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(Raemarkers et al., 1995). Furthermore, 2,4-D can act as
a  stress  factor for changing direction of cell
differentiation to embiyogenesis (Feher et al., 2003).
Somatic embryogenesis can be induced using a mixture
of cytokinin and auxin too. To induce somatic
embryogenesis, a balance of auxin and cytokinmin is
important. BAP is one of the cytokinins commonly used
in combination with other growth regulators (Gaj, 2004).

There are some reports describing ir  vitro
propagation of saffron through regeneration system
(Georg et al., 1992; Radjabian, 1992; Blazquez et al., 2004;
Karamian, 2004). However, there are not many reports or
a detailed protocol published on somatic embiryogenesis
inductieon of saffron. In this research, various
concentrations of 2,4-D and BAP were applied on corm
tissue explants of saffron to induce somatic
embryogenesis. Then the induced somatic embryos
were used for cormlet production. Experiments on
optimizing the medium for obtaining maximum somatic
embryos and also the best cultwe medium for their
maturation and cormlet production are being conducted
in the second step.

MATERIALS AND METHODS

Plant materials (corms) were collected in September
2005 from a 4-year old saffron farm in Torbat e Heydaryeh
(Khorasan province). The scales were removed and the
corms were washed with tap water for 30 min. For swface
sterilization; 70% ethanol was used for 1 min, followed by
200 sodium hypochlorite solution for 15 min and washing
3 times with sterile distilled water. After that, 0.15% (w/v)
mercuric chloride solution was used for 7 min, then
washing again with sterile distilled water for 3 times. Very
thin layer from the surface of the corms was removed to
elimmate dead or damaged cells caused by mercuric
chloride. Tn order to investigate the effect of different
types of explant, each corm was divided into the upper
and the lower parts by cross-sectioning. These two kind
of explants were cultured on MS basal medium containing
different concentrations of 2,4-D and BAP as described in
Table 1.

Cultures were maintained under dark conditions in a
growth chamber at 24+£2°C and monitored weekly under
stereo microscope. Numbers of globular embryos induced
on each explant were counted every 4 weeks after culture.
All treatments had at least 4 replications, each containing
4 explants. Data were analyzed as a factorial experiment
based on completely randomized design using SPSS
Software, Ver. 12.

Table 1: Treatments of various concentrations of 2,4-D and BAP

DyosBs Dps-By, DBy Dy-By Dy-By Du-Bys DBy
24-DmgL~! 025 0.5 1 2 1 4 8
BAPmegl™ 8 4 2 1 1 0.5 0.25

RESULTS AND DISCUSSION

After 70 days, the fust globular embryos were
observed and the number of embryos on each explant
reached to its maximum 3 months after culture. The
embiyos recognized as creamy-light-brown
structures and could be separated easily by tip of forceps
(Fig. 1). Statistical analysis of data in term of percentage
of embryogenic response and number of embiyos on each
explant showed significant differences among treatments
regarding the type of explants, 2,4-D and BAP
concentrations and their mteraction effects (Table 2).
Explants from the lower part of the corm tissue, without
consideration of growth regulators
embryogenic response and produced more embryos
compared to the upper part (Fig. 1a, b and Fig. 2). The
greatest embryogenic response (93.3%) was observed
from the lower part explants using a concentration of
2mg L™ 2,4-D and 1 mg L™ BAP (D,-B)) (Fig. 2a). The
maximum mumber of embryos (35.95 globular embryos on
each explant) was obtained on D ,-B, treatment (containing
2mg L7 2,4-D and 1 mg L.~' BAP) again from the lower
part explants (Fig. 2b).

It seems that these combiations provided more
suitable conditions for progression of totipotant somatic
cells in to somatic embryos. Increasing the concentration
of auxin more than 2 mg L™ showed a reverse effect on
embryogenesis which 1s different from the results
reported by Karamian (2004) who observed the highest
embryogenesis induction at 4 mg ™' 2,4-D and | mg L.~
BAP or from Radjabian (1992) who achieved
embryogenesis using 4 mg L™' NAA and 1 mg L™ BAP.

Different responses observed from the upper and the
lower parts of the corm to embryogenesis can be possibly
attributed to polar transportation of awxin and the
existence of a gradient level of free auxin (Cook et af.,
1993). Tt has also been observed that polar transport
of auxin is essential for the establishment of bilateral
symmetry during embryogenesis 1n  dicotyledonous
somatic (Schiavone and Cooke, 1987) and zygotic
(Liuc et al., 1993) embryos and more recently it was also
demonstrated for monocotyledonous zygotic embryos
(Fisher and Neuthaus, 1996). For this gradient to be
established, relatively high levels of free IAA may be
necessary in the competent tissue.

In the present research, lower part segment of the
corm tissue was found to be more embryogenic
responsive compared to the upper part segment and
produced the highest globular embryos per each explant
when cultured on MS medium containing 2 mg L.~! 2,4-D
and 1 mg L™ BAP and was considered as the best
treatment for induction of somatic embryogenesis.
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Fig. 1: Induction of somatic embryos in saffron using combination of 2,4-D and BAP: a. Globular embryos developed
from the upper part explant after 3 months of culture. b. Globular embryos developed from the lower part explant
after 3 months of culture, ¢. Globular embryos on the lower part explant (closer view). d. An individual globular
embryo. e and {. Somatic embryos apparently developing to a bipolar stage
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Fig. 2: Effects of various concentrations of 2,4-D and BAP and the upper or lower part segments of saffron corm tissue
on percentage of embryogenic response (a) and number of embryos formed on each explant (b), 3 months after
culture. Mean values with the same letters are not significantly different

Table 2: Effects of various concentrations of 2,4-D combined with BAP and explant types on percentage of embryogenic response and number of somatic
embryos induced on each explant after 3 months of culture

% Embryogenic response No. embryos/explant

df MS df MS
2,4-D and BAP Conc. 6 1164.68%* 6 587.6%+
Explant types 1 6832.98% 1 3668.3%*
Conc.*explant 6 722.41* 6 327.2%
Error 28 241.22 95 147.6
Total 41 108

* ##Significant at 0.05 and 0.01 probability, respectively
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