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Abstract
Saffron (Crocus sativus L.) belongs to Iridaceae and is known an important native
commercial plants in Iran for its high value of saffron. The best growth regulator
composition for callus production from corms and sahoot regeneration from
callus were determined. Saffron corms harvested from previous crops are
generally used for future cropping cycles. However, this practice causes major
yield losses due to the heavy attack by different pathogens. Availability of
healthy disease free planting materials is of great importance for successful
cultivation of saffron. By this investigation the best composition of growth
regulators for callus production from corms and shoot regeneration from callus
were determined. Callus induction of Crocus sativus L. was investigated by using
different combinations NAA, 2, 4‐D and TDZ, BA and Kn. The highest frequency
of callus induction was observed in medium containing 2 mg/l 2, 4‐D + 1 mg/l BA
followed by 1 mg/l 2, 4‐D + 0.15 mg/l Kn. However, in case of growth parameters
such as diameter and the area of calli the best result was obtained in the medium
supplemented with 2 mg/l 2, 4‐D + 1 mg/l BA. In some treatments, calli were
transferred to organogenesis stage after two subcultures. For sprouting of shoots
transferred to medium containing 1 mg/l BAP and 1 mg/l NAA. Statistical
analyses indicated that the treatment containing 5 mg/l NAA and 5 mg/l TDZ
proved to be the best growth regulator treatment for shoot regeneration from the
saffron calli.

Introduction
Saffron (Crocus sativus L.) is one of the most important crops cultivated in the
temperate regions of several countries of the world as an high value spice. Iran is
the largest producer of saffron in the world. Saffron spice obtained from the
dried floral stigmas, is the most valuable commodity harvested since ancient
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times for its odoriferous, coloring, and medicinal properties (Plessner and Ziv
1999). Saffron production and its breeding are mainly hampered by sterility
caused by triploidy. It is asexually propagated through corms thus remained
main source of planting saffron (Mathew 1982). Vegetatively propagated saffron
corms harbor many insect pests and pathogens. Pathogens like bacteria, fungi
and viruses remain active after the corms are harvested for planting and become
the major source of pathogen distribution contributing to major crop losses.
Sanitary measures and corm treatments failed to successfully control these
pathogens. Bactericides and fungicides can be used to control these pathogens
but such measures add to the high cost of production and environmental
pollution. Viral infections are the most difficult to control in the absence of any
known effectual treatment (Katoch et al. 2003). Saffron crops suffer uniformity
with a low yield due to low quality planting material. In this backdrop saffron
propagation through tissue culture offers a great potential for the production of
pathogen‐free high quality propagation materials (Debergh and Read 1991, De
Hertogh 1996). Traditionally, saffron is cultivated by planting the corms of
previous growing season. Since different pathogens attack saffron corms, they
cause rotting, necrosis, reduce growth considerably and delay in flowering
(Fernández and Pandalai 2004). Further invasion of pathogens results in the
reduction in flowering and consequential low yield each year. It is, therefore
evident that planting of infected corms would result in marked yield reduction in
the newly established or re‐planted farms. Finding of a suitable method to
produce pathogen‐free corms and supply them rapidly and efficiently can reduce
this problem, thereby enhancing the yield. Tissue culture is fast, offering a large‐
scale propagation of pathogen‐free healthy plants (Draget et al. 1988). By using
MS and right growth regulator combinations, Ting et al. (1979) induced callus
formation and successfully regenerated plantlets from the calli (Ebrahimzadeh
et al. 2000a, Ilahi et al. 1987, Isa et al. 1990).
Saffron corm propagation can also be achieved through indirect
organogenesis originating from an intervening callus phase. Direct and indirect
corm propagation induced through the utilization of growth regulator
combinations such as auxins and cytokines (Yildirim 2007, Plessner et al. 1989).
Plessner et al. (1989) utilized saffron corms for plantlet regeneration reported
cytokinin and auxin were essential for regular development. Indirect
organogenesis from callus cultures have been reported by (Ilahi et al. 1987).
Callus was induced through different combinations of growth regulators.
Micropropagation of Crocus has been reviewed by Plessner and Ziv (1999),
Bagheri and Vesal (2006). Ding et al. (1981) were the first to report successful
tissue culture of Crocus. They successfully produced callus which regenerated
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into intact plantlets from corm explants, when the culture medium was
supplemented with IAA and 2, 4‐D. By using a similar medium, Ilahi et al. (1987)
produced callus using corm explants. The resulting callus pieces differentiated
into buds. Schenk and Hildebrandt (1972) reported the importance of the
medium composition e.g., the role of growth regulators for induction of callus
and their subsequent regeneration into plantlets.
The present study reports successful regeneration and production of tissue
culture derived plants from saffron through corm micropropagation via callus
induction.

Material and Methods
The corms of saffron (a perennial autotriploid, sterile and vegetatively
propagated plant) were collected from a local farm located in Nishapur (Korasan
province), Iran. Corms were thoroughly washed with tap water and outer layers
were removed, washed with running water and immersed in dishwashing liquid
for half an hour and subsequently treated for 10 min in Hygen (benzalconium
chloride 1%) and rinsed thoroughly with tap water. Corms explants were finally
incubated in 70% ethanol for 4 min and 20% commercial bleach containing 1%
sodium hypochlorite for 15 min and rinsed thrice in sterile distilled water.
Dried corms were then prepared and cut into rectangular sections from the
central meristematic region of each corm and used as explants. Explants were
then cultured on basal medium supplemented with 3% sucrose. The medium
was solidified with 0.7% agar and cultures were incubated in a growth chamber
under dark conditions at 25ºC for callus induction. Different growth regulator
combinations were tested for callus induction (Table 2) as suggested by Sheibani
et al. (2007), Darvishi et al. (2007), Majourhay et al. (2007), Sharifi and
Ebrahimzade (2010), Blazquez et al. (2009).
First calli were observed after 45 days and were subcultured twice on the
same callus induction medium after one month. Some calli showed shoot
formation and at this stage all callus cultures were transferred to a new shoot
induction medium containing NAA (1 mg/l) and BAP (1 mg/l) as suggested by
(Vatankhah et al. 2010). Shoots were multiplied in this medium for two
subcultures of one month each. Plantlets were then transferred to jars for rooting
and subsequently for hardening and planting.
A completely randomized design was used. Five replicates each with five
meristem pieces were used for each treatment. Percentage of callogenesis was
recorded after eight weeks of culturing. Effects of different growth regulator
combinations (Table 2) on lateral meristems callogenesis were investigated.
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Heights of calli were recorded on a scale of (0‐ none, 1‐ medium, 2‐ high).
Average calli diameter was determined based on the average of the longest
width and length of calli; the rate of calli growth index was calculated by
multiplying the average diameter and height of calli as suggested by (Taylor and
Secor 1992).

Results and Discussion
Callus initiation was observed from lateral meristem after 45 days of inoculation.
Effects of different growth regulator combinations were studied on callusing,
callus height, callus diameter and callus area (Tables 1 and 2). All combinations
were used successfully to induce callus. However, different plant growth
regulators had significantly different effects on various characteristics of the
callus growth. For example, the highest callus percentage observed ranged from
72 ‐ 76 (Table 2). Growth regulators in the combination of 1 mg of 2,4‐D
and 0.15 mg/l Kn yielded the highest callus (76%) followed by BA and 2,4‐D
(Raja et al. 2006) and the lowest percentage (36) was observed when TDZ was
used. Similar was the case with other callus growth factors (Table 2). Low callus
percentage induction was observed using TDZ contradicted Schenk and
Hildebrandt (1972) findings, reported TDZ as a very effective growth regulator
for somatic embryogenesis and organogenesis in different plant species. Shoot
formation was successfully induced in 4 out of 7 treatments i.e. 1, 3, 4 and 5,
respectively (Fig. 2). Three treatments failed to propduce any shoots where the
growth regulator combinations including Kn + 2,4‐D with different
concentrations and TDZ + 2,4‐D were used. Even though the highest callusing
rate was observed from combination of Kn + 2,4‐D, calli failed to produce shoots.
It was concluded that the best growth regulator combination for high quality
callus induction and shoot formation was 2,4‐D (1 mg/l) + BA (0.15 mg/l). Calli
produced on different combinations of growth regulators behaved differently in
case of morphological characters (Table 1). Although the growth rate of calli was
high with the hormonal treatment of (2, 4‐D + Kn) calli induced by these
treatments were compact and nodular, and light brown in color. Brownish soft
friable calli were produced by 2,4‐D + BA and glassy yellowish calli were
observed from TDZ and NAA + TDZ. A very slow growing compact callus was
observed in 2,4‐D + TDZ. Shoot regeneration could significantly be affected by
the quality of calli. A light brown calli produced high shoot regeneration and low
rate was observed in case of glassy calli.
It has been recommended that incubation temperature could also
significantly affect shoot regeneration from calli and somatic embryos. Isa et al.
(1990) had previously reported the positive effect of lower temperatures on the
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regeneration of plantlets from embryogenic and non‐embryogenic calli from
domestic saffron (Isa et al., 1990; Ebrahimzadeh et al. 2000b). A low temperature
of 20 ± 2°C or less has been recommended for high rate of shoot regeneration in
saffron. It seemed reasonable to incubate callus cultures at temperature below
25°C to achieve high shoot formation. Shoots were successfully regenerated
from calli when cultured on medium containing NAA and BAP (Figs 2 and 3).
Table 1. Morphological characteristics of calli produced on the medium supplemented
with different combinations of growth regulators in saffron.
Growth regulators

Morphology of calli

2,4‐D + BA

Brownish, soft and friable

2,4‐D + Kn

Compact and nodular

TDZ

Glassy with growing buds

NAA + TDZ

Glassy with growing yellowish buds

2,4‐D+ TDZ

Very slow growing compact callus

Fig. 1. Effects of different growth regulator combinations on callus induction in saffron
from corm meristem cultures. Two growth regulator combinations produced the
highest callus percentage (a) 2,4‐D (2 mg/l) + BA (0.1 mg/l), (b) 2,4‐D (1 mg/l) + Kn
(0.15 mg/l).

Ilahi et al. (1987) reported that callus could be differentiated into shoots on the
medium containing both NAA and BAP as also suggested by (Yildirim 2007).
Similarly, the effects of different sugar concentrations on callus induction and
shoot regeneration have also been reported (Sharma et al. 2008) therefore
deemed future investigations.
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Fig. 2. Shoots regenerated through callus on the medium consisting of four treatments (1,
3, 4 and 5) transferred to the medium containing NAA (1 mg/l) + BAP (1 mg/l) for
sprouting.
Table 2. Effects of different growth regulator combinations and concentrations on
callusing, callus height, callus diameter and callus area from lateral meristems of
saffron.
Treatment
number

Growth
regulators

Callusing
(%)

Callus
height

Callus
diam. (cm)

Callus
area

1

0.1 (2,4‐D) + 2 (BA)

56 ± 9.80 abc

1.1 ± 0.19 abc

1.23 ± 0.10 b

1.4 ± 0.30 bc

2

1 (2,4‐D) + 0.15 (Kn)

76 ± 7.48 a

1.3 ± 0.20 ab

1.52 ± 0.08 b

1.99 ± 0.36 b

3

1 (TDZ)

36 ± 4.00 c

0.5 ± 0.22 c

0.72 ± 0.12 c

0.445 ± 0.23 d

4

0.5 (TDZ)

52 ± 8.00 bc

0.7 ± 0.20 bc

0.87 ± 0.15 c

0.72 ± 0.24 cd

5

5 (2,4‐D) + 1(TDZ)

40 ± 6.32 c

0.7 ± 0.20 bc

0.66 ± 0.09 c

0.45 ± 0.14 d

6

5(NAA) + 1(TDZ)

72 ± 4.90 ab

1.3 ± 0.20 ab

1.45 ± 0.09 b

1.865 ± 0.27 b

7

0.1 (BA) + 2(2,4‐D)

76 ± 4.00 a

1.7 ± 0.20 a

1.88 ± 0.12 a

3.135 ± 0.30 a

This study demonstrated a large number of disease free high quality
plantlets could be produced in a short period of time. Combination of different
growth regulators have significantly different effects on callus induction and
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shoot regeneration in saffron. It is, therefore, concluded that for high shoot
regeneration, use of the right combination of growth regulators, media
composition and incubation conditions is necessary.

Fig. 3. Different stages of shoot regeneration in saffron from callus induction to cormlet
production. (a) Callus was inducted on the medium supplemented with NAA (5
mg/l) + TDZ (1 mg/l), (b) shoot emergence after one subculturing on the same
medium, (c) multiple shoots formed after two subculturing on the same medium, (d)
regenerated shoots when transferred into the medium containing NAA (1 mg/l) +
BAP (1 mg/l), (e) shoot formation and cormlet production after two months and (f)
elongated and well formed shoots after three months.
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