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Abstract: In the present study In vitro effective micropropagation protocol was studied in Fragaria, using
axillary bud explants. The effects of addition silver nitrate Ag (NO3) and Plant growth regulation on in vitro
shoot formation were investigated. The addition of silver nitrate at concentrations of 1-5 mg/l to the shoot
induction medium the MS supplemented with 0.5 mg/l BAP plus KIN 0.2 mg/l induced multiple shoot formation
with all used explants at mean rates of between 2 and 3 shoots per explant. The best concentration of BAP for
buds induction was 0.5 mg/l plus KIN 0.2 mg/l and Ag(NO3) 4 mg/l. The maximum elongation and number of
roots per explant were obtained in same medium with MS combined with 0.5 mg/l BAP with KIN 0.2 mg/l and
Ag(NO ) 4 mg/l. In addition using this medium constriction enhanced of roots formation medium, all of them3

the seedlings had safe and excellent rooting. The rooted plants were transferred to the greenhouse condition
where they normally grew, matured and flowered with a survival rate of 100%. It is concluded that the present
protocol can be efficiently used for in vitro mass propagation of strawberry.

Abbreviations: BAP: 6-benzylaminopurine; KIN: kinetin; IBA: indole-3-butyric acid; Ag (NO3): Silver Nitrate
Key words: Ag (NO3)  Axillary bud  Fragaria  Multiple shoot  Rosaceae

INTRODUCTION [1-4]. It was quantity that several millions of plants can be

Fragaria is a member of the Rosaceae family and culture technique [3]. Leaf tissue has been studied and
considered one of the most important fruit plants for both shown to have the greatest regeneration capacity of
fresh using up and food processing in the subtropical strawberry plant tissues [1-5]. Regeneration of strawberry
areas. The strawberry fruits are rich of vitamin C, B1, B2, is the process of micropropagaton plants by using a small
protein, calcium, potassium, copper and iron, most of the amount of plant tissue and reproducing an entire plant.
nutritious  elements  essential for people being [1]. Ethylene is known to reduce somatic embryogenic
Propagation of strawberry is achieved either by runners competence in many plants. The use of silver nitrate Ag
or by in vitro micropropagation.  Several  developments (NO3), an ethylene action inhibitor, has been shown to
of the technology by authors working with strawberry increase in vitro embryogenesis and regeneration rates.
have been proposed [2] but the highest genotypic, In recent years, advances in genetic engineering of
physiological and morphological quality of plants has opened new avenues to promote products and
micropropagated plants is produced by the method various plants shed new genetic have been synthesized.
described by Boxus and co workers [3]. Tissue culture Silver ions such as nitrate, Ag (NO3) have a major role in
stock is used by most researchers as the source plant the effect of somatic embryos formation and shoot and
material  for regeneration and transformation studies. root formation. Also, more silver ions in the silver
Plant regeneration through direct and indirect sulphate were used in several studies of tissue culture [6].
organogenesis of strawberry has been reported in Silver nitrate as a potent inhibitor of ethylene action has
strawberry [4]. Shoot regeneration directly from field been proven and widely used in plant tissue culture. A bit
grown  strawberry  plants and from callus cultures of silver nitrate features such as easy access, water
initiated  from  material grown in vitro has been reported solubility,  specificity  and  stability  of the material for use

produced within a year from a few mother plants by tissue
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in  foreign  regulated  plant  growth  and  morphogenesis of Plant Growth Regulation using by axillary bud, the
in vitro environment is appropriate. The answer appears explants were cultured on MS medium supplemented with
to be silver ion reactions in the reaction pathway of BAP with four concentrations (0, 0.1, 0.5, 1 and 1.5
polyamines, calcium and ethylene is involved and has a mg/l)combined with three concentrations of KIN (0, 0.2
critical role in regulating physiological processes of and 0.5 mg/l) or IBA (0, 0.2 and 0.5 mg/l). Explants ranging
morphogenesis. The molecular basis for the regulation of from 3-5 from the apex were divided by two or three cuts
morphogenesis is not entirely impressed with silver transversely to the mid-rib and cultured on Petri dishes
nitrate. This collection of news from the reaction of silver containing 30 ml of the desired medium. Each Petri dish
nitrate in environmental studies and laboratory and contained 5 explants were in contact with the medium
practical foundation on how to collect and regulate plant surface. All media were adjusted to pH 5.7 with 1 N NaOH
growth is affected by the silver nitrate concentration. or 1 N HCl and autoclaved at 121°C for 20 min. All cultures
However, the influence of ethylene on embryogenic were incubated in a growth chamber under the controlled
response is genotype-specific [7] and therefore must be photoperiod of 16h light and 8 h dark cycle with a light
elucidated on a species basis.Being ethylene inhibitor, Ag intensity of 3000-4000 lux provided by white fluorescent
(NO3) can markedly promote organogenesis, lamps and 24±2°C temperature condition.
embryogenesis and shoot regeneration.  After 2 weeks of culture initiation, the tissues were

In addition it plays a significant role in somatic transferred  onto  MS  medium  and   supplemented  with
embryo production and shoots regeneration of durum or  without  seven  different  concentration  of Ag (NO3)
wheat  and  maize  [8].  With  the  the  addition of Ag (0, 1, 2, 3, 4, 5, 6 mg/l) to induction shoot regeneration.
(NO3) in medium shoot regeneration efficiency was The composition of induction medium was identical to
enhanced in sunflower [9]. In this paper, we report the that of initiation medium but supplemented with Ag
simultaneous addition of Ag (NO3) plus plant growth (NO3). A MS medium without Ag (NO3) was used as a
regulators, to shoot regeneration media to obtain high control. The culture was incubated at 24 ± 2°C, light
frequency plant regeneration as well as an increase in intensity of 3000-4000 lux and with 60 to 70% relative
number of shoots and Adventitious rooting through humidity.
direct shoot regeneration from axillary bud explants of
strawberry. Acclimatization of Regenerated Plants and Data

MATERIALS AND METHODS roots were removed from culture bottles and washed free

Plant Material and Sterilization: The Seeds of strawberry acclimatized and out-planted in pots contained sterilized
native cultivar were obtained from the Collection of peat mass and perlite (3:1 ratio) and were during 25 days.
Agricultural Research Center, Iran Hardened plantlets were out-planted in a greenhouse set

For surface sterilization, seeds were washed with at a day temperature 21ºC, a night temperature 19ºC,
sterile distilled water for with tap water; and then sterilized relative humidity 85% and a day length of 12 h. The
by immersing in 70% ethanol for 1 minute with vigorous proliferated plants showed 100% survival rate during
shaking then the seeds were put in 100 ml of sodium hardening and acclimatization. 
hypochlorite 20% commercial bleach with one drop of
tween 20 for 20 minutes and finally rinsed 3 times with Parameters Evaluation and Data Analysis: The
sterile  distilled  water in laminar flow cabinet. For observations recorded on regeneration frequency
germinating, the seeds were cultured in petri dish on 30 ml (number of explants with shoots/total number of explants)
of standard [10] containing 3 % (w/v) sucrose and 0.58% after 4 weeks, average number of shoot primordial
(w/v) agar. Cultures were incubated in a growth chamber formation and regenerated shoot formation and shoot
at temperature of 24 °C, a 16h photoperiod provided with length after 8 weeks.The experiments were carried out with
a light intensity of 2000 lux provided by white fluorescent four replications with sampling in term of completely
lamps. randomized factorial design. An ANOVA with data

Plant Materials and Shoot Induction: Complete plantlets tests with a 95% confidence interval (P = 0.05) was used
of Fragaria were obtained on MS medium (1962) to analyses of variance and compare the means of all
containing 3 % (w/v) sucrose, 0.6% (w/v) agar. For treatments. Data were statistically analyzed using the SAS
initiation of direct organogenesis and investigation effect software (ver. 9.1).

Analysis: Regenerated plants having well developed

of agar. In general, 4 weeks-old rooted plantlets were

transformed (x + 0.5)  using Duncan’s multiple range1/2
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RESULTS

Effect of different concentrations of BAP in
combined with kinetin on shoot formation from axillary
bud was investigated. In a preliminary experiment, axillary
bud from grown plants of Fragaria were inoculated on MS
medium with different concentrations of growth regulators
of BAP, KIN, IBA and Ag(NO3) for production of multiple
shoots. Different concentrations and combinations of
growth regulators showed different responses in terms of Fig. 1: Micropropagated axillary bud of Fragaria after 4
number of shoot /explants, shoot lenght/explants, the weeks of culture in MS media plus BAP 0.5 mg/l,
percentage  of  rooting  and regeneration of explants 0.2 mg/l kinetin.
(Table 1).

In our study, the highest number of shoots was 5 and 6mg/l added to media, initiated significantly better
obtained within the multiplication rate after 4 month. response in relation to shoot and root regeneration and
Maximum shoot formation from axillary bud was obtained induced higher number of shoots per explants. These
at BAP 0.5 mg/l with 0.2 mg/l kinetin on In vitro shoot observations suggest that low frequency of shoot
formation from shoot axillary bud which was 95 % after 30 regeneration response found in control experiment
days of inoculation. It was observed that when the (without AgNO3) of Fragaria.
concentration of BAP was 0.5 mg/l with concentration of In our study, the percentage of shoot regeneration
kinetin (0.2 mg/l), the rate of shoot formation was also changed with increasing AgNO3 concentration (Fig. 2).
increased. At this concentration, 95% of shoot formation AgNO3 at 4 mg/l combined with BAP 0.5 mg/l, 0.2 mg/l kin
was   obtained  within 30 days of axillary bud inoculation. was the best treatment for shoot regeneration also the
It was observed that in this medium the entire seedling same treatment was also found to be best for shoot length
had safe and excellent rooting. Axillary bud from the per explants. On the other hand, plantlet on the medium
proliferated shoots were subcultures again for further containing of AgNO3 4 mg/l, BAP 0.5 mg/l and 0.2 mg/l
multiple shoot induction (Fig. 1). kin had the highest increase on number of shoots, shoot

Effect  of  Ag  (NO3)  on  Induction  of  Multiple  Shoot: increased (Fig. 3). Also treatment of Ag (NO3) 2mg / L to
The different concentration of AgNO3 was added to MS the Ag (NO3) 5 mg / L the amount of leaf area and rooting
media containing BAP 0.5 mg/l and 0.2 mg/l kin for increased so that the seedling roots were thick and very
induction.  Among  the six AgNO3 concentrations, 2, 3, 4, long (Fig. 2 and 4).

length and root per explants. In this medium leaf area was

Fig. 2: Effect of MS medium with different concentrations of Ag (NO3) on the Mean of number of shoot /explants (a),
shoot lenght/explants (b).
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Fig. 3: Showing stage of shoot regeneration and rooting in vitro of incubation in regeneration MS medium plus AgNO3
4 mg/l, BAP 0.5 mg/l and 0.2 mg/l kin after 4 weeks culture

Fig. 4: Influence of Ag (NO3) on in vitro multiplication and diameter rooting of shoots Fragaria on strength MS medium
supplemented with Ag(NO3) 5 mg/l, BAP 0.5 mg/l and 0.2 mg/l kin after 4 weeks culture

Table 1: Effect of growth regulators BAP, KIN on the number of shoot /explants, shoot length/explants, the percentage of rooting and regeneration of explants
Growth regulators (mg/l)
--------------------------------
BAP KIN Regeneration (%) Shoot lenght/explants Number of shoot /explants Rooting (%)
0 0 7 g 7 e 0.9 ef 5 h
0 0.2 14 fg 1.6 d 1.1 ef 12 gh
0 0.5 12 g 1.5 d 0.8 f 12 gh
0.5 0 21 ef 1.2 cd 1.6 de 15 fg
0.5 0.2 100 a 5.3 a 1.5 a 100 a
0.5 0.5 27 e 2.5 c 1.2 cd 19 efg
1 0 37 cd 2.4 c 1.9 cd 26 de
1 0.2 69 b 3.9 b 1.4 b 77 b
1 0.5 39 c 2.5 c 1.2 cd 32 cd
1.5 0 36 cd 2.5 c 2.4 c 35 c
1.5 0.2 22 ef 1.5 d 1.9 cd 22 ef
1.5 0.5 29 de 2.3 c 2.2 cd 18 efg
The data with similar letters are not significantly different

In our experiment MS media plus AgNO3 4 mg/l, BAP Fragaria. The proliferated plants showed 100% survival
0.5 mg/l and 0.2 mg/l kin was more effective than IBA with during hardening and acclimatization. There were no
respect to rooting of the regenerated shoots. The shoot observable variations  between  the  parent   plants  and
buds proliferating from both shoot tips and axillary shoot in vitro propagated plants. The transplanted plantlets
explants rooted easily in medium supplemented with established well in a greenhouse.
AgNO3 4 mg/l, BAP 0.5 mg/l and 0.2 mg/l kin than the
IBA. DISCUSSION

The bars bearing mean followed by different letters in
their top are significantly different from each other  [27]. [28] also reported that the ethylene produced in
(p<0.05); comparison by DMRT. Error bars represent the vitro radish culture might take part as a In most plants,
standard error. Data recorded after 30 days after culture of ethylene  acts  either  as a promoter or inhibitor of somatic
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embryogenesis, depending on the pecies and the ethylene  production  by  the  in  vitro  cultured  tissues.
concentration [11, 12, 13]. Ag (NO3) has been shown to In vitro tissue cultures produce ethylene in sealed
be a very potent inhibitor of ethylene action [14]. Media containers [26], which inhibits shoot regeneration and
supplemented with AgNO3 improved embryogenesis or impairs plant growth and developmentnegative regulator
regeneration [15, 16, 7, 9, 17]. There are several reports to shoot regeneration. 
which regarding to regeneration of strawberry as well as The initiation  of  shoot regeneration from
the key role of plant growth regulators for regeneration recalcitrant explants may be due to the inhibitory activity
[18, 19, 20, 21, 22, 23, 5]. The present investigation has of AgNO3 on ethylene production and this action
clearly demonstrated that, MS medium is the most suitable probably causes by an interference with ethylene binding
medium for induction as well as for plant regeneration in during in vitro cell differentiation as suggested by other
strawberry. The best treatment of cytokinins plus auxin researchers [27]. The in vitro established plantlets were
for producing the highest number of shoot per explants, hardened with a survival rate of 95-100% and were then
shoot length per explants, number of root per explants and transplanted in greenhouse Overall findings of the
percentage of rooting was BAP 0.5 mg/L, 0.5mg/L kin and present study are significant in obtaining the maximum
Ag (NO3) 4 mg/L. The importance of BAP for regeneration regeneration with minimum concentrations of growth
of Strawberry has been emphasized by [20-24] who regulator.
showed BAP for regeneration of strawberry is important. In conclusion we have developed an efficient and
The others researcher that showed the BAP at the effective protocol for shoot multiplication and high
concentration of 1mg/L with cytokinin KIN 0.5 mg/L was survival rate of the shoot at initiation stage for commercial
effective in regeneration of strawberry [20]. The root part micropropagation in strawberry. Favorable morphogenic
of the plant that is usually located inside the soil and response observed in apex explants may be due to the fact
water soluble salt of the earth will absorb the power plant. that they were obtained from young tissues, which have
Increase the plants' root systems increase the absorptive a higher capacity to respond to in vitro culture than older
capacity of water and other nutrients and scientifically explants.
make plants stronger and healthier. 
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