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Abstract: In vitro propagation of saffron either through somatic embryogenesis or cormogenesis is considered
to be an efficient alternative method for large-scale propagation of pathogen-free corms. In order to develop
an efficient protocol for in vitro propagation of saffron, a factorial experiment was carried out based on
completely randomized design to investigate the effects of various concentrations of TDZ (0, 0.1, 0.25 and
0.5 mg L.™") on somatic embryogenesis induction from 5 different types of corm explants (terminal or axillary
buds, upper or lower parts of the corm tissue and terminal buds from pre-treated corms at 4°C for 2 weeks). The
results revealed that TDZ concentrations affected the induction of somatic embryogenesis significantly while
different types of corm explants showed no sigmficant effect on this process. Among TDZ concentrations used,
0.5 mg L.~" was the most effective treatment for embryogenesis induction. Embryogenic calli (globular stage)
proliferated well when subcultured into MS medium supplemented with 0.25 mg ™' TDZ before transferring
to hormone-free MS medium contaimng 6% sucrose for maturation (scutellar or horn-shape stage). Matured
embryos were transferred to half strength MS medium without growth regulators for further development, from
which microcorms were produced at the basal part after 3 months.
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INTRODUCTION reduction compared to the 2

previous decades

Saffron (Crocus sativus 1..) is one of the most
valuable mdustrial crops in Iran which 1s particularly
unportant m exportation and mcome revenue. Iran has
the first rank regarding saffron cultivation areas
(54700 hectares ) and its production (230 tons) in the world
(Anonymous, 2004). Saffron is a sterile triploid plant
which 15 naturally propagated vegetatively by daughter
corms developing on each mother corm. Each year about
3-4 new corms are produced and therefore  the
propagation rate of saffron 15 relatively
Traditionally, saffron s cultivated by sowmg the rest
corms of previous growth season in late summer or
early autumn.

Since different pathogens attack the saffron corms,
they cause rotting and necrosis and reduce growth and
flowering (Plessner et al., 1990; Plessner and Ziv, 1999)
they may even stay alive after replanting. So, further
expansion of pathogens and more reduction of flowering
and saffron yield would be expected by this method each
yvear. The average saffron stigma yield in the last ten
vears has been 4.4 kg ha™" which shows a considerable

slow.

(5.3 kg ha™"), while potentially it is about 10 kg ha™ or
even more (Kafi, 2002; Mollafilabi, 2002). One of the
important factors that might cause this reduction 1s using
infected corms m the new or re-planted farms. Finding
such a method to produce and supply pathogen-free
corms rapidly and efficiently can reduce this problem
and cause the endurance and stability of production and
increase the saffron yield considerably. Mass production
of pathogen-free corms would be also needed for
modernization of cultivation (Plessner and
Ziv, 1999).

Like many other cormous and bulbous plants,
meristem culture and regeneration through tissue culture
is the most effective method for mass production of
healthy and pathogen-free saffron plant materials. In vitro
corm production through somatic embryogenesis as an
effective method for plant regeneration could be one of
the most important aspects of tissue culture application
in saffron.

There are several reports on the application of
TDZ, as a very effective growth regulator for somatic
embryogenesis induction (Zhang et al., 2001, Tpecki and

saffron

Corresponding Author: A V. Azghandi, Department of Tissue Culture and Gene Transformation,
Agricultural Biotech. Res. Inst. of Iran (ABRIT), P.O. Box 31535-1897, Karaj, Iran
3564



Pak. J. Biol. Sci., 10 (20): 3564-3570, 2007

Gozukirmizi, 2003; Panaia et al., 2004, Giridhar et af.,
2004; Belokurova et al., 2004) and for induction of
organogenesis in different plant species (Caramori et af.,
2001 ; Mithila et al., 2003; Haensch, 2004; Sharma et ai.,
2005z, Mundhara and Rashid, 2006). In addition to the
effects of medium addenda, the tissue or organ type, its
physiological status and the genotype of the donor plant
appear to be important in the induction of somatic
embrvogenesis (Finer, 1994). Various plant tissues have
been used for regeneration and induction of somatic
embryogenesis in  saffron including terminal bud
(Plessner et al., 1990, Piqueras et al., 1999), axillary
bud (Aguero and Tizio, 1994), meristematic zone
(Karamian, 2004), leaf segments (Huang, 1987) and ovary
(Bhagyalakshmi, 1999).

There are a few investigations published on saffron
somatic embryogenesis (Karamian and Ebrahimzadeh,
2003; Karamian, 2004; Blasquez et al., 2004a, b;
Alvarez-Orti et al., 2004). Also there are some other
researches carried out on in vitro regeneration of saffron
through cormogenesis (Homes ef al., 1987; Plessner et al.,
1990, Aguero and Tizio, 1994, Piqueras et al., 1999,
Blasquez et al, 2001) or via organogenesis
(Bhagvalakshmi, 1999; Ebrahimzadeh et al, 1996;
Ebrahimzadeh and Rajabian, 1998). However, in spite of
these studies, so far there is not a defined and routine
protocol, available for in vitre propagation of saffron
In the present study, effect of various
concentrations of TDZ on saffron somatic embryogenesis
induction from different types of corm explants was
investigated. Further studies were also conducted on
maturation of somatic embrvos, plantlet regeneration and
finally microcorm production.

corms.

MATERIALS AND METHODS

Plant materials and surface sterilization of explants:
Rest corms were collected from a 4 year-old saffron farm
in Torbat ¢ Heydarieh (Khorasan province) in September
2004. After surface sterilization, different parts of the corm
tissue (terminal bud, axillary bud, upper or lower parts of
the corm tissue and the terminal buds from pretreated
corms at 4°C for 2 weeks) were used as explants (Fig. 1).
For surface sterilization, the scales were removed and the
corms were sterilized using 70% ethanol for 45 sec and
then 0.2 % (w/v) Hg(Cl, solution for 20 min and finally
rinsing the corms with sterile distilled water 3 times
for 15 min.

Culture media: M3 basal medium (Murashige and Skoog,
1962) supplemented with 3% sucrose and 7 g L. plant
agar was prepared and the pH was adjusted to 5.8 with 1N
NaOH or 1 N HCI prior to autoclaving at 121°C for 15 min.
TDZ was added after filter sterilization using 0.2 pwm pore-
size disposable filters. When the temperature of the media
was about 50°C, sterile TDZ was added to the media in
different concentrations (0, 0.1, 0.25, 0.5 mg L") and the
media were distributed in Petri dishes and gelled.

Somatic embryogenesis induction: After preparing the
media, different types of explant from the corm tissue
(Fig. 1) were cultured in Petri dishes (90x15 mm). Cultures
were maintained at 25+1°C under 16/8 h (light/darkness)
photoperiod with a light intensity of approximately 4000
lux. These cultures were subcultured every 4 weeks. After
10 weeks, numbers of globular embryos induced on each
explant were counted. The experiment was carried out as

Fig. 1: Different parts of corm tissue used as explant (a. terminal bud, b and c. upper and lower parts of the corm tissue,

d. axillary buds)
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a factorial based on completely randomized design with
20 treatments it 3 replicati ons (Petel dishes) and 5 explants
in each replicati on.

Maturation efembryos: After fivther prolifer ation on M3
medium supplemented with 025 mg L™' TDZ, dobdar
samtatic embryos were transferredto M3 medivm withoat
TDZ b cortaining 2 sucrose cotwentration levels of
3 and A% for maturation. These two media were combined
with 3 further mataration treatments including incubation
at 25+1°C in the light, keeping culbwes in the cold room
{at 4°C) in the dark and addition of | mgL ™' ABA into the
mediwn plus incubation & 23£1°C in the light) for
2 months after then the mumber of mabwed embiros in
each oulbure dish(containing 5 embryogerdic masses) were
coutted This study was also carried ot as a factorial
expetiment based on completely randomized design with
6 treatments, in 5 replications and 5 explands in each
replication. Other conditions were similar to the presious
expetitment.

Data collection and statistical analysis: Data were
collected by couting the munber of explants with
embryogeric response, mmanber of gdobdar embeyos
irwhaced on each explant, rounber of horn-shape (moatured)
embryos atd finally the munber of plartlets regenerated
from each cultore dish These data were analyzed using
the General Lineat Wodels (GLMD procedwre of 343
(Wer 6.12) system and the means were compated using
LED test. Data were sulbjected to trateformation and a
radical copversion [EH05)*M0.5] was used. Non-
tranafortn ed means hawve been brought in Tables and

Figires

RESULT S AND DISCU S50

Somatic emhrvogenesis mducton: Embeyogetic cadlus
wasformed within 2 tmonths, first on the tismes cultwred
on medium symplemented with 0.3 mg L™ TDZ and later
appeated in two other TDE concentrations (0.1 and
025 mgLl™. The embryogenic calli were often nodul ar,
coth pact and yellowish(Fig &), The induction of somatic
emmbtyogenesis was significantly affected by different
cotwentrations of TDZE while wnerpectedy different
types of explant did not show any significart effect on
this process. Also the irteractive effects between TDZ
cotwentrati ons and explant types were not spnificant
(Tahle 1. Marimum embryogenic callus was obtained on
05 mg L™ TDZ and the hghest number of globdar
etnbryos (12.04 embryos per each embryogenic eplant)
atnid marimn cotrversion of gobwlar to horneshape
ethbiyos (2620 wete also chtained in this concentration

Table 1: Srabeek of vardmces of fhe efect of warions concerdrations of TDE
dtd explant trpe on etrborogere ok hdaction i caffTon

Sonmce of wariation Degee of fre edoim Dleanh squate F-rahae
T2 3 0.1415 4 [15Hak
Explarit type 4 01129 03dne
TDZ wExpland type 12 003894 11dne
Error 40 0.0348

ek Wy cigndficard (P01, he; not signdficant

Fig Z: Embryogenesis incuction o the Low er part of corm
tizsue cultired on M3 medn ;opplemented with
05 mgl™ TDZ, 2 morths after cultire

(Table 20 3ince the percentage of explants showing
embrogenic response increased with increasing TDE
cotwentrations, it might be possible to get more
tespotises using higher concertrations of TDZ. Although
there are some reports showing that high concentrations
of TDZE prommote shoot organogenesis sndfor modtiple
ghoot formation rather than somatic embryogenesis
(Shatma ef al, 2005, Cheong and Pooler (2004) reported
that somatic embryogenesis was inhibited by addition of
higher concertrations of TDZ to the oubare media

211 types  of  explants  produced  somatic
embryogeness withoot an obvious intermediate callus
phasge and the induction rates were not significantly
differert among dfferert types of explant used in this
experimernt. The possible explanation is that all parts of
the cotm tissae used regardless of thelr types had
emmbrpogenic potential. Ancther possibility is that the
explarits, termminal and aillary bods and the upper of Lower
parts of the corm tssue which had nodular poirts
contatied meristemic cells and the existence of these
metrigtetmic cells might have been essertial for somatic
et b0 genesis itnchacti o,

Thidiaziron has been uged for induction of somatie
embryogenesis it many plant species like sovbean
tobaceco,  legmmes  pelargondum oand orchids
(Hutchinsoty of o, 1996, Chen and Chang 2003,
Ehat efal |, 2005, Kiran of o 2005). In moatey cases, TDZ
indaced embryogenesis with a higher efficiency and
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Tahle 2: Bf haetice of TDE concerdration on exboyogee ds pararheters

Table 3: Spabyek of wariatwces of mebmation treabmertds, & soucoose

TDE g L™ conc eriration, B differert conditone of maitaiing globabr
........................................... amhoyos (250 4°Cand 1mg L' ARL+25°T)
Paratheters 1] 0.1 025 [I] Sonmree of wrariation Degres of freedom Mlear, square Frralne
Perc erage of alive e xplavits T34 G638 564 X Y 1 12493 5.38%
Porc ertage of explavds writh E 2 13098 5 S vk
errbryogeris Te spotse 40c 1200kc 160 2404 LR 2 0243 0.10
Sreraze yomher of Zldmilar Error 2311 20000
erdbryros ofeach embnyogehic explrit 54 11.0 ] 240
LoreTaze ahuration Tate (%) 110 300 670 ] Table 4: Fderactive effects of sucrose corwcerdration and 2 differant

Matared eonbeyos/cobure dUih
B 2 &£ s &

3

ABAHIT

bl L)
Coniditiorn

Fig 3: Effect of differert maintsining trestments on
maturation of sotmatic embryos

frequency compatred to other  ecytokinins o the
combination  treatments of amine and  eytokindns
(Wisser of ], 1902 Zhangef al., 2001; Belokurova ef o,
2004; Panaia, 2004y, TDZ iz thought to affect the
endogenous ratio of amine to cytoldtins which in tin
irfluences the induction of somatic embeyogenesis
(Wisger of al, 19927 In the present shody, effective
embryogenesis induction was observed using TDZ
and  ligher concerdrations  were more  effective
EBlasiquez ef o (2001) have previously applied TDZ for
proliferati o of saffron corm ogerde calli, tutto the best of
our knowledge this is the first report on induction of
somatic embeyogene ss in saffronusing TDZ.

Maturation ofembryos: Matoration of somatic embryos
was affected by sucrose concentration in the cultwae
medium significanfly. The average mumber of mabwed
embryos i each cwltwe dish was 50 embryos for 6%
suctose cotnpared with 35 embryos in 3% tredment. On
the other hand, cultures on WS basal mediwm incubated
inthe datkness at4°C had maximuam mataration rate while
oties cult ed on AR A contairing medivm and inoabated
at 23£17°C in a 16/ h photoperiod had the minimum
maturationrate (Fig 3 and 4. Using a concentr ation of 6%
sucrose ity the culture mediwn accom pard ed with keeping
the oultures at 4°C in the darkness for 2 months was the
most effective treatmert for mabaration of gobudar
etbiyos(Table 3 and 4.

maktahing condiions on the roanber of mabmed enbrros of

caffror
Mlairt aiving corditione
Sumoce () 2571 4071 Lz L~ ORM +25° 0
4 ih 40y 23h
fi S0g fiZa 3fih

Means with sinila kbens) ae hot signd i adhe differsnd (L350 005 =
20.466)

Fig & Comversion of globular embeyos to horre shape
(matared) embryos anblS medivm withmat growth
tegulator supplemented with 6% sucrose and
conditions at 4°C for 2 months

Using  higher lewels of sucrose in the oulbwe
medivm promote the matoration of somaic embryos
(Eomatsuda and Olrrana, 1988). However, according to
Pence (1992) som atic embryos of alfalfa matured onthe
medin with high sucrose levels (%5 lost chl croplodl
atid taned yellow. It was concluded that the syrthesis of
chl ot oplorll atd lammellar devel openent could be inkitdted
by high sucrose concentrations. In the present study orly
two levels of sucroze conecentration (3 and A% were
studied and a beneficial effect was ohserved when 6%
suctoge was used in the malture medium.

Cold treatment (4°CY has dso been used for
matirdion of samatic embryos (Deng and Corm, 1992,
Corredoria ef al, 2003, According to Deng and Cornu
(1992 mre-tredmert of globdar embryos in darkness a
4°C for 2 morths increased the matwrati on percerdage of
waltnd somatic embayos The resilts obtained in this work
are it consistence with these resear chers.
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Fig 5: Contractile root formoation at the base of an
embtyogetic moass cultured on 2 WS medivm
withowut growthegul atoy

Fig &: Wlicrocorm producti o on the embiyogende moasses
cultred on ¥ MI medium withost growth
regdator after 3 months

Fig T: Retwning to globular stage when mulbaed on 14
LIS medium supplemented with 1 mg L™ HMAA +
lmgl™'BA

Fig &: Comparison of nataral cortvs (a) with microcorn s

L)

Althoagh ABA has been pr evi ously used for embeyo
maturation of saffron species (Maramian, 20000, in the
present experiment no satisfactory results were obtained
from ABA-containing culture medium and most of the
globular embryos cultared in this medium got brown and
died later.

Planilet regeneration: Within 3 months and afterwards,
most of the matared embryos cultured on 3 WS medium
withot  growth regulators  produced plantlets with
microcorm and occasionally roots (Fig 5 and @), Wheteas
the ones culbwed on medium containing 1.0 mg L™
HaAAH O mg L™ BA retuned to gobular stage and
prodoced more globda embeyos and callus (Figo 7).
Finally, Fig. 8 illustrates a comparison between field-
grown tatwal corms (q) with the in wifre produced
microcorms (k).

Although like Chen and Chang (2003) we obtained
better resilts using basal medium devoid of growth
regilators for plantlet regeneration from somatic embryos
induced and proliferated by TDZ, g this seems to be
different from the resdts reported by Faramian (20007
recommending supplem entati on of medium with 1 mgL™'
of both NA&A and B for conversion of saffron somatic
embriyos to plantlets.

COMCLUSIONS

& efficient procedure was developed for induction
of somatic embryogenesis from different types of cotm
tissues of sdffron (Crocws safives L) using TDE and
further development of somoatic embryos maturation
plantlet regeneration and finally mdcrocorm production
wete successfilly achiewed. Thiz procedwe can he
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used both in saffron breeding and improvement projects
as well as propagation of pathogen-free microcorms
for saffron farmers.
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