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ABSTRACT
Report 95 pp., 1 book, 14 figures, 4 tables, 42 sources, 9 app.

APPLE TREE, NUTRIENT MEDIUM, CLONAL MICROPROPAGATION, MINERAL COMPOSITION, TRACE ELEMENTS, CLONE COLLECTION

Subject of study. Domestic and introduced apple cultivars.

The aim of the work is to develop universal biotechnological regulations for clonal micropropagation of apple trees using modern software. Accelerated in vitro propagation of new domestic and introduced cultivars for introduction into practice of agricultural production of elite seedlings and replenishment of gene pool.
Methods. In the process of research, methodological guidelines on clonal micropropagation and study of cultivars of fruit crops, publications on the topics of research, as well as the experience of team members were used.

The results of work and their novelty. Development of mineral composition of nutrient medium is necessary for rapid in vitro propagation of various apple tree genotypes (Malus domestica Borkh). The structure of the model of the experiment was based on Murashige and Skoog (MS) mineral nutrients with concentrations ranging from 0.5 to 3 of initial. Design Expert® software was used for model development and results processing, which is new for apple tree culture. Optimized environments have been defined for each variety on the basis of the developed models. The most important nutrients were ammonium nitrate in reduced concentrations (0.5×MS), and twice as high concentrations of trace elements (2× MS). The majority of other mineral nutrients showed themselves well in halved concentrations of 0.5
×. The generalized environment of three optimized (trace elements (2xMS); NH4NO3, CaCl2, MgSO4 (0,5xMS); KNO3, KH2PO4 (1×MS) significantly exceeded all quality parameters. The "Regulation on clonal micropropagation of apple cultivars of local and foreign selection" was developed.
Apple tree plants are deposited in vitro under conditions of slow metabolism (+4 ± 2 ºC) on a modified MS nutrient medium containing 25 or 50% salts of nitrate nitrogen, 0.5 mg/l of abscic acid, 2% sucrose or 2% mannitol and 2% sucrose in the absence of phytohormones.  Under such conditions, a clone collection of apple in vitro germplasm was created, which consists of 37 genotypes. Plants of 20 cultivars, adapted and transplanted into non sterile conditions of protected soil. 

Scope
 of application of the results: Biotechnology, agriculture.
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LIST OF ABBREVIATIONS AND DESIGNATIONS
 
The following abbreviations and designations are used in this scientific research report.

	MS -
	nutrient medium Murashige and Skoog

	WPM -
	Woody Plant Medium

	BA -
	6- benzyladenine

	ABA -
	abscicic acid 

	IAA -
	β-indolyl acetic acid

	IBA - 
	Indole-3-butyric acid

	GA - 
	gibberellic acid

	NAA - 
	(-naphthylacetic acid

	AA -
	ascorbic acid

	Кр -
	multiplication coefficient 

	PGRs -
	plant growth regulators 




INTRODUCTION
 
Apple tree is the main fruit culture in Kazakhstan and has practical and economic importance. The south-east of the Republic has suitable conditions for its cultivation and is recognized as the center of origin of apple tree Malus sieversii (Ledeb.) M.Roem. However, in recent decades there has been the disappearance of wild forms and many cultivated varieties, reducing the area of cultivation of apple. Purchased imported planting material does not meet the quality requirements, it is often infected with quarantine pests and diseases, not adapted to local growing conditions.  

As a result of eight decades of selection work based on an extensive gene pool used as a source material, the Kazakh Scientific Research Institute of Horticulture has created a number of new apple varieties, characterized by high competitiveness. The new generation varieties are included in the State Register of Breeding Achievements allowed for use in the Republic of Kazakhstan. They have high productivity and fruit quality, are resistant to the most common diseases, and have high adaptive potential. In addition, new forms of stockings have been created using wild apple tree M. sieversii L. and M. niedzwetzkyana Dieck, which are characterized by high resistance to stress factors, including high drought tolerance. The propagation of new domestic and introduced cultivars in practical horticulture on the territory of Kazakhstan is complicated by slow rates of planting material multiplication. Applying the technique of multiplication in vitro culture, which consists in cloning plants in aseptic conditions (test tubes, flasks, etc.) on specially selected nutrient medium, you can get from one plant much more clones for the same period of time compared to the traditional method. Besides, long-term vegetative reproduction, as a rule, leads to mass contamination of plantations with pathogenic microflora, including viral one. Cloning in vitro allows not only to quickly reproduce plants, but also to free from pests and diseases.

The using of biotechnological methods in the reproduction of apple trees is very relevant, as it allows to quickly reproduce various genotypes, free from diseases and pests, test them for infection, organize reproduction throughout the year and release planting material by a certain date, which will increase the efficiency of the industry as a whole and lead to the intensification of agriculture.  

The scientific novelty of the project is that for the first time the technology of accelerated reproduction of apple plants by the method of clonal micropropagation with the use of innovative statistical software Design-Expert ®, on the basis of which the nutrient medium for several genotypes and regulations for reproduction in vitro are developed. Optimized protocols for clonal micropropagation of apple tree germplasm have elements of novelty (new mineral composition) that increase the breeding ratio for use in breeding for the creation of new highly productive and resistant varieties, replenishment of the gene pool and laying of uterine virus-free plantations and production plantations. It is expected that in future the development will be introduced into agricultural production of elite certified apple seedlings.  
Appendices A - D present the results of experiments to optimize the mineral composition of the nutrient composition and the developed regulations for clonal micropropagation of apple varieties of local and foreign selection.

Appendix E contains the list of used foreign information resources.

Appendix F presents a schedule of work to the Agreement № 152 of 14.03.2018 between the Committee of Science of the Ministry of Education and Science of the Republic of Kazakhstan and "Kazakh Scientific Research Institute of Horticulture" LLP. 

According to the results of scientific researches it was published: 2 articles in the journals recommended by Committee for Control of Education and Science of Ministry of Education and Science of the Republic of Kazakhstan, 4 articles in peer-reviewed foreign scientific publications, with non-zero impact factor, 2 reports were made at international conferences held abroad (Appendix G).

The patent information search was carried out in the period from 2010 to 2020 at the depth of 10 years on the electronic databases, information and reference systems of Rospatent (www.fips.ru), Web of Science (www.webofknowledge.com), database of patents for inventions of the Russian Federation - http://ru-patent.info, etc. As a result, leading scientific organizations working on the problem of clonal micropropagation of plants for scientific and industrial purposes have been identified. The leading position in the field of clonal micropropagation of plants is occupied by the Russian Federation, the USA and China, where large-scale research is carried out. Over the past 10 years, 21 patents have been identified, which have a general orientation with the theme (Appendix H). 

Appendix J contains copies of documents confirming the information.

The aim of the project is to develop universal biotechnological regulations for clonal micropropagation of apple trees using modern software. Accelerated in vitro multiplication of new domestic and introduced varieties for introduction into practice of agricultural production of elite seedlings and replenishment of the gene pool.

Project tasks:
– to select economically valuable pure sorts of apple trees of domestic and foreign selection, which are subject to rapid introduction into production and laying of uterine plantations;
– to get aseptic apple plants in vitro from selected samples;  Isolate apple tree explants in aseptic conditions; to test for fungal and bacterial infections, reject the infected ones; to clone microplants on standard nutrient medium;
– to develop a universal nutrient medium and clonal micropropagation regulations for different apple genotypes using the applied software Design-Expert®; to develop models of clonal micropropagation experiments to optimize the composition of apple medium using the applied software Design-Expert®; to carry out experimental studies based on the developed model, to determine the optimal nutrient medium for cloning in vitro; to develop regulations for clonal micropropagation of apple varieties of local and foreign selection;
– to reproduce domestically valuable apple tree samples in vitro, deposit them in slow metabolism conditions (+4 ± 2ºC) for long-term preservation; to reproduce valuable variety specimens in vitro; to deposit in slow metabolism conditions (+4 ± 2 ºC);
–  to transfer test-tube plants to non sterile conditions of protected soil for further transfer to nursery.
The interim report on stage 2018 was registered in "National Center for Scientific and Technical Information" JSC of the Ministry of Education and Science of the Republic of Kazakhstan and has the name corresponding to the subject of the project: Inventory number of report 2018 – 0118РК0104. 

The interim report on stage 2019 was registered in "National Centre of Scientific and Technical Information" JSC of the Ministry of Education and Science of the Republic of Kazakhstan and has the name corresponding to the project subject: Inventory number of report 2019 – 0219РК01228.
MAIN SECTION OF THE SCIENTIFIC RESEARCH REPORT
 
1 Choice of research direction
Micropropagation is a key technology for the rapid production of trees. It is used for a wide range of herbaceous and woody species and is especially important for fruit crops. There are many fruit trees that are difficult to micropropagate; however, recent developments of in vitro culture techniques have madeit possible to commercially propagate many fruit trees (Jain and Ishii 2003). Although many genotypes can be propagated on a single medium, there are always exceptions. Developing a new micropropagation scheme requires testing a large number of genotypes to determine the best protocol for the most genotypes [1].  By developing improved protocols, it is possible to rapidly multiply superior cultivars, new cultivars with desirable traits, and disease-freepropagation material for growers [2]. 

Apple (Malus domestica Borkh) tissue culture began in the middle of the twentieth century [3-5]. The development of Murashige and Skoog (MS) medium [6], designed for tobacco callus culture led to the use of that medium for micropropagation of many plants, and it is now the most commonly used medium for apple micropropagation [7-8]. Research on the micropropagation of apple has mostly focused on shoot proliferation and rooting and involved alterations in the compositionand ratio of plant growth regulators (PGRs) in the medium. In recent studies, improvement of applemicropropagation involved the selection of PGR for shoots grown on MS and Woody Plant Medium [9-11]. While changing plant growth regulators can be helpful, not all cultivars, and many species require a more thorough approach [12-13]. It is important to consider optimizing the macro- and Minors of growth media to facilitate improved growth of diverse plant genotypes [14]. 

Until recently, few studies considered the mineral nutrients used for micropropagation of apple. One of the few examples was a study using silicon oxide. Nanosilicon increased fresh and dry weight, length of shoots, number of shoots, and chlorophyll index, for ‘Gala’ apple shoot cultures with 100 ppm silicon oxide [15]. Some studies involved modifying one or two mineral nutrients. Sotiropoulos [16] found that 10mMCaCl2 and 35mMNaCl in the MSmedium, significantly increased the number of shoots and the fresh weight of apple rootstock M4 shoots. In addition, shoot length and fresh weight of pear cultures were improved by including 0.1 mM B and 80 mM NaCl [17]. Changes in nitrogen ratios from those in MS were important for growth of a Malus hupehensis (Pamp.) Rehd. apple rootstock [18].

Many genotype-specific nutrient media were developed empirically; however, these media are not effective for all cultivars. It is often difficult to optimize the mineral nutrition in the medium used for the growth of in vitro plants due to the complex chemical interactions of essential nutrients. Computer-aided design software is now available that can be used to plan complex experiments to improve the quality of in vitro cultures [19]. The response surface methodology (RSM) approach uses computer design to provide a geometric design, in which all possible combinations of factors are sampled to provide an experimental design that samples the design space and graphically models the remaining points. These models, based on plant growth data, provide information on which medium components are the most influential for the desired type of plant growth. The information obtained can be used to alter individual components of the medium to provide optimal results. The individual mineral nutrient factors of a medium may also be identified to determine the response of the plant on each variation of mineral composition, or to study mineral uptake and utilization (Niedz and Evens 2016).

Recent studies on in vitro mineral nutrition showed that the identification of the optimum medium composition for propagation can be obtained by computer modeling [19, 20]. This RSM modeling helped to define significantly improved media for propagation of fruit and nut species and cultivars of apricot (Prunus armeniaca L.), hazelnut (Corylus avellana L.), pear (Pyrus spp.), and raspberry (Rubus spp.) germplasm [21-25]. Modeling the influence of nutrient medium components on plant growth with computer software enables researchers to adjust the composition of media for optimal growth and development of each cultivar, or produce a generalized medium for a group of cultivars or species. 

The germplasm bank of apple cultivars and species at the Kazakh Research Institute of Horticulture and Viticulture, Almaty, Kazakhstan has 1829 accessions in the field and 319 accessions in vitro. Although many of these apple shoot cultures grow well on MS medium, many others grow poorly or not at all. Preliminary research on many Kazakh apple varieties grown on MS medium, resulted in poor multiplication and unsatisfactory shoot quality. Development of one or several general growth media that are suitable for a wide range of germplasm is important to safeguard tree fruit collections. Considering the success of modeling to improve the nutrient medium in other crops, the current study was designed to model the effects of mineral nutrients for three apple cultivars, and to use those models to develop one or more improved growth media.
The analysis of literary sources showed high interest of researchers in clonal micropropagation of apple tree. However, all the developments were carried out on certain apple varieties and differed by the composition of medium and methods of cloning in vitro. Nutrient medium were chosen empirically. New apple varieties of the Kazakhstan selection need rapid distribution both in the Republic and abroad, which can be solved by applying the technology to obtain planting material clonal micropropagation. The regulations of this method can be improved by developing a universal nutrient medium obtained on the basis of laboratory experiments with the use of modern software of the new generation Design-Expert®, which in the future will allow its rational use to increase the efficiency of accelerated propagation of planting material. 



2 Objects and methods of research
2.1 Objects of research
The research was conducted with the most promising domestic apple tree varieties: Damira, Bellefleur Almaty, Maksat, Zarya Alatau, Voskhod, Anel, Danalyk, Saltanat, Talgar, Baiterek, Karlygash, Zaman, Tulip, Egemen; ancient varieties: Aport and Form Aport 5/18, Pesturška; common introduced varieties: Golden Delicious, Suislepper, Mutsu and Royal Red Delicious
.
2.2 Methods of research
In the process of research, methodological guidelines for clonal micropropagation and variety study of fruit crops, publications on the topics of research, as well as experience of team members were used.

Selection of valuable varieties of apple breeding with a complex of biological and economically valuable traits with a maximum level of severity of the selected trait, which meet the requirements of intensification of horticulture was carried out in the collection plantings of apple trees of the Kazakh Research Institute of Horticulture according to the generally accepted program and methods of studying varieties of fruit, berry and nut crops [28-29]. In order to obtain the necessary amount of aseptic plants in the experiments on optimization of nutrient medium, the explants from the selected plants were sterilized, introduced into the culture in vitro and cloned on the standard nutrient medium Murashige and Skoog by conventional methods [30]. The obtained aseptic plants were cultivated in vessels (Magenta GA7) with 40 ml of nutrient medium at 24-25°C, 16-hour photoperiod and 40μmol m-2s-1 radiation. Insulation of shoots into culture in vitro was carried out in two periods: the first - initiated growth from dormant buds after a period of rest in January-March, the second - during the period of active growth in June-August. The test for latent infection with saprophyte and pathogenic microflora was carried out in Petri dishes on a provocative VISS medium, which contains 10 g/l sucrose, 8 g/l hydrolyzate casein, 4 g/l yeast extract, 2 g/l KH2PO4, 15 g/l Mg SO4 7H2O, 6 g/l Gelrite [31]. 

An experimental design was developed using Design Expert software (Design-Expert 2010; Stat-Ease, Minneapolis, MN). Six mineral nutrient factors were used to develop design points (treatments) for the model based on the MS salts: (1) NH4NO3, (2) KNO3, (3) CaCl2, (4) KH2PO4, (5) MgSO4, and (6) minor elements (B, Cu, Co, Mn, Mo, and Zn). Experimental treatments (design points) were determined with Design Expert software using the six factors at five levels to sample the design space of all possible treatments. The composition of all mineral factors varied from 0.5 to 3.0× the MS concentration, for a total of 40 treatments. The other factors were those of the base medium described above. Shoots were planted on each treatment medium in duplicate boxes with five shoots per box (n = 10). Some treatments had an additional replication built into the design (n = 20). Cultures were grown for 4 wk and transferred twice to the same treatment medium for a total of 12 wk of culture. Culture conditions were the same as described above. Boxes were randomized on the growth room shelf.

Plant material and conditions of cultivation in vitro. The shoots of Voskhod, Maksat and Golden Delicious apple varieties were multiplied on the nutrient medium of Murashige and Skoog (MS) (Murashige E.), Skoog F.), containing standard amounts of salts and vitamins, as well as phothormones - 0.5 mg/l N6-benzyladenine (BAP) and 0.1 mg/l 3- Indole-3-butyric acid (PhytoTechnology Labs, Shawnee Mission, KS), 3.5 g/l agar (Bitek, Difco, Detroit, Michigan), 1.45 g/l jelright (PhytoTechnology Labs,) and 20 g/l sucrose, pH 5.7. The shoots were grown in cultural vessels Magenta GA7 (Magenta) containing on average 40 ml of medium. Every 4 weeks the plants were transplanted into fresh environment. The shoots were cultivated at 24°C with a 16-hour photoperiod, illumination of 40 μmol m-2s-1, provided with fluorescent lamps with white spectrum of glow (Philips, Poland), sub-cultivated on a cycle of 3-4 weeks.

Experimental research is a multi-factor experience, including 40 variants on three apple varieties based on the developed model. Each variant of the experiment had 10 shoots (n = 10), five in each of the two GA7 vessels. Some variants had additional replication built into the model (n = 20). The plants were grown for 4 weeks and then transferred twice to the same updated medium to obtain a total of 12 weeks of cultivation. Cultivation conditions were the same as described above. To avoid the effect of exceptional conditions on the variants of experience, the seedlings were placed on lighted shelves of the light-cultivated room in random, randomized order.

Data were taken at 12 wk on three shoots in each box (n = 6), and the two remaining shoots were photographed. The following plant responses were measured for the six shoots (or 12 if internally replicated for error determination for the model) for each treatment: quality (a subjective assessment of plant appearance) was measured (1 = poor, 2 = acceptable, and 3 = good); shoot multiplication (shoots counted); shoot length (longest shoot measured); leaf color (1 = yellow or red 2 = light-green, 3 = green); leaf size (1 = small, 2 = medium, 3 = large); callus (1 = large, 2 =medium, 3 = none), shoot tip necrosis, fasciation, hyperhydricity, hypertrophy, and curled leaves (1 = many, 2 = some, 3 = none). 
The statistical analysis and evaluation of the obtained data was automatically designed by the Design-Expert® 8 software application [26]. For this purpose, the results of the visual evaluation were entered into the developed design of the experiment and generated from the reaction of a plant at each point of the model using the average of six (or 12) shoots. For each measured parameter, ANOVA analyzed a polynomial model of the highest order and statistical significance at the level of 0.05 [19-20]. 

After the initial data analysis was complete, formulations were determined based on the best model for each cultivar. The formulations tested were those modeled with the best subjective quality rating for each genotype, on a general medium (General), based on treatments from the initial test and values similar to the mean values for the three genotypes, and on the MS control medium (Table 2). The remaining medium ingredients were as noted for the base medium above with the addition of 0.1 mg L−1 (0.49 μM) IBA in all three treatments. Ten shoots of each cultivar were grown in two boxes for three 4-wk passages to test themodel. Data was taken at the end of the third passage (12 wk). 

The ratings in this experiment were rated from 1 (low) to 5 (high), in which 1 = no elongation, very small, 2 = slightly elongated < 1 cm, 3 = between 1 to 5 cm with some multiplication, 4 = > 5 cm and some multiplication, and 5 = > 5 cm and goodmultiplication, with expanded leaves. The data was compared with pairwise comparisons using t tests with pooled SD and p values, adjusted with the Bonferroni method using RStudio software. A Kruskal-Wallis Dunn’s test with Bonferroni correction was also performed [27]. 

On the basis of experiments carried out during 2 years on selection of perspective varieties, optimization of methods of introduction into aseptic culture in vitro, development of mineral and hormonal composition of nutrient medium, establishment of universal nutrient medium for reproduction in artificial conditions, a regulation of clonal micropropagation of apple varieties of local and foreign selection was compiled.
Valuable apple varieties are multiplied in vitro on developed nutrient medium. Preproduced in vitro in sufficient quantity and well-formed plants are planted in five section air-permeable packets on the modified MS nutrient medium containing 25% salts of nitrate nitrogen, 0.5 mg/l of abscisic acid, 2% mannitol and 2% sucrose in the absence of phytohormones and deposited under conditions of slow metabolism for long-term preservation and international exchange. 

For placement in storage conditions at low positive temperature at the beginning of the plants were in the cultural chamber (growth chamber of plants) for a week (+23 ° C, 16-hour photoperiod, illumination 25 μmol m-2s-1) and a week was acclimatization (10 hours at +4 ° C and 14 hours at +23 ° C). After hardening the plants were placed in the camera with positive low temperature (+4°C), illumination 7-15 μmol m-2s-1 and 10-hour photoperiod  [43].  

For plant transplantation from aseptic conditions (in vitro) to non-sterile (in vivo) optimized methods and nutrient medium for rhizogenesis. Optimal substrates and methods of hardening of rooted plants that increase resistance to adverse environmental factors, including pathogens, have been determined [38]. 

3 Synthesis and evaluation of research results
3.1 Selection of economically valuable clean-sort apple varieties of domestic and foreign selection, which are subject to rapid introduction into production and laying of uterine plantations
Foreign, domestic and old-fashioned vanishing apple varieties bearing the most important for the selection economic and biological characteristics (productivity, resistance to diseases and pests, frost resistance, winter resistance, low growth, ability to lie, taste, etc.) are revealed.

As a result of monitoring, 20 economically valuable pure varieties of apple trees of domestic and foreign selection with high economically valuable features, which are subject to rapid implementation of the practice of production of planting material and laying uterine plants, meeting the modern requirements of intensive fruit growing in Kazakhstan, were selected and described. New varieties of the Kazakhstan selection: Damira, Belfleur Almaty, Maksat, Zarya Alatau, Voskhod, Anel, Danalyk, Saltanat, Talgar, Baiterek, Karlygash, Zaman, Tulip, Egemen. Ancient varieties: Pestrushka, Aport and Form Aport 5/18. Induced varieties: Golden Delicious, Suislepper, Mutsu, Royal Red Delicious
.
3.2 Obtaining aseptic apple plants in vitro from selected samples
Isolation of shoots and introduction into aseptic conditions is a responsible stage of clonal micropropagation of plants. Growing in the field, plants accumulate a huge amount of saprophyte and pathogenic microflora, which at contact with artificial nutrient medium actively reproduces and prevents the growth of plants in vitro conditions. In places of plant growth there is an individual biocoenosis of microflora peculiar to a particular place of growth, which depends on the species, culture and genotype of the plant, the infection of the object of disease, weather conditions, as well as the environmental situation that is formed by many factors. Therefore, the selection of optimal methods and sterilizing agents to obtain aseptic plants is a necessary step in the development of regulations clonal micropropagation. As a rule, the standard procedure used to sterilize the plant material of fruit crops when introduced in vitro includes the use of solutions of mercury-containing substances - sulemas and diacide or chlorine-containing preparations mainly used in the home as bleaching agents. However, concentration and time of treatment differ depending on the object of aseptic culture injection
. 
The effectiveness of using various sterilizing agents to inhibit saprophyte and pathogenic microflora growth in aseptic culture was studied. At the variety study sites, the Scientific Research Institute of Horticulture and Viticulture collected apple plant material. Apexes were isolated, sterilized and planted on artificial nutrients. In order to identify effective surface sterilizing agents, we tested HgCl2 (control) in various concentrations and expositions, bleach containing active chlorine - "Domestos" and hydrogen peroxide (H2O2) 3%.  The plants were monitored weekly and the number of live, dead and infected explants was taken into account. Experiments were carried out on top shoots of apple varieties: Golden Delicious, Voskhod and Maksat. The results of sterilization of shoot segments from microflora with apical and axillary buds are shown in Fig. 1.
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Figure
 1 - Sterilization of apple tree apexes from saprophyte and pathogenic microflora by various preparations

The table shows that apple tree apexes are effectively sterilized with HgCl2 0.2% at an exposure of 4 min. In this case, the number of explants able to regenerate is 76% in Golden Delicious variety, 85% in Voskhod variety, and 75% in Maksat variety. A good effect was obtained when HgCl2 sterilization of 0.1% (6 min) was combined with subsequent treatment of 3% H2O2 (4 min). The number of live apexes was 75%, 75% and 70% respectively. Sterilization "Domestos" was also successful in dilution with H20 1:5 at 20 min exposure, while decontaminating from 65 to 75% of shoots.

The reaction of varieties to sterilization with different reagents is not the same. For example, sterilization of HgCl2 0.2% at an exposure of 4 minutes led to the necrosis of several shoots of Golden Delicious, and for the varieties Voskhod and Maksat necrosis was not observed, but the number of shoots infected with bacteria and fungi was higher. Similar differences were observed within the same variety, some shoots were killed or infected, and others were regenerated after the same manipulations. 

Thus, aseptic apple plants in vitro for clonal micropropagation from selected commercially important domestic and foreign apple varieties were obtained. Saprophyte microflora explants of apple are effectively sterilized by one of the following methods: a) HgCl2 0.2% at the exposure of 4 min. b) HgCl2 0.1% - 6 min, with subsequent processing of 3% H2O2 4 min. c) Domestos + H20 1:5 - 20 min.
3.2.1 Isolation of apple tree explants in aseptic conditions
On the basis of the obtained results of sterilization against microflora infection the apexes of 20 apple varieties were isolated into aseptic conditions. The most effective method of sterilization was applied, namely, HgCl2 0.2% in the exposure of 4 min (Appendix B, Table 1, Fig. 2).
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Figure 2 - Aseptic apple plants in vitro from selected samples
As a result, 20 genotypes of domestic and foreign selection were introduced into culture in vitro: Golden Delicious, Aport and Aport Form 5/18, Damira, Suislepper, Bellefleur Almaty, Maksat, Zarya Alatau, Voskhod, Mutsu, Anel, Pestrushka, Royal Red Delicious, Danalyk, Saltanat, Talgar, Baiterek, Karlygash, Zaman, Tulpan, Egemen
. 

3.2.2 Testing for fungal and bacterial infections, rejection of infected
In addition to saprophyte microflora in plants can develop a pathogen, which unlike saprophyte not always dies during sterilization. At passage of such plants to the nutrient medium, over time, the pathogenic microflora will begin to develop and may destroy the plants. To avoid this, during the introduction of plants into the culture in vitro, be sure to check the microbes for contamination of hidden microflora on the provocative VISS environment. For this purpose, it is necessary to separate from each plant the basal part of about 5 mm in size and plant it on such an environment.  The provocative environment is specialized for active development of bacteria and fungi. Therefore, within 1-3 weeks in such an environment in the case of infection there is a characteristic growth of microflora.  Affected plants growing in the medium for reproduction, are discarded. This is a simple but very effective way to diagnose the presence of pathogenic microflora.
The base part of shoots of all apple varieties sterilized with saprophyte microflora was planted on VISS medium.  As a result of the inspection, fungal and bacterial infections were found, which can be seen in Appendix B and Figure 3
.
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  б)

a – Contaminated by bacterial infection, b - free from infection
Figure 3 - Checking implants for hidden infection in the provocative VISS environment
 

Test results showed the effectiveness of the method used to detect latent contamination of shoots with microflora. As a result of the test, the infected plants were discarded from 0 to 80% depending on the variety.  Microflora-free plants from 20 to 100% were passified to medium for further reproduction. 

Thus, introduced in vitro microplants of 20 domestic and foreign varieties were tested for the presence of infection with fungal and bacterial diseases on the provocative environment VISS, discarded infected plants. In vitro apple plants free from the most harmful diseases (fungal and bacterial) were obtained.

3.2.3 Cloning of microplants on standard nutrient medium
Clonal micropreparation is successfully used for fast and effective multiplication of individual varieties from a minimum amount of source material. Applying the technique of multiplication in vitro culture, which consists in the reproduction of plants in aseptic conditions on specially selected nutrient medium, you can significantly accelerate the process of multiplication of planting material. There is quite a lot of information in the literature on the study of different stages of clonal micropropagation. However, according to a number of researchers, the ability of plants to reproduce under in vitro conditions depends on the peculiarities of the variety and different laboratory conditions of cultivation. Due to the fact that the purpose of our research is to develop a regulation and a universal environment for cloning different apple varieties using modern applied software Design-Expert ®, it was necessary to multiply plants (3 varieties) in sufficient quantities to conduct experiments. To compare the efficiency of the developed universal medium (identified by further studies) with the standard medium of MS, we additionally propagated 17 varieties in small quantities and determined the propagation factor (Appendix B 3, Figures 4,5).
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a - Aport, b - Damira, c - Zarya Alatau
Figure 4 - Apple tree micropropagation
The results of the experiments and the established propagation factor have shown that it is not expedient to clone the varieties of domestic selection in the standard environment for clonal micropropagation of Murashige and Skoog plants and moreover to apply them in the technology of planting material production because of the low propagation factor. For varieties of the Kazakhstan selection Kr was only from 0.7 to 4.7 depending on the variety and only for Golden Delicious MS this indicator was slightly higher (Kr - 5.2). To introduce clonal micropropagation into the technology of seedling production, it is necessary to develop a new, effective nutrient medium
.
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Figure 5 - Microclonal propagation in vitro of apple trees in light-cultivated room at illumination of 40 μmol m-2s-1, 16-hour photoperiod, temperature +24°С
Thus, for clonal micropropagation of apple trees and introduction of technology into production of seedlings it is necessary to develop an effective nutrient medium. Apple test-tube plants free from fungal and bacterial diseases are multiplied in artificial conditions to start experiments on the development of regulations and universal environment.

3.3 Develop a universal nutrient medium and clonal micropropagation regulations for different apple tree genotypes using the Design-Expert® application software
For the development of regulations for clonal micropropagation with the use of software Design-Expert ® were selected the most promising varieties of apple trees of foreign and domestic selection with the most valuable economic and biological characteristics (productivity, resistance to diseases and pests, frost resistance, winter resistance, low growth, ability to lie, taste, etc.). ), the explants are isolated and placed in aseptic culture in vitro, tested for infection on the provocative environment of VISS, for the experiments were propagated a sufficient number of test-tube plants on the standard environment of Murashige and Skoog (MS).

According to the research program for the development of a universal nutrient medium and clonal micropropagation regulations for different apple tree genotypes using the Design-Expert® application software, work was carried out in the following areas (Annex B):

- to develop models of clonal micropropagation experiments to optimize the composition of apple tree medium using the Design-Expert® application software;

- to conduct experimental studies based on the developed model, to determine the optimal nutrient medium for cloning in vitro;

- to develop regulations for clonal micropropagation of apple varieties of local and foreign selection. 
3.3.1 Development of the model (plan) of the experiment on optimization of the mineral composition of the environment for clonal micropropagation of apple tree using the applied software Design-Expert®
In the World practice, apple tree culture in vitro is mainly multiplied on MS or WPM (for woody crops), but not all varieties and species grow and propagate well on these environments. Optimization of the nutrient medium mainly consisted of empirical selection of growth regulators, without changing the basic environment, which does not always allow achieving the desired result. This research paper presents the development of the mineral composition of the nutrient medium using modern software Design-Expert ®. The model of experiments is created to determine the effect of mineral nutrients on microplants of various apple varieties in order to develop a universal environment for clonal micropropagation and proliferation in vitro.  Two new varieties of Kazakhstan selection - Maksat and Voskhod, and a standard international variety "Golden Delicious", often used as a parental form in the selection of many varieties of apple and is the most economically demanded commercial variety grown worldwide, participated in the experiments [32]. In this connection, this variety is often included in studies as a control variety [33-34]. 

The model design of the experiment was carried out according to the principle of methods recommended by Niedz and Evens [35; 19]. In planning the experiment on optimization of mineral composition of nutrient medium for clonal micropropagation of apple plants the Design-Expert® software (Stat-Ease, Inc, Minneapolis, MN) was used, which was used for designing the model of the experiment, evaluation of variants of experience and analysis of results. Design-Expert is a statistical data processing software package from Stat-Ease Inc. - (Stat-Ease, Inc., a company producing statistical software), which is designed to perform the development of the experiment model. Design Expert offers comparative testing, screening, characterization, optimization, reliable parameter design, mixed and combined designs. Design Expert provides test matrices for screening up to 50 factors. The statistical significance of these factors is established by means of dispersion analysis (ANOVA). Graphical tools help to determine the influence of each factor on the desired results and identify incorrect data. It calculates all possible variants from a mean to a square polynomial (graphic drawings). 

The developed model of the experiment consists of a 6-factor scheme (a combination of five factors), selected using modified D-optimal criteria for setting the square polynomial. Each of these factors varies in the range of concentrations determined with respect to the nutrient medium MS (1× = MS concentrations). 

The main salts included into the standard composition of the MS medium are divided into components from six groups. These groups make up six independent factors and six values in the Design-Expert software application. Five-dimensional spatial design provides an opportunity to predict and conduct statistical analysis (ANOVA), which allows you to describe the influence of 6 factors on the growth and development of shoots in different versions of the nutrient medium.

Factors involved in the experiment are the macronutrients of the nutrient medium: NH4NO3, KNO3, CaCl2, KH2PO4, MgS04 and a complex of trace elements (B, Cu, Co, Mn, Mo and Zn).  The developed model of the experiment, corrected by Design-Expert® software to determine the optimal concentration of cells (concentrations of cells are indicated in relation to the content in the base medium MS), is presented in Appendix B4. 
3.3.2 Experimental studies based on the developed model, determining the optimal nutrient medium for cloning in vitro
3.3.2.1 Development of mineral composition of the nutrient medium for several apple tree genotypes

Optimal composition of the nutrient medium was developed for each studied variety on the basis of the experimental design parameters given above. On the basis of the developed model, experiments to determine the optimal nutrient medium for clonal micropropagation of three apple varieties were conducted, evaluated and analyzed. The results of the experiments have shown a significant influence of mineral nutrition elements (further factors) on the development of shoots of all three apple varieties in vitro, which is shown in the above charts.

The initial quality of ‘Golden Delicious’ was acceptable but could be improved according to the model (Fig. 6 A, B). Overall, shoot quality, shoot tip necrosis, and leaf color models were significant for ‘Golden Delicious’. Shoot length, shoot number, and other factor models were not significant or had a significant lack of fit. Quality was significantly (p ≤ 0.01) affected by minor nutrients, and the interactions of KNO3 × CaCl2, and NH4NO3 × KH2 PO4 (p ≤ 0.05). Shoot quality on MS medium was rated as 2.5 out of 3.0 (Fig. 6A) and was improved to a rating of 3.0 with 2.0× minors, KNO3 and CaCl2, and with 0.5× Mg (Fig. 6B). The interaction of KNO3 × CaCl2 required both to be at similar levels, and NH4NO3 was suitable over a range of 1.0× to 2.25×. Leaf color was significant for NH4NO3 and KH2PO4 (Appendix B table 5), with a range of 0.5× to 2.0× for the best leaf color. The graphical model indicated a requirement for higher minors, with several additional factors that were similar to those for quality (Fig. 6C). Shoot tip necrosis (STN) was significant for the interaction of NH4NO3 and CaCl2 and the interaction of NH4NO3 and KH2PO4 (Fig. 1D).
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  A - quality on MS environment (red dot); B - quality on optimized model (3 - high quality); C - leaf color (3 - dark green); D - necrosis of shoot tip (3 - absent). Red areas are of high quality, blue or green are of low quality. Red dot - MS environment
Figure 6 - Model graphs of significant factors for Malus domestica Borkh ‘Golden

Delicious’ shoots 
‘Maksat’ had significant models for seven growth characteristics (Table B.3). Significant factors for quality were NH4NO3, and the interaction of CaCl2 × KH2PO4. Control quality was <2.0 (Fig. 7A, red dot), while the model indicated a quality rating of 2.8 was possible (Fig. 7B). Normal to low nitrogen, with higher Ca and minors, as well as low Mg and KH2PO4 produced improved quality. Shoot number was significant for NH4NO3, and a Ca × Mg interaction (Table B.3), with more than five shoots (Fig. 7C). Shoot length was significant for KH2PO4 and NH4NO3. The graph indicates low MgSO4, KH2PO4, and NH4NO3 with all others moderate to high, for a shoot length of ≥ 7.0 cm (Fig. 7D), compared to ≥ 2.5 for the control (not shown). Optimum leaf color (Fig. 7E), required low to normal NH4NO3 and moderate to high minors. Leaf size (Fig. 7F) was significant for minors, and the graph indicated a rating of > 1.8 with high Mg, Ca, and minors. Callus was significant for KH2PO4, NH4NO3, and minors and was not seen (3.0 rating) with slightly increased minors, high Ca and KH2PO4 (Fig. 7G). Shoot tip necrosis was significant for NH4NO3 at higher concentrations and low amounts of minors, but it was not a large problem and was not seen with moderate to high minors and normal NH4NO3 (Fig. 7H). 
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A - quality on MS environment (red dot); B - quality on optimized model; C - number of shoots; D - shoot length (cm); E - leaf color; F - leaf size; G - callus; H - necrosis of shoot tip. Red areas - high quality, blue or green - low. Red dot - MS environment

Figure 7 - Model graphs of significant factors for Malus domestica Borkh

‘Maskat’ shoots.
‘Voskhod’ quality was significant for minors and NH4NO3 (Appendix B table 7). Increasing minors to > 2.5× and decreasing all other components, improved quality rating to 2.6 from a rating of 2.0 for the control (Fig. 8 A, B) Minors and NH4NO3 were also the most significant for improved shoot multiplication (Table B.7). The best shoot production depended on increased minors and all other components at low concentrations (Fig. 8C). Shoot length increased with low KH2PO4 and MgSO4, higher Ca, minors, and KNO3 (Fig. 8D). The leaf color was influenced by high minors with all other components low (Fig. 8E). The leaf size model was significant for interactions of the nitrogen, calcium, and KH2PO4. Increased KH2PO4 and calcium with reduced nitrogen and minors, improved leaf size (Fig. 8F). For callus, KH2PO4 and minors were significant. High amounts of Ca, KNO3, minors, and KH2PO4 were all required for decreased callus (Fig. 8G). Minors had the greatest effect on decreased STN (Fig. 8H). There were multiple interactions that affected hyperhydricity, but it was not often seen (data not shown).
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A - quality on MS environment (red dot); B - quality on optimized environment; C - number of shoots; D - shoot length (cm); E - leaf size; F - leaf color.  G - callus; H - necrosis of the shoot tip; I - vitrification. Red areas are of high quality, and blue or green areas are of low quality
Figure 8 - Model graphs of significant factors for Malus domestica Borkh

‘Voskhod’ shoots.
Thus, the optimal composition of medium for each of the studied varieties was developed on the basis of developed models.  The most important elements are ammonium nitrate - in reduced concentrations (0.5-1x MS) - and twice as high concentrations of trace elements (2x MS). Better quality of the shoots was noted on the medium with doubled content of trace elements in comparison with MS, and standard or reduced concentrations of most other macroelements. Micropropagation was positively influenced by the increased content of KH2PO4 and Minors in the medium, and for increasing the length of shoots - high content of KNO3. 


3.3.2.2. Determining the optimum nutrient medium for in vitro cloning
Universal nutrition medium is developed on the basis of combining the results obtained on different varieties. 

Optimized media comparisons Following the analysis of the modeling experiment, four new media were formulated for testing. Three of these were based on the models for each cultivar, and one based on combinations of those treatments (General) and all were compared to MS medium. Hyperhydricity, callus, shoot tip necrosis, and hypertrophy were not common, and also were not significantly improved for any of the cultivars compared to MS (data not shown). The Kruskal-Wallis chi-squared analysis agreed with the t test results (Supplement 1). Only the General medium was significantly better than MS for shoot quality for all three cultivars (Fig. 5). For ‘Golden Delicious’ shoot quality, the General medium (rating 4.8) was significantly better (p<0.01) than theMS control, ‘Maksat’, and ‘Voskhod’ media, but was not significantly different (NSD) from the ‘Golden Delicious’ medium (4.2). Shoot length differences were not significant for any of the treatments. Shoot number was significantly better on the ‘Maksat’ andGeneral media, compared to theMS control. Leaf color was best on both ‘Golden Delicious’ and General media compared to the others. Leaf size was significantly better on the General medium than on MS but was NSD from the ‘Golden Delicious’ medium. Overall, the General and ‘Golden Delicious’media gave the best results (tab. 1, figs. 4, 5).
Table 1 - Media for testing Malus domestica Borkh cultivars for improved growth. Three were based on the models for each cultivar (Tr1—best for ‘Golden Delicious’, Tr2—best for ‘Maksat’, Tr3—best for ‘Voskhod’), on combinations of those treatments (Tr4—General), and on MS (Murashige and Skoog 1962) medium (Tr5). Amounts listed are × MS medium amounts.
	Mixture components 
	Tr1 ‘Golden Delicious’
	Tr2 ‘Maksat’
	Tr3 ‘Voskhod’
	Tr4 General
	Tr5 MS

	NH4NO3
	1
	0,5
	0,5
	0,5
	1

	KNO3
	1
	0,5
	1
	1
	1

	CaCl2
	0,5
	0,5
	0,5
	0,5
	1

	MgSO4
	0,5
	0,5
	0,5
	0,5
	1

	KH2PO4
	1
	3
	0,5
	1
	1

	Minors
	2
	1,5
	2,5
	2
	1


As a result of the conducted experiments and data analysis, it was found that for the variety 'Golden Delicious' the quality of shoots on the generalized medium was much better (P-0,01), in comparison with the MS medium (control), which did not differ significantly from the Maksat medium and Voskhod medium (Table 2, Figure 9,10). There were no significant differences in shoot lengths in any of the variants. The number of newly formed shoots was significantly higher in the Maksat medium and generalized medium compared to control (MS). Leaf color was better on both the Golden Delicious- medium and the generalized medium in comparison with others. Leaf size was significantly better in the generalized medium, but not significantly different from the Golden Delicious- medium. For all indicators, the generalized medium and Golden Delicious- medium gave very good results (Figures 9,10). 

Table 2 - Pairwise comparisons using t tests with pooled SD and p values adjusted with the Bonferroni method for Malus domestica Borkh ‘Golden Delicious’shoot growth comparisons of test media with MS (Murashige and Skoog 1962) medium (Tr1—best for ‘Golden Delicious’, Tr2—best for ‘Maksat’, Tr3—best for ‘Voskhod’), on combinations of those treatments (Tr4—General), and on MS medium (Tr5). Only factors with significant differences are shown.

	Variants
	Average
	Reliability
	Tr1 ‘Golden Delicious’
	Tr2 ‘Maksat’
	Tr3 ‘Voskhod’
	Tr4 General

	Quality of shoots

	Tr1 ‘Golden Delicious’
	4,20
	0,92
	
	
	
	

	Tr2 ‘Maksat’
	3,50
	1,08
	0,71
	
	
	

	Tr3 ‘Voskhod’
	3,30
	0,82
	0,22
	1,00
	
	

	Tr4 General
	4,80
	0,42
	1,00
	0,01
	0,003
	

	Tr5 MS Control
	3,40
	0,84
	0,40
	1,00
	1,00
	0,006

	Number of shoots

	Tr1 ‘Golden Delicious’
	3,20
	1,55
	
	
	
	

	Tr2 ‘Maksat’
	5,70
	4,08
	0,171
	
	
	

	Tr3 ‘Voskhod’
	3,20
	1,48
	1,00
	0,17
	
	

	Tr4 General
	4,80
	1,75
	1,00
	1,00
	1,00
	

	Tr5 MS Control
	2,40
	1,07
	1,00
	0,02
	1,00
	0,22


	Leaf Color

	Tr1 ‘Golden Delicious’
	3,00
	0,00
	
	
	
	

	Tr2 ‘Maksat’
	2,00
	0,00
	<2e-16
	-
	-
	-

	Tr3 ‘Voskhod’
	2,00
	0,00
	<2e-16
	-
	-
	-

	Tr4 General
	3,00
	0,00
	-
	< 2e-16
	<2e-16
	-

	Tr5 MS Control
	2.00
	0,00
	<2e-16
	-
	-
	<2e-16


	Leaf size

	Tr1 ‘Golden Delicious’
	2,60
	0,52
	
	
	
	

	Tr2 ‘Maksat’
	1,70
	0,48
	0,0007
	
	
	

	Tr3 ‘Voskhod’
	2,10
	0,32
	0,19
	0,58
	
	

	Tr4 General
	3,00
	0,00
	0,58
	1e-06
	0,0007
	

	Tr5 MS Control
	2,30
	0,67
	1,00
	0,06
	1,00
	0,01


The 'Maksat' variety had significantly better shoots in the generalized medium, the Maksat medium, and the MS control medium; there were no significant differences between them (Table 3). The shoots were much longer in the generalized medium in comparison with others, but they did not differ significantly from the Maksat medium. The number of shoots did not differ significantly in all variants. Leaf color was best in the generalized medium, Maksat medium and MC control medium. Leaf size increased in Maksat medium, but did not significantly differ from the generalized medium and the MS control medium. 
Table 3 - Pairwise comparisons using t tests with pooled SD and p values adjusted with the Bonferroni method for Malus domestica Borkh ‘Maksat’ shoot growth comparisons of test media with MS (Murashige and Skoog 1962) medium (Tr1—best for ‘Golden Delicious’, Tr2—best for ‘Maksat’, Tr3—best for ‘Voskhod’), on combinations of those treatments (Tr4—General), and on MS medium (Tr5). Only factors with significant differences are shown.
	Variants
	Average
	Reliability 
	Tr1 ‘Golden Delicious’
	Tr2 ‘Maksat’
	Tr3 ‘Voskhod’
	Tr4 General

	Quality of shoots

	Tr1 ‘Golden Delicious’
	2,20
	0,92
	
	
	
	

	Tr2 ‘Maksat’
	4,00
	0,82
	1,2e-06
	
	
	

	Tr3 ‘Voskhod’
	1,70
	0,82
	0,07
	0,01
	
	

	Tr4 General
	4,50
	0,53
	3,2e-09
	0,88
	4,2e-05
	

	Tr5 MS Control
	3,40
	0,52
	0,001
	0,42
	1,00
	0,004

	Number of shoots

	Tr1 ‘Golden Delicious’
	1,38
	0,54
	
	
	
	

	Tr2 ‘Maksat’
	2,81
	0,63
	1,5e-05
	
	
	

	Tr3 ‘Voskhod’
	1,50
	0,56
	1,00
	7,2e-05
	
	

	Tr4 General
	3,40
	0,66
	6,2e-09
	0,27
	3,0e-08
	

	Tr5 MS Control
	2,12
	0,47
	0,06
	0,11
	0,21
	0,0001

	Leaf Color

	Tr1 ‘Golden Delicious’
	1,30
	0,48
	
	
	
	

	Tr2 ‘Maksat’
	2,00
	0,00
	0,0001
	
	
	

	Tr3 ‘Voskhod’
	1,00
	0,00
	0,39
	8,0e-08
	
	

	Tr4 General
	2,40
	0,52
	7,3e-09
	0,07
	7,1e-12
	

	Tr5 MS Control
	2,00
	0,00
	0,0001
	1,00
	8,0e-08
	0,07

	Leaf size

	Tr1 ‘Golden Delicious’
	1,00
	0,00
	
	
	
	

	Tr2 ‘Maksat’
	2,20
	0,42
	3,1e-06
	
	
	

	Tr3 ‘Voskhod’
	1,00
	0,00
	1,00
	3,1e-06
	
	

	Tr4 General
	1,90
	0,74
	0,0005
	1,00
	0,0005
	

	Tr5 MS Control
	1,50
	0,53
	0,16
	0,01
	0,16
	0,52


For the variety 'Voskhod' the rating of shoots quality was very good in the generalized medium but didn't differ significantly from the quality in Voskhod medium (Table 4, Fig.9,10). The length of shoots was much better in the generalized medium than in any other medium. Propagation of shoots did not differ significantly in the variants of medium, except for Golden Delicious- medium where propagation was less intensive. Leaf size and color were much better in the generalized medium compared to all other mediums. 

Table 4 - Pairwise comparisons using t tests with pooled SD and p values adjusted with the Bonferroni method for Malus domestica Borkh ‘Voskhod’ shoot growth comparisons of test media with MS (Murashige and Skoog 1962) medium (Tr1—best for ‘Golden Delicious’, Tr2—best for ‘Maksat’, Tr3—best for ‘Voskhod’), on combinations of those treatments (Tr4—General), and on MS medium (Tr5). Only factors with significant differences are shown.
	Variants 
	Average
	Reliability
	Tr1 ‘Golden Delicious’
	Tr2 ‘Maksat’
	Tr3 ‘Voskhod’
	Tr4 General

	Quality of shoots

	Tr1 ‘Golden Delicious’
	2,50
	1,08
	
	
	
	

	Tr2 ‘Maksat’
	1,90
	0,88
	1,00
	
	
	

	Tr3 ‘Voskhod’
	3,60
	0,52
	0,07
	0,0008
	
	

	Tr4 General
	4,60
	0,70
	2,5e-05
	1,3e-07
	0,13
	

	Tr5 MS Control
	3,00
	1,05
	1,00
	0,07
	1,00
	0,002

	Shoots lengths

	Tr1 ‘Golden Delicious’
	3,25
	1,04
	
	
	
	

	Tr2 ‘Maksat’
	2,07
	0,79
	0,02
	
	
	

	Tr3 ‘Voskhod’
	3,37
	0,38
	1,00
	0,008
	
	

	Tr4 General
	4,71
	0,60
	0,002
	4,6e-08
	0,006
	

	Tr5 MS Control
	3,57
	1,06
	1,00
	0,002
	1,00
	0,03

	Number of shoots

	Tr1 ‘Golden Delicious’
	1,80
	0,42
	
	
	
	

	Tr2 ‘Maksat’
	3,90
	1,45
	0,003
	
	
	

	Tr3 ‘Voskhod’
	2,70
	0,82
	0,9690
	0,28
	
	

	Tr4 General
	3,60
	1,71
	0,02
	1,00
	0.96
	

	Tr5 MS Control
	2,40
	1,07
	1,00
	0,07
	1.00
	0,28

	Leaf Color

	Tr1 ‘Golden Delicious’
	2,00
	0,00
	
	
	
	

	Tr2 ‘Maksat’
	1,00
	0,00
	2 1,9e-08
	
	
	

	Tr3 ‘Voskhod’
	2,40
	0,52
	0,04
	1,1e-12
	
	

	Tr4 General
	3,00
	0,00
	1,9e-08
	< 2e-16
	0,0005
	

	Tr5 MS Control
	2,20
	0,42
	1,00
	1,3e-10
	1,00
	3,1e-06

	Leaf size

	Tr1 ‘Golden Delicious’
	1,80
	0,63
	
	
	
	

	Tr2 ‘Maksat’
	1,00
	0,00
	0,003
	
	
	

	Tr3 ‘Voskhod’
	1,90
	0,32
	1,00
	0,0007
	
	

	Tr4 General
	2,90
	0,32
	2,6e-05
	4,9e-11
	0,0001
	

	Tr5 MS Control
	2,00
	0,67
	1,00
	0,0001
	1,00
	0,0007


From the above it follows that the optimized medium for each variety significantly improved the quality and length of shoots of this variety, compared to MS, but generalized from three optimized mediums (Minors 2x and NH4NO3, CaCl2, MgSO4 0,5x) significantly exceeded all quality parameters for two of the three varieties and not significantly - for the third.

Researches are carried out with the purpose of optimization of mineral composition of nutrient medium for clonal micropropagation of apple tree. As a result of application of innovative statistical software Design-Expert®, the improved nutrient medium for accelerated reproduction of apple plants by clonal micropropagation method has been developed. The results show that the general state of apple tree shoots in vitro of three studied genotypes improves on nutrient medium with a reduced concentration of some mineral nutrients, and increased - trace elements. Higher concentrations of KH2PO4 and standard concentrations of KNO3 also improve micropropagation of apple shoots. At the same time, each optimized medium for a particular variety is preferable for growth and development of this variety to MS, and the general medium was better for cloning all varieties in general (Tables 2-4 and Fig. 9,10).
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Figure 10 - Growth of Malus domestica Borkh (apple) shoots on the “General” optimized medium (left), and MS (Murashige and Skoog 1962) medium (right): ‘Golden Delicious’ (a, b), ‘Maksat’ (c, d), and ‘Voskhod’ (e, f).
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Figure 9 - Influence of mineral composition of nutrient medium (allocated for three varieties, generalized and MS) on the quality, length and number of shoots of varieties 'Golden Delicious', Maksat, Voskhod, in vitro culture

Thus, the mineral composition of optimal nutrient medium for several genotypes was established.  Such medium in our experiments is a combined medium containing NH4NO3 - 825 mg/l (0.5×MS), CaCl2 - 165 mg/l (0.5×MS), MgSO4 - 185 mg/l (0.5×MS), KNO3 - 1950 mg/l (1×MS), KH2PO4 - 170 mg/l (1×MS), Minors (2×MS). H3BO312.4mg/L, MnSO4 ∙ 5H2O48.2mg/L, ZnSO4 ∙ 7H2O21.2mg/L, KJ1.66mg/L, Na2MoO4 ∙ 2H2O0.5mg/L, SuSO4 ∙ 5H2O0.05mg/L, CoCl2 ∙ 6H2O0.05mg/L, FeSO4 ∙ 7H2O55.6mg/L, Na2EDTA ∙ 2H2O74.5mg/L.

3.3.2.3 Rizogenesis
The methods we developed in previous studies were used for root formation.The plants were planted on the hormone-free medium of Murasige and Skuga, containing half of the concentration of macro- and microsalts with a preliminary soaking of micropods in 25 mg/l IBA for 16 hours, or on agarized medium MS, containing ½ concentration of macro- and Minors and 0.5 mg/l IBA (Fig. 11).
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Figure 11- Risogenesis of apple trees in vitro culture

As a result, all the studied varieties have formed roots in vitro culture.

At rooting in the variant on hormonal-free medium with soaking of micropods, in 3-4 weeks 78% of plants developed roots of 1.5-2.0 cm in size, and on the medium of MS with ½ concentration of macro- and Minors and 0.5 mg/l IBA - root system formation was quite high and varied depending on the genotype from 85% to 90%. After 2 weeks of cultivation, depending on the variety, from 1 to 3 roots 5-7 mm long were formed in the basal part of plants. Then, new roots were gradually formed and their length increased. 

3.3.2.4 Regulation of clonal micropropagation of apple varieties of local and foreign selection. 
As a result of the results obtained, a biotechnological regulation for clonal micropropagation of apple varieties of local and foreign selection was compiled, which consists of 4 stages (Appendix C).
3.4 Propagation of domestically valuable apple tree samples in vitro. Deposition in slow metabolic conditions (+4 ± 2ºC) for long-term preservation. Clone collection of germplasm under cold storage conditions
3.4.1 Propagation of apple varieties in vitro on modified nutrient medium

The variety samples introduced into aseptic culture were multiplied on the modified nutrient medium with the following composition: Mineral component: NH4NO3 - 825mg/l, CaCl2 - 165 mg/l, MgSO4 - 185 mg/l, KNO3 - 1950 mg/l, KH2PO4 - 170mg/l, Minors - H3BO312,4mg/l, MnSO4 ∙ 5H2O48,2mg/l, ZnSO4 ∙ 7H2O21,2mg/l, KJ1,66mg/l, Na2MoO4 ∙ 2H2O0,5mg/l, SuSO4 ∙ 5H2O0,05mg/l, CoCl2 ∙ 6H2O 0,05mg/l, FeSO4 ∙ 7H2O55,6mg/l, Na2EdTA ∙ 2H2O74,5mg/l. 30 g/l sucrose. Phytohormones: 1.0 mg/l BAP, 0.1-0.5 mg/l IBA, 0.1 mg/l HC pH - 5.7.
Propagation factor on the modified nutrient medium significantly exceeded the reproduction of plants on the standard nutrient medium of Murashige and Skoog.  Thus, for example, Golden Delicious variety on MC medium has multiplying factor 5.2, and on modified medium 6.8, Voskhod 3.1 and 5.2, Maksat 3.1 and 6.3 respectively (Appendix D9, Fig.12).
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Figure 12 - Microclonal reproduction in vitro of apple tree in light-cultivated room at illumination of 40 μmol m-2s-1, 16 hours photoperiod, 

temperature of +24°C

As a result of clonal micropropagation, apple varieties were multiplied for depositing in conditions of cold storage and rooting in protected soil.

3.4.2 Deposition of apple tree in vitro in conditions of slow metabolism (+4 ± 2 ºC). Creating a clone collection of apple tree germplasm under cold storage conditions
One of the most promising directions in preservation, cultivation and propagation of vegetatively propagated forms, hybrids and apple varieties is the use of tissue culture in vitro conditions. The use of such a system to store the gene pool, in addition to its main purpose, protects the collection of varieties from pests and diseases.

In vitro conservation is an important part of the strategy for ex situ conservation of the plant gene pool and the establishment of a germplasm bank. The fundamental basis of this method is to limit the growth of culture in vitro in conditions of reduced metabolism, which requires periodic resumption of normal development, and effective in cases of short and medium retention periods. The popularity of this method is explained by the low cost of storage and the small volume of occupied space, slow development of plants, the possibility of mass reproduction, as well as the absence of microflora and pests in the culture. This allows the widespread use of genetic material in international exchange with a significantly reduced quarantine procedure.

Preservation of germplasm in vitro under conditions of growth restriction can be carried out with the use of growth inhibitors, reducing nutrients and hormones in the nutrient medium, lowering air temperature. The most effective is cold storage, on the background of which other methods of delaying metabolic processes are carried out [35, 36]. 
Plants germplasm banks have been created in many countries. The collection of apple trees from the Germanic Plasma Bank of the People's University of Navarre (Spain) comprises 493 varieties [37]. The Swedish collection of in vitro apple trees from the ‘National Program for Diversity of Cultivated Plants’ contains 220 specimens [38]. The largest collection of Danish apple trees (Malus domestica Borkh.) Is kept in the collection of the Pometum gene bank (University of Copenhagen, Denmark). It contains about 300 accessions, originating from all over the country, with the exception of the northernmost and westernmost regions [39]. In vitro bank of germplasm of berry and fruit crops at the Federal Research Center of the All-Russian Institute of Plant Genetic Resources named after V.I. N.I. Vavilov (VIR) consists of 330 cultivars, which are preserved on a nutrient medium MS with 50% of the composition of mineral salts without phytohormones at + 4оС, illumination 500 lx and photoperiod 8 h [40]. In the National Gene Bank of China, in conditions of in vitro conservation, it has 316 accessions of 35 species of vegetatively propagated plants [41].
In previous years, we have developed a protocol for the conservation of apple tree germplasm under conditions of reduced metabolism. Conditions and nutrient medium for maximum preservation of plants in vitro in the refrigerator were determined. Optimal conditions were determined: low positive temperature - 4 ± 2ºC, illumination of 7-15 μmol m-2s-1 and 10 hour photoperiod, as well as modified nutrient medium of MS containing 25 or 50% salts of nitrate nitrogen, 0.5 mg/l of abscisic acid, 2% sucrose or 2% mannit and 2% sucrose in the absence of phytohormones. For placement in storage conditions at low positive temperature at first plants are in the growth chamber of plants for a week (+23 ° C, 16-hour photoperiod, light 25 μmol m-2s-1) and a week are acclimatized (10 hours at +4 ° C and 14 hours at +23 ° C). Plants that have passed hardening are put into cold storage.
The results of our research show that the combination of temperature and light factors, as well as optimized composition of the nutrient medium with the best options of carbohydrate and nitrogen nutrition can increase the shelf life of an apple tree by more than 36 months [42]. Based on the developed protocol, plants of 37 apple genotypes were planted in five sectional breathable packets and deposited under conditions of delayed metabolism (4 ± 2ºC) (Fig. 13).
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Figure 13 - Samples of plant varieties in cold storage conditions
A clone collection of apple germplasm in cold storage conditions (4 ± 2 ºC) was created, which consists of 37 varieties, cultivars of Kazakhstan and foreign selection, as well as wild forms: Damira, Suisleiper, Aynur, Zarya Alatau, Danalyk, Voskhod, Renet Ladsberg, Saltanat, Aport, Bellefleur Almaty, Grushovka Vernenskaya, Anel, Golden Delicious, Pestrushka, Maksat, PVII-35, Form of the Aport 5/18, Royal Red Delicious, Mutsu, Kulyash, Rakhat, Egemen, Vydubetskaya weeping, Renet Burharda, Zaman, Tulpan, Karlygash, Baiterek, Jarkyn, Daniyar, Camilla, Talgar, Jetsu -5, ARM-18, M. Domestica Borkh. - Forms TM-2 and TM-6, Malus niedzwetzkyana Dieck ex Koehne. 
Bank of germplasm (4°C) in vitro Kaz Research Institute of horticulture, consisting of 37 samples is a reserve field collection. 

Bank of germplasm (4°C) in vitro Kazakh Research Institute of Horticulture, consisting of 37 samples, is a reserve of field collection. 
3.5 Transplantation of test-tube plants in not sterile conditions of protected soil for subsequent transfer to the nursery. Plants in non sterile conditions of protected soil
Before planting plants in non sterile conditions of protected soil, we prepared 3 versions of the substrate. Ingredients 1: horse peat, lowland peat, sand, limestone (dolomite) flour in the ratio of 1:1:1:0.1. Composition 2: chernozem, lowland peat and sand in a ratio of 3:2:1. Ingredients 3: chernozem, lowland peat and sand in a ratio of 2:2:1.  Nutrient Composition in all variants (mg/kg): nitrogen (N) 150-350, phosphorus (P2O5) 250-400, potassium (K2O) 250-400. pH - 5.5-6.5.

We sterilized the prepared substrate by one of the following methods: steaming in a drying cabinet at 70°C for 12 hours. Or sterilization in an autoclave at a pressure of 0.8-1.0 atmospheres for 30 minutes. 

The plant with well formed root system was removed from the culture vessels, thoroughly cleaned from agar, washed with distilled water. Transplanted into peat or plastic containers with substrate in vivo, not sterile conditions. 
The best soil substrate for replanting was a mixture of chernozem, peat and sand in a ratio of 3:2:1 sterilized in an autoclave at a pressure of 0.8-1.0 atmospheres for 30 minutes.

3.5.1 Adaptation of test tube plants in vivo conditions. Adapted test tube plants in vivo conditions
Adaptation of plants was carried out in greenhouses with controlled growing conditions (temperature, lighting, irrigation, ventilation and shading). At first, we carried out under conditions of light-cultural room (temperature 23-25 ° C, 16-hour photoperiod illumination 40 µE-m-2-s-1) similar conditions of cultivation of plants in vitro. On the pots with plants put the bags, to create the required (95-100%) air humidity for better adaptation to the environment.In two days the plants were gradually opened, on 9-10 days they were fed with salts on the example of medium MS.  Then, for 15-20 days, the plants were grown in pots without coating. After 35-40 days, the plants were transferred to a greenhouse with controlled conditions for further growth: temperature, lighting, irrigation, ventilation and shading.Once the plants are fully adapted, they can be transplanted in the ground. 

The best soil substrate for replanting was a mixture of chernozem, peat and sand in a ratio of 3:2:1, autoclaved at 102 ° C from 0.8 to 1.0 atm. for 20 minutes. In this case, 80-90% of plants took root in non-sterile conditions of the protected soil, while in other variants the acclimation rate was no more than 50-75% of plants. In 35-40 days after the plants were fully adapted, they were transplanted into larger containers or ground. Further plant care included frequent irrigation and loosening, application of organic fertilizers, and control of pests and diseases (Figure 14). 
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Figure 14 - Container apple crop in protected soil conditions
Test-tube plants of apple are transplanted into non sterile conditions of protected soil for subsequent transfer to the nursery. 

Plants in not sterile conditions of protected soil: varieties of domestic selection Damira, Bellefleur Almaty, Maksat, Zarya Alatau, Voskhod, Anel, Danalyk, Saltanat, Talgar, Baiterek, Karlygash, Zaman, Tulpan, Egemen, Zailiyskoe, Kazakh Jubilee, Nurgul, Rakhat, Rumianka Almaty, Sinap Almaty, Ulan; zoned introduced varieties: Golden Delicious, Suislepper, Mutsu and Royal Red Delicious, Agat, Aidared, Goritsvet, Candyle Sinap, Starkrimson; ancient varieties: Aport (forms 5/18, 5/3, 5/7), Pestrushka, Grushovka Vernenskaya.
CONCLUSION 

The planned volume of studies for 2018-2020 was fully completed. Commercially valuable purebred apple varieties of domestic and foreign selection that are subject to rapid implementation into production and laying of uterine plantations were selected. Aseptic apple plants in vitro from the selected samples were obtained.  The plants were tested for fungal and bacterial infections, the infected ones were discarded. Microplants are cloned on standard nutrient medium. A universal nutrient medium and clonal micropropagation regulations for different apple tree genotypes were developed using the Design-Expert® application software.  The economic valuable apple samples were multiplied in vitro and deposited under conditions of delayed metabolism (+4 ± 2ºC) for long-term preservation. Test-tube plants are transplanted into non sterile conditions of protected soil for further transfer to the nursery.

The following results have been obtained:

Twenty pure varieties of apple of domestic and foreign selection were evaluated as the most economically valuable varieties that meet modern requirements of intensive fruit growing, subject to rapid propagation and introduction into production.

Apple explants from saprophytic microflora can be effectively sterilized in one of the following ways: a) HgCl2 0.2% in an exposure of 4 min b) HgCl2 0.1% - 6 min, followed by treatment with 3% Н2О2 for 4 min. c) Domestos + H20 1: 5 - 20 min.

20 genotypes of domestic and foreign breeding have been introduced into in vitro culture: Golden Delicious, Aport and Form Aport 5/18, Damira, Suislepper, Belfleur Almaty, Maksat, Zarya Alatau, Voskhod, Mutsu, Anel, Pestrushka, Royal Red Delicious, Danalyk, Saltanat , Talgar, Baiterek, Karlygash, Zaman, Tulpan, Egemen. 

Plants in vitro were tested for infection with fungal and bacterial microflora on the provocative medium VISS, treated infected. In vitro apple plants free from fungal and bacterial harmful diseases were obtained.

Test-tube plants were multiplied on the standard medium of Murashige and Skoog to conduct experiments on the development of regulations and universal medium for clonal micropropagation

A model (plan) of the experiment on optimization of the mineral composition of the medium for clonal micropropagation of apple using the Design Expert® software has been developed. Six factors based on MS salts were used in the development of calculated parameters: (1) NH4NO3, (2) KNO3, (3) CaCl2, (4) KH2PO4, (5) MgSO4 and (6) trace elements (B, Cu, Co, Mn, Mo and Zn). Parameters are determined using six factors on five levels to select the design space of all possible variants. The composition of all mineral factors varies from 0.5 to 3 times the concentration of MS, a total of 40 variants. 

Based on the developed model, experiments to determine the optimal nutrient medium for clonal micropropagation of three apple varieties were conducted, evaluated and analyzed. Mineral nutrition elements have a significant impact on growth, development and cloning of apple varieties in vitro.  Seven qualitative indicators of plant growing have been estimated. The most important nutrients are ammonium nitrate - in reduced concentrations (0.5-1x MS) - and twice as high concentrations of trace elements (2x MS). Better quality of shoots was observed in the medium with double microelement content compared to MS, and in the standard or reduced concentration of most other macroelements. Micropropagation was positively influenced by the increased content of KH2PO4 and Minors in the medium, and to increase the length of shoots it was influenced by the high content of KNO3. The optimal composition of the medium is designed for each of the three studied varieties.
Testing of three individual release medium summarized on the basis of three optimized and MS showed: The medium developed for a particular variety has a much better effect on the quality and length of shoots of this variety, but not for the other two varieties, compared to MS and other medium. The total of three optimized medium (Minors (2xMS); NH4NO3, CaCl2, MgSO4 (0,5xMS); KNO3, KH2PO4 (1×MS) significantly exceeds all quality parameters for two of the three varieties and not significantly for the third. 

The mineral composition of the universal nutrient medium for clonal micropropagation of apple has been established. Such medium in our experiments is a generalized medium containing NH4NO3 - 825 mg/l (0.5×MS), CaCl2 - 165 mg/l (0.5×MS), MgSO4 - 185 mg/l (0.5×MS), KNO3 - 1950 mg/l (1×MS), KH2PO4 - 170 mg/l (1×MS), Minors (2×MS). H3BO312.4mg/l, MnSO4 ∙ 5H2O48.2mg/l, ZnSO4 7H2O21.2mg/l, KJ1.66mg/l, Na2MoO4 ∙ 2H2O0.5mg/l, SuSO4 ∙ 5H2O0.05mg/l, CoCl2 ∙ 6H2O0.05mg/l, FeSO4 ∙ 7H2O55.6mg/l, Na2EDTA ∙ 2H2O74.5mg/l, pH - 5.7.

On the basis of the conducted experiments and the results of 2018-2019, a biotechnological regulation for clonal micropropagation of apple was developed, which consists of 4 stages: Stage 1 - Isolation of samples and introduction into culture in vitro, stage 2 - Cloning in aseptic conditions, stage 3 - Risogenesis of aseptic plants in vitro, stage 4 - Transplantation in non-sterile conditions in vivo.

Samples of varieties introduced into aseptic culture have been multiplied on modified nutrient medium.  Reproduction coefficient on the modified nutrient medium significantly exceeded the reproduction of plants on standard nutrient medium of Murashige and Skoog.
In vitro plants of apple are deposited under conditions of slow metabolism (+4 ± 2 ºC) on a modified MS nutrient medium containing 25 or 50% salts of nitrate nitrogen, 0.5 mg/l of abscic acid, 2% sucrose or 2% mannitol and 2% sucrose in the absence of phytohormones. 

Clone collection of apple in vitro germplasm under conditions of cold storage was created. It consists of 37 varieties, stockings of Kazakhstan and foreign selection, as well as wild forms.
Test-tube plants of 20 varieties, stockings and wild forms of apple are transplanted into non sterile conditions of protected soil for further transfer to the nursery. 

Based on the results of scientific research, 3 articles were published in peer-reviewed foreign scientific publications, with a non-zero impact factor, 2 articles in journals recommended by Committee for Control of Education and Science of Ministry of Education and Science of the Republic of Kazakhstan, 2 abstracts were published in collections of international conferences, 2 reports were made at the international conference.
The obtained results can be implemented in the practice of agro-industrial production of elite seedlings, replenishment of the gene pool in vitro and used for commercial purposes. The developed technology of clonal micropropagation of apple guarantees stable clonal micropropagation and acclimation in non-sterile conditions of protected soil.
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APPENDIX A

Description of selected apple cultivars 

New cultivasr of Kazakhstan selection:

 Talgarskoe

Winter period ripening. The cultivar is highly winter-resistant. Resistant to scab and powdery mildew. The tree is medium-sized, the crown is round, of medium density. Begins fruiting in 3 years after planting in the garden. The yield is high. Fruits are large, 190g, round-conical in shape, the main color is greenish, integumentary burgundy, sweet and sour taste. The pulp is creamy, juicy, dense. Average aroma. The fruits ripen at the end of September. Stored until April. Zoned in Almaty region.

Maksat

A cultivar of autumn-winter ripening period. Winter hardiness is high. Resistant to powdery mildew and scab. The tree is medium-sized, the crown is round, spreading. Begins fruiting for 2-3 years. The yield is high. Fruits 210 g, flat-rounded, greenish main color, red blush on most of the fruit. The taste is sweet and sour, with a strong aroma. The pulp is creamy, dense, and juicy. The fruits ripen at the end of August. Stored until January. The cultivar is included in the State Register selection achievements approved for use on the territory of  the Almaty region.

Voskhod

Winter ripening, high winter hardiness. Resistant to powdery mildew and scab. The tree is medium-sized, the crown is round, compact. Begins fruiting 2-3 years after planting in the garden. The yield is high. Fruits are large, up to 260 g, candle-shaped, light yellow color with a delicate blush. The taste is sweet and sour, with a pleasant aroma. The pulp is white, dense, tender, juicy, fine-grained. The fruits ripen in mid-September. Stored until April. The cultivars is zoned in Almaty, Zhambyl regions.

Anel

Summer-autumn ripening period. Winter hardiness is high. Resistant to powdery mildew and scab. The tree is undersized, the crown is round. It starts bearing fruit 3 years after planting in the garden. The yield is high. Fruits are medium and large up to 205g, rounded dark red color. Taste sweet and sour, with a strong aroma, white pulp, medium density, tender, juicy. The fruits ripen in August. Stored until January. 

Damira

A variety of winter ripening period. Winter hardiness is high. Resistant to powdery mildew, slightly affected by scab. The tree is medium-sized, the crown is oval with spreading branches. Begins fruiting in 3 years after planting in the garden. The yield is high. Fruits above average 200g, elongated-conical shape, bright color with red stripes throughout the fruit. The taste is sweet and sour, the aroma is medium, the pulp is white, juicy, grainy. The fruits ripen in mid-September. Stored until April. 

Danalyk

A cultivar of winter ripening period. Winter hardy. Resistant to powdery mildew and scab. The tree is medium-sized. The crown is dense, round. Begins fruiting in 3 years after planting in the garden. Productivity is 205.6 kg / ha. Fruits are large, up to 220 g, conical in shape. The main color is blurred greenish yellow, the blush is dark red throughout the fruit. The taste is sweet and sour, with a strong aroma. The pulp is creamy, juicy, dense. The fruits ripen in mid-September. Stored until April. 

Egemen

A variety of winter ripening period. The variety is characterized by high winter hardiness, abundant annual fruiting. Resistant to powdery mildew and scab. The tree is medium-sized. The crown is dense, rounded, the branches are compact. Begins fruiting in 3-4 years after planting in the garden. Fruits are large, regular conical shape (180 - 200g) with an integumentary color throughout the fruit. The yield is high. The pulp is white, dense, juicy, creamy, sweet and sour taste 4.7 points, with a delicate aroma. Ripens at the end of September, lays until April. 

Tulip

Autumn ripening period. Winter hardiness is high. Resistant to powdery mildew is rarely affected by scab. The tree is medium-sized, the crown is rounded-conical. Begins fruiting in 3 years after planting in the garden. Productivity is 248 kg / ha. Fruits are large, up to 250g, very beautiful, cylindrical in shape, bright color on a blurred red background, darker strokes throughout the fruit, uniform. Taste sweet and sour, dessert, creamy pulp, tender, juicy, fine-grained. The fruits ripen at the end of August. Stored until January. 

Zaman

The variety was created in Kazakhstan, late winter ripening period. The tree is medium-sized, the crown is round. Fruiting on ringlets, spears and fruit twigs. Fruits are large and medium sized 140-190 g, have a rounded shape. The main color is light yellow, the integumentary color is dark red throughout the fruit. The pulp is white, dense, juicy sweet and sour good taste, with a weak aroma. The skin is firm, with a strong waxy bloom when ripe. Subcutaneous dots are white, sparse. Fruits ripen in late September - early October and are stored until May. The variety is fast-growing, fruitful, begins to bear fruit on a dwarf rootstock in the 3rd year after planting in the garden. The variety is complex-resistant to scab, powdery mildew and fire blight.

Zarya Alatau

Seedling of free pollination of the Reneth Orleans variety.

Originator: Kazakh Research Institute of Fruit and Viticulture. The variety is winter-hardy, fruitful, demanding on heat and a long growing season. The tree is vigorous, with an oval-pyramidal, rather dense crown. The type of fruiting is mixed, mainly ringed, fruiting is regular only if good agricultural practices are followed. Biological features: begins to bear fruit in the 3rd year after planting in the garden on a rootstock 62-396. Susceptible to scab. Fruits are below average size, not one-dimensional in size, regular round-conical shape, main color is yellow, integumentary - in the form of a small blurred blush over the smaller part of the fruit. The pulp is creamy, dense, fine-grained, very juicy, sour-sweet, with a strong aroma. Consumption period: December – April. Fruits 100 - 120 g, conical shape, not the same size, yellow-green with a blush on the sunny side. The pulp is dense, juicy, aromatic, of very good taste, with a tasting score of 4.3 points. Fruits of late winter consumption. Fruits are stored until May, the period of consumption is from December to April.

Saltanat

It was bred in the pomological garden of the Kazakh Research Institute of Fruit and Viticulture by the method of selection of seedlings by Renet Burkhardt from free pollination. The variety is mainly grown on a seed stock, but trees can also be grown on semi-dwarf forms, on a vegetative stock MM-106. A variety of late autumn ripening, high-yielding, winter-hardy. The fruits are one-dimensional, the average fruit weight is 170 g, flat-rounded, regular in shape, very attractive (at the international exhibition in Montreal, the variety was awarded the highest Grand Prix award), greenish-yellow with a blurred blush, high commercial qualities. The fruit has a creamy pulp of medium density, fine-grained, of commercial quality. In fruits, the pulp is creamy, fine-grained, sweet and sour. The yield is high, the average yield for 4 years was 119.6 quintals per hectare, which is 39.8 quintals more than the Aport Alexander variety.

Baiterek

Seedling variety Aport, bred in the Kazakh Research Institute of Fruit and Viticulture. A variety with high yields and fruit quality, regular in fruiting. The tree is large, the crown is of medium density. Fruits are large from 280 to 360 g, round-conical in shape, greenish color, blurred striped blush throughout the fruit, medium density pulp, creamy, fine-grained, juicy. The taste of the fruit is sweet and sour, the aroma is strong.

Karlygash

A variety of Kazakhstani selection (Izobilnoe x Rashida), bred at KazNIIPiV. Winter ripening period, stored until March. It is drought-frost resistant, the yield is high, the fruits are large (235 g), conical, rounded, with a blurred blush. The pulp is juicy, dense, of good taste.

Bellefleur Almaty

The trees are vigorous: at 10 years old, the height is 5 m, the crown diameter is 1.7 m. The crown is narrow pyramidal, medium thickened. Branches branch off at an acute angle. The bark on the trunk and main branches is gray, scaly. Shoots are thin, brown, pubescent. There are many lentils, they are small. Buds are small, appressed, round-conical, pubescent. Leaves are medium, elongated, with a long-pointed tip, green, slightly wrinkled, with coarse nerves. The plate is slightly concave, slightly pubescent. The edge of the leaf is serrate. The petiole is of medium length and width, slightly pubescent. Stipules are medium, subulate. The fruits ripen at the end of September. They are large (average weight 200 g, height 68 mm, width 65 mm), round-conical, almost cylindrical, sometimes slightly oblique from above. The surface is slightly ribbed. The peduncle is of medium length (1.2 cm) and thickness, slightly curved. The funnel is medium-deep, conical, not rusted. The cup is non-falling, closed. The saucer is deep, strongly grooved. The skin is dense, smooth, slightly oily to the touch, without bloom, yellowish-green, with a slight orange blush on the lighted side of the fruit. There are few subcutaneous points; they are small, white, subtle. The heart is medium, wide-heart-shaped. Seed chambers are large, semi-closed. The sub-cup tube is medium, funnel-shaped. The seeds are large, elongated, light brown, the spout is pulled back. The pulp is slightly yellowish, very dense, but tender, fine-grained, sour-sweet, with a strong aroma and a special Bellefleur flavor.

Ancient varieties:

Pestrushka

An old variety from Russia, ripening in summer. Zoned in Almaty, Zhambyl and Kyzylorda regions. The variety is well adapted to the conditions of the South and South-East of Kazakhstan, highly winter-hardy. The tree is vigorous. The crown is broad-oval, spreading. Fruiting mainly on simple and complex ringlets. Fruits are medium and above average size 120 - 150g, broadly conical, slightly ribbed surface. The main color of the fruit is yellow, the integumentary color is bright pink in the form of wide streaks and specks, covering almost the entire fruit. The pulp is white, dense, grainy, juicy, with a pleasant wine-sweet taste and pineapple aroma. Fruits ripen in early-mid August, are stored for a month. Transportability is good. The variety is medium-yielding. It begins to bear fruit on low-growing clonal rootstocks 4 years after planting in the garden. Moderately resistant to scab and powdery mildew. The main advantages of the variety: highly winter-hardy, excellent commercial and taste qualities of the fruit. Disadvantages of the variety: average yield, shrinking of fruits when overloaded with crops, a tendency with age to the frequency of fruiting, rapid overripening of fruits during storage. Medium resistant to fire blight.

Aport

The variety in the south-east of Kazakhstan shows the best results in terms of fruit quality. It has been cultivated here for more than 150 years and at one time occupied a leading position in the gardens and was the brand of Alma-Ata. Despite the lack of intensity of this variety. Due to the unsurpassed quality of the fruit, it should be grown in the most favorable conditions for it. The tree is medium-sized, forms a medium-wide, rounded, relatively sparse crown, the crown of fruit-bearing trees becomes flatly rounded. Branches with a medium or large angle of discharge, shoots are brown, pubescent. A variety with a mixed type of fruiting, fast-growing, fruitful. Fruiting of young trees is annual, becoming periodic over the years. Fruits are large, flat-round, conical. The average weight of the fruit is 250 - 300 g. With good moisture, the fruits are of medium one-dimensionality, they fall off weakly. The color is yellow-green, with a blurred pink and striped carmine-red integumentary coloration over most of the fruit. The skin is dense, with small light subcutaneous punctures. The pulp is greenish-white, medium-dense, coarse-grained, medium juicy, pleasant sweet and sour taste, aromatic. The fruits ripen, depending on the height of the area, from September 15 to October 30 and remain fresh for up to 60-100 days. The transportability of the fruits is average and requires careful packaging. The variety is winter-hardy, moderately resistant to drought and disease.

Aport shape 5/18

Selected in Talgar district of Almaty region. The trees are in good and excellent general condition, the crown is round. The yield is high. They begin to bear fruit at 6-7 years after planting in the garden. Landing scheme 8x6. The fruits are large (280 g), attractive, with a strong aroma. The pulp is white, grainy, juicy. The fruits ripen in September and are stored until February-March. The form multiplies to establish new Aport gardens. 

Introduced varieties:

Golden Delicious

The variety was created in the USA, with winter ripening period. Zoned in Almaty, Zhambyl, South Kazakhstan regions. The variety is well adapted to winter conditions in the south and south-east of Kazakhstan. The tree is medium-sized. The crown shape of fruiting trees is round or broadly rounded, densely branched and well leafy. Fruits of medium and above average size 140 - 170 g, round-conical, golden yellow in color. The pulp is greenish, dense, very juicy, sweet, dessert taste with a pleasant aroma. Fruits ripen in mid-late September, are stored until March - April. High transportability. The variety is fruitful and fast-growing; it begins to bear fruit on low-growing rootstocks in the third year after planting in the garden. The conditions of the foothill and low-mountain zones of the Almaty region meet the requirements of the Golden Delicious variety most fully. The main advantages of the variety: early maturity, high yield and commercial quality of the fruit. Resistant to powdery mildew. Not resistant to scab and fire blight.

Suislepper

A folk variety from Estonia. Zoned in Almaty, Zhambyl, South Kazakhstan regions. The tree is vigorous, the crown is broad-pyramidal, strongly thickened. Fruiting on simple and complex ringlets, spears. Fruits of medium size 90 - 110 g., Flat-round or round-conical with flat ribs. The main color of the fruit is white, on the sunny side it is blush in the form of bright pink stripes. The pulp of the fruit is white, sometimes pink under the skin, fine-grained, tender, of excellent sweet and sour taste, aromatic. Fruits ripen in 1-2 ten days of July, are stored for 2-3 weeks, are not easily transportable. Not resistant to scab and powdery mildew. The yield is average. It begins to bear fruit on a dwarf rootstock in the 4-5th year after planting in the garden. Planting scheme for trees on the Sievers apple tree 7x5 m, on clonal stocks 5x2 m. Medium resistant to fire blight.

Royal Red Delicious

An American variety with medium-sized, medium-branched trees on a seed rootstock, perfectly forming like palmettes. Winter hardiness is higher than that of other varieties from the Golden and Red Delicious groups. The fruit is better in appearance, size and quality than the more common and well-known spur variety, Starkrimson. Their average weight on dry land ranges from 125 to 193 g, and under irrigation and in wet years with a low yield load of 220-250 g. Apples of this variety are oblong-conical, with a characteristic strongly ribbed top, bright carmine-red skin color, with white dots. Their appearance was rated at 4.5 - 4.9 points. They are stored in ordinary basements until May. Transportability is excellent. Advantages of the variety: resistance to diseases, sufficiently high and stable yield, excellent size, appearance, taste and safety of fruits. Disadvantages of the variety: late entry into marketable fruiting, insufficiently high frost resistance, forcing the cultivar to grow on a skeleton former from Antonovka ordinary and only in areas with favorable ecology.

Mutsu

Bred in Japan. Ripening period is late winter. The tree is vigorous, triploid, pollinators are needed. Fruits are large 200g, and very large over 400g, oblong-conical. The color is greenish-yellow; during storage, it becomes bright yellow. The pulp is dense, very juicy, pleasant sweet and sour taste. The fruits ripen in late September and early October. Stored until May. The variety is fruitful. Medium disease resistant. Not winter-hardy enough. Medium resistant to fire blight.

APPENDIX B

Results of experiments on optimization of the mineral composition of medium for clonal micropropagation of apple 
Table B.1 - Introduction of apple shoots in vitro 
	Cultivar
	Number of shoots

	
	Isolated, pcs
	Died, pcs
	Regenerating, pcs
	Regenerating, %

	Maksat
	75
	61
	14
	19 

	Voskhod
	75
	66
	9
	12 

	Golden Delicious
	75
	62
	13
	17

	Aport
	75
	64
	11
	15

	Suislepper
	75
	70
	5
	7

	Danalyk
	75
	69
	6
	8

	Pestrushka
	70
	67
	3
	4

	Damira
	70
	65
	5
	7

	Mutsu
	70
	64
	6
	3

	Zarya Alatau
	50
	47
	3
	6

	Talgarskoye
	75
	70
	5
	7

	Anel
	75
	71
	4
	5

	Bellefleur Almaty
	25
	24
	5
	20

	Saltanat
	25
	21
	6
	24

	Royal Red Delicious
	25
	20
	8
	29

	Egemen
	100
	91
	9
	9

	Tulpan
	100
	87
	13
	13

	Zaman
	60
	55
	5
	8

	Baiterek
	70
	62
	8
	11

	Karlygash
	60
	54
	6
	10


Table B.2 - Testing apple explants on the VISS medium 
	 Cultivar
	Number of explants, pcs
	Infected, pcs.
	Free of microflora

	
	
	Fungal infection 
	Bacterial infection
	pcs
	%

	1
	2
	3
	4
	5
	6

	Maksat
	14
	0
	4
	10 
	71

	Voskhod
	9
	0
	3
	6 
	67

	Golden Delicious
	13
	1
	3
	9 
	69

	Aport
	11
	1
	5
	5 
	45

	Suislepper
	5
	0
	0
	5 
	100

	Danalyk
	6
	0
	1
	5 
	83

	Pestrushka
	3
	1
	0
	2 
	67

	Damira
	5
	0
	1
	4 
	80

	Mutsu
	6
	0
	1
	5 
	83

	Zarya Alatau
	3
	0
	1
	2 
	67

	Talgarskoye
	5
	0
	1
	4 
	20

	Anel
	4
	1
	1
	2 
	50

	Continuation of table B.2

	1
	2
	3
	4
	5
	6

	Bellefleur Almaty
	5
	0
	0
	5 
	100

	Saltanat
	6
	0
	0
	6  
	100

	Royal Red Delicious
	8
	0
	0
	8 
	100

	Egemen
	9
	2
	4
	3
	33

	Tulpan
	13
	0
	9
	4 
	31

	Zaman
	5
	0
	2
	3
	60

	Baiterek
	8
	2
	2
	4 
	50

	Karlygash
	6
	1
	3
	2 
	33


Table B.3 - In vitro clonal micropropagation of apple 
	Cultivar
	Number of shoots for propagation,,

pcs.
	Number of propagated shoots, pcs.
	Number of passages


	Average for 1 passage
	Reproduction rate

	Maksat
	10
	123
	4
	30,7
	3,1

	Voskhod
	6
	73
	4
	18,3
	3,1

	Golden Delicious
	9
	186
	4
	46,5
	5,2

	Aport
	5
	17
	5
	3,4
	0,7

	Suislepper
	5
	31
	3
	10,3
	2,1

	Danalyk
	5
	37
	4
	9,3
	1,9

	Pestrushka
	2
	12
	4
	3,0
	1,5

	Damira
	4
	27
	3
	9,0
	2,3

	Mutsu
	5
	21
	4
	5,3
	1,2

	Zarya Alatau
	2
	15
	4
	3,8
	1,8

	Talgarskoye
	4
	24
	4
	6,0
	1,5

	Anel
	2
	37
	4
	9,3
	4,7

	Bellefleur Almaty
	5
	21
	4
	5,3
	1,6

	Saltanat
	6
	23
	4
	5,8
	1,2

	Royal Red Delicious
	8
	37
	4
	9,3
	1,2

	Egemen
	3
	19
	3
	6,3
	2,1

	Tulpan
	4
	12
	3
	4,0
	1,0

	Zaman
	3
	11
	3
	3,7
	1,3

	Baiterek
	4
	18
	3
	6,0
	1,5

	Karlygash
	2
	15
	2
	7,5
	3,7


Table B.4 - Six factor RSM D-optimal design including 40 treatment points. Design points 1-19 and 21-39 for investigating the effects of individual factors on mineral nutrition of apple cultivars and MS medium controls (points 20 and 40). Amounts listed are relative to the standard MS concentration (×MS).
	Trmt
	Factor 1
	Factor 2
	Factor 3
	Factor 4
	Factor 5
	Factor 6

	
	NH4NO3
	KNO3
	CaCl2
	KH2PO4
	MgS04
	Minors

	1
	2
	3
	4
	5
	6
	7

	1
	0.5
	0.5
	0.5
	3
	3
	3

	2
	1.81
	1.11
	0.5
	1.7
	0.5
	3

	3
	2.56
	3
	3
	0.5
	3
	1.79

	4
	3
	2.23
	1.58
	1.5
	0.5
	1.68

	5
	1.28
	1.15
	2.93
	1.06
	0.5
	1.08

	6
	3
	3
	0.5
	2.63
	3
	0.5

	7
	1.48
	1.79
	0.5
	0.69
	2.81
	1.11

	8
	3
	2.03
	2.51
	3
	2.81
	3

	9
	2.23
	3
	3
	0.5
	0.89
	2.28

	10
	0.91
	1.56
	2.19
	0.5
	1.8
	3

	11
	0.75
	3
	3
	1.88
	0.51
	3

	12
	0.5
	0.5
	1.01
	1.54
	1.6
	1.44

	13
	1.48
	1.79
	0.5
	0.69
	2.81
	1.11

	14
	1.63
	0.5
	3
	1.93
	2.5
	2.53

	15
	3
	3
	3
	3
	0.5
	0.5

	16
	0.5
	3
	0.5
	0.5
	0.5
	2.33

	17
	3
	1.38
	2.81
	1.31
	1.95
	0.5

	18
	0.5
	0.5
	3
	0.5
	3
	0.5

	19
	2.84
	0.5
	0.5
	0.5
	0.5
	0.5

	20
	1
	1
	1
	1
	1
	1

	21
	3
	0.5
	1.31
	0.58
	3
	2.43

	22
	3
	0.5
	3
	0.5
	0.5
	3

	23
	0.5
	0.5
	1.01
	1.54
	1.6
	1.44

	24
	1.8
	2.12
	0.89
	1.58
	2.03
	2.9

	25
	1.13
	3
	1.88
	1
	1.58
	0.5

	Continuation of table B.4

	1
	2
	3
	4
	5
	6
	7

	26
	1.71
	0.5
	1.84
	3
	3
	0.5

	27
	2.53
	0.63
	0.5
	2.39
	2.99
	2.96

	28
	1.65
	2.88
	1.26
	3
	1.52
	2.19

	29
	3
	0.5
	0.5
	3
	1.34
	1.68

	30
	3
	2.23
	1.58
	1.5
	0.5
	1.68

	31
	0.5
	2.01
	0.5
	3
	0.5
	0.5

	32
	0.99
	1.6
	0.73
	0.5
	0.5
	0.5

	33
	1.65
	2.88
	1.26
	3
	1.52
	2.19

	34
	0.5
	2.27
	3
	3
	2.63
	1.26

	35
	0.5
	3
	1.18
	1.5
	3
	3

	36
	3
	3
	0.5
	0.5
	1.8
	3

	37
	2.94
	0.56
	3
	3
	0.5
	2.04

	38
	0.5
	0.5
	2.45
	3
	0.5
	3

	39
	0.91
	1.56
	2.19
	0.5
	1.8
	3

	40
	1
	1
	1
	1
	1
	1


Table B.5 - Significant P values (P≤0.05) of the models and for each significant factor or interaction from the analysis of variance for apple cv. Golden Delicious (F values).

	Factor
	Quality
	Shoot Number
	Shoot length
	Leaf color
	Shoot tip necrosis

	Model
	Quadratic

0.0112

(3.64)

Lack of fit 0.14 NS

R Sq  0.89
	Linear

0.0139

(3.19)

Lack of fit

0.0003

R Sq  0.37
	Quadratic

0.0076

(3.97)

Lack of fit 0.03538

R Sq 0.90
	2F1

0.0143

(3.43)

Lack of fit

0.83 NS

R Sq  0.72
	2F1

0.0177

(2.73)

Lack of fit

0.36 NS

R Sq  0.76

	A:NH4NO3
	0.0245

(6.61)
	0.0068

(8.34)
	
	0.0022

(14.97)
	

	B:KNO3
	
	
	
	
	

	C:CaCl2
	
	
	
	
	

	D:MgSO4
	
	
	
	
	

	E:KH2PO4
	0.0378

(5.45)
	
	0.0064

(10.82)
	0.0037

(12.93)
	

	F: Minors


	0.0056

(11.31)
	
	
	
	

	AB
	
	
	
	
	

	AC
	
	
	
	
	0.0008

(16.01)

	AE
	
	
	
	
	0.0032

(11.54)

	AF
	
	
	
	
	

	BC
	0.0087

(9.78)
	
	0.0053

(11.47)
	
	


Table B.6 - Significant P values (P≤0.05) of the models and for each significant factor or interaction from the analysis of variance for apple cv. Maksat  (F values)

	Factor
	Quality
	Shoot Number
	Shoot length
	Leaf color
	Leaf size
	Callus
	Shoot tip necrosis

	Model
	Quadratic

0.0065

(4.13)

Lack of Fit 0.14 NS

R Sq  0.90
	2F1

0.0467

(2.21)

Lack of fit 0.44 NS

R Sq  0.42
	Quadratic

0.0483

(2.41)

Lack of fit 0.18 NS

R Sq  0.31
	Quadratic

0.0004

(5.68)

Lack of fit 0.24 NS

R Sq  0.51
	Linear

0.0235

(2.86)

Lack of fit 0.80 NS

R Sq  0.34
	Linear

0.0001

(7.36)

Lack of fit 0.26 NS

R Sq  0.57
	Linear

0.0045

(3.93)

Lack of fit 0.25 NS

R Sq  0.42

	A:NH4NO3
	0.0002

(28.11)
	0.0121

(7.77)
	0.0234

(5.65)
	0.0018

(11.49)
	
	0.0013

(12.27)
	0.0039

(9.62)

	B:KNO3
	
	
	
	
	
	
	

	C:CaCl2
	
	
	
	
	
	
	

	D:MgSO4
	
	
	
	
	
	
	

	E:KH2PO4
	
	
	0.0397

(4.59)
	0.0086

(7.81)
	
	0.0020

(11.28)
	

	F: Minors


	
	
	
	0.0023

(10.9)
	0.0094

(7.61)
	0.0023

(10.82)
	0.0103

(7.41)

	CD
	
	0.0192

(6.61)
	
	
	
	
	

	CE
	0.0090

(9.68)
	
	
	
	
	
	


Table B.7 - Significant P (≤0.05) values of the models and for each significant factor or interaction from the analysis of variance for cv. Voskhod  (F values).

	Factor
	Quality


	Shoot Number
	Shoot length
	Leaf size
	Leaf color
	Callus
	Shoot tip necrosis
	Hyper-hydricity



	Model
	Linear

0.0002

(6.3)

Lack of fit 0.017

R Sq  0.51
	Linear

0.0047

(3.97)

Lack of Fit 0.18 NS

R Sq  0.42
	Quadratic

0.0075

(3.99)

Lack of Fit 0.37 NS

R Sq  0.90
	2F1

0.0408

(2.28)

Lack of Fit 0.37 NS

R Sq  0.64
	Linear

0.0002

(6.30)

Lack of Fit 0.17 NS

R Sq  0.53
	Linear

0.0086

(3.50)

Lack of Fit 0.99 NS

R Sq  0.39

	Quadratic

0.0160

(3.34)

Lack of Fit 0.08 NS

R Sq  0.88
	Quadratic

0.0001

(19.09)

Lack of Fit 3.62 NS

R Sq  0.98

	A:NH4NO3
	0.0028

(10.42)
	0.0006

(14.41)
	0.0240

(6.67)
	
	0.0017

(11.72)
	
	
	0.0072

(10.44)

	B:KNO3
	
	
	
	
	
	
	0.0107

(9.11)
	

	C:CaCl2
	
	
	
	
	
	
	
	

	D:MgSO4
	
	
	
	
	
	
	
	

	E:KH2PO4
	
	
	0.0017

(16.07)
	
	0.0026

(10.59)
	0.0133

(6.85)
	0.0169

(7.68)
	0.003

(13.68)

	F: Minors


	0.0001

(22.45)
	0.0376

(4.69)
	0.0007

(20.12)
	
	0.0010

(13.03)
	0.0224

(5.74)
	0.0014

(17.13)
	

	AB
	
	
	
	0.0292

(5.61)
	
	
	
	0.0037

(12.97)

	AC
	
	
	
	
	
	
	
	0.0005

(22.52)

	AE
	
	
	
	
	
	
	
	0.0002

(29.19)

	AF
	
	
	
	
	
	
	
	0.0019

(15.7)

	BC
	
	
	
	0.0095

(8.41)
	
	
	
	0.0076

(10.25)

	BD
	
	
	
	
	
	
	
	0.0017

(16.06)

	BE
	
	
	
	
	
	
	
	0.0022

(15.02)

	BF
	
	
	0.0192

(7.33)
	
	
	
	0.0135

(8.36)
	0.0118

(8.79)

	CD
	
	
	
	
	
	
	
	0.0066

(10.77)

	CE
	
	
	
	0.0128

(7.63)
	
	
	
	0.0001

(33.16)

	CF
	
	
	
	
	
	
	
	

	DE
	
	
	
	
	
	
	
	0.0002

(26.6)

	DF
	
	
	
	
	
	
	
	0.0042

(12.37)

	EF
	
	
	
	
	
	
	
	0.0001

(32.98)


APPENDIX C

Regulations for clonal micropropagation of apple varieties of local and foreign selection

"Regulations for clonal micropropagation of apple varieties of local and foreign selection" in the form of an independent document is attached in the information system of the National Center for State Scientific and Technical Expertise http://is.ncste.kz/. The regulations were agreed and approved by the Academic Council of the Kazakh Research Institute of Fruit and Vegetable Production LLP, protocol No. 6 dated September 25, 2019.
[image: image47.jpg]MUHUCTEPCTBO CEJTLCKOIO XO3JWCTRA PECITVRITMKN KARAXCTAH

HAO «Hanuonansnerii arpapubrii Hayuno-otpazonarensibiii nentpy (HAO «HAHOL)

TOO «KA3BAXCKUIA HAYUHO-UCCIIEOBATEILCKUA UHCTUTYT
[JIOIOBOOBOILEBO/ICTBA» (KasHUMITO)
MPHTH 68.35.53; 34.31.33; 62.33.29; 62.99.37
VJIK 634.10.11; 581.4; 602.6:58; 606:57.082.26

VTBE
~. TBEPXJIAIO

cacenatent Ipanaenus

PE[JIAMEHT KJIOHAJIbHOI'O MUKPOPA3SMHOXEHMSL
COPTOB 5BJIOHA MECTHOM 1 3APYBEXHOM CEJIEKLIMU

Amvatii 2010




[image: image48.jpg]PykoBonutesns paGothi:
Benyuwmii nayusslii cotpyanux,
KaHa1aaT
CEJIbCKOXO03AHCTBEHHBIX Hayk

HUcnonnurenu:

Hayunpiii cotpyanuxk

Munaamuit nay il coTpy UK

Crapumii naGopant

Crapuuii nabopant

PA3PABOTTUKU

%
TIOAITKCH, J1aT:

TIOJIKCB, JaTa

Ho/IHCh, AaTa

18

U. 10. KoBanbuyk

b.)K. Ka6euiGekosa

H.M. Yyxanora

I'"K. Yenanora

Kymarynosa M.K.




APPENDIX D

Clonal micropropagation of an apple tree on a modified nutrient medium

Table D.1 - Clonal micropropagation of an apple tree on a modified nutrient medium

	Cultivar 
	Number of shoots for propagation,,

pcs.
	Number of propagated shoots, pcs.
	Number of passages


	Average for 1 passage
	Reproduction rate

	Maksat
	12
	220
	3
	73,3
	6,1

	Voskhod
	5
	45
	3
	15
	3

	Golden Delicious
	6
	75
	3
	25,0
	4,2

	Aport
	6
	45
	3
	15
	2,5

	Suislepper
	25
	390
	3
	130
	5,2

	Danalyk
	25
	510
	3
	170
	6,8

	Pestrushka
	10
	154
	3
	51,3
	5,1

	Damira
	25
	210
	3
	70
	2,8

	Mutsu
	10
	79
	3
	26,5
	2,7

	Zarya Alatau
	5
	54
	3
	18,0
	3,6

	Talgarskoye
	5
	46
	3
	15,3
	3

	Anel
	6
	93
	3
	31
	5,1

	Bellefleur Almaty
	25
	390
	3
	157
	6,3

	Saltanat
	10
	62
	3
	20,7
	2,7

	Royal Red Delicious
	4
	26
	3
	8,6
	2,2

	Egemen
	10
	177
	3
	59,0
	5,9

	Tulpan
	6
	53
	3
	17,6
	2,9

	Zaman
	6
	77
	3
	25,6
	4,3

	Baiterek
	6
	81
	3
	27,0
	4,5

	Karlygash
	5
	54
	3
	18,0
	3,6


APPENDIX E

List of used foreign information resources

Google Scholar  http://scholar.google.ru/.

Scopus/ScienceDirect - http://www.sciencedirect.com/
Scientific electronic library eLIBRARY.RU - www.elibrary.ru –

Web of Science, Web of Knowledge-  http://apps.webofknowledge.com
SpringerLink– http://link.springer.com/
Bibliographic databasePubMed   - http://www.ncbi.nlm.nih.gov/pubmed
Thomson Reuters - http://thomsonreuters.com/
Cyberleninka - 
http://cyberleninka.ru/
FREEPATENT - http://www.freepatent.ru/
Global Patent Search Network - http://gpsn.uspto.gov/
USPTO - http://www.uspto.gov/patft/
EPO –– European Patent Office -  http://ep.espacenet.com
 WIPO (World Intellectual Property Organization) - http://www.wipo.int
 Free Patents Online - http://www.freepatentsonline.com/http://www.freepatentsonline.com/
" Scientific Agricultural Library " http://www.cnshb.ru/

Eurasian Patent Information System (EAPATIS)- http://www.eapatis.com/
Open register of inventions of the Russian Federation - http://www1.fips.ru
Base of patents for inventions of the Russian Federation - http://ru-patent.info/
Elsevier Science - http://www.elsevier.com/
APPENDIX F
Schedule of work under contract No. 152 for grant funding dated March 14, 2018
1. Title of the project theme: «Improvement of biotechnological regulation for micropropagation of apple using modern software for replenishing the gene pool and introducing elite planting stocks into agricultural production». 
3. Name of the priority area: Sustainable development of the agroindustrial complex and safety of agricultural products.

4. Name of the specialized scientific direction: Intensive agriculture and plant growing.

5. Suggested date of the project start and its duration: 2018-2020, duration 3 years. 

6. Requested amount of grant financing: for the entire duration of the Project 26 000 000 tenge, including by years: 2018 – 9 000 000 tenge; 2019 – 8 500 000 tenge; 2020 – 8 500 000 tenge.

Timetable of the project
	Job number, phase
	The name of works under the Contract and the main stages of its implementation

	Deadline
	Expected Result

	
	
	Start
	Ending
	

	1
	To select economically valuable true-breeding apple cultivars and rootstocks of the local and foreign breeding which are subject to rapid introduction of mother plantations into production and their establishment
	January 2018
	March

 2018 
	True breeding apple cultivars and rootstocks with high economically valuable traits meeting the modern requirements of intensive horticulture


	2
	To obtain aseptic in vitro apple plants from selected accessions
	March

 2018
	To November 1st, 2018 
	In vitro apple plants free from the most harmful diseases (fungal, bacterial and viral)

	2.1
	To isolate apple explants into aseptic conditions
	March

 2018
	July 

2018
	Apple explants in aseptic conditions

	2.2
	To test for the presence of fungal, bacterial and viral infections, reject infected materials
	March

 2018
	August 

2018
	Test-tube plants free from the most harmful diseases

	2.3
	To clone microplants on standard nutrient media


	April 

2018
	To November 1st, 2018
	Microplants propagated in a sufficient quantity for experiments

	3
	To develop a universal nutrient medium and micropropagation regulation for different apple genotypes using Design-Expert® applied software
	October 2019
	To November 1st, 2019
	A universal nutrient medium and micropropagation regulations for various apple genotypes

	3.1
	To develop a universal nutrient medium and micropropagation regulation for different apple genotypes using Design-Expert® applied software
	January 2019
	February 

2019
	A universal nutrient medium and micropropagation regulations for various apple genotypes
	

	3.2
	To develop experiment models of micropropagation to optimize the apple medium composition using Design-Expert® applied software
	February 

2019
	To November 1st, 2019
	Experiment models of micropropagation to optimize the composition of nutrient media
	

	3.3
	To conduct experimental research based on the developed  model, to determine optimal nutrient medium for in vitro cloning 
	October 2019
	To November 1st, 2019
	A universal nutrient medium for micropropagation of apple genotypes
	

	4
	To propagate economically valuable in vitro apple accessions, to deposit into conditions of slow metabolism (+4 ± 2ºС) for long-term preservation, transplantation into non-sterile conditions, international exchange
	January 2020
	To November 1st, 2020
	Economically valuable in vitro accessions. Cloned germplasm collection in the cryopreservation and cold storage conditions
	

	4.1
	To propagate valuable in vitro apple accessions
	January 2020
	September 

2020
	Propagated

in vitro accessions
	

	4.2
	To deposit into conditions of slow metabolism (+4 ± 2ºС) 
	July 

2020
	To November 1st, 2020
	Cloned apple germplasm collection in the cold storage conditions
	

	5
	To transplant test-tube plants into non-sterile conditions of the protected soil for subsequent transfer to the nursery.
	July 

2020
	To November 1st, 2020
	Test-tube plants will be transplanted into non-sterile protected ground conditions for subsequent transfer to the nursery. Plants in non-sterile protected ground conditions.
	

	5.1
	To adapt test-tube plants to in vivo conditions
	July 

2020
	To November 1st, 2020
	Adapted  test-tube plants to in vivo conditions
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APPENDIX G
Scientific and organizational activity

1. Staffing:

Candidate of Agricultural Sciences – 1, Researcher – 1, junior researcher – 2, laboratory assistant – 1.
2. Financing: 
The total project amount is 26, 000, 000 tenge, including by year: 2018 – 9,000,000 tenge; 2019 – 8,500,000 tenge; 2020 – 8,500,000 tenge.

3. Publications: 
a) Articles in peer-reviewed foreign scientific journals, indexed in the Web of Science or Scopus databases with a non-zero impact factor:
2018.

1) Kovalchuk I.Y., Mukhitdinova Z., Turdiyev T., Madiyeva, G., Akin M., Eyduran, E., Reed B.M. Nitrogen ions and nitrogen ion proportions impact the growth of apricot (Prunus armeniaca) shoot cultures // Plant Cell, Tissue and Organ Culture (PCTOC), Journal of Plant Biotechnology. – 2018. – N. 2. – Vol. 133. – P. 263-273. Citation index (13), quartile (Q3) according to the Web of Science database, Impact Factor 2,329. DOI: 10.1007/s11240-018-1379-8

2020.

1) Turdiyev T.T., Kovalchuk I.Y., Kabylbekova B.Z., Chukanova N. I., Frolov S.N. In vitro germplasm cold storage of fruit and berry plants of Kazakhstan // EurAsian journal of BioSciences. – 2020. – N. 1. – Vol. 14. – P. 1213-1219. Percentile (22), URL: http://www.scopus.com/inward/record.url?eid=2-s2.0-85090329703&partnerID=MN8TOARS
2) Balnur Kabylbekova, Irina Kovalchuk, Zinat Mukhitdinova, Timur Turdiyev, Gulshariya Kairova, Gulnara Madiyeva, Barbara M. Reed. Reduced major minerals and increased minor nutrients improve micropropagation in three apple cultivars // In Vitro Cellular/Developmental. Biology-Plant (In Vitro Cell.Dev.Biol.-Plant). – 2020. – Vol. 56. – N. 3. – P. 335-349. Quartile (Q4), Impact Factor 1,814. DOI: 10.1007/s11627-019-10019-1

3) Kovalchuk I. Yu., Kabylbekova, B. Zh., Chukanova, N. I., Turdiev, T. T., & Frolov, S. N. Clonal micropropagation in the production of planting material for apple trees in Kazakhstan // Bulletin of the Nizhny Novgorod State Agricultural Academy. - No. 3 (27). - 2020. - S. 5-12. (Impact factor RSCI - 0.121).

Publications in the cited journals of the RK:

2019

1. B.Zh. Kabylbekova, N.I. Chukanova, I. Yu. Kovalchuk, T.T. Turdiev. The influence of the composition of the nutrient medium and the genotype on the preservation of the gene pool of the apple tree in the cold bank // Izdenister, ntizheler - Research, results. No. 3 (83) 2019. - S. - 200-209.

2. B.Zh. Kabylbekova, N.I. Chukanova, T.T. Turdiev, N. Rymkhanova, I. Yu. Kovalchuk. Optimization of in vitro cloning of various apple genotypes // Vestnik. Biological series ". - No. 3 (80). - 2019. - S. - 48-57.

Publications in peer-reviewed foreign journals:

2019

1. Kabylbekova B., Turdiev T., Chukanova N., Kovalchuk I. Optimization of in vitro coining of different genotypes of fruit and berry crops // Journal of Biotechnology. - 2019. - Vol. 305S. - P. 59. DOI: 10.1016 / j.jbiotec.2019.05.208.

Publications in the proceedings of international conferences held abroad:

2018 

1. Irina Kovalchuk, Balnur Kabylbekova, Nina Chukanova, Timur Turdiyev, Gulnar Madiyeva. Cold storage of in vitro apple germplasm in Kazakhstan // Biotechnology as an instrument for plant biodiversity conservation. Yalta, Russia, 1-5 October. – 2018. – P.147.

2. Kushnarenko S., Kovalchuk I., Turdiev T., Romadanova N., Reed B.M. Cryobanking clonally propagated plants in Kazakhstan: 15-year experience // Cryobiology. – 2018. – No. 80. – P. 162.

Publications in the proceedings of international conferences held in Kazakhstan:

2019 

1. Romadanova N.V., Kushnarenko S.V., Turdiev T.T., Kovalchuk I.Yu., Makhmutova I.A., Nurmanov M.M., Mukhitdinova Z.R., Frolov S.N., Rymkhanova N.K. Biotechnology of obtaining high-quality seedlings for the creation of mother plants, as well as for the conservation and restoration of biodiversity of natural populations // Proceedings of the international scientific-practical conference dedicated to the 70th anniversary of Dosmukhambetov T.M. - 2019. - T. 3. - S. 302-307.

2. Kabylbekova B., Turdiev T., Chukanova N., Kovalchuk I. Optimization of in vitro coining of different genotypes of fruit and berry crops // Journal of Biotechnology. – 2019. – Vol. 305S. – P. 59.  DOI: 10.1016/j.jbiotec.2019.05.208.

4. Reports:

a) in international conferences and seminars held abroad:

2018 

1. Report on the topic: "Cold storage of in vitro apple germplasm in Kazakhstan" in the VIII International scientific and practical conference "Biotechnology as a tool for the conservation of plant biodiversity (physiological, biochemical, embryological, genetic and legal aspects)", October 1-5 2018, on the basis of the Federal State Budgetary Scientific Institution "Order of the Red Banner of Labor Nikitsky Botanical Garden - National Scientific Center of the Russian Academy of Sciences", Yalta, Russia.

2019 
2. Poster presentation by Balnur Kabylbekova. Reduced Major Minerals and Increased Minor Nutrients Improve Micropropagation of Three Apple Cultivars. ‘European Biotechnology Congress 2019’, April 11-13, Valencia, Spain. 

e) Publications in the proceedings of international conferences held in Kazakhstan:

2019.
1) Romadanova N.V., Kushnarenko S.V., Turdiev T.T., Kovalchuk I.Yu., Makhmutova I.A., Nurmanov M.M., Mukhitdinova Z.R., Frolov S.N., Rymkhanova N.K. Biotechnology of obtaining high-quality seedlings for the creation of mother plants, as well as for the preservation and restoration of the biodiversity of natural populations // Proceedings of the international scientific-practical conference dedicated to the 70th anniversary of Dosmukhambetov T.M. – 2019. – Vol. 3. – P. 302-307.

 Training of personnel:

Kabylbekova Balnur Zhasulanovna, thesis defense of doctor of philosophy (PhD), Republic State Enterprise on the Right of Economic Management "Kazakh National Agrarian University" of the Ministry of Agriculture of the Republic of Kazakhstan, «Development of biotechnology of reproduction and conservation of genetic resources of fruit crops in Kazakhstan», in the specialty 6D080900 – Horticulture, № 0240045, 2020.
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Patent Law of the Republic of Kazakhstan and ST RK GOST R 15.011-2005 «System for the development and production of products for production.
Patent research. Contents and proceduren

Stage or work: Conclusive (2018-2020)

Start search 2010 end of search 2020




Table B.6.1 – Patent Documentation 

	The subject of the search (the object of research, its components) 
	The country of issue, type and number of the title of protection. Classification index
	Applicant (patent owner), country. Application number, priority date, convection priority, publication date 
	Name of the invention (full model, sample) 


	Information on the operation of the title of protection or the reason for its cancellation (only for analysis of patent purity) 

	1
	2
	3
	4
	5

	Clonal

micropropagation
	Russian Federation.

A01H4 / 00 (2006.01)
	Russian Federation.

Krupina G.D., Safin R.I.

Limited Liability Company 

"Invitro-Povolzhye" 

27 08 2010
	Plant cultivation cassette for clonal micropropagation
	

	
	China

CN101695280 (A)
	China

Qian Zhang; Chunmei Yang; Peifei Zhao; Guoxian Wang; Lifang Wu.

Flower res inst of yunnan acad

04/21/2010
	Tissue culture and rapid propagation method of raspberries
	

	
	Russian Federation.

A01H 4/00

No. 2423045
	Russian Federation.

Guzenko E.V., Lemesh V.A., Khotyleva L.V., Kartel N.A., Baer O.A., Yemets A.I., Blum Ya. B. State Scientific Institution "Institute of Genetics and Cytology of the National Academy of Sciences of Belarus "

10.07.2011
	Method for rooting plants obtained in in vitro culture
	

	
	2
	3
	4
	5

	
	USA

C12N5 / 00

A01H4 / 00,

No. 7964405 B2
	USA

Jean-Marc Lainé, Frédéric Marie Devys, Syngenta Participations Ag

June 21, 2011
	Plant cultivation method
	

	
	China

A01H4 / 00

No. 102349446 A
	China

Wang Chenghong, Town Jiang Shenghong Landscape Plants Ltd.

February 15, 2012
	Sugar-free micropropagation tissue culture method of plant
	

	
	Russian Federation.

C12N 5/04

A01H 4/00

No. 2 486 237
	Russian Federation.

Matushkina O. V. Pronina I. N., State Scientific Institution All-Russian Research Institute of Horticulture. I.V. Michurin of the Russian Academy of Agricultural Sciences (State Scientific Institution VNIIS named after I.V. Michurin of the Russian Agricultural Academy) Application date: 20.03.2012

Published: 27.06.2013
	Nutrient medium for in vitro propagation of apple and pear
	

	
	Russian Federation.

A01H 4/00

No. 2 485 768
	Russian Federation.

Pronina I. N., Matushkina O. V. State Scientific Institution All-Russian Scientific Research Institute of Horticulture. I.V. Michurina of the Russian Agricultural Academy (State Scientific Institution VNIIS named after I.V. Michurin of the Russian Academy of Agricultural Sciences) (RU) Application date: 20.03.2012

Published: 27.06.2013
	Nutrient medium for apple and pear rhizogenesis in vitro
	

	
	2
	3
	4
	5

	
	Russian Federation.

A01H 4/00

No. 2 483 530
	Russian Federation.

Rebrov A.N. State Scientific Institution All-Russian Scientific Research Institute of Viticulture and Winemaking named after Ya. Potapenko of the Russian Academy of Agricultural Sciences. Application filing date: 23.01.2012. Published: 10.06.2013
	Method for adapting test tube plants to non-sterile conditions
	

	
	USA

WO2013 / 016198Al
	USA 

Burr, Randall W .; Heinricher, Jackie R .; Victor, Jerrin; 31.01.2013
	Compositions, methods, and systems for micropropagation of plants
	

	
	Russian Federation.

A01G 1/00

No. 2 485 755
	Russian Federation.

Sivolapov A.I., Galdina T.E., Tabatskaya T.M., Mashkina O.S. Limited Liability Company "INVITRO" (RU) Application date: 28.10.2011.

Published: 27.06.2013
	Method of growing planting material
	

	
	Russian Federation.

A01H 4/00

No. 2 523 305
	Russian Federation.

Buntsevich L.L., Paletskaya E.N., Kostyuk M.A., Makarkina M.V., Nenko N.I. State Scientific Institution North Caucasian Zonal Research Institute of Horticulture and Viticulture of the Russian Agricultural Academy, Limited Liability Company Maloe innovative enterprise "Healthy Garden"
	Method of microclonal reproduction of apple tree rootstocks
	

	
	China C12N5 / 04

A01H4 / 00

No. 102648698 B
	China 2014

Shao Ling, XueYanan, Qikai Jie, Taoshu Tian, Wu Jun, Nanjing Agricultural College Jan 8, 
	Pyrus stem tip tissue culture rapid propagation method
	

	
	2
	3
	4
	5

	
	Russian Federation.

A01H 4/00

No. 0002557387
	Russian Federation.

Buntsevich L.L.

20.07.2015
	Method of clonal micropropagation and healing of apple rootstocks in vitro using the antibiotic griseofulvin
	

	
	China

A01H4 / 00
	China

Li Yanxia; Xing Yajuan; Li Guijun; Tian XInhua; Wang Hongmei; Yin Dongsheng; Wang xin

Forestry res inst of Heilongjiang province

31.05.2017
	Propagation culture medium for raspberry Polana and tissue culture method of Polana
	

	
	Russian Federation.

A01H4 / 00

No. 2016109425
	Russian Federation.

Filippov M.V., Azarova A.B., Shestibratov K.A.

Limited Liability Company Research and Production Enterprise "MICROKLON" (LLC NPP "MICROKLON") 09/21/2017
	Method for maintaining the juvenile status of in vitro raspberry (rubus idaeus) culture
	

	
	China

CN107242136

(A)
	China

Cen Xinbiao

Guangxi Guiping City Mengxu Town Zhuqiang Breeding Professional Coop

13.10.2017
	Tissue culture method of raspberries
	

	
	China.

CN108243957

(A)
	China.

Qiu Xuewen; Xu Jianmin; Yue Bing; Yin Yue

Iangsu polytechnic college agriculture & forestry

06/07/2018
	Proliferation medium for raspberry tissue culture and preparation method and application of proliferation medium 


	

	
	China.

CN108834906

  (A)
	China.

Zha Xiaojun; Chai Piaopiao; Chu Xiaojie

Univ Zhejiang Normal 20.11.2018
	Raspberry tissue culture germination method 


	

	
	2
	3
	4
	5

	
	USA

US2016278315

(A1)
	USA

Penchel R. M .; Reis J. P .; Oliveira M.L.

Fibria Celulose SA

09/29/2016
	Method for the in vitro micropropagation of plant material and method for large-scale and large-volume production of cloned plant seedlings ready for field growth 
	

	
	USA

US2018 / 040637
	USA

Heinricher J.

Booshoot LLC

01.03.2019.
	Compositions and methods for large-scale in vitro plant bioculture 
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Nitrogen ions and nitrogen ion proportions impact the growth

of apricot (Prunus armeniaca) shoot cultures
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Barbara M. Reed"*

R 14 At 2017 Aty 2018/ uishedslin: 17 ey 2015
O3S Coeramant wot s ot e oyt rtecion e s g opright prsecionmay a5l 2018

Abstract
Nitrogen s a msjo diver ofplant growth and the itrogen source can be crtcal 0 good growth n vito A resporse surfce
methodology mixtre-componeat design and a data mining agorithm wer: applied 10 nitrogen () triton o mproving the
micropropsgation of Prunus armeniaca Lamn. Data ke o shoot cultursinchaded 3 subjectiv guait sting. shoot number,
shoot length, leaf characteristcs and physologica disorders. Data were analyzed using the Clasifcaion and Regresion
“Trcedata mining algorithm. The best oversl shoot quality 3¢ wel s lea color were on medium with NO,=5 25 mM snd
NH,/Ca* > 0.5 Improving shoot length 115 mm requird 25 <NO,” <35 mM with NH,/Ca%* £2.33. The mst shoots
(116 were produced with NO,” >25 mM and NH,/Ca < 0.5, but there were 510 shoots at other NO~ concentrations
regardess of NH, /Ca proportion. Leaves increased in size with higher NO, concentrations (> 55 mM). Physiological
isorders were als iflucnced by thenirogen componets. Shoot i nccross was raely present with N0, > 45 mM. Cal-
Ius production decreasd somewhat with NH, /Ca+ > 2.3, Suggesed concentrtionsfor s improved medium considering
all ofthese growth characteistics would be 25 <NO,” <35 mM and NH,/Ca® < 03. Valdation xperiments comparing
WPM and thee trial media showed improvemments i severa shoot romwth parsmeters o meciom with optmized mesos
and optimized nitrogen components

Keywords CART data minin - lon confounding - Medium optmization - Micsopropsgtion - Mixture comporent

Introduction

Mineral utrints are the main componeats of plant tssue
cultue media, and nitrogen is a major nutient among the
14 essential lements for oo invitro gowth, Nirogen was
eporcd o ffct many plant responses ncluding callas

mation,organogenesis, cmbryogenesis and muliplication
Beconcsupplementey mateil Thecnioe veron of i (Niodz and Evens 2008). lans wilze nicogen i te form

el (tp bt /0. I0TAL1 240-015.1575:) contin of NH,* and NO,™. The effctof nitrogen is dtermined
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by tsion proporton and concentration as wel s the otal
available . Since the ilra soure used iscalcium nitate
it mustaisobe considerd n fon proportions (C2*) and con-
centratons. Calcum was found o have significantefiects o
Physiologicl disorders ke shoot tipnecrosis and hyperhy-
driity (Machadoeta. 2014: Snghact al. 1990).

“Tissue culture optimization stdics are conducted maily
by using salts s factors within the experimental design.
‘which leads o the poblem of ion confounding (Niedz and
Evens 2006). lon confounding occurs when slt are traied
as factors withi the experimenlal design, hus the effect of
ions i undeterminabe. For example, the efec of calcium
nirat [Ca(NO,] or ammonium nitrate (NHNO) on any
plant response depends on the amount and proportion of
Ca*,NH,* and NO -

“Traditonally. issue culture experiments were mainly
set up with factorial designs, which do not allow testing
many factors al various kevels,due 10 the very arge mumber
of treatment combinations generaid (Complon and Mize
1999; Murashige and Skoog 1962). Recent plan issue cul-
e studies began o utlize computer generated optimal
designs, which educed treatment combinations 0 a man-
ageable number, and allowed testing of many factorsat a
wide range of concentrations (Akin e a. 2163, b; Hand
etal. 2014; Reed et al. 2013, However, fctor proporions
‘within the media could also aiectplant esponses, and com-
puter generated mixture designs provide the opportunity of
‘esting the proportions and amounis o the inputs (Niedz
and Exens 2008, 2011). Mixture factors are referred fo as
“components’. and are proportions of a blend. The meas-
ured response depends on both the proportion of th com.
‘ponenis, and the amount of the mixture. The sum of compo-
nent proportions should equal fo one, herefore component
factors are dependent on each other. Ina thre.component.
mixtue desig the response depends on the proportion of
ingredient, but changing the proportions of one also keads
1o changes in the proportion of the ther two (Nieds and
Evens 2016)

Statisical methods used to analyze tssue culure data
vary. but ANOVA and regression arethe traditonalstatst-
caltechniques usd. In vito studies are complex, equiing
advanced satisical models ik response surface method-
ologies and data miring. tht are able to deect ineractions
between variables and nonlinear efecs (Akint al. 20160,
). Another appropriate statistical technique o analyze
biological data i the Classification and Regression Tree
(CART) daa mining algorithm. CART s a non-parametric
echnique able o detect compex interactions and non-iear
relationships beween independent variables. and it gener-
ates visual,easy 10 inkerpret binary decision rees (Gardner
and Doriing 2000; Rashidi et al. 2014)

In thisstudy we used a mixture-amount desig. fee of
ion confounding, that included a two-component mixture

@ springer

(NH.SCi) and  quantitaive fctor (NO, )t determine
proportionsl and smounteffcts on some n viro esporses
of wild priot shoot cultures natie to Kazakhstan. The
CART alorithm ws used t0 snayze the dta. A growth
experiment s run o vl theresuls.

Materials and methods
Plant materlal and culture conditions

Shoot cultures were originally initatd from 10 seedlings
of a selcted wild tre of Prunus armeniaca Lam. from
the Zailyskyi Alatu egion of Kazakhstan 1o represcnt the
senctc diersityofte populaion (Kovalchuketal. 0173).
For this study thes pooled shootculures were propagated
on a modified woody plant medium (WPM) (Lioyd and
McCown 1950), Trial Medium 1, with increased itrogen
(1.75>the WPM concentrations of N compounds) and
masos (CaCl, 2. MgSO, T, K.SO,.and KH,P0,)
(2:5% WPM) (Kovalchuk et al. 20172), 20 gI-! each sucrose:
and sorbitol and 22 M N-benzyladenine (BA) (PhytdTech.
nology Labs, Shawnee Mission, KS). 4 oI’ agar (Bitek,
Difco, Detroit, ML) and 15 gI”! Gelrite (G434 PhytoTech
nology Labs.) at pH 5.7 Magenta GAT boxes (Magenta
‘Corp.Chicago, IL.) with 0 ml of medium n eachbox were
used and shoots were transiered 1o fresh medium every.
3 week. Growth room condiions were 24 °C with 16 h
photoperiod and 40 uM s radiaton provided by cool
white fluorescent amps (Generik Company, Chelyabinsk
region, Miass,Russia).

Experimental design

An optimal mixture-amount experimental design was
generated with Design-Expert software (Design-Expert
2010) using NH,* and Ca'* as mixture components, and
'NO,” amount as a numeric factor within 19 eatment com-
binations. Treatment medium with the N components var-
ied was based on standard WPM minerals with 20 ¢ each
sucrose and sorbitol and 0.5 mg/L (22 uM) (BA).4 g agar
and 1.5  Gelrite. Treatment 201s a WPM control (Tabke 1)
“The ranges for NH,* and Ca?* were indicated s a propor-
tion with all mixture-componen proportions in each rea-
ment summed to one. N0~ conceniration ranged from 20
0 6 mM: NH, " and Ca™ proportions anged rom 0.25 0
075, The tolal amount of Ca®* and NH," was maiched to
the NO;~ kevel 10 provide neutraliy. and pH was uniform
through th design point. Solution Rcipes were calculaizd
using the linear programmine technique xplained n Nizdz.
and Evens (2006). Each treatment included two culue ves-
sels with five plan ineach. Replications ar included within
the design in addition to the two magenta boxes. Cullures
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PLANT TISSUE CULTURE

Reduced major minerals and increased minor nutrients improve
micropropagation in three apple cultivars

Balnur Kabybekova ™ - rina Kovalchuk - Zinat Mukbitdinova” - Tamur Turdiyey - Glshariya Kairova
Gulnara Madiyeva’ - Barbara M. Reed
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Abstraa
Mincral utrient madium requirements fo propagtion of i shoots ofappe (Ve domestica Borkh) “Golden Delcous'.
“Makoar, nd “Voskbod' were sudie usig resporse urfce mhadology (RSM). The mincral utsional ctors cvauaed
wercbasl o Murashige and Skoog (MS) minealmuricnts (NHNO3, KNOs, CaCl, KHoPO MgSO, and mivor mutiens).
with concentrators ranging from 0.5 o 3.0 the MS concentratons Nine plant growth qualies were cvalusted. The most
significat fctors were NHINOs at 05 1o 1.0< MS, and minor muricnts t 20« MS. Most of he othr tors were optmal at
05 Theguaby rating vas ighet when minormuicnswere 20< MS, ad st lhrmurients were standard concenrations
orlower,Incremal KH:PO, and mior nutrints wee the mos sigifican for improvad muliplication, and higher KNO for
oot length.Optimized mediawere deveoped for cch culivar b an these models. The culivars were grown o th three
individual optimized media. a gencral mdium bused on the tres optimizatons, and MS. The optmized mecium for cch.
ulivar was significanly bete for shoot quality and shoot lngh of cach culivar than MS, bt he generlized medm of
minors at 2.0< and NH.NOs, CaCl, and MgSO, at 0.5 MS, was sirificatly beter for two of the hre culvars and not
sgniicatly difrentfor th thir. Th next scp o develp & fral optmized madium wil e te caluatio of the minor
i, detarminion of opimal concentatos of cch, and serening 8 wile rnge of Ml garmplasm on th fralzed
medium.
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oftmes, Wi sed o wide e o hesbacous snd woody
Speicsand s cxocilly imporian o i crope. Thr v
many it e that are diffult o microopagals howerer,
cen developments o inviro culurs esiques bavemade
i possibl t commercilly propaie many Buit s Cain
and T 2003). Alhongh many genckyps can e roagaed
on asigl modim, thr s shrays xccptions. Develping.
& w microopagaion sheme i eting  lage -
ot of genotyps o defemine th bt protool e the st
senctypes (Bonga and Von Aderas 1992, By devekping
mproved protal, i s possbe o apidly mulipy supei
cuives,vew civars with desiable i, and dicae e
propgaton mteria or growers (Dobrinsz and s Silva
2010).

Appl (Mals domessca Bokh) s cutn bgan nthe
midle of the twanteth centry Goncs 1967; llat 1972,
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Walkey 1972). The developmen of Murashige and Skoog
MS) madium Munshige and Skoog 1952), designad for
tobaceo calls cultre ld 1o the use of that medium for
‘micrpropagation of mamy plans, and s now the mostcom-
‘monly wed medium for apple micropropagation (Modgil
et al. 1999; Ghanbari 2014). Rescarch on the
micropropagaion of pple has mnly focs on shoot pro-
lferaton ad rooting and imolved akeratons inthe compo-
siton ad rato of plant growth egultors (PGRs) i the me-
dium. In recent studics, improvement of apple
micropropagaion involed th selecion of PGR (Amii and
Elainia 2011; Ghanbari 014) for shoots grown on MS and
‘Woody Plant Medum (WPM; Lioyd and McCown 1951).
‘Whie changing plant growth regultors an be hepfal, ot
il culvars, and many species require  mr thorough ap-
roach (Resd ral. 2013, b). s impertan o consider ap-
timizing the macro-and miroclaments of growth malia o
facilitae improved growth of diverse plant genotypes
Ramage and Willams 200).

Unid ecenly,fow stuicscomsidered e miveral micns
s for micropropagation of spple. One o he few cramples
e study wsing silicon oxide. Navosilcon increased fssh
and dy weight lngih of shoots, numbe of shoos, and cho-
rophyl index, for Gl apple shoot culures with 100 ppm
silon oxide (Saber md Lot 2016, Some sudisimvved
‘modifying onc ortwo mireral nurint. Sotropoulos (2007)
found tat 10mM CaCly and 35 mM NaClin the MS mediam.
sgnificantly incrasal the rumber of shoots and the fresh
‘weightof ple oositock M4 shoots.In aditor,shoot ength
nd resh weightof pea culurcs wereimproved by inclucing
.1 mM B and 80 mM NaCl (Sotiropoulos et al. 2006).
Changes in irogen rtios from thse n MS were mportant
for growh ofa Malus hupehensis(Pamp) Rehd. apple oot
sock (Dongeral. 2015)
ampircally: howerer,these maia arc no cfceive for all
ulivar, s ofen diffcl 0 ptmic the mineral muriion
inthe madium usedforth growth ofn viro plants due o the
complex chemical interactions of essential nutrients.
Computa-sided design software s now available trat can b
ne o pln complex experments o improve the qulty of
i cultres (Niedz and Exers 2007). The rsporse sur-
e methodology (RSM) approsch uses compucr design 0
provide & geometic dsign. in which all possibl combing-
s of fcton aresampld o provide ancxpermantal design
tat sampls the dnign space and gaphiclly models the -
maiing peins. These model, basd on phnt gowh data.
provide information on which maditm componerts ac the
mostinflcnial orthe desired type of plat growth. The n-
formaton obvained can be usedo aker indvidual componcris
ofthe medium toprovide ptmal rsult. The indvida min-
aral muricn facom of 8 medim may also b identfd o
determine the response of the plant on cach variation of

@ @

minerl compositon, or 1 sty minerl ptake and vtz
o (Nicdz and Evers 2016).

Recent studis o in viro mineralnutition showed that
the identifcaion of the optimum medium compositon for
propagation can be obiained by computer modeling
(Nidz and Evens 2007; Niedz and Evens 2008). This
RSM modeling helped to define significanly improved
medi for propagation of fruit and mut specics and cult-
vars of apricat (Pumis armeniaca L), hazsiut (Coryis
avellana L), pear (Pyrus spp). and raspberry (Rubus
Spp) germplasm (Hand and Recd 2014; Wada et al.
2015, b; Poothong and Reed 2016; Kovalchuk et al.
2018). Modeling the influence of mirient medium com-
ponenis on plat growth with computer software cnables
researchen to adjust the composion of mediaforoptimal
growth and development of cach cultvar, or producs &
ereralized medium for a group of culivars or specis.

“The garmplam bank of appl cultvars and specics at the
Kazakh Researh Instine of Horiculture and Viculure,
Almaty, Kazakhstan has 1829 accessiors in the fild and
319 accessions n vir. Altough many o these spple shoot
cultures grow wel on M mediam. many otrers gow poorly
ornot at all. Preiminary resarch on many Kazakh aple
varcties grow an MS medium, rasuted inpoor muliplica-
o ad unsatisactory shoot gl

Development ofoneor seerl ganeal growh medisthat
ar suiabe for 3 wide rngs of genmplasm is mportant o
safeguand e it collctions. Considerin the success of
‘madding o improve the nuricnt medium in ohe cops, the
current sty was designad to model the et of mincral
nuiens for thre ppie culivars, ad 0 s these modkls o
devlop one o more improved gowth madia.

Materials and Methods

Plant mateial and propagaton Apple culivars Maksat' and
“Voskhod', which were developed in Kazakhstan, and
“Golden Delicius’ a inermational sandard, wer: wed for
the study. Cultured shoots were obtained from the
Pomologica Garden o the Kazakh Rescarch Ittt of
Hortculure and Viculur. The base medium used was
Miashige snd Skong modiem (MS: Murhiss and Skoog
1962) sals and vitaming with 0.5 mg L (22 ) N
bezyladanine (BA), 35 g L™ agar (Bitck, Difo, Detwoit,
MD). and 1.45 § L Gelrite™ (PhylaTechnology
Laboraories®, Shawnee Misson, KS) adjusted o pH 5.7
withconceiraed HoPO, md KOH. The cabon soures were
20 L™ cach scrose ad sobito, s dtemined i peimi-
naryexperiment. The medburm was atocaved fr 20 i at
121°C and 103 kPa.Indole3-busyrc acid (BA) was o -
cluded in the base madium, but 0.1 mg L™ 1BA (049 1)
was used in ll o the cxperments. Shonts wre growm i
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Magenia™ GA? boxes (Magenta Corp, Chicago, IL) with
40 mLof meditm incachbos, with s rto frsh medium
very 4 wk. Colturs were gown o 24°C under 2 16 pho-
operiod. vith an average of 40 amol > ' mciton pro-
vided by cool-whie ucrescentlmps (Philis, Pila. Polard).

Experimentl design An experimentl design vas devel-
oped using Design Expert software (Design-Expert
2010; Siat-Base, Minncapolis, MN). Six mincral mrent
fctors were used to develop design points (tRatments)
o the model bused on the MS sl (1) NH.NO,, (2)
KNOs. (3 CaCl, (4) KHzPOs, 5) MgSOs,and (6) minor
clements (B, Cu. Co, Ma. Mo, and Ze). Experimental
matments (design points) were detcrmined with Design
Expert softwareusimg the six factors at fve levels o sam-
Pl the design space of all posibl treatment. The com-
position o al mineral factors varicd from 0.5 1o 3.0 the
MS concentration, for a otl of 40 trcatments (Table 1).
“The other factors were those of the basc meditm de-
seribed sbone.

‘Shoots were planad on cach reatment medium i dupli-
e boxe with fiv shoots per box (1= 10). Some treamerts
bad o aditional rplicton built i the design (1= 20).
Culurs were gown for 4 w and trmsfared twice 1o the
same treatment medm for 8 otal of 12 wk of culure.
Culure condions were the same as deseribed above, Boxes
warerandomizd n the growih roomshelf.

Dota and statistcal analysisDat were taken at 12 wkon tres
shoots incach bo (1=6), andhe two emaining shonts were
photogrphec The folloving plant reqorscs were messred
o the six shoot or 12 inemally rplicated for e deter-
minion for the modd)for each ratment:qualiy (4 subjec-
e asscment ofplat sppesrance) was messurd (1= pocr,
2= sccptable and 3= goa): shoot muliplcation (shoots
unied: shoo lengih (longest oot meastred): af color
(1 =yelow or ed 2= lightgreen 3 = gren) e size (1 =
sl 2 =mediam, 3 = langeX: callus (1 = arge. 2= medom,
3= nome). shoot t necrosi. fsciion, hyperycrcity, by
pestophy. and cuked laves (1= many, 2= same, 3= o).
The model was generted rom the plant respons at cach
design point s the mean ofsix s (or 12 f eplcated).
For cach mesmured responie,the highest rder plynorial
model wasaralyed by ANOVA, in which aeitional model
e wersconsdered sgnifcant a the .05 leve (Niedzand
Evems 2008). The softwar application Design-Expert® §
esign-Expen 2010) was usedfo expeimental design con-
smucton, model evaluation, and analyses.

Medium optimizaton and model valdaton AR the il
ot aalysis was compice, formulations were dtermincd
bus o the best e or cach culiva, The formultions
ot were those modeled with the best subjective qualty

Table 1. Sinfctr RSM Dcptnl dsign iclding 40 st
por D po 1019 22 21 0.3 0 ivestges e o of
ndiibud ks on minrsl mirkio of M domesis Bokh
v 200 MS (Mgt Skoog 196) st cots (s 20
nd 40, Amauns e e s 1 s MS commtaion
s

Tt Futir | Faor2 Futir Facord Facurs Fators
NHNO, KNO, CiCl KHPO, MaSh M
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2 m m 0s 1 as a0
3o2% 30 30 a5 30w
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In vitro germplasm cold storage of fruit and berry plants
of Kazakhstan

“Timur T. Turdiyev ™, Irina Yu. Kovalchuk %, Balnur Zh. Kabylbekova,
Ninal. Chukanova %, Sergey N. Frolov

" Intiteof lant Sclogy and Btechrciogy Ay, KAZAKHSTAN
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Abstract
In viro germolasm cold storage is an mporant partof e plan biodiversity conservaton srteqy.
Which Snsure long- e raable conSeryaion S use of 1k & by arops. Serseming of o,
e, chery. raspbeny. backcurant and sirawberry plans for Cold Sorage Duration on Murasige
and Skooq (M) medium wihout plan growth repultors (PGRs). Murashige and Skood (MS)
medium wihout plant growh reguialos (PGR) showed fat the viabiky depends on tne breed and
enotype, beter preserved bery crops, worse fut The efec of lan growth reguiators, carbon
Souross and ritrate nirogen on the sirage duraion in vivo of varous crops in low posie
tamperature and luminaion condions was studied. Many genotypes were wel preserved 3 4°C n
Sem-parmesbie plastc issuecultre bags for cutivatin in MS medium wih 3% sucrose o 2%
Sucrose + 2% manvol with or wihout PGRs. Redusing he nivogen concentation increased e
Storage duraton of some crops (apple, pear), b abscisic aci i not improve the sorage ime. I
Vi e coliection s 3 reserve of the e collcion and now has 198 Sampies of it and bery
rops sored in bags fo eutvation on MS medium it Nirste nirogen st S0%. 0.5 mg L1 NG
benzylaminopuine (BAF). 0.1 mg L ndole-2utyrcac (1BA) with 35 susross and 0.75% agar at
oH57.

Keywords: garmpiasm, genei resouross, it and bery cops, oo siorage, in v lantarowth
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‘germpasm cold siorage of it and bery plants of Kazakhstan Eurasia J Biosoi 14: 1213-1218.

i s coo sccess aicedisbuted ner e tems f he Ceatve Commons Afrbuion Lierse.

INTRODUCTION

In Kazsknstan various varstiss of it and berry
erops are cufivated and unique wid-growing forms are
grown, including appe tre (Malus sieversi (Lede ) M.
Roem. Maus x domestica orkn). pesr (Fymus
communis L. Pys regeli Render), sherry (Prunus
ceracus L. Cerasus fomentosa Thunb. Gerasus
fitcosa Fall). raspberies (Rubus idseus L)
blsckeurrant (Ribes nmgum L) and _siswberriss

(Fragaria L. Fragara x ananasea Duch), adapted 1o
local environmental conditons. However, in recent
decades, under he effect of environmental and
‘anthropogenio facors, there has been 3 reduction n e
areas oocupied by these plants.

Curenty, along with raditonal methods _of
presenving genetic resources (in nature. reserves.
national parks, parial reserves. pomological and
botanical gardens). there is the most promising
approsch 1o solving his problem — the craation of
germplasm bark using in viro  biotechnologioal
methods, especially relevant for the conservation of it
nd bemy plans. since ther reproducton snd

B

maintenance of colcions is bazed anly on vegetive
reproducton. Using this approach s a rlable and cost.
effectve way 1 preserve genetic resources and allows
to maitain the viabity and regenaratie abifty o plans
for 2 long Sme. protects callectons from the impact of
extreme  enronmental factors,  minimizes  the
probabikty of genticchanges. Praservation of the gene.
poolin virs i carmad out n two ways: 3) Limitng the.
growh of crops in condions of low_positve
temperatures of 310°C (cold storage) and ffective in
the 252 of hort and medum — from 1 1 10 years of
storage. Against the baciground of cold siorsge,
‘additonal methods of deaying metabolic processes ara
caried out — the use of growh innbiors and the
raduction of ntrents and hormanss in medi: o) Daep.
freezing and siorage at an ulra-low temperature of -
186°C  (cryopreservation) when the metabolism s
completely siowsd down, i s used for long-tem
storage. I necessary, at any fme, the material can be

s

o
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extracted rom e germplasm bank. propagated n viro.
and used in the selection process, the laying of
plantatons, o ransferred o the natural environment o
restors phytocenoss.

“The most commen method of maintsining colisctions
of plant ssues invio, which alows t ncrease he shelf.
e of plant materia, is the use of low posiive
temperatures (lakesiey o al. 1998) The success of the
method is determined by the genotype (Engelmann
1887). but it aso depends on the siorage temperature,
lluminaton, nutrient compositon, and preculbvation of
plant isiues before laying for cold storage (Jouve et al.
2000, Mbuiawa 2017).

To siow down the growi of asepic plants. e
‘compositon of the nuient medium is modifed (Reed
1898). I partcular, osmotically aciv substances such
25 manritol and polyethylene glycol ae used (Chen and
Drbnenki 2004). reducing the concentraton of basic
mecia by 25% and 50% (Moriguchi and Yamaki 1983,
Mitofanova et al. 2018). 3dd sucrose and a retardant.
Shlorchoinchiorid. o the nutient medium (Mirofanova
ot al. 2018). In addiion. they reduce the photoperiod
(Read 1868). use different materials for closing test
tubes (Vysotskaya 2001). or siore samples in plastic
hestsesied bags (Resd 1992). Low parial pressrs
xygen storage s also used (Brindgen ot al. 1681).
under 5 layer of minersl oi (Calpn 1958), i fow
lluminaton (Preil 1985),or in toal darknass (Marino ot
al 1985, Platonova et a. 2019)

Cold' storage of genetic resources in in viro
‘germplasm bank s an important part of the srstegy for
presening plant biodiversiy. ensuing long-term rfisble
conservation and use of the gene poal for soienific and
industrial purposes. Many counties have germplasm
banks of sconomically important planis. Kazakhstan i
als0 taking measures o preserve the geneti resources
of agrcutural lants in the gene bark

The sim of this research was to study the sffect of
plant growth reguistors (PGRS), carbohydrates and
nirogen on the duration of i viro Storage ofvarous frut
ang beny crogs. A well & sereening the longeuiy of
Storing genotypes of apple. pear. chemy. respbary.
blackourant and stawbery 3t a low posiive
temperature and low iluminaton.

METHODOLOGY

In viro cod storage durabiity soreening was
erormad for varites, wikd forms and hybrds of: 3ppl.
ear, charry. bird chery. raspbeny. blsckeumsnt snd
Strawberry. contained at 3-4°C, iluminaton of 10 ym
257 and 10 photoperod in glass jars and semi-
permeable plasto tssue-culure bags (Star Fac Bage.
PhyioTechnology Laboratores, Shawnes Mission.
Kansss) on Mursshige and Skoog (MS) medium wihout
plant growih reguiators (PGRs). Previously. plants in
Storage containers were kept for on wesk st 24°C.

p—

umination 25 pmel i, with 2 181 ight photoperiod
(25 ymol "), hen acciimated for one week at 10:0
ight 25°C 1 14.1 dark 4°C photoperiod. The testnvolved
fve plants of esch genotype without repetions. The
‘condition of stored plants was evaluated every 3 months
on a scale from 0 o 5 poins, in appearance: 1 - plan's
are broun, somemes yellow; 2 - plants are yelow-
brown: 3 - plans are etolated. yellow-green: 4 - plans.
with siight etilaton. green; 5 _ plants with bright green
lesves and stems. Obseriations were mds befors the.
‘complete death of lants.

Under the same condions, experimental studies
wre condusted ta dstamming the optmal nurent medis
for each cultre. inressing the duration of i vio plant
old storage. To datermine the compasiion of the
nutrient medium hat ineresses e <helf ifs of 3l the
Studied crops. the sffest of carbohydrates and teir
‘concentratons, plant growh regulators (0.5 mg'L" N©
benzylaminopurine (BAP). 0.1 mgL" indole-3-butyric
acid (1B4) and nivogen in MS medium was studied.
‘Carbon sources - 3% sucrose, 2% or 3% mannitol, 2%
sucrose + 2% manniol, ritrogen source - salts
‘contaiing nitrogen nitate (NO) with a conceniration of
100%, 0%, 25%, each variant was withor without plant
rowt reguiators. The ffect of abscisic aci (ABA) in
the concentraton of 0.1: .5 1.0 mg /1 was studied.

Each experiment was a randomized scheme wih 5
hoots in three rapetiions for each genotype (n = 15).
The condition of stored plants was assessed according
tothe rfriagiven above. Plans witha rating >2 (outof
5)wera It for strage for another 3 months, plants with
3 rating 52 were extacied and re-propagated (Reed st
0. 2008). The dats was snslyzed by ANOVA witn
SYSTAT version £.0.

RESULTS

‘Screening of Viability of Fruit and Berry
Crops under Conditions of In Vitro Cold Storage

“The duration of storage of 23 genaiypes of appl. 8 -
pear, 58 - cherry, 32 - plum, 11 - cherry. 55 - raspbery.
Y6 - black currant & - stewbery. contsined n 5
Rormone-fee MS medium, at 2 low positve temperature.
and low ifuminstion was stucic.

“The duration of storage depended on the genotype.
type of container in which plants are siored, as well 35
temparstre. and dluminston. The determining facior
that slows down the metabolic prosesses of plants
Guing storage was the temperature of 34-C. as well a5
the duration and degree of iluminaon — a 10-n
photoperiod. iluminaton af 10 ymol m%s". Keeping
plants in plastec airpermeable bags is more effecive
than in glass jars. Diflrent viabity of breeds and
individual genotypesis observed during cod storage in
conditions of forcad rest. The storsge time i plsstc
bags (untl the complte death of plans). depending on
the genotype s: apple trees from 1210 21 months, pears
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*Golden Delicions™

Rating

Months stored

“Talgarskaya Krasavitsa®

Rating

Months stored

=PGRS + 306 sucrose (control 1)
=PGRS + 3% mannitol

2306 sucrose (control 2)

3% mannitol

o 9
T ms gy

Months stored

“Mramornaya®

Months stored

-
#PGRs + 20 mannitol

=PGRS + 29 sucrose + 200 mannitol
=206 mannitol
429 sucrose + 200 mannitol

Fig. 1. Mean o storage condison ratings (D low. 5 high) of i it shoofs of appe (8) and pear (8) culfvars stored at 4°C.
o medium in bags wih carbon source aaiments, wihor WA lant growh reguiiors (PGRS),fo 33 months

- 1524, cherres - 12.27,plums - 15:30; bird cherries -
1228, raspbemies and strawberes - 21.30, black
curmants - 18-21. Flats wih an versge raing of 2.
which requires re-culivaton fo. new envionmens.
depending on the genoiype is: apple wees - 8-12
months, pears - 518, chemes - 6.24, plums - 821,
Gheries - .18, raspberries - 12-15, svawberres - 15
18, black currants - 12-15 months.

Effect of Carbon Sources and Growth
Regulators on the Duration of In Vitro Plant
Conservation

Carbon sources and growth egulators afect storage
21 34°C. In three apple varities, the longest storage
wss on media wihout PGRS with 3% sucrose or 2%

manitol+ 2% sucrose. On such media, the cold storage
time for “Golden Delicous’ (raing of * 20) was 30
monihs. for Voskhod' and Maksat - 24.25 months. The
frst dead planis in hese varieies were marked at 18
monihs of cold storage, indwidual plants remained
visbls for mere than 30 montns. The cold storage time
was shorer on media with PGRs. Thus, on @ medium
with PGRS + 3% sucrose, viabiity of Voskhod was
maintained for 12 months, Maksat and Golden
Delicious' — 18 months. On medis wih PGRs 2%
mannitol + 2% sucrose. the storage me was also
hortr than on the same media witout PGR (Fig. 1A).

“The sffectof carbon sources and hormonss on two
varieties of pears was sudied. Mramomaya’ shoots
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RATIONAL USE OF PASTURES IN THE CONDITIONS OF VERTICAL ZONALITY OF
SOILS IN ZHAMBYL REGION

Issayeva Zh'., Bakhralinova A2

novaive University of Enrasia, Paviodar
. Seifllin Kazakh Agro Technical University, Nur-Sultan

Abstract

Under_the conditions of vertical zonality of soils, for the first time in Kazskhstan,
comprehensive studies were conducted (0 study the causes of pasture degradation and. the
development of methods for their restoration in a specific project arca. As a result of studies based
on geobotanical research, the farm's territory was divided into seasons of their use, plant
associations have been identified, the yield of natural herbage by zones and seasons was measured,
and the increase in live weight of animals during the pasture period was determined. The use of
seasonal pastures provides more gain in live weight of the studied animals compared to animals that
are grazed in one place and unsystematically

Key words: pasture, natural herbage, soil, natural zone, productivity, animals.

VIK 63411

BIMSHHE COCTABA THTATEJIHOI CPEIbl H TEHOTHITA HA COXPAHEHHE
TEHO®OHJIA AIEJIOHN B YCHOBHAX X/IAJOBAHKA

KaGuuaGexoa 5K, Uykanosa HLIL', Typaues T.T.2, Kovaawuyi 110,

. Kaasciuit HITH nioooosonesoocmea,
Hucmumym Guasozn u Guomesnooen pacmeni, 2. Avam

Annorauns

B pesyanTate pasmansx aKTOPOs, reHOGOIT CETCKOXOIICTIRHHLEX KYILTYP i 1 Ak
COPOISH  NOISEPIAOTCH  pHCKY  WCSEIOCHIA  TEPMONIEINY IONOBNX  KYISTYD B
HCKYCCTBENHBEX YCIOBUEX MOKHO HAAEKHO CONPAISTS pH CHEPXHISKOI] 1 IOAOKHTENLHO HISKOI
TewnepaType, TO €CTh B KpHO - W Xiaoauke B Craie mpeiCTAsiensi pexyurari
SKCMIGPUNHTOB 10 XTATOXPAHCHITO i Vilfo COproB AGIONH KARXCTaHCKOT 1t SapyGesolt
cesextn. Hsyueno sausmie renoTina, pery#Topos pocta pacrenui (PPP)  conel, conepiauuire
Wrpat @07 (NO:) Ha MPOTOTAMTENLHOCT XPAHENIA B XARIO0ARKE npi +4°C. Kownowedrsl
P BNSIOT 1A (USNONOFIESKOE COCTORMIC 1 MOPDOTOTUO ACTEHINT N VilrO 1, KaKk
caexctaie, wa AoarosesmocTs xpanens. Cpexa Mypacire 1 Cxyra, conepauias 25-50% coreli
HITDETa 43078 1 3% CAXAPOIH W 2% Caxaposhl + 2% wawkTa O¢3 PPP, npouiesder cpox
XALIOXPAHGHI MIKPOKIOHOR ATIOHI 10 36 Mecsten. In vilro Gaik repomaam (4°C) b
Kasaxcrae SB15€TCH Pe3epuo Monesoll KOLIEKLI, B Héw COSPAISIOTs 37 COPTOB, fIOAB0es 1t
kopactymux opw aGaom wa cpene MC ¢ S0% conepania coneit mmpare asora n 3%
caxapoz Gea PP,

Kuoeane ctoea: sGnows, i Vitio, XAAIONPAHEHIE, TITATENHHIA CPEs

renobon,

Boexenne

Coxpanennie rewobonna pactenii smasercs muposoli mpoGrewoii B pesyusrate
GHoTIECKIN 1 ADHOTISECKI (JAKTOPOR, B TOM HHCHE HDPALIIOKATEHOTT JEATETSHOCTH He0REx:,
‘eeromo suposoe cooSuecrso Tepaer 400-450 punos pactenui. Besssi ¢ s 1974 roay Gn
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conman the Tnternational Board for Plant Genetic Resources (IBPGR), koropeii s 1980 roay
wnposas cosanne kounexunnt i vitro [1]. Tlosanee, s 1992 rony s Puc-e-Kaneiipo Gwuio
npnta MexayHaponas Kousenuns o GHOTOIECKOM P0G, UETHIO KOTOpOlt A814710ck
‘coxpaneane pacresii ex sit 1 i sifi 2], B nacroauee spesus Konseruio noamicann 168 crpar,
KOTOPHIE OUGHILIN PHCK NCIEHOBIHIA TCHETINIGEKIIX. PECYPEOR 11 CTPGMATCA CONPAHITE CROE
HAUIORAIGHOE JOCTORHIE, A TAIGKE OYHITS KA CPABEANNBO 1 DABHOI OCHORE BHITOAY.
cmmsanyio ¢ wcnossosamie. Pecnyomika Kasaxcran paragmuposana Kowsenumo o
GonorieckoN paaiooGpa 6 CerTAGpA 1994 T [I0GAILNAA CTPATerIA CoXpaNEHIA Guii
npiisTa b 2010 1. (HoraficKii A0rOBOp) OHA BITIOSIET KOMILIEKCHYIO NPOrpANMY AETiCTBI 10
COXPAGHII0 PACTITENLHOTO CHOPA3HOOBPESI i i, CX Sift 1 i Vil

B KisaxCrane CKOMLCHTPUPOSIL YHHKAILHLE TEHETHIECKHE DECYPCH PACTHTENLHOTO
arpobiHOpaz00GPasIIA NHPOROFD ickA. O BKMOWOT 194 pita pacTesn, onpeseAROIIX
reneTiecki noTeIa1 24 CenCKOXOSAICTRCNNIX KYITYD. P M3 MIX mpeicTasmser
HRAIRTENHYIO UEHHOCTS KAK AR PATBHTIS CEAHCKOTO XOMWHCTBA, TaK M 1A PACUINpERIA
SKenoprHOro noexwuiata. MIpOO MPIGHAHIE MOTYAILTO MAO0R0 ArPOCHOPESHOOGPIING .
Apeae ncero, Aukas AGA0A [3], KOTOPAA OGTATIET BCOKON YCTORMMBOCTLO KO MHOTI
HBONEOHIAN, BHCOKOH MOPOIOCTOTIKOGTHO, UNPOKOT SKOROTIHESKOM MIACTIAIHOCTHO [4]. Tew
He Meree, CORpaLIEHHE TOMYISLUL YHUKAIBHLX NOPOX TUIOZOBLX KyabTYp M renodonia
KYLTYPHLE pACTEHIL 10 CHX 10 MPOTOKRETER

Hauonasnas KomIexuIA A010MN COXPARAETCR B noeBX yeaomiax Tlowosonecoro
cama Kasaxcxoro HHH mionoosouesonctsa u cocrapaser 431 coprooGpasis, 3a 5 mocaenminx
AECHTIAETIA OH CORPATHAACH 12 1409 COpTOR. B KOMEKIINII COOPAH PACTIFTEAMHAI METEPIAN 13
CTpaN A@ABHETO 1 GIKHETO 3apyGEAbA. OAHAKO PACTCHAS, COXPARICNDIE B TIOTCBbX. GaRKEX
(ROMOTOMIeCKHe,  GOTANIMECKHE CATM) TAK Ke NOTBEPRUOICH  BAKMAO OTPHIATENLHMY
QAKTOpO CPEH H TOMUGNOT  BHOTEXHOTOMINECKHE NETON  ABIRIOTCA  CTPATETIECKI
CHOCOGOM cOXpanerIs eHOPONIA, PACIIPHIOT BOSMOKHOCTH HCTIOIBSOBANIS EHETNESKIX
PecyDCoB it OGeCHENHBRIOT GE3OMACHOCTS COXPANIOCTIE KoMIeKI, B CA%3M CO CIONIHBLIENcH
CHTyauueii Croi Bompoc o co3tain_ HALIOHANLHORO TEHETINCCKOrO GIHKY 1A COXpAHEHIA
pacreni, 5 cocrase KOTOpOro AOANH Gutt, KpHO- (+196°C) n x1a0GarK (4°C)

XPIODAHK  TEPNOIIING  PEACTARIACT  COOOM  HAYAHO-TEXHINECKI _ KOMILAEK,
BT METOIOIOMII0 XJIOXPAHEHIA 1 CreLIpIICCKOE OBOPYAORAIE 213 oBecrercrI
ATMTETLHORD. XPANEHNA GHOTOMIECKIN OGLEKTOS, B KOTOOM B HBOM BIIE COXPANAIOTCH
OOPATUS  EPUOMIINE  KyNSTUBHPYEMbIX  DACTEHIH 1t WX AMKODACTYUUIX  COPONSET
TepMONLIZ3NA ARIACTCA HOCITEAEN BCEX FGHETINICKI. XaPAKTEPHCTIIK OPFaNIIMS, CONPAARNEA
Bpi mskoli noroMeAON TeNneparype (+4...+10°C) b xaanobaike, oMa mpercTaRneHa
ACCITISCCKINI PACTERURMI i VT, KOTOPbIE 5 11000C. BPENS MOTYT GuITh PASMHOREHS 1
HCTOB505aHb 113 MHTPORY KUK, SAKIAIKN TUIGHTANT, CEAKUIN 1 APYTIX uesei [3]. Ocrostoe
TpeConaHME K COTEPRANIIO DACTENNH i1 ViITo B XTAIOBAHKE — TAPAHTIA KIGHECHOCOTHOTIH
COXPAHAEMOFO METEPHAIA, €TO IOIOBCHHOCTS, [CHETIECKAA CTADIILHOCT, JIOCTYIHOGTS 1t
CHOCODHOCTS K BOCCTAHORIEHIO POCTA 1 PASSHTIS COPTA 4Ll BWAA B WX €CTECTRCHNON Cpete.
DTOT B KOLAEKINI ABAETCH AKTHHB CPEHECDONHBN XPAHENHEM HhDEXTIBHbM A1 MHOTIX
KYSISTYP YNEPHHOTO KSUIMETa, BI04 ATOIHSIE, MI0108bE 1 BiKOrpast [6-5]

Tlepsiie CooBieus 0 YCIEwNON COXpaeHI 1 Vilr) FEpHOIEIIL 3010 COPTa 36.10mM
Fonaen lemtuiec Gount nayiersi 5 1979 r., MIPOPACTEHIIA COXPARATI B TeNHOTE B Tesee 12
wecaties npit Teeparype | an 4°C [9]. Tlosanee Pz yueHbix OTMETIAN CyLECTBENAYIO por,
FEHOTIA, COETARA MHTATEILHOM CPEIL 1 KOHTETNEDOB N xAaR0spasern aGnok [10-14]. Bo
BCEX HCCIEAOBIMILEY LUEIbIO CETHECPOHOTD PAHCHI ABIAIOCH YBEINCHHE HHTEPBAIA MEATY
CYGKYATIMBHPOBINIIAK 52 CHET SAMELIEHHOTD POCTA. DTO AOCTUIAAOCh MYTEM HCTIOALSORMIS
VIMCHEHHNX  YCIOBNTE  OKDYAROWEH  CPENS,  MONDHIKAUN  KYTYDAIBHOT  CPEH
WHFUBITOpOR  POCTS,  OGMOTINICCKIIX  PeryARTOpOR pocra  pacremii (PPP) 1 ciunkeu
OHUEHTPALI KHEAOpOA 1 asoTa [15-16]
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Covannie Konext i itro s KasaxCTaie Hasaaioss » nocesme aecstirernn XX sexa
[14]. B yenonmsx xranoxpanenns Kasaxcxoro HHH nionoosouesoncrsa conepirnes 204 copra
RUIONOBMK, ATOAHM KYIVTYD H BHHOTPAZA. B KOMIEKLNI COSPAISIOTES 05000 LEHHME AOHOPH
noTesLIX MpIHAKOS 1 Kowwepsecki pocrpedosane copra.  Koniexus nocrosio
TIONOIHAETC H, 5 HACTOALICE BpPeMS TPEGYET KOpPEKLIIt YCIOBIi CONepAHIS OGbeKTOS.

B OpEACTABCHHON PABOTE JLIOAEHb PEINABTTH IKCTIEDMENTOD BANAHI COCTABY
ITETCIHOT CPEbI 1 IEHOTHIA 1A TPOTOTAITEILHOCTS COXPAHCHIS 5 YCAOBIRX XIATOGAHKE
(4°C) copron sGao KasaxCTaCKoft 1 apyGekol cesext

e —

Pactemus Malus Domestica Borkh. Geuit coSpars s KOAIEKIIOHHBEX HaCAKIEHIEX 5G10HH
s Howonorueckow cary Kasaxcroro HUH n10100s0teso1cTsa. Bepxyuki pacresudi Aol 3
v crepums0natn 0.2% HeClad M. CTepiabbIe SKCTTANTH IOMEULATH 1A IHTATEABHYI0 Cpeay
Mypacire-Ciyra (MC), conepatuyio yasoernoe komiecrso NaFe EDTA, 1,5 wrfs suramia C.
250 e/ TOAMBHHIIPPATAOK, 2 M/ g, 0,5 Mr/a 6-Serunavinonypuia (BATI), 0,1
el o amacasmoR kucots (HMK)

Besenie n kyILTYpy 1 Vilr0 pACTENIS PAIMHOKATH A0 HEOBXOMIOO KOIECTSA Ha
cpene MC, conepsanefi 1,0 wrfa BATL 0.1 wris MK, 0,1 rix ru0epesonois kucaorst (K).
HeECTKIBAIH 5 BOSIYXONPOMMUAEMME NSTH CEXINONHbIE NaKETHI ALTA Ky IsTyp THGHI! (Star
PacBags, PhytoTechnology Laboratories, Shawnee Mission, Kansas) ¢ mirareasuofi cpenoit A
FPOBICHIIA SKCTIINCITTOR LA XAAAOKPANCHI, PACTCHIA B HAKETAX TIOMELLATI B KAIMEKINCPY.
W KYITUBIPORAIN B TeNeHe BYX HEAGL NP +23...+25°C Ha MTATEALHON CPeAe, KOTOPa
WenomayeTes s xpasers [10], 3Tex HDOROIILIN HIKOTEMIEPATYPHOE TAKAAMBANIE b TESeHE
nezet (8 4 ¢ ocsemeriiew, 23°C/16 4 8 TennoTe, 4°C), NOCIC HErO COXPONATI NPt MOCTOAMHOR
revnepatype 4°C, 10-1u wacomow doronepuone 1 ciaom ocsemen (10 umol m™s”) [10] wan
NDOBOMIAIE OKCIIEPINENTH 110 YCTAHOBIEHNIO MHTATEARHOT CPEN  NPOLTERIOWE  CpOK.
ooxpanenis

JLis OnpeneseNA COCTABY MMTATEALNOT CPN Ha AIOATOBEHHOCTL XpaHENIE YA
BNAHIC YTICBOTOR I 1 KOHICHTPAIINT peryaATOpos pocra pacrernti (PPP) u asora o cpexe MC.
Hcroumikasn Yr1es0108 smaaancs — 3% caxaposa, 2% want, 3% vanmur, 2% caxaposa + 2%
MAHHIT, UCTONHORON 4307 — COIN, COnepKaIE WrTpaT a30ta (NO3) ¢ KonuesTpaunei 100%,
S0%, 25%, waxawil sapuan Ghin ¢ wun Ges PPP. Hccrenosamm smiamie abcursosoil
KicaoToM(ABK) B Konuenpauit 0,1; 0,5,1.0 wr [

Kbl SKCTIEPUNEHT IDEACTARIAN COOOT PEAIOMIHPORIHYIO CXeny © 5 noSeranin urs
K070 renoTna (n = 5). CoCTORHE XPAHAULIXCH PACTEHII] OUEHHSAIIN KX 3 NECAIa 1o
ke 0T 0 10 5 Gai08, 10 BueeNy BIAY: | ~ PACTENHA KODIUHEBLIE, MECTaMN HeTHE; 2
PACTHIIA KETTO-KOPIHESHIE, 3 — PACTCHII STHOMPOBINHNE, ACTO-3enCHME, -pacTenI ¢
HEHAUNTENLHEN STHOTIPOBANNEN, SeleHbie, 5 — PACTEHIS ¢ SPKO-SCTeHBMN AHCTLAMI 1
CrebaMIn Pacrewia C pETfTIHTOM > 2 (13 5) OCTARIAIN HQ XPAHENIN €ile 3 MECALR, PACTERIA ©
peiimunron <2 wsmaexamn u nosTopro. paswnoxam [17]. flannsie Guun npoanammposais
ANOVA ¢ neperneii SYSTAT 13.2 (16)

PesyabTarh: necaeaosanmii

KOMMOH@HTE Cpeit BAUSIOT Ha IENIOAONIIEEK0R COCTORHNE 1 MOPHOAONIIG pactertl in
VO 1, KaK CIEICTBI, Ha IOAIOBEUHOCTS XpanenIs. Peakues pacrenlt criewupuua A71a passx
COPTOB 1 MOWET GbTH NOTORNTEISHOR Wt OTPHUATEABHO. OrpiUTERLHOE  BIAIC
NpoRRIAETCA KK HSIMLINES OGPAOBaMHE KAUIYCH M mossieHne Hexposa Kainye mapyuaer
TOCTYIIIHIE b PACTENHE ITETEASHbX BEUECTS, 470 BIEHET HHOEAS, & TAIKE NOAET IDHBOITE &
COMBKIONATLHOR SWEHIBOCTIH CopTa. Y COpTa BOSXOX KaIYCOODPASORMIE MPONCKOMIT Ha
cpese ¢ 3% caxaposolt o coueramun PPP i 1,0 wr/n ABK, y coptos Maxcar  Fomen /lemuec
TOTbKO B KONTPOIBHOM BapIANTE ¢ 3% Caxapo3of 1 PPP. Hexpos npisout K ruGen oderon

¥ copros Bocxon, Maxcar u Fonten Jlenuie x noawofi nexporusaunn pacrenii 1a
DAMHEN STANE XAAIOKPAHEHIS MPHBOIT 2 At 3% MAKHIT I €10 CONETaRHe ¢ PPP, rocse 3-6 vec.
XPAHEHIR PACTEHIA HOTHOCTEO TONGAOT
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OMTUMM3ALINS KAOHHPOABHMS
IN VITRO PA3AMUHBIX TEHOTMINOB SEAOHHM

Ha KA 3TN KACHANIOTO MHRPOPEHOKES PSCTENR OSEASITCS TENAHOCTH, TEKE
KA 12 CTEEUANSALNS, 500 PANMIOR NG 2HOHGALHOS PSS AWAPOPACTEs 3 TAOKE
BHOALS CRACAGHA PACTEH A 8 TTTeALOM AC. T1HCACTRS T30, HEYAMI WOTY TASECTH
€ Hekpay pacTEuL 3 WHOTAA 0 HGEA. YETELHOR MIKDOREIIAEIE RN M 01
HaCkoALROR: TS BRI BXTOPOS, A CHOBHA O W Ve, NS AOCTHXBHIE
BCOKOTD KOMDIUICHTA PEACXGIS TS 11 Vil SEANO COMABATL OMTMMIHE
VEAGR 3 KiEADM STANS KADHAALAOND AVRPOPRAMOXEN. B CTaTLe PSACTAABHM PEAMTATH
COBEpHTEORH TOCHENOTY AHaNHOTC ARPOpAHOK NS T K SCACHI A PSR
B
2% HaCT o wcrosmtpin 4 i B STon CAYaE KOAWISCTOO KETWRHTOS, TOCOBA PRTGHCEMPORaT.
Cocraaaaer'y copra fonses Aciuec 76%,y copra Bookaa 85, y copra MakeaT 75°%. Ay
S oAU SKCAASHO SAARTC cpeas MC, COASFACMHLAS ARG HIoE KOAWISCTEO XAATS KEAESS,
1,5 Mt suaunsa C, 250 A DOBRAIApRRNIAHS, 2 MITA VNS, 05 ATA BATL 0,1 Mk
VMK (o 707 porciepupyioiis noGeroe S6:0u). OTIMANHAS CPeAs 543 KAGHANHOTD
PO AIHPaNLHA 001083 MC, Conepuatia 1 OWrIA EATL, 01 uiin UMK, 0,1 i
KB oy i1 Viro aneact # PRaioKEIb 36 COpron 1 9 AOPaCTYL PO 36N,

KioHentie 083 KAOHAAICR MIKPORSHOAIE 1 VI, CEANBRNS, FTaTEALHSS CPesa,
st

Kabylbokova.Zh, ChukanovaN. 17 Turdiyey T,
Rymkhanova N4 Kovalchuk LY.
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activity was obtained after 9 days of cultivation under submerged
conditions at 28°C. The highest proteolytic activity (639 pmoles
‘Tyr/ml/min) was at 55°C and pH 8.0 of the reaction, at 37°C the
activity was 3 times lower. At pH 5.0 with both temperatures val-
ues, the activity was insignificant (94 and 72 moles Tyr/ml/min,
respectively). Maximum activities were detected when growing
the producer on a medium both mineral and amine nitrogen
sources (fish flour hydrolysate, peptone and sodium itrate) than
in the other media with another itrogen sources. Thus, proteases
of A. alliaceus 7dN1 showed the appreciable activity and can be
used in different industial field.

hitps://doi.org/10.1016/j biotec.2019.05.206

PP-APRI2-029

New cultivation methodology for production of
“Salinispora tropica” - bacteria with great
potential

2 Jezkova*, T. Branyik

Department of Biotechnology, University of
Chemistry and Technology Prague, Czech Republic

Microbial diversity in oceans constitutes a large and valuable
source of microorganisms for modern biotechnology. There are
‘numerous marine microorganisms being tested for their bioactive
substances. An interesting species is the marine bacteria “Salin-
ispora tropica”. It is a gram-positive bacteria classified by NCBI
to order “Actinomycetales™. In both vegetative and sporulation
stage it produces several secondary metabolites. This work was
mainly focused on the optimization of the cultivation method-
ology of the above-mentioned bacteria, especially the vegetative
stage of growth in which carotenoids are produced. Sioxanthin has
recently been identified as the major carotenoid, in which antiox-
idant activity is anticipated. The main objective was to optimize
the cultivation of the bacteria under laboratory conditions using
unbaffled and baffled flasks. The following parameters were opti-
‘mized: carbon and nitrogen sources, amount of sea salt, influence of
light intensity and cultivation temperature. The medium optimiza-
tion was evaluated based on biomass and carotenoid productivity.
Simultaneously there were developed extraction and quantifica-
tion methods of carotenoids. Biomass yield by 35% higher was
achieved in baffled flasks compared to growth of the cultured in
flasks without baffles. At an optimum temperature of 28°C, higher
biomass concentration (by 160%) was obtained, as compared to
cultivation at 23°C.

htps://doi.org/10.1016] biotec.2019.05.207

genotypes of fruit and berry crops

B. Kabylbekova ', T. TurdievZ, N. Chukanova’,
1 Kovalchuk !

1 Laboratory of Introduction and Gene Pool, Kazakh
Research Institute of Fruit & Vegetable Growing.
Almaty, Kazakhstan

2 Laboratory of Germplasm Cryopreservation,
Institute of Plant Biology and Biotechnology, Almaty,
Kazakhstan

It s important to create optimal conditions at each stage of
‘micropropagation to achieve a high multiplication coefficient of

plants. Experiments conducted have shown that apple shoots are
effectively sterilized with 02% HgCly at an exposure of 4min
(regeneration from75,0t085,0%). raspberry shoots with 0,1% HeCly
atan exposure of 5 min (regeneration from 68,3 to 80,0%). The best
‘medium for isolating explants is MS medium containing with a
‘modified composition for apple: 1.5mg/l of vitamin C, 250 mg/l
of polyvinylpyrrolidone, 0.5 mg/l of BAP. 0,1 mg/l of IBA; for rasp-
5 mg/IBAP,0,1 mg/1BA,0,2 mg/| GA.79,0% of regenerating
apple shoots and 80.0% of raspberry shoots were obtained with
such a composition of the nutrient medium. The optimal medium
for micropropagation of apple is the mineral basis of MS with a hor-
‘monal composition of 1.0me/l BAP. 0.1 mg/l IBA, 0,1 mg/l GA. For
raspberry - MS with 0.5 mg/l BAP, 0.1 mg/l IBA. The multiplication
coefficient of the cultivars ranged from 4 to 13 depending on the
genotype. 33 cultivars and § wild forms of apple and 11 cultivars
of raspberry are introduced into in vitro culture and propagated.

hitps://doi.org/10.1016/jbiotec 2019.05.208

PP-APR12-031

‘The effects of tomato and pepper peel
carotenoids on thermal stability of sunflower

CN.Predescu’, L llie?, M. Georgescu?,
S.Raita', M.O. Ghimpeteanu?

1 Department of Preclinical Sciences, University of
Agronomic Sciences and Veterinary Medicine of
Bucharest, Romania

2 Department of Animal Production and Public
Health, University of Agronomic Sciences and
Veterinary Medicine of Bucharest, Romania

During thermal processing of oils, oxidative lipid degrada-
tion occur which determine the deterioration of its nutritional
value. The objective of this study was to investigate the effect
of carotenoids extracted from tomato and red pepper peels on
sunflower oil, comparatively with synthetic antioxidant alpha-
tocopherol positive control) and untreated oil (negative control)
‘The carotenoids and alpha-tocopherol were added in sunflower oil
in concentrations 50, 100, and 150 ppm. Conjugated dienes (CD),
conjugated trienes (CT), hydroperoxides (HP), and thiobarbituric
acid reactive substances (TBARS) were assayed. The highest stabil-
ity was found in oil samples treated with carotenoids extracted
from tomatoes peels. In all oil samples CD, CT and HP levels
increased after exposure for 30 min at 200°C, but the highest val-
ues were found in negative control. For each sample TBARS value
increased and decreased by different patterns. The average TBARS
Values for the samples treated with carotenoids were significantly
lower than the ones found in the negative and positive control
samples (p<0.05). The addition of natural carotenoid in sunflower
oil, subject to thermal degradation was more effective in reduc-
ing of the oxidative processes than the synthetic antioxidant. The
tomato peels carotenoids exhibited higher antioxidant properties,
comparatively with red pepper peels carotenoids.

https://doi.org/10.1016j jbiotec.2019.05.209
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twice before suitable for transplantation with thawed skin. The condition
of skin survival, infection rate and secondary operation was recorded with
an average follow-up time of 6 months. Results: Complete skin survival
was observed in 3 cases without infection or other complications. Partial
skin survival in 10 cases without infection, autologous skin transplantation
or skin flap were used to repair the remaining wound. Skin necrosis with
severe infection was detected in 2 cases repaired with debridement and
skin flap. Conclusion: With better survival rate, low infection rate and
damage to the skin donor site, cryopreserved skin for transplantation can
be recommended for hand and foot degloving injury.

Source of Funding: Not applicable

Conflict of Interest: None to disclose

s24
WHY HAVE A CRYOBANK? THE VALUE OF CRYOPRESERVED SAMPLES
TO HUMANITY

Barbara Reed. Retired, US. Department of Agriculture and Oregon State
University, United States
E-mail address: reedba@onid.oregonstate.edu

‘The collection and storage of economically important plants is an age old
concept. Plants with special and desired features were treasured and
‘maintained initially by farmers and later by governments. Seed storage for
many crops is relatively straight forward, requiring drying and cold stor-
age; however clonally propagated crops are much more difficult to store
long term. Today we have the option of storing many of these important
plants in cryobanks to secure them for the long term. Cryobanks provide
the only option for long-term storage of vegetatively propagated plants
and for seeds that can not be dried for storage. Developing facilities and
protocols for long-term storage requires consideration of many factors. The
questions of where to store, what to store, and how to pay for it are all part
of the storage equation. As with any large undertaking, the overarching
question is: what is the value of a cryobank? This presentation will explore
the value of cryopreserved samples and the costs of implementing and
storing plants. The costs of not maintaining a long-term storage collection
will also be examined.

Source of Funding: Not applicable

Conflict of Interest: None to disclose

525
CRYOBANKING CLONALLY PROPAGATED PLANTS IN KAZAKHSTAN: 15-
'YEAR EXPERIENCE

Svetlana Kushnarenko ", Irina Kovalchuk?, Timur Turdiev’, Natalya
Romadanova’, Barbara Reed®. 'Institute of Plant Biology and
Biotechnology, Russian Federation; 2Institute of Plant Biology and
Biotechnology, Kazakhstan; * Retired, US. Department of Agriculture and
Oregon State University, United States

E-mail address: svetlana_bio@mail.ru (S. Kushnarenko).

Efforts to establish a cryopreserved gene bank for vegetatively propagated
crops began only in the current century. Development of infrastructure,
training staff and determining methods suitable for specific crops were all
recently initiated. An important point to achieving success in the cryobank
organizing was the assistance of the International Science and Technology
Center (ISTC), which was expressed not only in the financial support of the
research, but also in methodology of cryopreservation. At present, the only
cryogenic bank for vegetative plants in Kazakhstan contains 660 germ-
plasm accessions. This cryogenic collection consists of cultivars, rootstocks
and wild forms of apple, cultivars and wild forms of pear, raspberry, black
currant, strawberry, barberry and potato. The accessions are stored in
various ways: as shoot tips isolated from in vitro-grown shoots, dormant
vegetative buds and seeds for wild species. A widely applicable cryopres-
ervation protocol based on PVS2 vitrification was developed for shoot tips
that could be applied with small modifications to diverse germplasm,
including fruit and small fruit crops and potato. Some of the most valuable
accessions in the cryogenic bank are rare wild species listed in the Red
Book of Kazakhstan: relict endemic species Malus sieversii (Ledeb.) M.
Roem. and Malus niedzwetzkyana Dieck. whose populations are
decreasing; endemic threatened species Berberis iliensis M. Pop. and

Lonicera iliensis Pojark., and Pyrus regelii Rehd. In our recent studies,
cryotherapy has been used for efficient virus elimination from shoot tips
and pathogen-free apple and potato accessions were obtained and cry-
opreserved in the cryobank.

Source of Funding: Not applicable

Conflict of Interest: None to disclose

526
CRYOPRESERVATION PART OF THE CONSERVATION STRATEGY FOR
FRUIT GENETIC RESOURCES IN GERMANY

Monika Hofer', Magda-Viola Hanke. Julius Kithn-Institute, Federal Research
Centre for Cultivated Plants, Institute for Breeding Research on Fruit Crops,
Germany

E-mail address: monika.hoefer@julius-kuehn.de (M. Hofer).

Most temperate fruit species are genetically heterozygous and vegetatively
propagated. Primary collections of fruit genetic resources in Germany are
maintained as active collections in the field, ie. as potted plants in Fragaria
and trees in pome and stone fruit species. The objective of this study was to
develop an efficient and safe conservation strategy taking into consider-
ation the cryopreservation. Fruit tree cultivars can easily be duplicated as
field collections at a second site in the frame of the German Fruit Gene-
bank; a decentralised fruit specific network (http://www.deutsche-
genbank-obst.de). The strawberry cultivars are an exception to the
multi-genebank duplication plan because only two field collections exist in
the network of the German strawberry genebank. In addition wild species
accessions on the various fruit species, with special emphasis of Malus and
Fragaria, are held exclusively in the Fruit Genebank of the Institute for
Breeding Research on Fruit Crops Dresden. Based on the experimental
results a combination of the traditional ex situ conservation approach and
of the cryopreservation approach will be presented as a great potential to
improve conservation of fruit genetic resources. Using a highly repro-
ducible and effective protocol of vitrification in combination with 14-
d alternating cold acclimation a long-term cryopreservation was initiated
for 194 Fragaria genotypes, including cultivars and wild species accessions,
‘with an average regrowth of 86 %. The cryobank of cultivars represents the
third part of the German strawberry genebank to fulfil the conservation
strategy. In Malus, the general protocol and the handling details of cryo-
preservation based on dormant winter buds were adapted for the five
steps: collection of buds, desiccation, cryopreservation, rewarmingrehy-
dration and grafting. Further on the method will be used for managing the
duplicate collection for Malus wild species at the Dresden location as a
space and cost efficient method compared to a second field collection.
Source of Funding: Not applicable

Conflict of Interest: None to disclose

527
CCRYOBANKING VEGETATIVE CROPS IN NATIONAL CROP GENEBANK OF
CHINA

Zhang Jinmei, Bin Huang’, Xia Xin', Guangkun Yin', Juanjuan
He', Xinxiong Lu’, Xiaolin Chen ", " Institute of Crop Sciences, Chinese
Academy of Agricultural Sciences, China; > Fujian Agriculture and Forestry
University, China

E-mail address: chen:

ling@caas.cn (X. Chen).

‘The National Crop Genebank of China was built in 1986. The missions of the
National Genebank of China are to safe conserve crop germplasm resources
and to share information with breeders and researchers. Ten years ago we
started in vitro conservation and cryopreservation work for vegetatively
propagated crops. Until now, 150 accessions of germplasm resources,
belonging to 18 crops were cryopreserved, using shoot tips, dormant buds/
twigs, or pollen. For the implementation of cryopreservation and cryobank
when it was newly established, based on previous experiments and our
experience, there are many things that should be taken into account. They
involved the numbers of cryotanks, developments of cryopreservation
techniques for different crops, tissue culture problems, contaminations
during recovery culture after cryopreservation, potential explosion of
cryovials after cryoexposure, feasible innovative and rapid methods to
assess post cryopreservation viability, intraspecific and interspecific
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�Times New Roman – 12 пт, через 1,5 интервала, нумерация сквозная, включая приложения, в центре нижней части, без точки





Поля: левое – 30 мм, правое – 15 мм, верхнее и нижнее – 20 мм. Абзацный отступ должен быть одинаковым по всему тексту отчета – 1, 25 см





Подписи – синий цвет








�Если убрать публикации, то этот абзац оставить.


�Нужно ли это в реферате??? 





�(с новой стр.)





�(с новой стр.)





�(Этот структурный элемент отчета также не обязателен и на усмотрение руководителя НИР)





Допускается определения, обозначения и сокращения приводить в одном структурном элементе «ОПРЕДЕЛЕНИЯ, ОБОЗНАЧЕНИЯ И СОКРАЩЕНИЯ»








�(с новой стр.)


�(с новой стр.)





�Разделы основной части (это 1,2,3) начинают с новой стр. и печатают полужирным шрифтом


Подразделы не надо с новой стр.  и печатают полужирным шрифтом, например











� Добавить


�(В приложении А приведено описание сортов яблони).





�Можно сократить





�Regeneration


Golden Delicious Voskhod  Maksat


min


�+ добавить другие сорта


�Или Можно сократить, но написать в строчку результаты


�Можно сократить


�Можно сократить, но написать в строчку результаты


�





Maksat


Rating (point, mm, unit)


Golden Delicious-medium


Maksat-medium


Voskhod-medium


Generalized medium


MS medium


General state


Shoots lengths


Number of shoots


�





Voskhod


Rating (point, mm, unit)


Golden Delicious-medium


Maksat-medium


Voskhod-medium


Generalized medium


MS medium


General state


Shoots lengths


Number of shoots





�(с новой стр.)





�(с новой стр.)


�С абзацного отступа без точки после цифры
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Диаграмма1

		'Голден Делишес'		'Голден Делишес'		'Голден Делишес'		'Голден Делишес'		'Голден Делишес'		'Голден Делишес'		'Голден Делишес'

		'Восход'		'Восход'		'Восход'		'Восход'		'Восход'		'Восход'		'Восход'

		'Максат'		'Максат'		'Максат'		'Максат'		'Максат'		'Максат'		'Максат'



Domestos +H20 2:1, 8 мин

Domestos +H20 2:1, 9 мин

Domestos +H20 1:5, 20 мин

HgCl2 0,1%, 10 мин

HgCl2 0,1%, 5 мин

HgCl2 0,1%, 6 мин, 3% Н2О2 15 мин

HgCl2 0,2%, 4 мин

Регенерация, %

25

35

65

60

15

75

76

25

35

65

35

15

75

85

15

20

75

50

30

70

75



Лист1

		Столбец1		Domestos +H20 2:1, 8 мин		Domestos +H20 2:1, 9 мин		Domestos +H20 1:5, 20 мин		HgCl2 0,1%, 10 мин		HgCl2 0,1%, 5 мин		HgCl2 0,1%, 6 мин, 3% Н2О2 15 мин		HgCl2 0,2%, 4 мин

		'Голден Делишес'		25		35		65		60		15		75		76

		'Восход'		25		35		65		35		15		75		85

		'Максат'		15		20		75		50		30		70		75

		Кв. 4		1.2

				Для изменения диапазона данных диаграммы перетащите правый нижний угол диапазона.






