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The genus Crocus L. (Iridaceae) is represented by two endemic species in Kazakhstan: Crocus korolkowii Regel et Maw and Crocus alatavicus Regel et Semen belonging to the group of bulbous plant that grow in subalpine areas of the northern and western Tianshan Mountains [1, 2]. During the evolution, Crocus as a geophyte with an ephemeral development cycle, peculiar habitus and underground storage organs to protect the reproduction buds developed unique adaptive reactions and mechanisms of resistance to environmental stress conditions. In connection with this wild crocus species have a high biological and economic potential as a source of valuable genes for breeding of new varieties and forms [3]. Currently, as a result of human activities, both species are threatened with extinction and included into the Red Data Book of Kazakhstan [4]. The conservation and management of valuable crocus gene pool is very actual problem for Kazakhstan.

Two approaches of preservation of valuable plant material are used: in situ – conservation of wild populations; ex situ – creation of seed banks and cultivation in living collections of botanical gardens, plant nurseries, etc. 
The small native populations of Kazakh crocus species make their conservation difficult by the traditional ways. Difficulties of plant growing and propagation in botanical gardens and other protected areas due to low seeds germination also reduce the efficiency of conservation ex situ. Low rate of generation of daughter corms and the accumulation of pathogenic microorganisms in them result in limited availability of propagation material for field cultivation. 

In vitro cultural methods contribute importantly for the propagation of many important and economic plants as the rate of conventional propagation methods is very slow. Besides conventional methods of propagation, in vitro culture methods can play an important role in the clonal propagation and conservation of small natural populations of rare crocus in Kazakhstan. Moreover, in vitro propagation of plants could help in raising disease free healthy clones on a large scale for the horticultural industry.
In vitro cultivation of several crocus species has been reported [5, 6], but the same investigations of Kazakh crocus species were carried out in an insufficient amount, the only study was conducted at the Main Botanical Garden of Kazakhstan in the 80s of the last century [7]. The aim of this research is to develop in vitro micropropagation technique for conservation of Crocus alatavicus. 

Materials and methods. The initial flowering plants of C. alatavicus (after botanical identification) with the maternal corms were collected in natural habitat in Almaty region and planted in the experimental field for the further development and formation of daughter corms ex situ. The Voucher specimen is deposited in the herbarium of Institute of Botany and Phytointroduction (Almaty, Kazakhstan).
A new formed corms were dug up in July and used as an explants for cultivation in vitro. Corms washed under running tap water for 40 min, and then sterilized dipping in 70% ethanol for 3 min followed by 0.15% HgCl2 for 13 min and rinsed 3 times with sterile distilled water. After sterilization the corms cut into 0.1-5 cm parts with or without apical and axillary buds and inoculated in tubers with nutrient Murashige and Skoog (MS) basal medium [8].  For induction of callusogenesis, shooting and corm formation MS medium supplemented with different concentrations of plant growth regulators – 6-benzylaminopurine (BAP), α-naphthylacetic acid (NAA), 2.4-dichlorophenoxyacetic acid (2.4-D), indolebutyric acid (IBA), paclobutrazol (PAC) were used. Aseptic culture was maintained at 22-24 0C under 16/8 h (light/darkness).
Results and discussion. In nature crocus corm has pronounced apical dominance. Apical buds are larger than the others, because they develop flower shoots giving new corms at the end of flowering. Development of axillary buds scattered across the corm’s surface is suppressed by apical bud and staying at the juvenile stage, die with the maternal corm [7].

In vitro direct regeneration of shoots on the explants starts through the activation of axillary buds located on the corm’s surface by the action of growth regulators in the medium (Fig. 1, A). 
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Figure 1. Micropropagation of C. alatavicus: А – sprouting of adventitious shoots from axillary buds; B – callus formation; C – development of additional shoots in calluses; D – thickening of the base of the shoots and de novo corm with scales; E – microcorm with tunica; F – growth of obtained microcorms in perlite. 

Seven MS medium variants supplemented with different concentrations of BAP, NAA, 2.4-D were tested for shoot induction. The same effects on shoot formation of the explants in three medium variants (MS 2, MS 3 and MS 4) differed in concentration of BAP and 2.4-D were observed: shooting - 54.6% - 65.8%, shoot amount per explant - 2.3 to 2.6 (Table 1).

Table 1 – The regenerative capacity of the explants depending on the hormonal content of MS medium 

	Medium variants
	Phytohormones, mg/l
	Shoot formation, %
	Shoot amount / explant 

	MS 1  
	BAP 0.5 + 2.4-D 0.1
	26.8
	1.4 ± 0.3a

	MS 2*
	BAP 2.0 + 2.4-D 0.5
	65.8
	2.3 ± 0.5a

	MS 3*
	BAP 2.0 + 2.4-D 0.1
	60.2
	2.0 ± 0.2a

	МS 4*
	BAP 1.0 + 2.4-D 0.25
	54.6
	2.6 ± 0.6a

	МS 5
	BAP 6.0
	29.5
	1.5 ± 0.2a

	МS 6 
	BAP 2.0 + 0.5 NAA 
	77.2
	8.1 ± 0.6b

	МS 7
	BAP 1.5 + 0.5 NAA
	85.9
	7.6 ± 0.8b

	Note: * – callus formation; a, b – significant differences between the variants, p ≤ 0.05


A combination of BAP with NAA had a more stimulating effect than combination BAP with 2,4 D. MS 6 and MS 7 maximum activated the growth of axillary buds, 77.2 % and 85.9 %, respectively. 

On MS 2, MS 3 and MS 4 supplemented with a different concentration of BAP and 2.4-D it also was formed callus on the surface of the explant after three weeks of cultivation (Fig. 1, B). After two weeks passaging the callus to the same medium it is indicated the appearance of adventitious shoots in the callus tissue (Fig. 1, C).

In vitro differentiated shoots for corm induction were transplanted to MS 8, MS 9, MS 10, MS 11 and MS 12 supplemented with a different combination of BAP, IBA, NAA, PAC and with standard (30 g/l) and high (50; 80; 90 g/l) levels of sucrose. It is revealed that both shoots raised by direct regeneration from axillary buds and shoots differentiated from callus tissue are capable to corm formation. During the cultivation was observed shoot base thickening and after two weeks of passaging them it was noticeable microcorm with cover scales characteristic to crocuses. (Fig 1, D). The number of formed microcorms depended on medium composition (Table 2). 
Table 2 – Influence of culture medium on corm formation in vitro of C. alatavicus
	Medium variants
	Supplements, mg/l
	Corm amount / explant 

	МS 8 
	1.0 BAP + 5.0 NAA + 30 g/l sucrose
	0.2 ± 0.1a

	МS 9
	3.0 BAP + 80 g/l sucrose
	0.9 ± 0.3a

	МS10
	1.0 IBA + 50 g/l sucrose 
	0.5 ± 0.2a

	МS11
	BAP 2.0 + 0.5 NAA + 1.5 PAC+ 30 g/l sucrose
	8.2 ± 0.4b

	МS 12
	PAC 5.0 + 90 g/l sucrose
	10.4 ± 0.7b

	Note: a, b – significant differences between the variants, p ≤ 0.05


The high corm amount was obtained on MS 11 and MS 12 supplemented with different concentration of growth retardant PAC (1.5 mg/l and 5.0 mg/l, respectively). The stimulatory PAC effect on the corm production of C. sativus has been shown [9]. Corm formation occurred with a lower efficiency on other variants MS 8, MS 9 and MS 10 (not more than 0.9%). In our experiment it was established that the high concentration of sucrose and presence of chlorocholine chloride (CCC) in medium are important factor for in vitro corm maturation to obtaining the full planting material. During two weeks the corm cultivation on MS with 60-80 g/l sucrose, 2 mg/l BAP and 250 mg/l CCC resulted to formation a dry glumes characteristic for corms. The diameter of the regenerated corms is 1-1.3 cm and average weight is 0.4 g - 0.9 g (Fig. 2, E). After drying at 23оС for a week corms with tunic were stored at + 2 оC during three months. Then corms planted in pots with agroperlit and sand (Fig.2, F) for adaptation ex situ in the greenhouse were placed. Thus, the micropropagation technique and the successful method in vitro corm formation for conservation of C. alatavicus were developed.
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