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Abstract 
Tulipa julia is an ornamental important plant and a wide geographical distribution eastern of 

Turkey. However, due to habitat loss and illegal over collection in the wild it is included as a 
vulnerable species. The development of a protocol for Tulipa julia bulblet propagation in vitro may 
be useful for reintroducing plants in their natural habitats, and for germplasm conservation. 
A difficult problem encountered during the establishment of an in vitro culture is explants 
disinfection, especially when working with endangered species, from which explant availability is 
restricted. Thus, the establishment of a sterilization protocol is crucial for the initiation and success 
of bulblets micropropagation system for Tulipa julia. This study was to evaluate the effect of 
sodium hypochlorite concentrations and treatments time in bulbs surface disinfection, tissue 
sensitivity and development. Sodium hypochlorite solutions (2 or 3 %, 20 or 25 min; 4 or 5 %, 30 
or 35 min) were effective in eliminating bulbs superficial contaminants. There was significant 
difference among the effective sterilization sodium hypochlorite concentrations and treatments 
time in relation to surface sterilization bulbs of Tulipa julia. Also, no damage to bulbs tissues were 
observed. Surface sterilization of bulbs, for initiation of an in vitro culture, required higher 
concentrations of sodium hypochlorite (4 or 5 % NaCl, 30 or 35 min) for controlling fungal and 
yeast contamination, compared to bulbs sterilization.  
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1. Introduction 
Turkey is one of the richest countries in variability of flora, it has more than 10000 plant taxa 

about 3000 of which are endemic. ‘There are about 600 species of flower bulbs in Anatolia’ (Arslan 
et al., 2002) and many of them are known as ornamental and medicinal plants (Atay, 1996).                 
‘A number of these geophytic taxa have been exported from Turkey for a long time’ (Arslan et al., 
2002). Tulip (Tulipa L.) genus is a Monocotyledona and belongs to the Liliaceae Juss. Family and 
comprises more than 100 species in the world (Hall, 1940). In Turkey, Tulipa was divided into two 
subgenera and they represented in total 19 taxa (Eker et al., 2014). Tulipa L. taxa are among 
significant plants widely used as ornamentals, they have been originated in Eastern countries and 
Iran and Turkey were introduced in Europe (Matin, 1998). Tulips are unique representative of 
plants; their significance has always been exceptional. Tulips are important bedding bulbous 
ornamental plants that widely used in the park and gardens and widely cultivated in world and in 
Turkey for cut flower, potted plant, landscaping. The Tien Shan and Pamir-Alay mountain ranges 
in central Asia are considered the primary gene centers for Tulipa species’ (Botschantzeva, 1962), 
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with the Caucasus as a secondary center. They are popular spring-flowering garden plants; millions 
of bulbs are sold annually and over 5.000 cultivars are registered (Van Scheepen, 1996). 

Several species are in cultivation, but they cover less than 7 % of the total tulip area in the 
Netherlands. The boundaries between taxa of various ranks are still a subject of dispute 
(Zonneveld, 2009). The vegetative propagation of Tulipa taxa are effective, but creation of new 
tulip cultivars is especially time-consuming because tulip seedlings begin to blossom only after 
seven years. Researchs were carried out to make this period shorter, but no positive results were 
received. The process of creating a new cultivar takes long years because not only the period from 
sowing till blossom of seedlings is long, but also a long period is needed for bulb propagation till 
standard extents of industrial production’ (Baliūnienė, Juodkaitė, 1991). ‘It is commercially 
propagated through asexual reproduction by using bulbs, but the effciency of this process is low’ 
(Lenard, De Hertogh, 1993).  

 
 In vitro storage organ formation (tuberization) has been broadly studied with most of 

geophytes (Podwyszyn´ska, 2012), like Scilla siberica subsp. armena (Ozdemir et al., 2016). Most 
geophytes require certain induction factors for storage organ formation, e.g. Tulipa taxa require 
low temperatures, some onion genotypes require long photoperiods, and potatoes need short 
photoperiods and low night temperatures. ‘However, numerous reports suggest that two factors 
induce an in vitro storage organ formation in most geophytes, including bulbous plants: a high 
sucrose concentration in in vitro media and a sharp reduction in endogenous gibberellin levels in 
response to environmental cues’ (Podwyszyn´ska, 2012). The latter has been approved by 
demonstrations that application of gibberellin biosynthesis inhibitors stimulates bulb formation in 
garlic (Kim et al., 2003), lily (Kumar et al., 2005) and tulip (Podwyszyn´ska, 2006). Several other 
plant growth regulators also have extensivel reported stimulatory effects on bulbing, including 
auxins (Van Aartrijk, Blom-Barnhoorn, 1981), ethylene (Taeb, Alderson, 1990) and jasmonates 
(Podwysyn´ska, 2006). However, there are conflicting indications of the roles of cytokinins in bulb 
formation in vitro. Benzyladenine stimulated the bulb development in Lilium longiflorum (Easter 
lily, Bermuda lily, trumpet lily) and Urginea maritima L. (Baker) (Nhut, 1998) but inhibited bulb 
formation in Narcissus jonquilla L. (Chow et al., 1992). A high cytokinin to auxin ration improved 
the bulb production in Hyacinthus L. (Liliaceae) taxa (Kim et al., 1981) and Fritillaria 
fleischeriana Steudel et Hochst. ex Schultes et Schultes Fil. (Mirici et al., 2005). On the other hand, 
low exogenous cytokinin to auxin ratio reportedly promote bulb growth of Hippeastrum 
(Amaryllidaceae) taxa (Huang et al., 2005) 

Investgation using in vitro methods to examine efficient multiplication rates in the Tulipa 
taxa has been in progress for many years. ‘Unfortunately, the laboratory techniques employed in its 
propagation continue to produce low yields’ (Maglanka, Bach, 2010). Organogenesis is a type of 
plant regeneration that can be used in clonal propagation. In bulbous plants like tulips this 
micropropagation method results in the formation of adventitious shoots or bulbs (Ghaffor et al., 
2004). ‘The organs are formed directly on explants or indirectly via callus tissue’ (Liu, Yang, 2012). 
Among geophytes, organogenesis can occur on various explants, including on buds, pedicels, seeds 
(Ghaffor et al., 2004). ‘In vitro cultures of the tulip have been initiated mainly from chilled bulbs; 
though some experiments have used non-chilled plant material’ (Ptak, Bach, 2007).  

 
2. Relevance 
The present investigation was undertaken to ensure that large numbers of clean explants 

should survive sterilization. In the present study two concentration of sodium hypochlorite % 2-3 
and % 4-5 (NaCl) were used. 

 
3. Material and methods 
The bulbs of Tulipa julia were collected natural habitats, during within field work project 

(BAP –TBMYO.2016.00.001) from Bingol-Solhan province by taxonomist O. Kılıç. All of using this 
study bulbs washed under running tap water for 30 min. before from the study. Different 
concentrations of sodium hypochlorite (2 %, 3 %, 4 %, 5 %) were used for 20, 25, 30, 35 min. inside 
in the laminar flow air cabine, and a final wash with autoclaved distilled water 5 times. All Tulipa 
julia bulbs cultivated in MS (Murashige, Skoog, 1962) medium. Cultures were incubated in the 
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controlled conditions of temperature (24±1 ᵒC) and light intensity (2000-2500 lux for 16 h); the 
experiments were replicates 3 times. 

 
4. Discussion 
It is always a big challenge to avoid contamination and establishment of aseptic cultures from 

the field grown plants which are always at high risk of internal and external contamination. 
The present investigation was carried out to optimize sterilization protocol for fast multiplication of 
Tulipa julia. There was significant difference among the effective sterilization sodium hypochlorite 
concentrations and treatments time in relation to surface sterilization bulbs of Tulipa julia. 
At lower concentrations and little treatments time (2 or 3 %, 20 or 25 min.) of sodium hypochlorite 
when used showed less in sterilizing the Tulipa julia bulbs but higher concentrations and high 
treatments time (4 or 5 % NaCl, 30 or 35 min) of sodium hypochlorite when used showed effective 
in the sterilizing of bulbs. Also, no damage to bulbs tissues were observed. Surface sterilization of 
bulbs, for initiation of an in vitro culture, required higher concentrations and treatments time of 
sodium hypochlorite (4 or 5 % NaOCl, 30 or 35 min) for controlling fungal and yeast 
contamination, compared to bulbs sterilization.  

Comparing salt types, NaCl proved to be superior compared to other salts for bulbous growth 
as used in this study. ‘NaCl is normally expected to have an adverse effect on plant growth and 
development due to suppressed cell division and restricted growth activities’ (Bohnert, Jensen, 
1996). Accumulation of Na+ and Cl− in tissues led to toxicity (Karimi et al., 2009) in the cells’ 
cytoplasm, which affected distinct biochemical and physiological processes (Jampeetong, Brix, 
2009). Our results revealed that bulblets tolerated a concentration of 4 % or 5 % NaOCl, 30 or 
35 min, which ultimately promoted the bulbous growth more efficiently. The positive response of 
bulblets to a specific salt concentration might be due to higher tolerance showed by plants at 
maturity, or might depend on the type of organ (Jenks et al., 2007) used in the study. Similarly, 
negative effects of a higher KCl concentration lead to salt stress and may affect plant growth and 
development by causing callus induction, necrosis, and shoot regeneration, in line with the findings 
of Zahid et al. (2014). The results clearly show that the addition of salts at low concentrations for a 
specific time can be used to increase bulblet size and to harden the bulblets. ‘Acclimatization of in 
vitro regenerated bulblets is the most challenging task due to smaller size and dormancy found in 
the in vitro regenerated bulblets’ (Petric et al., 2011). Therefore, optimum bulblet size with 
adequate rooting is a prerequisite for successful acclimatization. Researchers adopted different 
approaches in order to increase bulblet size prior to acclimatization. 

Losses due to contamination under in vitro conditions average between 3 and 15 % at every 
subculture in the majority of commercial and scientific plant tissue culture laboratories, the 
majority of which is caused by fungal and bacterial contaminant (Leifert et al., 1989). Therefore, 
to ensure the reduction of the contaminants as well as high survival rate of explants, it requires 
efficient aseptic techniques in tandem with effective sterilization methods before subjecting them 
for tissue culture study (Srivastava et al., 2010). Sodium hypochlorite is a very effective sterilant 
and extensively used to stimulate reduce contamination in cultures (Nongalleima et al., 2014). 

 
5. Conclusion 
In the present investigation NaCl (4 or 5 %) for 30 or 35 min was found more effective for 

sterilization and further in vitro response of bulbs. The previous research also suggests that NaCl is 
an effective sterilizing agent (Chengalrayan et al., 2005). Our finding suggests the use of sodium 
hypochlorite for higher time period to obtain aseptic culture of Tulipa julia bulbs. The findings will 
provide a good base for effective and quick sterilization of Tulipa julia bulbs especially when they 
are procured from field grown plants. 
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