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Abstract: The possibility of inducing somatic embryogenesis in petiole and leaf cultures of four cultivars of strawberry
(Fragaria x annanassa (Duch)) using combinations of the cytokinin thidiazuron (TDZ) with the auxin Picloram was
investigated. Explants were cultivated on MS medium (Murashige and Skoog 1962) containing different concentrations
and combinations of TDZ (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg r1

) and Piclorarn (2.0 and 4.0 mg r 1
). Regeneration of

callus and shoots was achieved in different degrees in all cul!ivars, depending on Picloram and TDZ combinations.
Shoots of different shapes and somatic embryo-like structures were observed. Histological examinations revealed that
no somatic embryos in terms of bipolar structures were formed in response to any TDZ and Picloram combination
tested, and that regenerants had to be classified as shoots and shoot-like or leaf-like structures.
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INTRODUCTION

Strawberry (Fragaria x ananassa Duch.) is one of
the most popular soft fruits. Strawberries are produced
in 71 countries worldwide on 506,000 acres and are
among the highest-yielding fruit crops Husaini el al.
2008. Among the countries leading in strawberry
production, Egypt is ranked fourth, with a production of
238,432 tonnes in 2010 (FAOSTAT, 2012). To meet
the demands of increasing strawberry cultivation, the
strawberry industry in Egypt need to expand nursery
production of certified transplants. However, this will
not b"t!achieved unless enough in vitro disease-indexed
plants from nuclear stocks will be produced for further
propagation in the nursery fields.

Tissue culture techniques provide suitable tools for
clonal propagation of disease-free strawberry plants in a
short time. In vitro mass propagation of strawberry is
usually achieved through axillary shoot proliferation
from pre-existing buds (Boxus, 1974, Swartz el al.
1981), but can also be performed through direct shoot
regeneration from leaf disks (Mohamed el al., 2007) or
potentially through the formation of somatic embryos
(Husaini el al. 2008).

In vitro propagation procedures need to be efficient,
reliable and have to ensure genetic identity of the
propagated plants. Meristem culture-derived plants of
strawberry produce more runners per mother plant; give
a higher yield per square meter but with a lower weight
of mean and large fruits than runner-propagated plants
(Swartz el al. 1981). Meristem culture-derived plants
showed increased disease susceptibility against root
rotting fungi (Shoemaker el al., (985), abnormalities
with multiple apices (Anderson el al. 1982) and more
off-type leaf variants (Morozova, 2003) in each case
dependent on cultivar. The process of meristem
isolation from runner tips is time consuming and
requires special skills. Due to labor-intensiveness of the
cuttings and subculture operation, micropropagation by
axillary-bud proliferation is costly (Litz and Gray,
1995). A propagation method based on the quite

different way of regeneration by somatic embryogenesis
could be a valuable alternative due to its high
propagation rates (Neumann and Grieb, 1992) and the
possibility of less somaclonal variation as it has been
reported for Panicum maximum (Hanna el al., 1984).

There are only a few publications on somatic
embryogenesis in strawberry (Wang el al. 1984,
Donnoli el al. 2001, Biswas el al. 2007, Husaini and
Abdin 2007, Kordestani and Karami 2008, Husain; el
al. 2008, Gerdakaneh el al. 2009, Gerdakaneh el al.
20 II, Pallavi el al. 20 II). All of them report the
establishment of embryogenic cultures and the
regeneration of structures whicn"were classifiea"as
somatic embryos, but without presenting a convincing
proof of somatic embryogenesis by histological means.

From these reports Husaini and Abdin (2007),
Husaini el al. (2008), and Pallavi el al. (2011) used the
cytokinin thidiazuron (TDZ) in different concentrations
with different explant sources and genotypes.

Cytokinins such as kinetin, benzylamino purin
(BAP) or thidiazuron (TDZ) have been useful in
initiating somatic embryogenesis in several other plant
species (Dunstan el ai, 1995) and are usually supplied
with an auxin in the induction medium. As reviewed by
Raemakers el al (1995), BAP was most often used for
somatic embryogenesis (57%) followed by kinetin
(37%), zeatin (3%) and TDZ (3%). Nakano el al (2004)
obtained the highest embryogenic callus from several
Tricyrtis spp upon testing two auxins (2,4-D and
Picloram) alone or in combination with TDZ. A
combination of 4.5I-lM 2,4-D and 0.45 I-lM TDZ was
most effective for inducing embryogenic callus.

The requirement of the combination of an auxin with
a cytokinin for somatic embryogenesis induction was
discussed by Pasternak el al. (2002). They mentioned
that one of the possible targets of auxin action in this
respect is the induction of expression of the cdc2 gene
coding for the key regulatory protein kinase of the cell
cycle. Auxin alone can result in the accumulation of this
protein in high amount, but for the activation of kinase~
the presence of cytokinin is required.
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