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Abstract

Plant tissue culture techniques have a widespread usage in rapid, easy and continuous propagation of bulbous
and tuberous plants, called geophytes. The genus Galanthus (commonly called snowdrops), perennial
bulbiferous geophytes belonging the Amaryllidaceae family, contain several high-value alkaloids with
pharmaceutical use to treat Alzheimer’s disease. The objective of this study was to assess the effect of
photoperiod, plant growth regulators and explant size on in vitro bulblet formation in snowdrop (Galanthus
woronowii). Bulb twin-scale explants were cultured on MS medium containing different combinations of BAP
with various concentrations of NAA, IAA and IBA under 16/8 h light/dark and 24 h dark conditions. Effect of
plant growth regulators was significant on the number of bulblet, bulblet diameter, bulblet weight, and the
number of bulblet bigger than 5 mm in diameter. Continuous dark application resulted in highly significant
increases in bulblet formation, as compared to light treatment. The maximum number of bulblet (4.83) was
recorded from 4-piece explants treated with 2 mg It BAP+0.1 mg I* NAA hormone combination kept in 24 h
dark condition. Dark treatment resulted in an increase of 57.33% in the number of bulblet bigger than 5 mm in
diameter. Explant size showed no effect on any of the attributes studied. In conclusion, this study revealed
that 24 h dark treatment has a very important positive effect on in vitro bulblet formation in snowdrop.
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Fotoperyot, Bitki biiylime Diizenleyicileri ve Eksplant Biliyiikliigiiniin

Kardelende in Vitro Sogancik Olusumuna Etkisi
Oz

Geofit olarak adlandirilan soganh ve yumrulu bitkilerin hizli, kolay ve seri Uretiminde bitki doku kaltira
teknikleri ¢cok yaygin olarak kullaniimaktadir. Amaryllidaceae familyasi icinde yer alan Galanthus (Kardelen)
cinsi, Alzheimer hastaliginin tedavisinde kullanim potansiyeli olan yiiksek degerli alkaloitler icermektedir. Bu
arastirma, fotoperyot, bitki biylime diizenleyicileri ve eksplant biyikligliniin Galanthus woronowii kardelen
tirtinde in vitro sogancik olusumu Uzerine etkilerini belirlemek amaciyla yuritilmustir. Eksplant kaynagi
olarak kullanilan ¢ift sogan pullari BAP'in farkli dozlarda NAA, IAA ve IBA ile olusturdugu hormon
kombinasyonlari ilave edilen MS ortaminda, 16/8 saat aydinlik/karanlk ve 24 saat karanlik sartlarda kultire
alinmistir. Bitki bliyime dizenleyicilerin sogancik sayisi, sogancik ¢api, capi 5 mm ve Uzerinde olan sogancik
sayisi ve sogancik agirligi tzerine etkileri 6nemli bulunmustur. Surekli karanlik uygulamasi sogancik
olusumunda, 16/8 saat aydinlik/karanlk uygulamasina gore, ¢ok dnemli artiglara yol agmistir. En yiksek
sogancik sayisi (4.83) 24 saat karanlkta tutulan ve 2 mg It BAP+0.1 mg ' NAA ilave edilen MS ortamindaki dért
parcali eksplantlardan alinmistir. Karanlik uygulamasi ¢apt 5 mm ve Uzerinde olan sogancik sayisinda
%57.33'luk bir artisa yol agmistir. Eksplant buyuklGgl calismada incelenen hicbir 6zellikte 6nemli farklihk
olusturmamistir. Sonug olarak, bu calisma 24 saat karanlk uygulamasinin kardelende in vitro sogancik
olusumunda ¢ok 6nemli olumlu etki yaptigini ortaya koymustur.

Anahtar Kelimeler: doku kiltiri, galanthus woronowii, geofit, mikrogcogaltim, soganli bitkiler
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Introduction

Turkiye, located at the intersection point of the three basic floristic regions, has a very remarkable
plant diversity due to its versatile soil types and climatic conditions (Avci, 2005). It has been stated
that, Tirkiye’s flora comprises of around 12.000 plant species with a 34.5% of endemism (Ozhatay,
2005). Bulbous and tuberous plants, known as geophytes, have a considerable importance in this
plant richness of the country (Kahraman, 2020; Sekeroglu et al., 2013; Yizbasioglu, 2012).

The genus Galanthus (commonly known snowdrops), a member of the Amaryllidaceae family and
often called as Kardelen in Turkish, is one of naturally grown geophytes in most part of Tirkiye, with
the species of Galanthus elwesii and Galanthus woronowii showing a great economic importance
(Demir, 2010). Galanthus species are of commercial and medicinal importance as ornamental plants
due to their splendid flowers and the presence of Amaryllidaceae alkaloids such as galantamine,
tazettin and licorine (Babashpour-As| et al., 2016b; Bores & Kosley, 1996). Galantamine alkaloid has
been recently considered a good source for curing Alzheimer’s disease (Ay et al., 2018; Heinrich &
Teoh, 2004).

In Tarkiye, geophytes are commonly collected from the natural flora, as in the most majority of
medicinal and aromatic plants. Their bulbs are removed from nature habitat when the leaves are still
green and usually before seed formation by removing the entire plant, leaving no plant parts that will
provide further vegetative growth (Entwistle et al., 2002). Therefore, the effect of plant collection
from nature has been much more negative, particularly on bulbous plants, causing their populations
to gradually decrease and face with danger of extinction (Koyuncu & Ekim, 1984). Galanthus
woronowii, native to the north-east Tlrkiye and the west and central Caucasus, is classified under the
category of Vulnerable (VU), facing a high risk of extinction, in the Red Data Book of Turkish Plants
(Ekim et al., 2000). In Turkiye, a number of legislative regulations have long been undertaken for
conservation and sustainability of bulbous plants (Resmi Gazete, 2017) and a bulletin has been
published in each year with a quota limitation for exporting natural bulbs (Resmi Gazete, 2021).

Snowdrop is a plant that can reproduce by seeds or vegetatively by the formation of new bulblet. It
takes 4 to 5 years for snowdrop bulbs produced from seed to reach flowering size, about 4-5 cm
circumference (Atay, 1996; Tipirdamaz, 2003). Since the life cycle of snowdrop is long and its
reproduction rate is low, it is of considerable importance using propagation methods that will
provide easy, fast and mass production (De Klerk, 2012). In this context, tissue culture techniques are
widely used in rapid and mass production of endangered plants with some problems in propagation
by seed (Karaoglu, 2010; Seydi et al., 2019).

In vitro propagation has previously been reported for various bulbous plant species such as
Galanthus elwesii (Zencirkiran & Menglg, 2004), Eucomis zambesiaca (Cheesman et al., 2010),
Galanthus woronowii (Yizbasioglu & Dalyan, 2017), Fritillaria imperialis (Seydi et al., 2019), Cyclamen
persicum (Cengiz, 2019) and Narcissus tazzeta (Khonakdari et al., 2020).

Various explant sources such as immature embryos, ovaries, leaves, bulb scales and flowers have
been reported for snowdrops and bulb-twin scales are the most commonly preferred explants
(Babashpour-Asl et al., 2016a; Nasircilar & Karaguzel, 2006; Tipirdamaz et al., 1999). In snowdrop
tissue culture studies, generally the combinations of benzyl amino purine (BAP) and naphthalene
acetic acid (NAA) hormones at different doses have been used, whereas the number of studies
examining effect of indole-3-acetic acid (IAA) and indole-3-butiric acid (IBA) is limited (Staikidou et
al., 2006; Staikidou & Selby, 2012; Zencirkiran & Mengtig, 2004). On the other hand, it is noteworthy
that tissue culture studies in snowdrops were carried out in 16/8 hour photoperiod conditions in the
literature, but there were no studies on bulblet formation in continuous dark environment. In
accordance with these reasons, this study was carried out to determine the effects of photoperiod,
plant growth regulators and explant size on in vitro bulblet formation in snowdrop (Galanthus
woronowii).
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Materials and Methods

Galanthus woronowii bulbs purchased from a private commercial company dealing with the trade of
bulbous plants were used as plant materials in the study. Healthy bulbs with no discolorations or
scars were selected and their outer tunics were carefully removed. For surface sterilization,
snowdrop bulbs were washed using running tap water for 30 min, kept on filter paper for one night
and treated with 70% ethanol solution for 2 min. Then, the bulbs were placed in 2,5% sodium
hypochlorite (NaOCl) solution including 2-3 drops of Tween-20 and put in a magnetic stirrer (140
rpm) for 30 min continuous stirring (Khonakdari et al., 2020). Finally, the bulbs were rinsed three
times with distilled water and dried on filter paper for 10 min. All equipment and culture media used
in the study were autoclaved at 1.2 atmospheric pressure and 121°C for 20 min.

Outer scales of surface-sterilized bulbs were peeled off by a scalpel and the remaining twin bulb
scales were used as explants for the establishment of in vitro culture. Twin scale explants were
divided vertically into two and four pieces of equal size and they were cultured separately. The
medium used in the study was MS (Murashige & Skoog, 1962) with 30 g I sugar and 8 g I'* agar. The
pH of the medium was adjusted to 5.60-5.80. Two- and four-pieces twin-bulb scales were cultured on
MS media containing different combinations of BAP (1 and 2 mg I!) with different concentrations of
NAA (0.1 and 1 mg I'Y), IAA (0.1 and 1 mg I'%), and IBA (0.05 and 2 mg I), resulting a total of 12
combinations. The bulb-scale explants with two- and four-pieces were then transferred into petri
dishes containing prepared MS media (36 ml) supplemented with various doses of plant growth
regulators. Four explants were placed in each petri dish and the explants were cultured in triplicates
per treatment. After placing twin-bulb scales in petri dishes, the lids of petri dishes were closed and
wrapped with cling film. The cultures were incubated in a growth chamber at 22+1°C under two
different photoperiod conditions; a) 16/8 h light/dark photoperiod from white florescent lamb and b)
complete dark (24 h dark) kept in petri dishes covered by aluminum folio. The number of bulblet,
bulblet diameter, the number of bulblet bigger than 5 mm in diameter, and bulblet weight were
measured after six months of culture.

The data obtained from the research were subjected to the analysis of variance according to a
completely randomized factorial design with three replications, and the differences between the
treatment means were compared by the Tukey test. Before variance analysis, all data were
transformed into VX+1, since there were zero values among the data (Yurtsever, 1984). Statistical
analysis and mean comparisons were carried out using the JUMP statistical package program.

Results

Snowdrop twin-scale explants cultured on MS media fortified with various concentrations of BAP,
NAA, IBA, and IAA under 16/8 h light/dark and 24 h dark conditions showed variation in bulblet
formation. The results of variance analysis revealed that photoperiod conditions and plant growth
regulators had significant effects on bulblet number, bulblet diameter, bulblet number with <5 mm
diameter, and bulblet weight (Table 1). The effect of explant size, however, was not significant on
any of the characters studied. Most of the interaction effects among photoperiod (P), plant growth
regulator (PGR), and explant size (ES) were also significant. In vitro bulblet formation occurred in all
cultured explants in the study, whereas four explants produced no bulblet with <5 m diameter.
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Table 1. Analysis of Variance of the Effect of Photoperiod, Plant Growth Regulators and Explant Size
on Measured Characters in Galanthus woronowii

Means of Squares

Source of Variations of Number of Number of Bulblet Bulblet Bulblet
Bulblet with £ 5 m Diameter Diameter Weight
Photoperiod (P) 1 0.582* 0.562* 1.862* 39.093*
Plant growth regulator (PGR) 11 0.422%* 0.117* 0.258* 5.054*
Explant size (ES) 1 0.087 0.014 0.067 2.664
P x PGR 11 0.375* 0.141* 0.164* 2.521
P x ES 1 1.746* 0.776* 2.330* 18.101*
PGR x ES 11 0.244%* 0.098 0.117 3.981*
P x PGR x ES 11 0.282%* 0.129%* 0.123 1.359
Error 96 0.074 0.046 0.069 1.940

*: Significant at the 0.05 probability level.

The used photoperiod treatments (16/8 h light/dark and 24 h dark) produced very significant
differences in all characters evaluated and bigger values were obtained under 24 h dark condition.
The average number of bulblet and bulblet with <5 mm in light and dark environments were 1.63-
2.09 and 0.61-0.96, respectively (Table 2 and 3). Continuous dark culture resulted in an increase of
28.2%, 57.4%, 40.2%, and 50.5% in bulblet number, number of bulblet with <5 mm diameter, bulblet
diameter, and bulblet weight compared to 16/8 h light/dark culture, respectively (Table 4 and 5). The
results indicated that there was a significant difference (P<0.05) among 12 PGR treatments in all
attributes studied and the highest number of bulblet (2.72) and bulblet with < 5 mm diameter (1.27)
were noted from the explants cultured on MS media fortified with 2.0 mg I BAB+0.1 mg I NAA
(Table 2 and 3). The maximum bulblet diameter (3.07 mm) and bulblet weight (34.79 mg) were
obtained from the PGR treatment of 1.0 mg It BAB+2.0 mg I IBA.

Table 2. Number of Bulblet in Two- and Four-pieces Snowdrop Twin Scale Explants Treated with
Different Plant Growth Regulators at 16/8 Light/dark and 24 h Dark Conditions

16/8 h light/dark 24 h dark
Plant Growth Two Four PGR - Light Two Four PGR - Dark PGR
Regulator Piece! Piece! Mean? Piece! Piece! Mean? Mean?

0.1 mg I NAA 2.83 af 1.75 a-f 2.29 ap 0.83 e-f 1.50 a-f 1.16 scoe 1.72 ABC

% 1.0 mg 't NAA 3.00 a-f 2.00 a-f 2.50 asc 2.00 a-f 2.58 a-f 2.29 ap 2.39 AB
§° 0.05 mg I'T IBA 0.75f 0.50f 0.62 pe 1.25 b-f 2.25 a-f 1.75 ae 1.18 BCD
ED 2.0 mg It IBA 1.25 a-f 2.00 a-f 1.62 At 2.83 a-f 2.33 af 2.58 nsc 2.10 ABC
— 0,1 mgltIAA 0.83 ef 2.25 af 1.54 ae 0.66 f 1.00 c-f 0.83 coe 1.18 BCD
1.0 mg It 1AA 2.00 a-f 1.16 def 1.58 8& 4.58 abc 3.08 a-f 3.83 4 2.70 A
0.1 mg I NAA 4.08 a-e 0.50f 2.29 a0 1.50 a-f 4.83a 3.16 a8 272 A
% 1.0 mg 't NAA 4.58 abc 1.50 a-f 3.04 ns 0.66 f 1.66 a-f 1.16 8¢ 2.10 ABC
5"’ 0.05 mg I'* IBA 1.25 a-f 0.33f 0.79 coe 2.50 a-f 3.00 a-f 2.75 nsc 1.77 ABC
ED 2.0 mg It IBA 2.00 a-f 1.91 a-f 1.95 ap 1.33 af 2.75 a-f 2.04 ap 2.00 ABC
~ 0.1mgltIAA 0.25f 0.25f 0.25¢ 1.08 def 0.75f 0.91 coe 0.58 D
1.0 mg It 1AA 0.58 f 1.75 a-f 1.16 8¢ 0.50f 4.75 ab 2.62 ap 1.89 ABC
Photoperiod Mean* 1.63B 2.09A
Photoperiod-size 1.95 %8 1.32°¢ 1645 2544
Mean

Means with different letters on the column and the row with the same number are significantly different
(p<0.05).

Although explant size caused significant differences in none of the attributes tested, its interaction
effect with photoperiod treatments was significant for all studied traits. The data obtained in the
study clearly indicated that, four-pieced explants performed so much better than two-pieced
explants in continuous dark environment. The number of bulblet, bulblet diameter, and bulblet
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weight in 24 h dark condition was approximately twice than 16/8 h light/dark culture. The number of
bulblet with £ 5 mm diameter recorded in continuous dark was 2.6 times greater than that of light
condition. On the other hand, two-pieced explants responded more positively to the treatment of
16/8 h light/dark photoperiod compared to continuous dark.

Table 3. Number of Bulblet (£ 5 mm circumference) in Two- and Four-pieces Snowdrop Twin Scale
Explants Treated with Different Plant Growth Regulators at 16/8 Light/dark and 24 h Dark Conditions

16/8 h Light/Dark 24 h Dark
Plant Growth Two Four PGR - Light Two Four I;Ga':k- PGR
Regulator Piece! Piece! Mean? Piece! Piece! Mean? Mean?

0.1 mg I’ NAA 1.91 a-d 0.33 bed 1.12 abc 0.50 ad 0.66 a-d 0.58 abc 0.85 AB

% 1.0mgl?NAA 1.00a-d  1.00a-d 1.00 abc 1.00a-d  0.91a-d  0.95abc 0.97 A
f 0.05 mg I* IBA 0.41 bed - 0.20c 0.75abcd  0.66 a-d 0.70abc  0.45AB
gﬂ 2.0mg It IBA 0.66 a-d 0.75 ad 0.70 abc 0.91ad 1.16 a-d 1.04 abc 0.87 AB
= 0,1mgltIAA 0.58 a-d 1.00 a-d 0.79 abc 0.16 bcd 0.41 bcd 0.29 bc 0.54 AB
1.0 mg I 1AA 0.58 a-d - 0.29 bc 2.16 abc 1.75 a-d 195a 1.12A
0.1 mg I NAA 1.91a-d - 0.95 abc 0.41 bed 2.75a 1.58 ab 1.27 A
% 1.0mgl'NAA 1.08 a-d 0.58 a-d 0.83 abc 0.33 bed 1.08a-d 0.70abc  0.77 AB
& 0.05mgltIBA 0.41bcd  0.33 bed 0.37 bc 1.41 ad 1.08 a-d 1.25abc  0.81 AB
go 2.0mg It IBA 0.41bcd  0.25bcd 0.33 bc 0.83 a-d 1.00a-d 0.91abc  0.62 AB
~ 0.1mgltIAA - 0.08 cd 0.04c 0.25bcd  0.58 a-d 0.41 bc 0.22B
1.0 mg I 1AA 0.33bcd  1.00 a-d 0.66 abc 0.08 cd 2.16 ab 1.12abc  0.89 AB
Photoperiod Mean* 0.61B 0.96 A
Photoperiod-size 0.77° 0.44° 0.73° 1184
Mean

Means with different letters on the column and the row with the same number are significantly different
(p<0.05).

Table 4. Bulblet Diameter (mm) in Two- and Four-pieces Snowdrop Twin Scale Explants Treated with
Different Plant Growth Regulators at 16/8 Light/dark and 24 h Dark Conditions

16/8 h Light/Dark 24 h Dark
Plant Growth Two Four PGR -Light Two Four PGR - Dark PGR

Regulator Piece! Piece! Mean? Piece! Piece! Mean? Mean3

0.1 mg I NAA 3.09 1.67 2.38 abc 2.09 2.45 2,27 abc 2.32 AB
% 1.0 mg 't NAA 2.94 2.41 2.68 ab 2.85 2.65 2.75ab 2.71A
rf 0.05 mg I'1 IBA 1.95 0.83 1.39 bc 2.32 3.12 2.72 ab 2.06 AB
CE’D 2.0mg 't IBA 2.83 2.20 2.51ab 2.89 4.37 3.63a 3.07A
- 0,1 mg It IAA 2.25 4.26 3.25ab 2.00 3.25 2.62 ab 294 A

1.0 mg T I1AA 2.40 0.63 1.52 bc 3.24 4.54 3.89a 2.70 A

0.1 mg I NAA 3.27 0.50 1.88 abc 1.76 3.93 2.85ab 2.36 AB
% 1.0 mg 't NAA 2.39 2.00 2.19 abc 1.41 3.01 2.21 abc 2.20 AB
g: 0.05 mg I'1 IBA 1.75 1.29 1.52 bc 2.62 3.54 3.08 ab 2.30 AB
go 2.0mg 't IBA 2.63 1.75 2.19 abc 2.61 3.49 3.05ab 2.62A
~ 0.1 mg It 1AA 0.41 0.66 0.54c 1.72 2.29 2.00 abc 1.27B

1.0 mg It IAA 1.87 1.86 1.86 abc 1.12 3.79 2.45 ab 2.16 AB
Photoperiod Mean* 1.99B 2.79A
Photoperiod-size 2318 1.67°¢ 2.22¢ 3377

Mean?>

Means with different letters on the column and the row with the same number are significantly different
(p<0.05).
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In the study of triple interaction effect of PGRs, light conditions and explant sizes, the highest
number of bulblet (4.83) and bulblet with < 5 mm diameter (2.75) were recorded in four-pieced
explants cultured on MS medium fortified with 2 mg I BAP+0.1 mg I* NAA under 24 h dark
condition. The highest bulblet diameter (4.54 mm) was obtained from four-pieced explants treated
with 1 mg I BAP+1 mg I* IAA under 24 h dark. The twin-scale explants with four pieces cultured on
medium with 1 mg I BAP+2.0 mg I'* IBA under continuous dark produced the highest bulblet weight
(63.33 mg).

Table 5. Bulblet Weight (mg) in Two- and Four-pieces Snowdrop Twin Scale Explants Treated with
Different Plant Growth Regulators at 16/8 Light/dark and 24 h Dark Conditions

16/8 h light/dark 24 h dark
Plant Growth -
Regulator Two Ifour PGR -Light Two F.our PGR - Dark PGR
Piecel Piecel Mean? Piece!  Piece! Mean? Mean?
0.1 mg It NAA 33.33 15.83 24.58 32.50 20.83 26.66 25.62 AB
& 1.0 mg 't NAA 20.83 25.00 22.91 22.50 30.00 26.25 24.58 AB
E 0.05 mg I'* IBA 10.00 8.33 9.16 24.16 24.16 24.16 16.66 AB
CE’D 2.0mg It IBA 31.66 17.50 24.58 26.66 63.33 45.00 34.79 A
0,1 mgltIAA 20.00 45.83 32.91 13.33 34.16 23.75 28.33 AB
1.0 mg IT 1AA 30.83 5.00 17.91 36.66 35.83 36.25 27.08 AB
0.1 mg I NAA 25.83 5.00 15.41 22.50 27.50 25.00 20.20 AB
& 1.0 mg I NAA 13.33 20.83 17.08 17.50 27.50 22.50 19.79 AB
f 0.05 mg I'* IBA 15.00 20.00 17.50 23.33 32.50 27.91 22.70 AB
ED 2.0 mg It IBA 10.00 11.66 10.83 20.00 30.00 25.00 17.91 AB
~  0.1mgltIAA 2.50 7.50 5.00 15.83 34.16 25.00 15.00 B
1.0 mg I* 1AA 18.33 20.00 19.16 10.00 28.33 19.16 19.16 AB
Photoperiod Mean* 18.09B 27.22 A
Photoperiod-size 1930°  16.87° 22.08° 32.36%

Mean?

Means with different letters on the column and the row with the same number are significantly different
(p<0.05).

Discussion

Galanthus woronowii, a bulbous perennial plant commonly distributed in north eastern Tirkiye, has
a high medicinal and ornamental importance (Ay et al., 2018). But the populations of snowdrops are
gradually decreasing in native habitat and facing the thread of extinction as their bulbs are
excessively collected from the wild. Besides that, snowdrops require a period of 4-5 years for the
formation of a new-mature bulb in its natural environment (Yizbasioglu & Dalyan, 2017). Therefore,
rapid and easy reproduction methods are needed for the mass production of these precious species
(Ulus & Seydioglu, 2006). Over the last 25 years, it has proven that in vitro techniques have a great
potential in the production of bulbous and tuberous plants (Kahraman, 2020; Ozdemir et al. 2016).
Previous studies in bulbous plants revealed that growth regulators, photoperiod, and explant type
are the factors with the greatest effect (Akyiiz, 2018; Khonakdari et al., 2020).

Photoperiod is one of the most important environmental factors in tissue culture studies, and its
effect may differ depending on the explant source and type of plant growth regulator. In geophytes,
the response of plants to the photoperiod can generally be in three ways; 1) dark inhibits bulb-tuber
development, 2) dark encourages bulb-tuber development, and 3) both light and darkness are
required for bulb-tuber development (Ascough et al., 2008). The findings of the present study reveal
that there are very significant increases in all measured attributes in the dark environment as
compared to the light environment. In the dark environment, the number of bulblet increased by
28.22% compared to the 16/8 h light/dark condition, while the increase in the bulblet diameter, the
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number of bulblet with £ 5 mm diameter, and bulblet weight were 40.20%, 57.33% and 23.28%,
respectively. These findings indicate that continuous dark application promotes in vitro bulblet
formation in Galanthus woronowii.

Since there is no study conducted on snowdrops in continuous dark in the literature, it was not
possible to make a comparative evaluation of the data obtained from our study with the literature
findings. In Eucomis zambesiaca Baker species, a bulbous plant in the family Asparagaceae, it was
reported that the dark environment prevented the formation of bulblet and 8-hour light condition
produced the highest bulblet number (Cheesman et al., 2010). In contrast, continuous dark
application in Hyacinthus orientalis promoted bulblet formation and resulted in an increase in the
number and diameter of bulblet (Economou & Read, 1987). A study in Narcissus Tazetta L., a bulbous
plant from the Amaryllidaceae family, showed that 16/8 h light/dark photoperiod treatment resulted
in significant increases in bulblet and leaf number, leaf length, and galantamine content compared to
24 h dark (Khonakdari et al., 2020). Similarly, there are some research results indicating that
photoperiod application promotes bulblet formation in geophytes (Rice et al., 2011). On the
contrary, in Hyacinthus orientalis (Kim et al., 1981) and in Lilium longiforum (Kumar et al., 2006)
species, the highest number of bulblet was obtained from the explants cultured in complete
darkness, supporting the findings of our study. Differences between research results may be caused
by a number of factors such as plant species, genotype, plant growth regulator used and explant
type. Therefore, it is of considerable importance to conduct further studies to fully reveal the effect
of photoperiod and continuous dark treatments on bulblet formation in snowdrops and other
geophytes.

The type and concentration of PGRs are supposed to be the most second important factor affecting
in vitro bulblet formation in bulbous plants (Khonakdari et al., 2020). The effects of growth regulators
on bulblet formation may be low when used alone, but their effects increase when several of them
are used together (Oztiirk, 2021). According to literature reports, different plant hormone
combinations containing benzyl amino purine (BAP), naphthalene acetic acid (NAA), indole butyric
acid (IBA), and indole acetic acid (IAA) were commonly used in studies for the formation of bulblet in
snowdrops (Nasircilar & Karagilizel 2006; Staikidou et al. 2006; Tipirdamaz et al. 1999). It has been
reported that using BAP as cytokinin and NAA as auxin source in snowdrops had higher effect on in
vitro bulblet formation due to the synergetic effect between them, which is consistent with the
results of this study (Staikidou & Selby, 2012; Yizbasi & Dalyan, 2017). Similarly, it has been
suggested that the auxin type has a very important role in G. nivalis and that bulblet formation is
encouraged especially in high doses of NAA alone or in combination with IAA (Resetar et al., 2014).
On the other hand, Zencirkiran and Mengti¢ (2004) report that IBA is more suitable than IAA as an
auxin in G. elvesii species. In a study conducted in the G. transcaucasicus species, the highest bulblet
number was obtained from explants in MS medium supplemented with 2.0 mg I-1 BAP and 2.0 mg I-1
IBA (Babashpour-Asl et al., 2016a).

The results of the presents study revealed that explant size (with two and four pieces) did not have a
significant effect on any of the traits examined, but the interactions with photoperiod and plant
growth regulators were important in some traits. In our study, two-pieced explants responded more
positively to the treatment of 16/8 h light/dark photoperiod compared to continuous dark. In the
contrary, four-pieced explants performed interestingly so much better than two-pieced explants in
continuous dark environment. The positive enhancing effect of continuous dark on particularly the
number of bulblet, bulblet diameter and bulblet weight is more evident in cultures with IAA and IBA
compared to NAA applications. The interactions of explant size with photoperiod and plant growth
regulator can be a complex phenomenon. Thus, further studies need to be carried out to optimize
the interactive effect of explant size with photoperiod and PGR.
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Conclusion

Commercial and medicinal importance of snowdrops are accounted for their beautiful flowers and
naturally occurring bioactive compounds, Amaryllidaceae alkaloids. Life cycle of snowdrops is long
and production rate is rather slow, so plant cell and tissue culture provides an appealing alternative
for optimizing maximum production of these plants in a relatively short time. Thus, this study aimed
at describing an efficient production protocol for in vitro bulblet formation in Galanthus woronowii.
The results of the present study revealed that photoperiod and plant growth regulators showed a
significant effect on in vitro bulblet formation in Galanthus woronowii. In contrary, explant size
caused no significant variation in any of the attributes studied. The highest number of bulblet were
obtained from four-pieced bulb-scale explants cultured on MS medium fortified with 2 mg I BAP+0.1
mg I? NAA under 24 h dark condition. Continuous dark treatment resulted in highly significant
increases in bulblet formation, as compared to 16/8 light/dark photoperiod, with an increase of
%28.2 and %57.3 in the number of bulblet and bulblet with £ 5 mm diameter, respectively. It is
concluded that 24 h dark treatment has a very important positive effect on in vitro bulblet formation
in snowdrop. However, it would be worthwhile to carry out further studies in order to fully optimize
the effect of light and dark applications on in vitro bulblet formation in snowdrops.
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