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Abstract

Saffron (Crocus sativus L.), renowned as the world’s most expensive spice
extracted from its stigmas, is an autumn-flowering, sterile triploid geophyte species
(2n=3x=24) belonging to the Iridaceae family. It is propagated vegetatively through
the development of daughter corms from the mother corm. Low multiplication rates
of daughter corms under natural conditions and many biotic and abiotic stresses
reduce productivity, thereby restraining the availability of planting material. Thus,
the main objective of this work is to improve the vegetative propagation of saffron
through tissue culture. The results show that soaking of explants in 0.1% (w/v)
mercury chloride (HgCl2) for 10 min is more effective for explant disinfection (95%),
with a survival rate of over 85%. Whereas, for the initiation phase, the in vitro
culture of whole corms on Murashige and Skoog (MS) medium supplemented with
0.5 mg /L of 1-naphthalene acetic acid (NAA) in combination with 3 mg/L of 6-
benzylaminopurine (BAP) was more effective, resulting in a sprouting rate of 90%
with a maximum of 5 sprouted buds per explant. As for the multiplication phase,
the highest number of shoots (4 shoots/single shoot explant) was observed on MS
medium supplemented with 8 mg/L of BAP in combination with 0.5 mg/L of NAA.
The results of this study can serve as a starting point for establishing an efficient
and reproducible in vitro regeneration system in order to increase the number of
shoots per explant for proliferation and micro-corms formation phases by exploring

other culture media with different PGR combinations.

Keywords: Saffron, Crocus sativus L., corm, growth regulators, in vitro culture,

organogenesis, explant disinfection.
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Optimisation de la méthode de désinfection des
explants et multiplication in vitro du safran
(Crocus sativus L.).

Résumé

Le safran (Crocus sativus L.), reconnu comme I'épice la plus chére au monde
obtenu a partir des stigmates, est une espece géophyte triploide stérile
(2n=3x=24) a floraison automnale et qui appartient a la famille des Iridacées. Il se
propage végeétativement grace a la formation de cormes filles a partir du corme
mere. Le faible taux de multiplication des cormes filles dans les conditions
naturelles conjugué a I'effet de nombreux stress biotiques et abiotiques réduisent
la productivité, limitant ainsi la disponibilité du matériel végétal de plantation. Ainsi,
I'objectif principal de ce travail est d'améliorer la propagation végétative du safran
par la culture des tissues in vitro. Les résultats montrent que le trempage des
explants dans 0,1 % (p/v) de chlorure de mercure (HgCl2) pendant 10 min est plus
efficace pour la désinfection des explants (95 %) avec un taux de survie de plus
de 85 %. Alors que pour la phase d'initiation, la culture des cormes entiers sur
milieu de Murashige et Skoog (MS) additionné de 0,5 mg/L d’acide 1-naphtaléne
acétique (ANA) en combinaison avec 3,0 mg/L de 6-benzylaminopurine (BAP) a
été plus efficace puisqu'elle permet d’obtenir un taux de germination de 90%
accompagné d’un maximum nombre de bourgeons germés (5 bourgeons/explant).
Comme pour la phase de multiplication, le plus grand nombre de pousses (4
pousses/pousse initial) a été observeé sur le milieu MS additionné de 8,0 mg/L de
BAP en combinaison avec 0,5 mg/L d’ANA. Les résultats de cette étude peuvent
servir de point de départ pour établir un systeme de régénération in vitro efficace
et reproductible afin d'augmenter le nombre de pousses par explant pour les
phases de prolifération et la formation de micro-cormes en explorant d'autres

milieux de culture avec différentes combinaisons de PGR.

Mots clés : Safran, Crocus sativus L., corme, régulateurs de croissance, culture

in vitro, organogenese, désinfection.
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Introduction

Saffron (Crocus sativus L.) has been cultivated since ancient times in many countries of
the world for its dried stigmas, which constitute the most expensive spice in the world. It
is a perennial sterile triploid geophyte (2n = 3x = 24) plant that grows from an underground
stem (corm). It belongs to the genus Crocus of the Iridaceae family, which includes about
80 species distributed mainly in the Mediterranean and Southwest Asia (Karaoglu et al.,
2007; Palomares, 2015). Saffron is very popular for its color (crocine), taste (picrocrocine)
and aroma (safranal) (Cardone et al., 2020).

Regarding production, saffron is mostly grown in Iran, Greece, Morocco, India, Spain,
China, Turkey, Azerbaijan, and Italy, with a global production of around 418 tons per year.
Iran is the leading producer, with 90% of the global production (Cardone et al., 2020).
While in Morocco, saffron cultivation is concentrated mainly in Taliouine (province of
Taroudant) and Taznakht (province of Ouarzazate), with an average annual production of
45T (95% of national production). The area sown by saffron cultivation area is
approaching 1680 ha (FIMASAFRAN 2018).

Since saffron flowers are sterile, the propagation of this species is generally achieved
vegetatively by the formation of daughter corms from the mother ones. In fact, a saffron
corm survives for only one season and can produce up to 5 daughter corms under natural
conditions (Parray et al., 2012; Devi et al., 2014). However, the low multiplication rates of
daughter corms under natural conditions and many biotic and abiotic stresses reduce
productivity, thereby restraining the availability of planting material (corms) (Moradi and
Turhan, 2017; Menia et al., 2018). Therefore, biotechnological tools, including in vitro
tissue culture techniques or micropropagation, could be consideredan appropriate method
for the mass production of quality corms under sanitary conditions.

Micropropagation of saffron was reported by many authors who described in vitro
regeneration of the shoot through direct and indirect organogenesis and somatic
embryogenesis followed by micro-corms formation under controlled conditions (Gantait
and Vahedi, 2015; Hagizade, 2016; Cardone et al., 2020; Khawar et al., 2020; Moshtaghi,
2020; Tahiri et al., 2022). The direct induction of multiple shoots and the formation of
multiple micro-corms in vitro are of great importance for the propagation of saffron. This
method allows the formation of micro-corms with the multiplication of shoots as a
continuous propagation system (Sharma and Piqueras, 2010; Devi et al., 2011; Tahiri et
al., 2022). However, successful regeneration through organogenesis depends on the age
and type of explant, culture medium components, plant growth regulators (PGRs), carbon
source, gelling agent, and other environmental factors such as light and temperature
(Gantait and Vahedi 2015; Tahiri et al., 2022). Different types of explants were used for in
vitro regeneration of saffron, including corms, apical and lateral buds, leaves and different
floral parts (Ebrahimzadeh et al., 2000; Karaoglu et al., 2007; Devi et al., 2011; Moradi et
al., 2017; Soukrat et al., 2017; Halim et al., 2018; Kareem et al., 2019). Among all the
above-mentioned explants, corms and lateral/apical buds were the most used in both
direct and indirect organogenesis. The corm was, in fact, more receptive than the other
explants for multiple shoot induction (Gantait and Vahedi, 2015).

41



African s Mediterranean

AGRICULTURAL JOURNAL

AL AwAmMmA

Tahiri A. et al. (2023). AFRIMED AJ —Al Awamia (139). p. 37-52

Tissue asepsis is one of the main conditions for establishing and maintaining in vitro plant
cultures. However, in vitro conditions, designed for optimal plant growth and development,
are also ideal for the multiplication of microorganisms (Altan et al., 2010). This is a serious
problem of monocots micropropagation, especially if underground organs, such as bulbs,
rhizomes, corms, and tubers are used as an explant source (Yildirim 2007; Bach and
Sochacki, 2013). In saffron, the contamination rate of corms can reach 95 to 100%
(Salwee et al., 2013). To resolve this issue, different types of disinfectants can be used,
including hydrogen peroxide (H20:2), brominated water, formaldehyde (CHO), silver nitrate
(AgNOs3), mercury 1l chloride (HgCl2), sodium hypochlorite (NaOCI) or calcium
hypochlorite (Ca(ClO)2) (Teixeira da Silva et al., 2016). In addition, the concentration and
time of exposure to disinfectants should be optimized depending on explant types (Da
Silva et al. 2016; Hesami et al. 2019). Furthermore, many factors can influence the
effectiveness of disinfection, including growing conditions and physiological state of the
mother plant, size, age and type of explant, type of disinfectant and its concentration,
duration, and temperature of exposure. In addition, these factors will not affect only the
asepsis of the explant, but also its potential for survival and regeneration, which are
essential conditions for the success of an in vitro culture protocol (Teixeira da Silva et al.,
2016; Tahiri et al., 2022). In saffron, the disinfection protocols reported in the literature are
rarely described in detail.

Therefore, the present investigation aims to develop an efficient, easy-to-use protocol for
disinfecting explants, initiating and multiplicating saffron shoots, and ultimately achieving
the production of micro-corms.

Materials and Methods

Plant material

Saffron corms were collected in June 2019 from a plantation carried out within the
framework of a research agreement between the National Institute of Agricultural
Research (INRA) and the Moroccan Interprofessional Federation of Saffron
(FIMASAFRAN). This plantation (planted in October 2017) is in Ifri, Talioune region
(province of Taroudant, Morocco), at 1500 m above sea level.

Explants and surface sterilization

To optimize the sterilization procedure of the explant and achieve improved disinfection
rates along with a high survival rate, this study employed four distinct protocols chosen
based on those reported by Teixeira da Silva et al. (2016) with slight modifications. Initially,
the corms underwent a thorough 30-minute washing under running tap water to eliminate
impurities. Subsequently, the corms were subjected to surface sterilization using the
following procedures:

e P1: the corms were put in a jar containing filter paper. 1 mL of formaldehyde (CH20)
solution (37%) is then placed on the filter paper. The explants remain in contact with
the formaldehyde vapors (37%) for 10 min and are then transferred to the culture
medium (Druart 2012).

e P2: the corms were soaked in absolute ethanol for 10 min and then transferred to 50%
(v/v) bleach (sodium hypochlorite, NaOCI, 12°) for 30 min. The explants are then
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washed three times with sterile distilled water and then transferred to the culture
medium (Soukrat et al., 2017).

e P3: the previous protocol (P2) was adjusted by reducing the time of soaking the corms
in absolute ethanol to one min (instead of 10 min). The corms were then soaked for 30
minutes in 50% (v/v) bleach containing sodium hypochlorite (NaOCI, 12°) and the
explants were washed three times with sterile distilled water before being transferred
to the culture medium.

e P4: the corms were soaked in 0.1% (w/v) mercury chloride (HgCl2) for 10 min. The
explants are then washed three times with sterile distilled water and then transferred to
the culture medium (Ebrahimzadeh et al., 2000).

The disinfected corms were blot-dried with sterile paper and placed on a first culture
medium of Murashige and Skoog (MS) (Murashige and Skoog, 1962), supplemented with
0.5 mg/L NAA (1-naphthalene acetic acid), 1.5 mg/L BAP (6-benzylaminopurine), 3%
sucrose and solidified with 0.8% of agar. One corm was placed in each glass tube
containing 20 mL of medium. A completely randomized design with 10 corms for each
treatment was used and repeated three times. The percentages of disinfection [(number
of disinfected explants/ total number of explants) *100] and the explant survival rate
([(number of survived explants/ total number of explants) *100] were recorded after two
weeks of culture.

Bud sprouting and shoot initiation

Sterile corms were transferred to MS basal medium supplemented with NG6-
Benzylaminopurine (BAP), Naphtalene Acetic Acid (NAA), and Kinetin (KIN) at different
concentrations as described in Table 1.

Table 1. Different hormonal combinations tested for the initiation of saffron cultures
Medium  NAA (mg/L) BAP (mg/L) KIN (mg/L)

iIMS1 0.5 0.0 0.0
iIMS2 0.5 15 0.0
iIMS3 0.5 3.0 0.0
iIMS4 3.0 5.0 0.0
IMS5 3.0 0.0 4.0

One corm was placed in each glass tube containing 20 mL of medium. A completely
randomized design with 10 corms for each treatment was used and repeated three times.
The bud sprouting rate ([(number of sprouted explant/ total number of explants) *100])
and bud (shoot) number were recorded after four weeks of culture.

Shoot multiplication

After 6 weeks of culture, the initiated shoots were cut into a single shoot (or sprouted bud)
and transferred to a multiplication culture medium. Different hormonal combinations of
NAA and BAP were tested to study their effect on the multiplication of saffron shoots
(Table 2). One sprouted bud was placed per jar containing 40 mL of medium. A completely
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randomized design with 10 single shoots for each treatment was used and repeated three
times. The number of shoots was recorded after two months of culture.

Table 2. Different hormonal combinations tested for saffron shoot multiplication.
Medium  NAA (mg/L) BAP (mg/L)

pMS1 0.5 0.0
pPMS2 0.5 2.0
pPMS3 0.5 4.0
pMS4 0.5 6.0
pMS5 0.5 8.0

Culture conditions

All culture media were supplemented with supplemented with 3% (w/v) sucrose and 0.8%
(w/v) agar. The pH of the culture media was adjusted to 5.7 before autoclaving at 121 °C
for 20 min. All established in vitro cultures were incubated and maintained in a growth
chamber at 22+2 °C with a 16 h light/8 h dark photoperiod provided by cool white
fluorescent light.

Data analysis

Cultures were observed and regularly evaluated every week. The final data were collected
at the end of the experiment and analyzed based on the disinfection rate, the survival rate,
the bud sprouting rate, and the bud and shoot numbers. Reported data were recorded
from three independent trials (Ten corms per experimental factor). Data were subjected
to analysis of variance (ANOVA) and Duncan’s Multiple Range Test as a post-hoc analysis
at a 5% significance level using SPSS software (version 21). Data are presented as mean
+ standard error.

Results and discussion

Disinfection efficiency

Four disinfection methods were tested using corms as an explant. A significant difference
at a 5% significance level was observed between the four tested protocols for both the
disinfection rate (p = 0.004) and the survival rate (p = 0.000). In the first protocol (P1), the
saffron corms were disinfected by exposure to 37% formaldehyde vapor (CH20) for 10
min. This protocol made it possible to obtain a low disinfection rate (30%) with an explant
survival rate not exceeding 11% after 15 days of culture (Figure 1). These results are
contradictory to those obtained by Druart (1992; 2012), who reported in Prunus that
exposure of twigs to formaldehyde vapor is easy to apply and very effective for
disinfection. While, in the second and third protocols, the corms were first disinfected by
soaking in absolute ethanol (ETOH) for 10 min (P2) or 1 min (P3). The corms were then
soaked for 30 min in 50% (v/v) bleach (sodium hypochlorite, NaOCI, 12°) before being
washed three successive times with sterile distilled water. These two protocols showed
their efficacy on explant disinfection with a percentage of 75%, with explant survival rates
of 60 and 90% respectively (Figure 1). However, treatment of corms with 0.1% (w/v)
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mercury chloride (HgCl2) for 10 min (P4) resulted in a high disinfection rate of 95% with
over 85% survival rate (Figure 1).

The comparison of these methods showed that the third (P3) and fourth (P4) protocols,
prove to be more effective since they reduced the average contamination rate by up to
25% and 5% respectively, with an explant survival rate of 85-90%. Furthermore, studies
have suggested an additional approach to enhance the disinfection rate by storing corms
at low temperatures (1-3 °C) for 9 months. This extended storage duration has been
shown to effectively reduce the rate of contamination, as reported by Renau-Morata et al.
(2013). Implementing this method can contribute to further improving the overall success
of the disinfection process, while Soukrat et al. (2017) recommend storing corms at 35 °C
for 4 months in order to achieve a disinfection rate and bud viability of up to 100%.

100 100

a 2 a
b b
B0 20 b
60 c 60
a0 a0
20 20 €
. , L
P1 P2 P3 P4 P1 P2 P3 P4

Protocols

Disinfection rate [%)
Survival rate [%)

Protocols

Figure 1. Disinfection and survival rates of Crocus sativus corms sterilized with different
disinfection protocols. P1: formaldehyde vapors (37%) for 10 min. P2: absolute ethanol
(20 min) + 50% (v/v) bleach (sodium hypochlorite, NaOCI, 12°) for 30 min. P3: absolute
ethanol (1 min) = 50% (v/v) bleach (sodium hypochlorite, NaOCI, 12°) for 30 min. P4:
0.1% (w/v) mercury chloride (HgClI2) for 10 min. Histograms with the same letters are not
significantly different.

Cultures initiation and bud sprouting

The effect of cytokinin type, concentration, and their interaction was found to be significant
(p <0.05) on bud sprouting rate and number (Figure 2). The sprouting rate varied between
70% in the medium without cytokinin (BAP) and 100% in the iMS4 medium containing 3.0
mg/L NAA and 5.0 mg/L BAP. On the other hand, the sprouted bud number after 6 weeks
of culture was significantly affected by the concentration of PGRs (Figures 4a and 4b).
Indeed, the combination of NAA (0.5 mg/L) and BAP at a concentration of 3 mgll
significantly (p = 0.021) increased the number of sprouted buds (4.5 buds/corm). Similar
results were reported by Salwee and Nehvi (2014), with a bud sprouting rate of 85% and
a higher number of bud /corms (8). It is well known that the combination of different growth
regulators has been reported to have strong effects on shoot regeneration in saffron.
However, the success of direct regeneration of saffron shoots generally depends on the
explant used, the combination of growth regulators, and the incubation temperature
(Vahedi et al., 2014; Tahiri et al., 2022).
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From these results, it is clear that the concentration of cytokinin, especially BAP, affects
bud regeneration in the saffron plant. These results were consistent with the findings of
Pigqueras and Fernandez (2004) who indicated that BAP is the most efficient cytokinin for
shoot initiation and proliferation from saffron meristems. This has also been confirmed by
other researchers (Sarma et al., 1990; Loskutov et al., 1999; Sarhan et al., 2013; Simona
et al., 2013). While the other combination did not show any significant effect compared to
the combination of 0.0 mg/L BAP + 0.5 mg/L NAA, which yielded an average of 2 sprouted
buds/corm.

Interestingly, for the initiation of aseptic cultures, the effect of season and temperature on
the response to bud sprouting has been reported. Indeed, maximum bud sprouting was
observed between November and December and a minimum between May and August
(Devi 2013). To overcome this problem, Soukrat et al. (2017) recommend storing corms
at 35 °C for 4 months in order to achieve bud viability of up to 100%. In this work, the
corms used are harvested in August and stored at room temperature (25 ° C).

b a b
100 A a a
b

80
60
40
20

0

iMs1  iMS2  iMS3  iMS4  iMSS

Initiation medium

L

jiin

iM51  iMS2 iMS3 iM54 M55

Sprouting rate [%)

(=

Sprouting bud number

Initiation medium

Figure 2. Effect of different hormonal combinations on saffron bud sprouting rate and

number in vitro. iIMS1 (0.5 NAA); iIMS2 (0.5 NAA+1.5 BAP); iIMS3 (0.5 NAA+3.0 BAP);

iIMS4 (3.0 NAA+5.0 BAP); iMS5 (0.5 NAA+4.0 KIN). Histograms with the same letters
are not significant.

Shoot proliferation

To improve the regeneration and multiplication of saffron shoots, a single shoot
primordium was transferred to a multiplication medium (MS) containing different
concentrations of BAP (0.0; 2.0; 4.0; 6.0 and 8.0 mg/L) in combination with NAA (0.5
mg/L). These hormones are known to stimulate cell division and the development of
axillary buds by inhibiting apical dominance (Rubio-Moraga et al., 2014). Regeneration of
shoots was observed in all media and the number of shoots increased significantly (p =
0.000) with increasing the concentration of BAP, except in a medium containing only NAA
(0.5 mg/L) (Figure 3).

The concentrations of BAP had a significantly superior effect on shoot number after 4
weeks of culture. The highest number of shoots (4 shoots/single shoot) was observed on
MS medium supplemented with 8.0 mg/L of BAP in combination with 0.5 mg/L of NAA
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with a normal appearance (color green) (Figure 4d), while the lowest number (1
shoot/single shoot) was observed on MS medium containing only NAA (0.5 mg/L) with a
white appearance (Figure 4c). The maximum number of shoots obtained in this work (16
shoots/corm) is slightly higher compared to that obtained by other researchers with the
same concentrations of BAP (Cavusoglu et al., 2013; Devi, 2013; Salwee et al., 2013;

Soukrat et al., 2017).
a
b
3
C C
, LI
0.0 2.0 4.0 6.0 8.0

BAP concentration (mg/l)

shoot
ot

Shoot number/ single

Figure 3. Effect of the concentration of BAP (0.0; 2.0; 4.0; 6.0 and 8.0 mg/L) in
combination with 0.5 mg/L of NAA on the number of saffron newly formed shoots per
single shoot. Histograms with the same letters are not significantly different.

Numerous studies have evaluated the effect of the combination of cytokinin and auxin,
and more particularly BAP and NAA, on the regeneration of saffron shoots (Piqueras and
Fernandez, 2004; Salwee, 2010; Cavusoglu et al., 2013; Simona et al., 2013; Vahedi et
al., 2014). These studies reported that BAP is the most effective cytokinin for shoot
proliferation from saffron meristems. Indeed, higher concentrations of BAP alone or in
combination with a low concentration of NAA probably favored the production of lateral
buds, leading to maximum shoot proliferation in saffron (Salwee 2010). The high
concentrations of cytokinin are used to overcome the apical dominance of shoots, which
improves the growth of lateral buds (Vahedi et al., 2014).

The maximum number of shoots obtained in this work (16 shoots per initial corm) was
slightly higher compared to that obtained by other researchers with the same
concentrations of BAP. Devi (2013) obtained a maximum number of shoots (15 shoots)
on MS medium supplemented with 8 mg/L of BAP and incubated at 15 + 2 °C. Maximum
shoot initiation (96.7%) was obtained using MS medium supplemented with BAP (6 mg/L).
However, a low percentage of shoot and leaf formation was obtained with MS medium
supplemented with BAP at a low concentration (1 mg/L) or a very high concentration (10
mg/L) (Cavusoglu et al., 2013). While Salwee et al. (2013) obtained a maximum number
of new buds at the base of the shoots (12) on a medium without auxin but supplemented
with 6.5 mg/L of BAP in combination with 0.2 mg/L of NAA. However, the latter obtained
a number of shoots ranging from 3 to 6 using 6 to 8 mg/L of BAP in combination with 0.5
mg/L of NAA. These differences may be related to the cultivation conditions and mainly
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the incubation temperature. Indeed, Devi (2013) and Soukrat et al. (2017) used an
incubation temperature of 15 + 2 ° C under continuous light (38 £ 2 ymolm-2s-1), while in
this work we used an incubation temperature of 22 + 2 ° C with a photoperiod of 16h/8h
(light/dark). Based on these results, it would therefore be necessary to re-evaluate shoot
multiplication for an additional 4 weeks. It would also be interesting to test the combination
of high concentrations of BAP (6 and 8 mg/L) with different concentrations of NAA (0; 0.1;
0.2; 0.5 mg/L) to increase the rate of multiplication of saffron in vitro. Further subculture
of the obtained shoot on the free-PGR MS medium supplemented with 9% sucrose
showed regeneration of one micro-corms/shoot (data not shown, Figure 4e).

Figure 4. In vitro shoot regeneration and micro-corms formation of Crocus sativus L. (a)
bud sprouting on MS + 0.5 mg/L NAA,; (b) bud sprouting on MS+ 0.5 mg/L NAA+3.0
mg/L BAP; (c) shoot proliferation on MS + 0.5 mg/L NAA; (d) shoot proliferation on MS +
0.5 mg/L NAA + 8.0 mg/L BAP; (e) micro-corm formation on free-PGR MS + 9%
sucrose.

Conclusion

Micropropagation offers a promising alternative for large-scale multiplication, enabling
rapid multiplication of plants. However, the success and cost of micropropagation largely
depend on the survival percentage of the seedlings under field conditions. Saffron is a
geophyte plant that is difficult to handle in in vitro culture. Thus, the present work aimed
to optimize the disinfection and in vitro multiplication of saffron. It has been found that
soaking explants in 0.1% (w/v) mercury chloride (HgCI2) for 10 min is more effective for
explant disinfection (95%) with a survival rate of over 85%. During the initiation phase, the
cultivation of whole corms on MS medium supplemented with 0.5 mg/L of NAA in
combination with 3 mg/L of BAP proved to be more effective since it made it possible to
obtain a sprouting bud rate of 90% with a number of 5 shoots per explant. For the
multiplication phase, the highest number of shoots (16 shoots/corm) is observed on MS
medium supplemented with 8.0 mg/L of BAP in combination with 0.5 mg/L of NAA. Hence,
more investigations should be carried out to develop efficient and reproducible in vitro
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regeneration systems in order to increase the number of shoots per explant for
proliferation and micro-corms formation phases by exploring other culture media with
different PGR combinations.
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