due to its effects
in improvement of the cell wall elasticity and stilates
cell elongation followed by adventitious root fortioa
(Damianoet. al., 2007).
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