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SUMMARY

Report 75 pages, 1 book, 6 figures, 15 tables, 35 sources, 7 appendices.
APPLE, VARIETIES, INTRODUCTION, DOMATION, COPULATION, AGROTECHNICS, PHENOLOGY, HABITUS, PRODUCTIVITY, WATER CONTENT, WATER RETENTION CAPACITY, TRANSPIRATION, HEAT RESISTANCE, ORGANIC ACIDS, VITAMINS
 In accordance with the calendar plan, work continued in 2020 to identify the most optimal breeding methods and agricultural techniques for growing introduced species, studying their growth and development, biometric and physiological parameters, as well as biochemical assessment of fruits (content of organic acids, sugars and vitamins). Along with this, a generalization and analysis of the materials of three-year observations was carried out, conclusions were done, recommendations were given on the cultivation and maintenance of apple varieties in local conditions.  
The goal of the project is a comparative study of the introduced apple varieties, the selection and reproduction of the most stable and productive in local conditions to solve the food security problems of the region's population.
Project objectives for 2020: 1. Identification of the most optimal ways and methods of reproduction and agrotechnical cultivation of foreign varieties of apple trees; 2. Study of biometric, physiological parameters and biochemical assessment of the fruits of introduced apple varieties. In the process of research, the following was revealed: a high degree of variation of phenological date over the years of observation; decrease in habit and average growth of shoots, average weight of fruits and productivity; acceleration of ontogenetic development; a regular decrease in the water content of shoots and leaves, water retention capacity and heat resistance in seasonal dynamics; differences between varieties in the content of organic acids, sugars and vitamins. By the combination of useful properties - productivity, stability, early maturity, fruit quality, the most promising varieties have been identified: Zolotoe prevoshodnoe, Renet Burkhardta, Stolovka, Askar. The optimal terms and methods for the propagation of apple varieties by grafting have been identified, and agricultural techniques for growing and keeping apple trees in local conditions have been developed. In 2020, 4 articles were published (2 of them - in the international scientific resource Scopus), recommendations for growing apple trees in Mangystau (30 pages) were developed and submitted to the press, the monograph “Introduction of apple varieties into arid conditions of Mangystau” was prepared for publication (102 pp., 11 chapters, 23 tables, 20 figures, bibliography - 60 titles).
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INTRODUCTION

The problem of ensuring food security is extremely relevant for Kazakhstan, as well as for many other countries of the world. In our conditions, taking into account the aridity of the region, most of all food is imported. Nevertheless, as historical experience shows, there are territories suitable for growing fruit plants, including apple trees, which makes it possible to diversify the diet of the local population with fresh fruits, as has already been done with melons. The production of varietal planting material of fruit plants is also relevant, since at present there are no producers of varietal seedlings of apple trees and other fruit crops in the region. 
The project provides for the introduction of promising foreign varieties of apple trees for introduction into cultivation in arid regions of Western Kazakhstan.
The main idea of this project is to determine, through a comparative study of phenology, growth dynamics, physiological and biochemical parameters, apple tree varieties that are promising for arid regions of Western Kazakhstan, the development of agricultural techniques for reproduction and cultivation of resistant and most productive varieties, as well as recommendations for their content. 
The aim of the project is a comparative study of the introduced apple tree varieties, the selection and reproduction of the most stable and productive in local conditions to solve the problems of food security of the region's population.
Project tasks:
1. Compilation of a list of foreign varieties of apple trees on the basis of generalization and comparative analysis of materials of long-term research and observations.
2. Reconstruction and replenishment of new varieties of apple tree collection.
3. Identification of the most optimal ways and methods of reproduction and agrotechnical cultivation of foreign varieties of apple trees. Processing and analysis of the results obtained.
4. Study of biometric, physiological parameters and biochemical assessment of fruits of introduced varieties of apple trees.
5. Preparation for printing and publication of books, recommendations and scientific articles.
During the first 2 years of the project implementation (2018 - 2019), the following results were achieved:
- an inventory of varietal apple trees on the territory of the Garden was carried out (28 varieties aged from 2 to 13 years on a total area of 0.51 hectares); - the average phenological dates of apple tree varieties for the previous period (6 years) were established, the differences between the studied varieties by the timing of the phenological phases; 
- there was a high variability in the timing of the onset of the phases of growth and development of apple tree varieties over the years of observation;
- the periods of the most intensive growth of shoots have been established;
- a survey of apple orchards of the Mangistau region was carried out, which revealed the predominance of young plantations in 2010 - 2017;
- a preliminary list of 20 foreign-regional varieties promising for arid conditions in Western Kazakhstan has been compiled, 20 previously introduced varieties have also been entered into the Garden database;
- a comparative determination of the average habit and growth of shoots of 10 varieties was carried out, the features of biology were revealed (acceleration of ontogenetic development, early maturity, productivity, average weight of fruits);
- the determination of the water regime and heat resistance of 10 introduced varieties was carried out, as well as the determination of the content of organic acids and sugars in the fruits of 10 apple tree varieties.
This report for 2020 is the final one of the previous two interim reports for 2018 (Inventory No. 0219RK00936) and 2019 (Inventory No. 0218RK00734).



















MAIN PART

1 Features of natural conditions

The Mangistau region is located in the extreme south-west of Kazakhstan, the climate is characterized by a sharp continentality, short, little snowy winters and hot, long summers. The average annual air temperature is 10.5-11.5 ° C, the absolute annual minimum is (-30 °), the maximum is (+ 45 °). The duration of the frost-free period is 190-215 days a year [1]. Average annual precipitation is 120-160 mm. 
There is practically no snow cover in winter. 
In the cold season, the winds of the eastern and southeastern directions prevail. In the summer, the winds of the north and the points adjacent to it blow. Their average annual speed is 4.6 m/s, the maximum is 30 m/s. Dust storms are observed at a speed of more than 10-12 m / s.
High air temperatures, low precipitation, constant winds lead to an excess of moisture evaporation over precipitation by 10-13 times. The average annual relative humidity is 54-67%, in the cold season - 66-80%, in June-August - 30-62%. On hot dry days, the relative humidity drops to 3-10%. 
	Soil-forming rocks have common features: salinity, high carbonate content, gypsum content. Mangystau region is located at the junction of two soil subzones - brown and gray-brown soils. The soils are distinguished by close underlayment (from a depth of 0.5-1.0 m) of dense Sarmatian limestones. They are also characterized by widespread salinity [2]. 
	The soils of the Mangyshlak Experimental Botanical Garden Station are classified as brown saline soils. In terms of texture, these are light and medium loams. The parent rock is Sarmatian limestone, it occurs unevenly - from 1.5 to 5-6 m and deeper. The soil is poor in nutrients important for plants - nitrogen and phosphorus. The humus in the upper horizons contains about 1%. The ratio of carbon to total nitrogen is 8. 
The ratio between humic and fulvic acids is less than one [2]. To prevent secondary salinization processes during irrigation, horizontal drainage was built. The practice of irrigated agriculture shows that any method of irrigation leads to significant changes in the soil reclamation state due to the activation of microbiological and agrochemical processes [3]. Due to the leaching irrigation regime on the territory of the botanical garden with plantings of varietal apple trees, the soil was washed from salts, the salt content in the meter layer of the soil decreased by 2–3 times, the soils passed from the category of medium saline to non-saline [3]. The reporting year 2020 was distinguished by mild, warm winters, the average temperature in January and February (the coldest months) was positive (+ 0.95– + 4.4°С in January and +1.65 - + 6.3°С in February), the minimum did not fall below -6°C in January and -100C in February (short-term), meteorological data for 2018 - 2020 are presented in Appendix A, Table A.1. Since March, freezing temperatures have not been observed (in the first decade - 0°С). In April, the air temperature continued to increase, the maximum - up to +21°С. Precipitation was observed in I (7.6 mm) and III (1.0 mm) decades of April. 
In May, hot weather set in, especially in the third decade (up to +32°С, no precipitation). The average temperature in May was +15.2 - +21.95°C, precipitation fell (I decade - 9.0 mm, II decade –14.0 mm), i.e. in the first half of May, the weather conditions were quite comfortable for plants, but already from the third decade, very hot dry weather, unfavorable for plants, began. June and July were characterized by extremely high air temperatures (from +36 to + 40°C in June and from +37 to 40°C in July). June was a drier and windy period, with little precipitation in the silt (in the 2nd - 3rd decade). 
In August, the air temperature dropped slightly (up to 30 - 33°C), there was a large amount of precipitation for local conditions (I decade - 7.7 mm; II decade - 5.6 mm; III decade - 3.6 mm). Strong winds (from 5 to 10 m/s) were noted for 20 days during the month. In September, the air temperature continued to decrease, but remained quite high, especially in the first and third decades of September (maximum - 32 and 27°C, respectively) (see Appendix A, Table A.1). 	 
             Thus, 2020 year was characterized by a rather mild winter, warm dry spring and a sharp increase in air temperature already in the third decade of May. June and July were extremely hot, and in August there was a slight decrease in air temperature and a large amount of precipitation, which is not typical for local natural conditions. In September, the air temperature continued to decrease, but remained quite high, especially in the first and third decades, precipitation was practically absent. 











2 Materials and research methods  

The research material in the reporting year were introduced apple tree varieties. The study of the rhythms of seasonal development and the prospects of varieties was carried out according to the "Methodology of introduction research in Kazakhstan" [4] and the method of "Integral assessment of the prospects of introduced plants" by P.I. Lapin and S.V. Sidneva [5]. Evaluation of the yield and quality of fruits, the timing of entering the generative phase was carried out according to the "Methodological guidelines for the establishment of experiments with fruit crops and grapes in the Kazakh SSR" [6] and "Field experiments with fruit trees" [7]. 
The study of the winter resistance of fruit, the determination of the water content of the leaves in the summer and annual shoots in the winter were carried out according to the "Program and methodology for the study of varieties of fruit, berry and nut crops" [8]. 
The total water content of annual shoots and leaves and the water-retention capacity of leaves were determined by drying them to constant weight at a temperature of 100-105°C, the intensity of transpiration was determined according to A.A. Ivanov [9], heat resistance - according to F.F. Matskov [10]. Measurements to determine the water content of leaves, water retention capacity and transpiration were carried out in 5 varieties twice a month, from May to September. Heat resistance was determined in 5 varieties once a month from June to August. 
The degree of resistance to diseases and pests was determined on a 5-point scale by visual assessment of damage in 10 trees of each variety. Determination of the species diversity of pathogens and pests was carried out according to the relevant reference literature [11]. 
Determination of biologically active substances in apple tree fruits (acids and sugars) was carried out according to Muzychkina [12], using the methodological developments of Burasheva [13]. The content of acids and carbohydrates was determined by capillary electrophoresis (Kapel 105R system, NPF Lumex, Russia). In 2020, the main attention was paid to the study of the content of sugars, titratable acids, ascorbic acid and P-active substances in fruits. 
The determination of sugars was carried out by the Bertrand method, titratable acids (total acidity) by titration of extracts with a decinormal solution of sodium hydroxide, ascorbic acid by the iodometric method, and P-active substances by the colorimetric method [14, 15]. To obtain quantitative characteristics, 30 measurements of each indicator were selected, statistical processing of the results was carried out according to the method of G.F. Lakin [16] and N.L. Udolskaya [17], using also the statistical software package Statgraphics Centurion XVI.I (2011). 
         	


3 Issue study status

The introduction of the apple tree genus (Malus Mill.) in the Mangyshlak Experimental Botanical Garden began in 1973 and was carried out by the method of generic complexes for their comparative ecological and biological study and identification of the most resistant species, varieties and forms. During a 40 - year period, 33 species and forms of apple trees were tested, representing 6 botanical sections of the genus. The garden's collection is dominated by species from East and South-East Asia, belonging to the section of berry and rowan-like apple trees. 
The Central Asian and Euro-Caucasian species from the section Eumalus (real apple trees) are represented fairly well in the collection [18, 19].
The rhythms of growth and development of apple tree species, peculiarities of their water regime, heat resistance, spread of root systems in saline soil, resistance to pests and diseases were studied [20 - 22].
Varietal apple trees have been introduced on a regular basis since 2006, based on the experience of successful introductions of apple tree species. The collection currently contains 39 species and 33 varieties of apple trees. 
         	On the whole, in terms of the start and end of shoot growth, varietal apple trees belong to the group with an average start of growth and late completion of growth (SP) [23]. Longer shoot growth is usually typical for young plants with abundant watering [24]. In local conditions, the heat resistance of the apple tree is of great importance. 
We found that the heat resistance of 9 apple tree species is quite high, for example, damage to the leaf blade of a 6-year-old Malus sieversii began at a temperature of 53°C, the temperature of lethal damage to a leaf was 57°C [25]. Malus sieversii was also characterized by a stable water content and a relatively high water-holding capacity of the leaves during the entire growing season [26], which allows us to assume rather high heat resistance and water content of leaves in apple varieties grafted on the Sievers apple tree, especially in Kazakhstan varieties created on the basis of Malus sieversii [27]. 
We also studied the root system of 5 apple tree species at the age from one to 4 years [28]. It was revealed that the root system is superficial, broadly spreading, with a high degree of branching. The bulk of the roots is located at a depth of 50-60 cm. Due to the correlation between the aboveground and underground parts of the fruit tree, one should expect the low growth of the apple tree in our conditions. Indeed, in areas with deep bedding of rocks (up to 5 - 6 m), the height of apple trees increases significantly [29]. 
Thus, the specific natural conditions of the deserts of Western Kazakhstan leave a deep imprint on the process of ontogenesis of introduced species, which was noted at the very beginning of the introduction studies in Mangyshlak. 
	During studying an apple tree, much attention is usually paid to frost resistance and winter resistance, but in local conditions, when from 2010 to 2019, temperatures below 0°C were recorded only in December - February, freezing of apple varieties did not occur.
It has been established that apple tree species and varieties in Mangyshlak can be affected by powdery mildew (Podosphaera leucotricha Salm.), Apple moth (Cydia pomonella), scale insects (Diaspidiotus perniciosus Comst.), sometimes scab (Fusicladium dendriticum) [21,22]. Subject to the recommended preventive measures [30], no significant damage by pests and diseases was observed.  



































4 Research results

4.1 Identification of the most optimal and effective methods of reproduction and agrotechnical cultivation of foreign varieties of apple trees. Processing and analysis of the obtained results

4.1.1 Agrotechnical care of attracted apple tree varieties

Since the beginning of the introduction research of apple tree varieties to the present, 33 varieties have been involved, which are presented in Appendix B (Table B.1). Earlier than others, in 2006-2007, varieties such as Voskhod, Stolovka, Kornel Red, Zailiyskoe krupnoplodnoe, Zailiyskoe sredneplodnoe, Zailiyskoe letnee, Dzhungarskoe zheltoe were attracted. In 2010, 11 varieties were attracted and planted on the same site, with which research work was carried out on this grant topic: Askar, Asya, Voskhod, Zailiyskoe, Zolotoe prevoshodnoe, Kandil-sinap, Mantet, Renet Burkhardta, Saltanat, Stoolovka, Florina. In 2012 - 2013, both those already in the collection and new varieties were attracted: Granny Smith, Zimnee Plesetskogo, Askar, Asya and others. From 2017 to 2019, new varieties such as Aidared, Red Melba, Starka, Stark Erliest, Pestrushka, Rumyanka, Zarya Alatau, etc. were attracted. 
For the successful cultivation of varieties, a special agricultural technique was used: during planting in a permanent place, the compacted or saline top layer of soil was removed, planting pits 1.5x2.0 m in size and 1 m deep were filled with a mixture of non-saline sandy soil with manure and sawdust. 
The landing pattern is 5x3 meters. Watering was carried out in near-stem circles from 20 to 25 times during the growing season, the irrigation rate was 45 - 46 l/m2 (450 - 460 m3 ha). Agrotechnical care of the attracted apple tree varieties consisted in regular watering, fertilizing, adding manure and sawdust to near-trunk circles, weeding of near-trunk circles and row spacings, treatment against diseases and pests. The timing of agrotechnical measures for the attracted apple tree varieties in 2020 are presented in Table 1. 
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Table 1 – Agrotechnical care of apple tree varieties

	Name of the agricultural event
	Dates  (monthly and ten days)

	
	January
	February
	Маrch
	Аpril
	Маy
	June
	July
	August
	September
	October
	November
	December

	Weeding
	I-III
	
	
	
	
	II-III
	I
	II
	II
	
	
	

	Digging of trunk circles
	
	I-III
	
	
	
	
	
	
	
	III
	
	

	Whitewashing of trunks
	
	
	II
	
	
	
	
	
	
	
	II
	

	Fertilization
	organic
	
	
	
	I-II
	
	
	
	
	
	
	I-III
	

	
	inorganic
	
	
	
	
	I
	
	
	
	
	II
	
	

	Top dressing Ferticare Коmbi (NPK)
	
	
	
	
	I
	
	I
	
	
	
	
	

	 (
13
)Watering adults plants
	timing
	
	
	
	II-III
	I-II-III
	I-II-III
	I-II-III
	I-II-III
	I-II-III
	
	
	

	
	frequency
	
	
	
	5
	10
	12
	13
	13
	10
	
	
	

	Watering seedlings
	
	
	
	II-III
	I-II-III
	I-II-III
	I-II-III
	I-II-III
	I-II-III
	
	
	

	Moisture charging irrigation
	
	
	
	
	
	
	
	
	
	I
	
	

	Disease and pest control (insecticides Karbofos; Маlation 10%;  bordeaux liquid; Bi-58)
	
	
	I-III


bordeaux liquid
	I-II


insecticides
	I


Bi-58
	I


insecticides
	
	
	II-III


bordeaux liquid
	
	
	

	Collecting the carrion
	
	
	
	
	
	
	III
	II - III
	I - II
	
	
	

	Shelter trunks for the winter
	
	
	
	
	
	
	
	
	
	
	III
	I



4.1.2 Results of phenological observations of apple tree varieties

The results of observations of the timing of the passage of the main phases of the growing season in 2020 are presented in Table 2. Swelling of the buds was observed in all varieties in the second half of March (17-30.03). Expansion (blooming) of the buds in the reporting year began in late March (30 - 31.03) - early April (01 - 04.04). The phase of separation of leaves in all varieties took place from March 27 (Askar, Voskhod, Kandil - sinap) to April 18 (Red Melba). Earlier it was revealed that the timing of the onset of the phases of development of fruit trees (phenological phases) does not differ significantly between the studied varieties, but varies greatly depending on the weather conditions of a particular year of observation. From the observations of 2019, it became obvious that the timing of the phenological phases also depends on the age of the fruit tree and the place of planting varieties. Varieties of the same age, planted on the same plot, do not differ significantly in terms of the timing of the developmental phases in seasonal dynamics (no more than 1-3 days). A similar pattern is observed for other phases of the seasonal development of the fruit tree. The start of shoot growth was noted from 23.04 to 05.05, an early start to shoot growth was noted in varieties Zailiyskoye, Kandil-sinap, Zolotoe prevoshodnoe, somewhat later (from 26 to 28.04) in varieties Mantet, Cornel Red, Askar, Voskhod, Saltanat, Florina and others. Shoot growth was completed in June or early July (Dzhungarskoe zheltoe, Zailiyskoe, Zolotoe prevoshodnoe, Saltanat, Florina, etc.). The growth dynamics of shoots of 10 varieties is presented in Table 3. As can be seen from Table 3, the growth of shoots in most varieties ended on June 16 - 23, growth continued longer than others in Askar, Zailiyskoye, Zolotoe prevoshodnoe, Saltanat varieties. The duration of shoot growth in the reporting year ranged from 39 days (Aidared) to 68 days (Zailiyskoe sredneplodnoe, Florina). Budding was recorded in the reporting year from 10.04 (Zailiyskoe) to 24.04 (Cornel Red). An early start of budding was also observed in varieties Zolotoe prevoshodnoe, Florina, Aidared - 11–12.04, later - in varieties Askar, Kandil-sinap, Renet Burkhardta (19–20.04). The beginning of flowering was observed from 04.16 (Golden excellent) to 04.28 (Cornel Red), i.e. the spread of phenological dates was up to 12 days, the average time of the beginning of flowering was 20 - 23.04. For most varieties, flowering ended in early May (01.05 - 05.05). In most varieties, flowering lasted for 8 to 10 days. The flowering of Zailiyskoe variety continued up to 17 days. Fruit ripening was observed from July to September, depending on the biological characteristics of the varieties.
Table 4 presents the biometric characteristics of 11 varieties of fruits, their productivity and yield in 2020. 

Таble  2  – Main phenological dates of introduced apple varieties in 2020 

	Variety name
	Register.
number
	Dissolving buds
	Shoot growth
	Emergence of leaves
	The appea-rance of buds
	Flowering 
	Fruiting
	Lignification
	Colo-ring the leaves
	Defo-liation

	
	
	Pch1
	Pch2
	Pb1
	Pb2
	L1
	L2
	L3
	Ts3
	Ts 4
	Ts 5
	Pl 2
	Pl 3
	Pl4
	О1
	О2
	L4
	L5

	Aidared
	234/16
	29.03
	03.04
	02.05
	10.06
	10.04
	14.04
	20.04
	12.04
	20.04
	30.04
	03.05
	10.06
	18.07
	20.06
	20.07
	20.10
	18.11

	Аskar
	11/10
	19.03
	30.03
	28.04
	25.06
	27.03
	09.04
	26.04
	20.04
	25.04
	05.05
	04.06
	17.08
	03.09
	28.07
	13.08
	18.10
	22.11

	Аsya
	08/10
	20.03
	01.04
	29.04
	15.06
	30.03
	09.04
	24.04
	15.04
	26.04
	04.05
	02.06
	17.08
	28.08
	28.07
	10.08
	16.10
	20.11

	Voskhod
	10/10
	20.03
	30.03
	28.04
	25.06
	27.03
	06.04
	20.04
	16.04
	23.04
	01.05
	02.06
	10.08
	10.09
	01.08
	16.08
	16.10
	22.11

	Grenny Smit
	49/12
	21.03
	30.03
	29.04
	21.06
	28.03
	09.04
	21.04
	16.04
	20.04
	28.04
	03.06
	20.08
	06.09
	28.07
	13.08
	15.10
	24.11

	Dzhungarskoe zheltoe 
	303/07
	21.03
	01.04
	30.04
	03.07
	30.03
	10.04
	24.04
	15.04
	20.04
	30.04
	05.06
	18.08
	02.09
	25.07
	14.08
	17.10
	
18.11

	Zailiyskoe
	01/10
	17.03
	01.04
	24.04
	03.07
	30.03
	08.04
	25.04
	10.04
	17.04
	04.05
	04.06
	16.08
	01.09
	30.07
	10.08
	21.10
	20.11

	 (
15
)Zailiyskoe krupnoplodnoe 
	306/07
	20.03
	30.03
	26.04
	28.06
	28.03
	09.04
	26.04
	16.04
	20.04
	02.05
	04.06
	20.08
	06.09
	25.07
	13.08
	17.10
	18.11

	letnee
	307/07
	21.03
	30.03
	30.04
	04.07
	28.03
	09.04
	20.04
	15.04
	21.04
	29.04
	01.06
	20.08
	06.09
	25.07
	12.08
	20.10
	22.11

	Zailiyskoe sredneplodnoe
	304/07
	22.03
	01.04
	28.04
	04.07
	29.03
	10.04
	29.04
	16.04
	21.04
	30.04
	01.06
	18.08
	02.09
	27.07
	12.08
	16.10
	20.11

	Zolotoe prevoshodnoe
	02/10
	18.03
	01.04
	24.04
	06.07
	30.03
	10.04
	26.04
	11.04
	16.04
	04.05
	04.06
	10.08
	30.08
	30.07
	10.08
	18.10
	  21.11

	Kandil-sinap
	05/10
	17.03
	31.03
	23.04
	27.06
	27.03
	06.04
	23.04
	20.04
	23.04
	05.05
	05.06
	16.08
	26.08
	31.07
	10.08
	18.10
	17.11

	Kornel Red
	136/06
	22.03
	02.04
	29.04
	27.06
	31.03
	10.04
	27.04
	24.04
	28.04
	04.05
	03.06
	20.08
	06.09
	25.07
	13.08
	20.10
	18.11

	Маntet
	03/10
	22.03
	31.03
	28.04
	25.06
	29.03
	10.04
	24.04
	18.04
	27.04
	04.05
	30.05
	26.07
	10.08
	01.08
	13.08
	15.10
	 17.11

	Pestrushka 
	222/16
	30.03
	04.04
	03.05
	10.06
	12.04
	19.04
	25.04
	16.04
	22.04
	05.05
	28.04
	21.06
	12.08
	17.06
	18.07
	16.10
	22.11

	Red Melba
	210/17
	01.04
	07.04
	05.05
	14.06
	18.04
	24.04
	30.04
	15.04
	23.04
	02.05
	12.05
	20.06
	15.08
	12.06
	14.07
	18.10
	22.11

	Renet Burkhardta
	04/10
	22.03
	02.04
	26.04
	27.06
	29.03
	10.04
	24.04
	19.04
	26.04
	05.05
	06.06
	18.07
	06.08
	01.08
	10.08
	20.10
	 24.11

	Saltanat 
	07/10
	22.03
	02.04
	26.04
	03.07
	30.03
	10.04
	24.04
	18.04
	26.04
	04.05
	02.06
	13.08
	01.09
	01.08
	13.08
	17.10
	22.11

	Stolovka  
	09/10
	20.03
	02.04
	29.04
	30.06
	30.03
	06.04
	19.04
	18.04
	22.04
	04.05
	04.06
	18.07
	17.08
	28.07
	13.08
	15.10
	20.11

	Florina  
	06/10
	29.03
	09.04
	25.04
	02.07
	10.04
	17.04
	23.04
	11.04
	17.04
	06.05
	05.06
	13.08
	30.08
	01.08
	12.08
	16.10
	18.11




Таble 3 – Growth of 10-year-old apple tree varieties in 2020

	Variety name
	The beginning of growth
	Shoot length (cm) by date of measurements
	The end of growth

	
	
	05.05
	15.05
	25.05
	05.06
	15.06
	25.06
	05.07
	15.07
	

	Аskar
	29.04
	2,5
	4,0
	5,5
	6,5
	8,0
	14,0
	21,0
	21,0
	05.07

	Аsya
	28.04
	1,5
	3,5
	9,0
	12,0
	18,0
	24,0
	25,5
	26,0
	15.07

	Voskhod
	28.04
	2,0
	3,5
	6,0
	8,5
	16,0
	22,0
	22,0
	22,0
	25.06

	Zailiyskoe 
	24.04
	3,0
	5,0
	5,5
	7,0
	12,0
	18,0
	27,5
	27,5
	03.07

	Zolotoe prevoshodnoe
	24.04
	3,0
	4,5
	6,0
	7,5
	11,0
	20,0
	30,5
	30,5
	06.07

	Kandil-sinap
	23.04
	2,0
	3,5
	6,0
	10,5
	12,0
	18,5
	25,0
	25,0
	07.07

	Маntet 
	28.04
	1,5
	2,0
	4,5
	12,5
	16,5
	18,5
	18,5
	18,5
	25.06

	Renet Burkhardta
	26.04
	3,5
	6,0
	11,5
	19,5
	27,5
	33,5
	33,5
	33,5
	27.06

	Saltanat 
	26.04
	4,0
	6,0
	11,0
	15,0
	19,5
	25,5
	28,5
	28,5
	03.07

	 (
16
)Stolovka  
	29.04
	2,0
	5,5
	7,0
	8,5
	13,5
	18,5
	19,5
	19,5
	30.06

	Florina  
	25.04
	2,0
	3,5
	6,0
	10,5
	15,5
	19,0
	26,0
	26,0
	02.07



Таble 4 – Biometric characteristics of fruits, productivity and yield of apple tree varieties in 2020

	Variety name
	Age (year)
	Fruit biometrics
	Productivity (kg/tree)
	Yield (kg/ha)

	
	
	Fruit sizes, cm
	Weight, g
	
	

	
	
	length 
	width
	thickness
	
	
	

	Аskar
	10 years old
	6,1
	8,0
	7,5
	160,10
	18,3
	91,5

	Аsya
	//-//-//
	6,5
	6,2
	6,0
	121,0
	16, 1
	80,5

	Voskhod
	//-//-//
	6,0
	7,0
	7,0
	140,35
	11, 5
	57,5

	Zailiyskoe 
	//-//-//
	5,6
	6,6
	6,6
	115,63
	17,4
	87

	Zolotoe prevoshodnoe
	//-//-//
	5,2
	5,3
	5,6
	110,10
	13, 2
	66

	Kandil-sinap
	//-//-//
	5,2
	6,0
	5,7
	104,08
	12, 2
	61

	Маntet 
	//-//-//
	4,7
	5,4
	5,6
	92,70
	11, 8
	59

	Renet Burkhardta
	//-//-//
	5,5
	6,0
	6,0
	91,20
	11, 6
	58

	Saltanat 
	//-//-//
	5,6
	6,1
	6,1
	116,41
	10,7
	53,5

	Stolovka  
	//-//-//
	4,5
	5,1
	5,6
	70,39
	16, 4
	82

	Florina  
	//-//-//
	5,0
	5,6
	5,9
	105,20
	12,5
	62,5



As follows from Table 4, the largest fruits were found in Askar, Voskhod, Asya, Zailiyskoe varieties, and the smallest in Stolovka, Renet Burkhardta, Mantet varieties. The highest productivity and yield in 2020 were observed in Askar, Zailiyskoe, Stolovka, Asya varieties.
The average productivity and yield of apple tree varieties for 5 years are presented in table 5 (the yield was estimated at a planting density of 4x5 m and 3x5 m). 

Таble 5 – Average productivity and yield of 11 apple tree varieties over 5 years

	Variety name
	Productivity by years of observation (kg/tree)
	Average productivity (kg/tree)
	Average yield (c/ha)

	
	2016
	2017
	2018
	2019
	2020
	
	

	Аskar
	6,0
	21,2
	2,4
	19,3
	18,3
	13,44
	67 – 89 

	Аsya
	8,0
	12,4
	2,6
	10,7
	16,1
	9,96
	50 – 66 

	Voskhod
	10,2
	10,0
	4,2
	10,5
	11,5
	9,28
	46 – 62 

	Zailiyskoe 
	11,0
	10,5
	2,3
	12,6
	17,4
	10,76
	54 – 71 

	Zolotoe prevoshodnoe
	7,0
	26,2
	3,5
	22,4
	13,2
	14,46
	72 – 96 

	Kandil-sinap
	7,0
	12,0
	3,7
	15,3
	12,2
	10,04
	50 – 67 

	Маntet 
	8,0
	19,2
	11,3
	17,5
	11,8
	13,56
	68 – 90

	Renet Burkhardta
	8,7
	17,0
	7,7
	19,7
	11,6
	12,94
	65 – 86 

	Saltanat 
	6,0
	8,0
	3,1
	9,1
	10,7
	7,38
	37 – 49 

	Stolovka  
	11,0
	18,8
	13,0
	19,3
	16,4
	15,7
	78 – 104 

	Florina  
	13,0
	18,0
	3,2
	17,5
	12,5
	12,84
	64 – 85 



As follows from Table 5, the productivity of varieties varied over the years of observation. The most poor harvest was 2018, the productivity of varieties decreased by 3 - 5 times. Low productivity was noted in a number of varieties also in 2016. 2017 was the most productive year for varieties Zolotoe prevoshodnoe, Askar, Mantet, Florina. The cultivars Stolovka, Renet Burkhardta and Kandil - sinap were the most productive in 2019. The average yield of these varieties varied from the highest among all varieties (Stolovka, 78 - 104 c/ha) to average (Kandil - sinap, 50 - 67 c/ha). For varieties Asya, Voskhod, Zailiyskoe and Saltanat, the most productive year was 2020, with precipitation in August 11 times higher than normal and air temperature 1 - 2°C below normal. These varieties had the lowest average productivity and yield (Saltanat, 37 - 49 c/ha).
In all varieties, the frequency of fruiting was observed, especially pronounced in varieties Askar, Zolotoe prevoshodnoe, Renet Burkhardta, i.e. mainly in varieties that are highly productive in our conditions. The frequency of fruiting was less pronounced in the low-yielding varieties Saltanat, Voskhod, Zailiyskoe. In general, according to the results of 5-year observations, the most productive and high-yielding varieties were Stolovka, Zolotoe prevoshodnoe, Mantet, Askar, Renet Burkhardta and Florina. 
Lignification of shoots began already in the second decade of July, earlier than others in Red Melba and Aidared varieties. In early August (01.08), lignification began in varieties Voskhod, Mantet, Renet Burkhardta, Saltanat, Florina. The lignification of shoots was completed by mid-August, later than others in varieties Pestrushka and Voskhod. Since under our conditions a negative air temperature was not observed earlier than December, the varieties had time to prepare well for the winter period, freezing of fruit trees was not observed during the entire observation period. 
Coloring of leaves was usually observed from the second half of October, and leaf fall - from the second half of November. When compared with the long-term results of phenological observations in the reporting year, the average dates of the onset of phenological phases were noted.

4.1.3 Carrying out experiments at different times of inoculation and budding of foreign varieties of apple trees	

	In accordance with the schedule in 2020, experiments on inoculation (budding, copulation) of apple varieties continued. The results are presented in Table 6. Malus sieversii was used as a stock, and 8 apple varieties were used as a scion. 

Таble 6 – Copulation and spring budding of apple tree varieties

	Variety name
	Inoculation date
	Quantity (pcs.)
	Number of survivors (pcs.)
	% survivors

	copulation

	Аsya
	26.02
	10
	8
	80

	Zolotoe prevoshodnoe
	18.02
	10
	5
	50

	Каndil-sinap 
	18.02
	10
	8
	80

	Маntet
	17.03
	10
	6
	60

	Saltanat
	26.02
	10
	6
	60

	Florina
	17.03
	10
	7
	70

	spring budding

	Аskar
	27.04
	20
	7
	35

	Stolovka 
	22.05
	20
	10
	50



As can be seen from table 6, the results of winter grafting were quite high in all varieties (50 - 80%). The best results were obtained for varieties Kandil - sinap and Asya in February and variety Florina in March. The results of spring grafting were lower, especially in April (35%); in May, the survival rate of budding in Stolovka variety reached 50% (Table 7). Table 7 shows the comparative survival rates of summer inoculations in 2018 and 2019.
Таble 7 – The survival rate of summer inoculations in different years
  
	Variety name
	Year and date of budding, (% of survivors)

	
	2018
	2019

	
	02.08
	16.08
	08.08
	14.08

	Аskar 
	73
	60
	96
	98

	Voskhod 
	60
	53
	98
	100

	Zolotoe prevoshodnoe
	47
	40
	96
	97



	As follows from Table 7, the survival rate of grafting apple tree varieties was significantly higher in 2019. In 2018, the maximum survival rate was observed in early August, while in 2019 - in mid-August. In 2018, the maximum percentage of adopted buddings was noted in Askar variety (60 - 73%), in 2019 - in Voskhod variety (98 - 100%). As mentioned earlier, in 2018, the lowest productivity of apple varieties in 5 years of observation was also noted. Thus, even in the most unfavorable years, a relatively high yield of grafted seedlings can be obtained in some varieties (60 - 73%).
In 2019, summer budding of 10 apple tree varieties was carried out on the seedlings of the Malus sieversii, the results are presented in table 8. 

Таble 8 – Comparative results of summer budding of apple varieties

	Variety name
	 Number of inoculations (pcs.)
	Yield of varietal seedlings

	
	
	5 – 15.07
	8 – 14.08

	
	
	number (pcs.)
	%
	number (pcs.)
	%

	Аskar 
	25
	14
	56
	24
	96

	Voskhod 
	25
	15
	60
	25
	100

	Zailiyskoe 
	25
	22
	88
	24
	96

	Zolotoe prevoshodnoe
	25
	17
	68
	24
	96

	Kandil-sinap
	25
	23
	92
	22
	88

	Маntet 
	25
	23
	92
	23
	92

	Renet Burkhardta
	25
	20
	80
	22
	88

	Saltanat 
	25
	20
	80
	17
	68

	Stolovka  
	25
	22
	88
	21
	84

	Florina  
	25
	21
	84
	21
	84



As follows from Table 8, in half of the varieties, budding results were higher in August than in July. For 2 varieties (Mantet and Florina), the results were the same in July and August. In 3 varieties (Kandil-sinap, Saltanat, Stolovka), the results of budding were higher in July than in August. Thus, budding both in July and in August gives a high yield of grafted apple seedlings. The highest result was obtained in varieties Voskhod (100%), Askar, Zailiyskoe, Zolotoe prevoshodnoe (96%), Mantet (92%).
To obtain local rootstock material, the seeds of Malus sieversii were sown in October - December 2018–2019. The results are shown in Table 9.
Таble 9 – The results of sowing seeds of Malus sieversii local reproduction (for rootstocks) 

	Sowing date
	Num-ber of seeds
	Germina-tion date
	Field germina-tion (%)
	Num-ber of survi-vors
	% of preserving

	Seedling height, cm
	Note

	
	
	
	
	
	
	average
	maximum
	

	23.10.18
	300
	02.04-13.05
	95
	154
	57
	3,5
	6,0
	mulching

	10.10.18
	200
	02.04-13.05
	10
	7
	35
	4
	10
	without mulching

	12.11.18
	200
	15.04-13.05
	5
	3
	27
	5
	7
	

	10.12.18
	200
	16.05-20.05
	2
	2
	50
	3
	7
	

	25.10.19
	300
	04.04 - 15.05
	80
	100
	42
	25
	35
	

	11.11.19
	150
	04.04 - 13.05
	60
	50
	15
	18
	26
	



As follows from Table 9, high field germination of Malus sieversii seeds was observed when mulching was applied to prepare the soil for sowing (95%). A low percentage of germination in 2018 was observed in the absence of soil mulching, which once again emphasizes the exceptional importance of this agricultural method for seed reproduction of apple trees.
In 2019, there was a fairly high field germination of seeds (60 - 80%) even without mulching (more favorable weather conditions were noted), the height of the seedlings was much higher (up to 35 cm), but the number of seedlings that survived by the end of the growing season was less than in the previous year. (15 - 42% versus 27 - 57%). The average height of the seedlings by the end of the growing season was low, which did not allow them to be used as a stock at one year of age; rearing over the next year was necessary.
Thus, in the extreme conditions of Mangistau, careful adherence to the recommended agrotechnology for growing seedlings is required (sowing in the second half of October, mulching with sawdust and rotted manure, watering at least twice a week in the morning or evening to prevent leaf burns, as well as splitting seedlings 10 - 14 days after germination). 

4.2 Study of biometric, physiological parameters and biochemical assessment of fruits of introduced varieties of apple trees

4.2.1 Study of biometric parameters of 10 introduced varieties of apple trees

 The biometric indicators of introduced apple tree varieties were studied in detail in 2018 - 2019 (Appendix B, Table B.2). It was revealed that in terms of height (strength of growth) in our conditions, taking into account the reliability of differences between the average indicators (Student's criterion), all varieties can be divided into three groups: relatively high (group I) - Zolotoe prevoshodnoe, Mantet, Saltanat, Stolovka, Kandil- sinap (from 2.46 ± 0.14 to 2.75 ± 0.9 m), maximum height - 3.3 - 3.7 m; middle (II group) - Askar, Voskhod, Zailiyskoe, Renet Burkhardta, Florina (from 2.11 ± 0.06 to 2.35 ± 0.15 meters), maximum height - 3.2 –2.4 meters; low (group III) - Asya (1.75 m ± 0.11 meters), maximum height - 2.2 meters.
A low coefficient of variation of average height was noted in varieties Zailiyskoe, Askar, Zolotoe prevoshodnoe, high in the varieties Saltanat and Florina. The greatest range of variation of the trait was observed in Florina variety (1.7 meters), the minimum - in Asya and Askar varieties (1.0 meters).
	According to the width (diameter) of the crown (in the north - south and east - west direction), all varieties are divided into two identical groups (according to the criterion of reliability of differences): with a crown from 2.33 ± 0.12 to 2.92 ± 0.10 meters (Zolotoe prevoshodnoe, Zailiyskoe, Saltanat, Askar, Mantet) and with a crown from 2.11 ± 0.06 to 1.78 ± 0.11 meters (Renet Burkhardta, Kandil-sinap, Florina, Voskhod, Asya, Stoolovka). The size of the crown in the east-west direction is slightly larger than in the north-south direction in almost all varieties.
The smallest coefficient of variation of the average trait was found in Zolotoe prevoshodnoe and Zailiyskoe varieties, the highest in Asya and Kandil-sinap varieties. The variation range of the trait is minimal in Stolovka variety (1.1 - 1.2 m), the maximum - in Mantet (1.8 - 2.3 m) and Zolotoe prevoshodnoe (1.9 - 2.2 m) varieties.
According to the height and diameter of the stem, all varieties are divided into three groups (based on the Student criterion). Varieties with the highest stem (group I) - Saltanat, Florina, Zailiyskoe (from 36.90 ± 3.28 to 49.60 ± 7.69 cm) (see table 7). Seven varieties belong to the group with an average stem height (group II) - Stolovka, Askar, Zolotoe prevoshodnoe, Renet Burkhardta, Voskhod, Asya, Mantet (from 22.30 ± 2.70 to 31.70 ± 4.79 cm). The third group with the lowest stem includes the only Kandil-sinap variety (17.30 ± 4.19 cm). 
Varieties with the largest average stem diameter (group I) - Kandil-sinap, Saltanat, Mantet, Zolotoe prevoshodnoe (from 7.70 ± 0.30 to 8.70 ± 0.55 cm). The maximum stem diameter is 11 cm (Kandil-sinap, Saltanat, Mantet). The average stem diameter (group II) was noted in the varieties Voskhod, Florina, Stolovka, Renet Burkhardta, Zailiyskoe, Askar (from 6.65 ± 0.51 to 7.40 ± 0.34 cm). The third group includes the only cultivar Asya (the average diameter of the stem is 5.25 ± 0.48 cm). According to the minimum coefficient of variation of the average parameters of the stem diameter, varieties Voskhod and Stolovka are distinguished, according to the maximum - the varieties Asya and Askar.
The range of variation of the trait, as well as the coefficient of variation, is minimal in Voskhod and Stolovka varieties (3.0-3.5 cm), the maximum range of variation of the trait (5.0 - 5.5 cm) is noted in all other varieties, except for Florina variety, in which the range of variation of the trait is slightly lower (4.5 cm).
In general, the varieties Mantet and Saltanat are characterized by relatively larger crown and stem sizes, as well as the growth rates. Variety Zolotoe prevoshodnoe, large in size, distinguished by a low growth rate of shoots. A low coefficient of variation of all habit parameters is characteristic of  Zolotoe prevoshodnoe and Zailiyskoe varieties.
Thus, according to the results of the 2018-2019 study, a change in the habitus of apple tree varieties was observed in specific local conditions. Biologically tall varieties were characterized by a significant decrease in the height of the fruit tree, as well as the diameter of the crown and trunk (Asya, Askar, Kandil-sinap, Stolovka). For medium-sized varieties, the decrease in tree height, crown and trunk sizes is not as great as for tall varieties (Zolotoe prevoshodnoe, Mantet, Florina), and the habit of low-growing varieties did not change (Zailiyskoe).
According to the average and maximum growth rates of shoots during the growing season, the varieties are close to each other, a higher growth of shoots was noted in varieties Kandil - sinap, Stolovka, Florina, Askar, Saltanat, the varieties Voskhod and Zolotoe prevoshodnoe were characterized by a low value of growth.
In general, the varieties Mantet and Saltanat are characterized by relatively larger crown and stem sizes, as well as the growth rates. Variety Zolotoe prevoshodnoe, large in size, distinguished by a low growth rate of shoots. A low coefficient of variation of all habit parameters is characteristic of  Zolotoe prevoshodnoe and Zailiyskoe varieties.
Thus, according to the results of the 2018-2019 study, a change in the habitus of apple varieties was observed in specific local conditions. Biologically tall varieties were characterized by a significant decrease in the height of the fruit tree, as well as the diameter of the crown and trunk (Asya, Askar, Kandil-sinap, Stolovka). For medium-sized varieties, the decrease in tree height, crown and trunk sizes is not as great as for tall varieties (Zolotoe prevoshodnoe, Mantet, Florina), and the habit of low-growing varieties did not change (Zailiyskoe).
According to the average and maximum growth rates of shoots during the growing season, the varieties are close to each other, a higher growth was noted in varieties Kandil - sinap, Stolovka, Florina, Askar, Saltanat, varieties Voskhod and Zolotoe prevoshodnoe were characterized by a low value of growth.
In 2020, the habitual parameters of 16 different-aged apple tree varieties, their phytophage resistance and general condition were determined. The results are presented in Table 10 and Appendix B (Table B.3).
Among the studied varieties, the youngest are Aidared, Melba, Rumyanka (at the age of 3-4 years), the age of Grenny Smit variety is 8 years, Zailiyskoe letnee and Stolovka varieties are 13-14 years old. These varieties grow in an area with deep bedding of rocks, irrigation - overfilling along furrows.
The 10-year-old varieties (10 varieties in total) grow in an area close to the bedrock surface; drip irrigation is used.
As can be seen from Table 10, young varieties have a tree height of 1.7 to 2.2 m, the growth of shoots is 7.5 - 14 cm. The 8-year-old variety has a tree height of 1.6 - 2.3, which is close to young varieties. meters and a similar in size shoot growth of 11-14 cm. In older varieties Zailiyskoe letnee and Stolovka (13-14 years old), the height of the tree and the growth of shoots are much higher (2.5-4 m in height and 11-19.5 cm in the growth of shoots).
Most of the surveyed 10-year-old varieties (10 varieties) grow in an area with close bedding of bedrocks and drip irrigation. The height of trees in this group varies widely - from 1.9–2.5 m (Asya) to 2.8–3.4 m (Saltanat). The average height of trees in this group is 2.4 - 3.1 m. The growth of shoots also varies widely (from 10.5 to 33.5 cm), the average shoot simple is 14.5 - 25.1 cm.
Thus, the height of older trees is higher in the area with deep bedding of rocky soil (up to 4 m) than in the area with close bedding to the surface of rocky ground (up to 3.4 m). Comparison between varieties of the same age confirms the earlier conclusions, i.e. one can distinguish relatively high (Saltanat), medium (Florina) and low (Asya) varieties in our conditions. The growth of 10-year-old varieties ranged widely from 10.5–21 cm (Asya) to 19.5–33.5 cm (Renet Burkhardta). The highest shoot growth was observed in  Renet Burkhardta, Zolotoe prevoshodnoe, Saltanat varieties, the lowest shoot growth was in Asya, Zailiyskoe, Voskhod, Mantet varieties. As you can see, in 2020 the growth of shoots was higher than in 2018 - 2019, especially in Zolotoe prevoshodnoe variety, which moved from the group with a relatively low growth of shoots to the group with a high growth of shoots. The average growth of shoots was 14.5 - 25.1 cm, which is significantly higher than similar indicators of other age groups. Probably, in the area with 10-year-old varieties, the moisture conditions (drip irrigation) are better than in others (furrow irrigation).

Таble   10 – Biometric parameters and phytophagous resistance of introduced varieties

	Variety name
	Age 
(year)
	Tree height (m)
	Crown size (m)
	Phyto-phagous resistance
	General state

	
	
	avearge
	maximum
	Height (m)
	Diameter (m)
	Growth (cm)
	
	

	
	
	
	
	avearge
	maximum
	avearge
	maximum
	avearge
	maximum
	
	

	Аidared
	4
	1,70
	2,10
	1,40
	1,70
	1,0х0,85
	1,20х1,10
	7,5
	10,0
	high
	good

	Аskar
	10
	2,70
	3,10
	2,50
	2,75
	2,0х2,40
	2,70х3,30
	16,5
	26,5
	high
	good

	Аsya
	10
	1,90
	2,50
	1,70
	2,15
	1,40х1,60
	1,80х1,75
	10,5
	21,0
	middle
	good

	Voskhod 
	10
	2,0
	3,70
	1,75
	3,35
	2,0х2,50
	2,30х3,0
	12,5
	22,0
	middle
	good

	Grenny Smit
	8
	1,60
	2,30
	1,40
	2,0
	1,10х1,10
	1,50х1,30
	11,0
	17,5
	high
	good

	Zailiyskaya letnyaya
	13
	2,60
	3,40
	2,35
	2,90
	1,20х1,80
	1,90х2,20
	10,0
	17,5
	high
	good

	Zailiyskoe 
	10
	2,20
	3,0
	1,95
	2,54
	2,0х1,80
	2,60х2,30
	18,5
	27,5
	middle
	good

	Zailiyskoe prevoshodnoe
	10
	2,50
	3,20
	2,23
	2,87
	2,50х2,60
	3,10х3,0
	20,0
	30,5
	middle
	good

	 (
24
)Каndil-sinap
	10
	2,60
	3,50
	2,35
	3,20
	1,80х2,10
	2,0х2,60
	11,5
	25,0
	middle
	good

	Маntet
	10
	2,50
	3,20
	2,25
	2,92
	1,60х2,0
	1,90х2,30
	12,5
	20,5
	middle
	good

	Red Меlba
	3
	1,80
	2,10
	1,62
	1,90
	0,70х0,65
	0,80х0,70
	7,0
	12,0
	high
	good

	Rennet Burkhartda
	10
	2,50
	2,90
	2,10
	2,33
	2,0х1,65
	2,20х2,0
	19,5
	33,5
	middle
	good

	Rumyanka almaatinskaya
	4
	1,75
	2,20
	1,60
	1,90
	1,10х1,0
	1,30х1,20
	10,5
	14,0
	high
	good

	Saltanat 
	10
	2,80
	3,40
	2,52
	3,07
	1,80х2,10
	2,25х2,45
	20,0
	28,5
	high
	good

	Stolovka 
	14
	2,50
	4,0
	2,20
	3,59
	3,0х2,80
	3,50х3,30
	11,0
	19,5
	middle
	good

	Florina 
	10
	2,20
	2,80
	1,80
	2,24
	2,10х2,10
	2,60х2,30
	20,5
	26,5
	middle
	good



4.2.2 Study of physiological parameters (water content, transpiration, heat resistance) of 10 varieties of apple trees

In the reporting year, the study of the physiological parameters of the introduced apple tree  varieties, which began in 2019, continued (Appendix C, Table C.1). In 5 cultivars, not only the water content of the leaves during the growing season, but also the water content of annual shoots during the same period, as well as the water retention capacity of the leaves, were additionally determined. In accordance with the schedule, the study of transpiration and heat resistance of leaves of 5 apple tree varieties was also continued.
The results of determining the water content of the leaves are presented in Table 11 and Figure 1.

Таble 11 – Leaf water content (%) during the 2020 vegetation season

	Plant name
	11.05
	20.05
	11.06
	23.06
	13.07
	21.07
	11.08
	21.08

	Voskhod 
	75,0±4,4
	70,2±2,4
	67,9±2,0
	65,5±1,0
	62,6±1,9
	61,7±3,8
	61,2±0,9
	60,5±2,1

	Zolotoe prevoshodnoe
	68,3±1,5
	65,8±0,8
	59,5±0,7
	61,8±2,1
	55,4±1,3
	58,3±1,4
	57,9±1,6
	58,1±1,3

	Rennet Burkhartda
	68,8±1,4
	66,9±3,0
	67,0±2,9
	61,1±1,4
	57,7±2,2
	56,4±0,8
	57,4±1,3
	56,6±1,7

	Saltanat 
	66,2±6,0
	66,7±2,7
	60,6±5,2
	62,5±1,2
	60,8±1,3
	59,3±1,4
	59,3±2,0
	58,7±1,6

	Stolovka 
	68,9±5,1
	65,1±1,9
	63,0±0,8
	62,1±1,2
	60,6±0,8
	59,8±4,1
	60,2±1,4
	58,4±2,7
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Figure 1 – Dynamics of water content in leaves from May to August

	As can be seen from the materials presented, the highest water content was observed at the beginning of May (May 11), when the growth of leaves had already ended (at the end of April), and the temperature and humidity of the air had not yet reached extreme values. The water content of the leaves varied from 75 ± 4.4% (in Voskhod variety) to 66.2 ± 6.0% (in Saltanat variety). Already on May 20, with a slight decrease in the average and maximum air temperature and precipitation significant for local conditions (14 mm), the water content of the leaves decreased by 2 - 5% in all varieties, except for Saltanat variety. Subsequently, with a sharp increase in temperature and a drop in air humidity, as well as in connection with the aging of leaves, water content decreased by the end of the growing season by 8-15% in different varieties. In 2019, the water content of the leaves was lower (66.9 - 59.5% in May), water losses at the end of the growing season ranged from 3 to 9% compared to May, but a decrease in water content in seasonal dynamics was observed in all varieties. The water content of annual shoots is presented in Table 12 and Figure 2.
 
Таble 12 – Water content of annual shoots (%) of apple tree varieties during the vegetation season of 2020 

	Variety name
	11.05.
	20.05.
	10.06.
	22.06.
	10.07.
	20.07.
	10.08.
	20.08.

	Voskhod 
	59,9
±3,7
	57,3
±2,6
	56,5
±2,8
	55,4
±2,2
	55,9
±5,2
	53,0
±2,0
	59,0
±2,5
	55,9
±2,8

	Zolotoe prevoshodnoe
	55,5
±2,0
	53,5
±2,5
	52,5
±3,9
	53,4
±5,1
	47,1
±2,5
	49,7
±1,9
	48,3
±4,1
	46,8
±1,6

	Rennet burkhardta
	54,3
±6,7
	57,4
±7,0
	52,0
±3,0
	50,2
±2,8
	58,2
±2,7
	48,2
±2,9
	55,3
±2,6
	53,1
±2,7

	Saltanat
	54,0
±2,9
	54,9
±2,9
	55,4
±2,0
	51,4
±2,9
	51,8
±3,7
	50,5
±2,3
	50,3
±2,4
	48,3
±1,8

	Stolovka 
	57,8
±6,6
	56,2
±5,1
	51,6
±3,3
	48,2
±1,9
	58,3
±3,4
	49,9
±1,9
	56,5
±3,9
	56,6
±2,7
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Figure 2 – Dynamics of water content in annual shoots from May to August
The water content of annual shoots was significantly lower than the water content of leaves (from 59.9% in Voskhod variety to 54% in Saltanat variety in early May). In addition, if the maximum water content of the leaves in all varieties was at the beginning of May, then in annual shoots the maximum water content was observed both in early May (in varieties Voskhod and Zolotoe prevoshodnoe) and in other months (in varieties Renet Burkhardta and Stolovka - at the beginning July, for Saltanat variety - in early June).
As can be seen in Figure 2, the graph of the dynamics of water content in annual shoots demonstrates rises and falls in the amount of water content, but in general, from May to August, there was also a decrease in the water content of annual shoots.
Water retention capacity is an important diagnostic criterion often used to determine the drought tolerance of plants. This is an indicator of the resistance of the leaf tissue to dehydration. When the plant loses water slower, its water retention capacity is higher and, therefore, it can tolerate dehydration longer [31]. The amount of water in plants changes during the vegetation season. Its maximum and minimum content is a characteristic feature of the species. In addition, when the water-holding capacity of leaves is higher, the species is to environmental pollution  more resistant [32]. The water retention capacity of the leaves is shown in Table 13 and Figure 3.

Таble 13 – Water-holding capacity of leaves of apple tree varieties (2020)

	Plant name
	12.05
	21.05
	11.06
	23.06

	1
	2
	3
	4
	5

	Voskhod 
	53,6±0,5
	48,1±2,4
	50,2±0,1
	46,2±3,6

	Zolotoe prevoshodnoe
	58,5±0,7
	44,4±1,7
	47,3±2,7
	46,4±0,2

	Rennet burkhardta
	52,8±0,8
	47,9±4,0
	52,6±1,3
	52,9±5,6

	Saltanat
	56,9±1,7
	53,1±2,3
	46,9±1,5
	47,8±5,6

	Stolovka 
	56,0±3,2
	50,3±2,0
	50,0±1,5
	50,4±1,4



Continuation of Table 13

	Plant name
	13.07
	21.07
	11.08
	21.08

	1
	6
	7
	8
	9

	Voskhod 
	41,0±2,5
	49,0±1,9
	42,4±1,2
	44,9±1,6

	Zolotoe prevoshodnoe
	46,3±3,6
	49,3±2,5
	46,8±1,9
	45,3±0,8

	Rennet burkhardta
	48,8±0,9
	46,2±1,8
	44,7±0,2
	50,8±0,9

	Saltanat
	45,5±2,2
	44,4±2,9
	46,7±1,5
	46,9±2,8

	Stolovka 
	47,4±1,8
	47,3±0,7
	49,1±0,4
	46,7±1,4



As can be seen from Table 13 and Figure 3, the highest water-holding capacity was observed at the beginning of May, in conditions favorable for apple trees (air temperature 15 - 18°C, relative air humidity 69 - 77%). But already from May 21, despite the comfortable temperature (not higher than 22°C) and air humidity (not lower than 67%), the water retention capacity is noticeably reduced in all 5 varieties. 
On June 11, with a sharp increase in air temperature to + 37°C and a drop in air humidity to 18-29%, the water-holding capacity increased, reaching the May value, in Renet Burkhardta variety, which indicates the drought resistance of this variety. 
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Figure 3 – Dynamics of changes in water-holding capacity during the vegetation season

The water retention capacity increased, without reaching the maximum values in May, in Voskhod and Zolotoe prevoshodnoe varieties, which characterizes them as rather drought-resistant. The water-holding capacity of Stolovka variety remained at the same level with the previous indicators (May 21), but below the maximum values in May. And only in Saltanat variety, the water-holding capacity sharply decreased, i.e. this variety is non-drought resistant. 
On June 23, when the air temperature continued to remain extremely high (up to 36°C), and the air humidity - low (22 - 33%), the water retention capacity decreased in Voskhod and Zolotoe prevoshodnoe varieties, remained unchanged in Renet Burkhardta and Stolovka varieties, and slightly increased in Saltanat variety.
On July 13, at a high temperature (up to 33°C) and air humidity (51 - 76%), the water-holding capacity decreased in all varieties, except for Zolotoe prevoshodnoe variety, the water-holding capacity of which did not change (Table 12).
On July 21, at extremely high temperatures (up to 36°C) and low air humidity (31 - 33%), the water retention capacity increased in Voskhod and Zolotoe prevoshodnoe varieties, decreased in Renet Burkhardta and Saltanat varieties, and remained unchanged in Stolovka variety.
	On August 11, the water retention capacity decreased in varieties Voskhod, Zolotoe prevoshodnoe, Renet Burkhardta and slightly increased in  varieties Saltanat and Stolovka with a decrease in temperature (not higher than 27°C) and an increase in air humidity (40 - 66%) to more comfortable values.
	On August 21, at a high temperature (up to 33°C) and a fairly high air humidity (43 - 71%), the water retention capacity slightly increased in Voskhod and Renet Burkhardta varieties, remained unchanged in Saltanat variety and decreased in Zolotoe prevoshodnoe and Stolovka varieties.
	Thus, the water-holding capacity changed sharply during the vegetation season, generally decreasing from May to mid-August (in the second half of August, there was a slight increase in water-holding capacity). Judging by the value of the water-holding capacity, the most drought-resistant varieties are Renet Burkhardta, Zolotoe prevoshodnoe, Stolovka. The results of studying the intensity of transpiration (IT) in daily and seasonal dynamics in 2020 are presented in Appendix in Table C.2 and in Figures 4-6. Thus, IT was higher in the afternoon for Voskhod - 21.07 and 11.08, Zolotoe prevoshodnoe - 12.05 and 21.07, Stolovka - 12.05; IT was higher in the morning than in the middle of the day in Renet Burkhardta cultivar on 21.05 (Appendix C, Table C.2).
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Figure 4 – Intensity of transpiration in the morning hours in seasonal dynamics.

The maximum of  IT in the morning hours, as in the previous year, was observed at different times: in varieties Voskhod and Zolotoe prevoshodnoe - 13.07; for varieties Renet Burkhardta and Stolovka - 21.07; for Saltanat variety - 11.08.
At the end of May (21.05), all varieties showed a decrease in IT (in the third decade of May, a sharp increase in air temperature was noted), at the beginning of the second decade of June, a significant drop in IT was observed only in Zolotoe prevoshodnoe variety, on 21.07 - an increase in IT in all varieties. In the morning hours, 2 IT peaks were noted in all varieties. IT dynamics in the middle of the day is shown in Figure 5.

[image: ]

Figure 5 – Intensity of transpiration in the middle of the day in seasonal dynamics.
 
The maximum values ​​of IT in the middle of the day were observed on July 13 in varieties Voskhod, Zolotoe prevoshodnoe, Saltanat; on the whole, on July 13, an increase in IT was observed in all varieties. On August 11, the maximum IT was observed in Saltanat variety. The rise in IT was also recorded on 11.06 in all varieties, except for Zolotoe prevoshodnoe variety. At the beginning of the third decade of May, all varieties, except for the Zolotoe prevoshodnoe variety, showed a drop in IT, as in the morning hours. In the middle of the day, from one (Voskhod, Renet Burkhardta, Stolovka) to three IT peaks (Saltanat) were observed (Figure 5). IT dynamics in the afternoon is shown in Figure 6.
In the afternoon, the rise in IT was recorded on 23.06 and 21.07. The highest values ​​of IT were noted these days in varieties Voskhod, Zolotoe prevoshodnoe and Renet Burkhardta. A sharp drop in IT in the second half of the day was recorded on 05.21 and 07.13 in all varieties (in  Saltanat variety 13.07, a slight increase in IT was observed). In the afternoon, mainly 2 IT peaks were observed, in Saltanat variety - one IT peak.
In general, from May to August, a sharp drop in IT throughout the day (in the morning, midday and afternoon hours) was observed only in the third decade of May, and a simultaneous increase in IT was not observed in the seasonal dynamics throughout the day. In the morning hours and in the afternoon, an increase in IT in all varieties was observed on 21.07.


Figure 6 – Intensity of transpiration in the afternoon in seasonal dynamics.
 
The maximum IT was observed in 2020 in the range from 371 (Zolotoe prevoshodnoe) to 399 (Saltanat) mg/g per hour, 13.07, 21.07 and 11.08 (Appendix C, Table C.2).
In 2019, the maximum IT was higher for Stolovka variety (527 mg/g per hour) on June 20 (Appendix C, Table C2), for the other varieties, the IT maximum was slightly lower than in 2020 (from 338 mg/g per hour for varieties Voskhod and Zolotoe prevoshodnoe up to 314 mg/g per hour for varieties Saltanat 23.07 and 21.08).
When comparing the value of IT by dates of measurements with 2019, it was revealed that in 2020 IT was higher for all varieties in the morning, noon and afternoon hours of 21.05 and 21.08. For individual varieties, IT was significantly higher throughout the day on 13.07 - for Saltanat variety, 21.07 - for Renet Burkhardta and Stolovka varieties, 11.08 - for Zolotoe prevoshodnoe, Saltanat, Stolovka varieties.
IT was lower throughout the day than in 2019, 11.06 - in the varieties Renet Burkhardta and Stolovka, 23.06 - in varieties Zolotoe prevoshodnoe and Stolovka. In 2019, IT fell significantly lower at the end of the vegetation season than in 2020, while at the beginning of the vegetation season, IT was approximately the same in magnitude as in 2020.
In general, in 2020, the main IT regularities identified in 2019 were confirmed: at the beginning of the vegetation season, IT was lower than in the extreme conditions of June, July and August. During the vegetation season, IT sharply increased and decreased (pulsed), there were from one to three peaks of IT in different varieties. In daily dynamics, the highest IT value was usually observed in the middle of the day. In terms of the size of IT, apple varieties are classified as medium - and poorly transported plants.
	 The heat resistance of apple tree varieties in seasonal dynamics was determined both in 2019 (Appendix C, Table C.3) and in 2020 (Appendix C, Tables C.4 - C.8).
In 2019, taking into account the results of heating the leaves from 40 to 70°C, the most heat-resistant varieties of Stolovka and Renet Burkhardta were identified, the heat resistance of which was higher than 60°C from May to July. They are adjoined by varieties Mantet, Saltanat and Asya, in which heat resistance above 60°C was observed from May to June, and in the following months it decreased. In varieties Zolotoe prevoshodnoe and Florina, heat resistance above 60°C was recorded only in May. The least resistant to high temperatures were Zailiyskoe, Kandil-sinap, Voskhod varieties, in which, when heated to 60°C, lethal damage to the leaf blade was observed.
For a more accurate determination of heat resistance in 2020, 5 varieties were re-determined heat resistance with an interval of temperature increase every 5°C (instead of 10°C) (Table 14).

Table 14– Heat resistance of apple tree varieties in seasonal dynamics in 2020

	Variety name
	Light damage to the leaf blade (temperature, °С)
	Lethal damage to the leaf blade (temperature, °С)

	
	20.05
	11.06
	10.07
	13.08
	10.09
	20.05
	11.06
	10.07
	13.08
	10.09

	Voskhod 
	50
	50
	45
	45
	40
	70
	60
	55
	55
	55

	Zolotoe prevoshod-noe
	50
	50
	45
	45
	40
	70
	65
	55
	55
	55

	Rennet burkhardta
	50
	50
	50
	45
	45
	70
	65
	65
	55
	55

	Saltanat
	50
	50
	50
	45
	40
	70
	65
	55
	55
	55

	Stolovka 
	50
	50
	50
	45
	45
	70
	65
	60
	60
	55



Comparison of the results of 2019 - 2020 shows that a decrease in heat resistance from May to September is a natural feature of the introduced apple tree varieties. A decrease in the value of heat resistance by 5°C in 2020 was a consequence of a more accurate method for determining heat resistance. At the same time, an increase in the temperature of light damage to the leaf blade in July - August in Voskhod and Zolotoe prevoshodnoe varieties, as well as in Saltanat variety (in August), indicates a slight increase in the heat resistance of these varieties in 2020. The temperature of lethal damage to the leaf blade in these varieties also increased in May (Voskhod) and June (Zolotoe prevoshodnoe and Saltanat). From July to September, the temperature of lethal damage to the leaf blade decreased in all varieties (compared to 2019) by 5°C (due to a more accurate method for determining heat resistance).
As in 2019, the highest heat resistance in all 5 varieties was observed in May; in June, the heat resistance decreased to 65°C in varieties Zolotoe prevoshodnoe, Renet Burkhardta, Saltanat, Stolovka. In Voskhod variety, heat resistance in June decreased to 60°C in July, high heat resistance (65°C) remained in Renet Burkhardta variety and decreased to 600C in Stolovka variety, to 55°C in Voskhod, Zolotoe prevoshodnoe, Saltanat varieties. In August, the heat resistance dropped to 55°C in all varieties, except for Stolovka variety, in which the heat resistance remained at 60°C. In September, the heat resistance of all 5 grades was 55°C.
Thus, the most heat-resistant varieties were, as in 2019, Renet Burkhardta and Stolovka varieties. Further, in order of decreasing heat resistance, were varieties Saltanat, Zolotoe prevoshodnoe and Voskhod.

	4.2.3. Comparative biochemical assessment of apple tree varieties fruit

The chemical composition of apples is subject to significant variability depending on the growing conditions and varietal characteristics. Apples, like other juicy fruits, contain a lot of water - from 70 to 90%. Thus, the total dry matter content in apples is 10-30%, the main mass of which is carbohydrates, among them sugars (alcohol-soluble carbohydrates) predominate, usually glucose, fructose and sucrose. Apples also contain organic acids, which are essential for cellular metabolism. In addition, like most fruits, apples contain ascorbic acid (vitamin C), which plays an important role in redox processes and, above all, in the respiration of plants and animals. Apples contain many biologically active substances, which include flavonoids (catechins, leukoanthocyanins, flavonols, anthocyanins and copolymerized forms of these compounds) - the main representatives of P-active substances (vitamin P).
In the composition of the fruits of 10 apple varieties in 2019, we identified organic acids (citric and malic) and sugars (glucose, fructose and sucrose), the content of which is presented in Appendix D (Table D.1). In 2020, P - active substances and ascorbic acid (vitamin C) were also identified in 5 apple varieties, the quantitative content of which is presented in Table 15.
As follows from Appendix D (Table D.1), the fruits of varieties Asya, Mantet and Renet Burkhardta contained two organic acids each - malic and citric. Varieties Zailiyskoe, Zolotoe prevoshodnoe, Kandil - sinap and Florina contained only malic acid, varieties Saltanat and Stolovka - only citric acid. 
According to the total content of organic acids, varieties Voskhod, Mantet and Renet Burkhardt are distinguished, citric acid dominates in their composition. Citric acid was not found in the fruits of varieties Zailiyskoe, Zolotoe prevoshodnoe, Kandil - sinap, Florina.
The highest content of malic acid was found in the fruits of varieties Zolotoe prevoshodnoe, Renet Burkhardta, Kandil - sinap. A fairly significant amount of malic acid was also found in the fruits of varieties Mantet, Florina, Zailiyskoe, Asya. Malic acid is absent in the fruits of Voskhod, Saltanat, and Stolovka varieties.
In 3 varieties, both citric and malic acids were found in the fruits (Asya, Mantet, Renet Burkhardta, with citric acid prevailing).
In terms of the total sugar content in apple tree fruits, the first place is Zolotoe prevoshodnoe and Stolovka varieties. The high sugar content was recorded in the fruits of Kandil - sinap, Zailiyskoe, Renet Burkhardta varieties. A low sugar content in fruits was found in Florina variety. The largest amount of fructose was found in the fruits of Mantet, Voskhod and Zailiyskoe varieties, the least amount in the Florina variety. Fructose was absent in the fruits of Askar and Stolovka varieties. 
The glucose content in the fruits of each variety generally exceeds the content of fructose, with the exception of Zolotoe prevoshodnoe and Mantet varieties, which have less glucose than fructose in the fruits. The highest glucose content was found in the fruits of Stolovka variety, the lowest in the fruits of Mantet variety. Sucrose prevailed in fruits of 5 varieties, the maximum content was noted in Zolotoe prevoshodnoe variety. A lot of sucrose was contained in the fruits of  Kandil - sinap, Zailiyskoe, Stolovka, Asya varieties. 
The smallest amount of sucrose was found in the fruits of Voskhod and Saltanat varieties. In Voskhod variety, glucose and fructose prevail in the fruits, in Saltanat variety - glucose. In 2020, a biochemical study of fruits was carried out, in which the main attention was paid to the study of the content of sugars, titratable acids, ascorbic acid and P-active substances (Table 15), the relationship of which determines the taste and useful qualities of the fruit. The palatability of apples also depends on the ratio of the content of sugars and organic acids (SAI) [33].

Таble 15. The content of sugars, acids and biologically active substances in the fruits of apple tree varieties (2020)

	Variety name
	Sugars, %
	Titratable acids, %
	Ascorbic acid, mg/100g
	Sugar acid index (SAI)

	1
	2
	3
	4
	5

	Voskhod 
	13,5±0,001
	0,67±0,03
	11,44±0,79
	20, 2

	Zolotoe prevoshodnoe
	12±0,001
	0,75±0,05
	13,20±0,79
	16,0

	Rennet burkhardta
	6,9±0,001
	0,46±0,04
	9,09±1,64
	15,0

	Saltanat
	6,6±0,001
	0,57±0,03
	8,21±1,20
	11,6

	Stolovka 
	14,7±0,001
	0,75±0,05
	11,23±1,20
	19,6





Continuation of Table 15. 

	Variety name
	R - active substances - flavonoids (mg/100 g)

	
	Amount of anthocyanins
	Amount  of leukoanthocyanidins
	Amount of catechins
	Total flavonoids

	1
	6
	7
	8
	9

	Voskhod 
	70,25±0,60
	128,8±2,58
	80,69±0,36
	279,74

	Zolotoe prevoshodnoe
	89,47±2,27
	118,0±2,50
	99,73±0,22
	307,17

	Rennet burkhardta
	75,39±0,60
	111,87±0,55
	84,43±0,22
	171,69

	Saltanat
	76,41±0,60
	129,87±0,55
	143,47±0,22
	349,75

	Stolovka 
	71,87±0,60
	137,07±3,13
	110,40±0,29
	319,34



As follows from Table 15, the largest amount of sugars was contained in the fruits of Stolovka (14.7%), Voskhod (13.5%) and Zolotoe prevoshodnoe (12%) varieties. Half of the sugars were contained in the fruits of varieties Renet Burkhardta and Saltanat (6.9 - 6.6%). In terms of the amount of titratable acids, Stolovka and Zolotoe prevoshodnoe (0.75%) rank first, other varieties contain from 0.67 to 0.46% acids. As follows from Table 15, Voskhod, Zolotoe prevoshodnoe and Stolovka varieties contain a large amount of both sugar and acids, the SAI value for these varieties is optimal.
According to the content of ascorbic acid in fruits, it was revealed that the fruits of  Zolotoye prevoshodnoe variety contained 13.2 mg% ascorbic acid (see Table 15, in Voskhod and Stolovka varieties - more than 11 mg%, 8-9 mg% ascorbic acid contained in Saltanat and Renet Burkhardta, ie, for southern habitats [34], the introduced varieties contained an extremely high amount of vitamin C.
With regard to the content of P-active substances in apple fruits, under our conditions their content was higher than the values ​​recommended in the literature [35] in 4 out of 5 varieties (only in Renet Burkhardta variety, the content of P-active substances in fruits was lower than 200 mg/100 g).
Thus, large differences were revealed between the introduced apple varieties in terms of the content of organic acids and sugars in fruits. By the content of ascorbic acid (vitamin C), the fruits of the introduced varieties were at the upper limit of the norm for the southern regions. The richest in vitamin C in our conditions is Zolotoe prevoshodnoe variety (13.2 mg%). The content of P-active substances was also quite high, in some of them it was significantly higher than the recommended norm for the southern zone (349 mg/100 g versus 220 mg/100 g).
 Varieties Zolotoe prevoshodnoe, Stolovka, Voskhod have an optimal ratio of sugars and acids and a high content of vitamins C and P.

CONCLUSION

The scientific research work was carried out on the grant theme "Introduction of promising apple tree varieties for introduction into cultivation in arid regions of Western Kazakhstan" for three years (2018 - 2020). The project provided for the introduction of promising foreign varieties of apple trees, their comprehensive comparative study for the selection of promising species and the development of agricultural techniques for their cultivation for introduction into culture.
For the period from 2006 to 2020, 33 varieties of apple trees were attracted.
Agrotechnical care of the introduced varieties consisted of regular watering, top dressing, adding manure and sawdust to near-trunk circles, weeding of near-trunk circles and row spacings, treatment against diseases and pests.
The survival rate of grafts of apple tree varieties was lower in 2018 compared to 2019. In general, the maximum survival rate of buddings was recorded in early - mid-August, the maximum percentage of surviving buddings was observed in varieties Voskhod (100%), Askar, Zailiyskoe, Zolotoe prevoshodnoe (96%), Mantet (92%).
High field germination of Malus sieversii seeds was observed when mulching was applied to prepare the soil for sowing (95%). Low germination (in 2018) was observed in the absence of soil mulching, which once again emphasizes the exceptional importance of this agricultural technique for seed reproduction of apple trees. In general, in the extreme conditions of Mangistau, careful adherence to the recommended agricultural techniques for growing seedlings is required.
The average perennial phenological dates of the main phenophases of apple tree varieties were revealed, and the coefficients of phenological variation were determined. It was found that the magnitude of variation in the timing of the onset of phenological phases in one variety in different years is higher than the differences between different varieties during one year.
The duration of growth and the size of the growth of shoots were also distinguished by a high coefficient of variation, i.e. varied significantly in one cultivar over the years of observation. Varieties Mantet and Saltanat were characterized by relatively larger crown and stem sizes, as well as the size of the growth of shoots. Variety Zolotoe prevoshodnoe, large in size, distinguished by a low growth rate of shoots.
The fastest growing varieties under our conditions were Asya, Zailiyskoe, Zolotoe prevoshodnoe, Mantet, Renet Burkhardta. A sharply expressed periodicity of fruiting was a characteristic feature of most varieties under local conditions. By the mass of fruits, varieties Voskhod, Askar, Asya were distinguished, belonging to the category of large and very large.
Average productivity and yield (over 5 years of observation) were the highest in varieties Stolovka and Zolotoe prevoshodnoe. Varieties Mantet, Renet Burkhardta, Florina, Askar occupied an average position in terms of yield.
 The highest water content in the shoots during the entire observation period was revealed in Renet Burkhardta variety. The sharpest fluctuations in the water content of the shoots were observed in Zolotoe prevoshodnoe variety. In general, in the period from May to September, the water content of shoots and leaves decreased. The highest indicators of water content in leaves and annual shoots were recorded in May. The water-holding capacity of the leaves of apple varieties varied during the growing season, generally decreasing from May to August. The most drought-resistant (in terms of water-holding capacity) were varieties Renet Burkhardta, Zolotoe prevoshodnoe, Stolovka.
Seasonal transpiration intensity (IT) looked like a multi-peaked curve with a maximum in June, July or August, depending on the particular cultivar. In the daily dynamics, the maximum IT was observed in the middle of the day. In terms of the intensity of transpiration, the varieties are classified as medium-transpiring (Asya, Stolovka, Voskhod, Zolotoe prevoshodnoe, Renet Burkhardta, Mantet) and weakly transpiring (Kandil-sinap, Saltanat, Zailiyskoe, Florina).
The heat resistance of apple varieties decreased from May to September, simultaneously with a decrease in the water content of the leaves. The most heat-resistant varieties are Stolovka and Renet Burkhardta, which are adjacent to varieties Mantet, Saltanat, Asya, Zolotoe prevoshodnoe and Florina (listed in order of decreasing heat resistance).
 Large differences were found between varieties in terms of the content of organic acids and sugars in fruits. In quantitative terms, citric acid and sucrose prevailed. The richest in vitamin C under our conditions is Zolotoe prevoshodnoe variety (13.2 mg/%). The content of vitamin P was the highest in Saltanat variety (349 mg/100 g). The most optimal ratio of organic acids, sugars, vitamins C and P was found in varieties Zolotoe prevoshodnoe, Stolovka, Voskhod.
In terms of the totality of productivity indicators (yield), consumer quality of fruits, biometric characteristics, coefficients of variation of phenological date, water retention capacity, heat resistance and phytophagous resistance, the most promising varieties for introduction into culture under our conditions are the varieties Zolotoe prevoshodnoe, Stolovka, Renet Burkhardta, Askar. In total, 18 apple varieties are recommended for introduction into culture, a brief description of which is presented in Appendix E.
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APPENDIX А

Weather data for 2018 – 2020 

Table А.1 – Ten – day meteorological characteristic (based on data from the seaport of Aktau) 

	Dates
	Air 
temperature 
	
Precipitation (amount)
	Cloudiness
(number of days)
	Wind strength
(number of days)

	the years
	months
	decades
	middle
	maximum
	minimum
	
	clear
	variably
	mainly cloudy
	up to
5 m/s
	up to
10 m/s
	above
10m/s

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	
2018
	janua-ry
	I
	+2,4
	+8
	-2
	2
	1
	3
	6
	10
	no
	no

	
	
	II
	+1
	+4
	-11
	1
	5
	3
	2
	8
	2
	no

	
	
	III
	+2,7
	+7
	-13
	2
	4
	1
	5
	7
	3
	no

	
	february
	I
	+3,8
	+8
	-4
	no
	5
	2
	3
	7
	3
	no

	
	
	II
	+3,1
	+9
	-2
	1
	5
	2
	3
	10
	no
	no

	
	
	III
	+4,6
	+9
	+1
	3
	1
	2
	5
	8
	no
	no

	
	
march
	I
	+5,1
	+11
	-2
	1
	2
	5
	3
	6
	4
	no

	
	
	II
	+10,2
	+19
	-4
	no
	7
	3
	
	9
	1
	no

	
	
	III
	+9,4
	+14
	+3
	no
	3
	5
	3
	7
	4
	no

	
	april
	I
	+10,8
	+17
	+6
	no
	6
	3
	1
	9
	1
	no

	
	
	II
	+12,2
	+18
	+9
	1
	4
	5
	1
	5
	5
	no

	
	
	III
	+13,6
	+25
	+9
	no
	6
	2
	2
	5
	5
	no

	
	
may
	I
	+21,9
	+32
	+13
	no
	6
	3
	1
	4
	6
	no

	
	
	II
	+22,1
	+30
	+16
	no
	5
	4
	1
	7
	3
	no

	
	
	III
	+22
	+31
	+17
	no
	6
	5
	1
	6
	4
	no

	
	june
	I
	+20,3
	+26
	+14
	no
	3
	6
	1
	6
	4
	no

	
	
	II
	+24,9
	+36
	+21
	no
	4
	3
	3
	7
	3
	no

	
	
	III
	+28,2
	+36
	+21
	no
	6
	4
	no
	10
	no
	no

	
	july
	I
	+29,9
	+36
	+28
	no
	7
	3
	no
	8
	2
	no

	
	
	II
	+27,9
	+35
	+24
	1
	3
	4
	3
	8
	2
	no

	
	
	III
	+32,8
	+38
	+26
	1
	3
	6
	2
	7
	4
	no

	
	august
	I
	+28,6
	+35
	+24
	no
	3
	6
	1
	4
	6
	no

	
	
	II
	+24,6
	+29
	+19
	1
	4
	4
	2
	7
	3
	no

	
	
	III
	+26,7
	+33
	+21
	no
	9
	2
	no
	9
	2
	no

	
	sep-tem-ber
	I
	+25,6
	+31
	+21
	no
	6
	3
	1
	9
	1
	no

	
	
	II
	+17,1
	+28
	+18
	no
	5
	3
	no
	5
	3
	no

	
	
	III
	+18,8
	+24
	+13
	no
	6
	3
	1
	9
	1
	no

	
	octo-ber
	I
	+17,8
	+27
	+9
	no
	7
	2
	1
	5
	5
	no

	
	
	II
	+15,0
	+20
	+7
	no
	6
	3
	1
	8
	2
	no

	
	
	III
	+16,2
	+22
	+8
	no
	3
	6
	2
	5
	5
	1

	
	november
	I
	+8,9
	+13
	4
	no
	5
	2
	3
	8
	2
	no

	
	
	II
	+5,8
	+11
	-1
	2
	2
	1
	7
	4
	6
	no

	
	
	III
	+7,7
	+14
	-2
	no
	4
	4
	2
	4
	6
	no

	
	desember
	I
	+5,0
	+8
	0
	1
	4
	6
	no
	8
	1
	1

	
	
	II
	+4,1
	+12
	-4
	no
	4
	3
	3
	5
	5
	no

	
	
	III
	+2,8
	+9
	-5
	2
	1
	3
	7
	4
	7
	no



Continuation of table А.1

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	2019
	janua-ry
	I
	+2,7
	+5
	-3
	3
	no
	no
	10
	7
	3
	no

	
	
	II
	+5,4
	+12
	-1
	no
	3
	4
	3
	5
	5 
	no

	
	
	III
	+4,2
	+9
	-3
	no
	4
	4
	2
	8
	2
	no

	
	february
	I
	+4,6
	+10
	-3
	1
	4
	2
	4
	7
	3
	no

	
	
	II
	+3,8
	+8
	-4
	2
	2
	4
	4
	8
	2
	no

	
	
	III
	+4,3
	+9
	+1
	no
	3
	2
	3
	6
	2
	no

	
	
march
	I
	+6,9
	+11
	-2
	no
	5
	3
	2
	10 
	no
	no

	
	
	II
	+7,9
	+13
	+3
	no
	2
	5
	3
	6
	4
	no

	
	
	III
	+8,7
	+10
	+5
	no
	3
	4
	4
	9
	2
	no

	
	april
	I
	+10,8
	+17
	+8
	2
	1
	3
	6
	8
	2
	no

	
	
	II
	+12,0
	+20
	+2
	1
	3
	6
	1
	9
	1
	no

	
	
	III
	+13,0
	+18
	+9
	no
	4
	5
	1
	7
	3
	no

	
	
may
	I
	+19,2
	+25
	+14
	1
	4
	3
	3
	9
	1
	no

	
	
	II
	+20,6
	+25
	+17
	no
	2
	6
	2
	10
	no
	no

	
	
	III
	+23,4
	+32
	+15
	no
	3
	6
	2
	9
	2
	no

	
	june
	I
	+26,8
	+30
	+23
	no
	5
	5
	no
	8
	2
	no

	
	
	II
	+27,9
	+33
	+24
	no
	4
	6
	no
	8
	2
	no

	
	
	III
	+28,8
	+36
	+20
	1
	4
	4
	2
	9
	1
	no

	
	july
	I
	+26,5
	+33
	+19
	1
	4
	4
	2
	8
	2
	no

	
	
	II
	+28,1
	+38
	+23
	no
	5
	4
	1
	8
	2
	no

	
	
	III
	+30,6
	+36
	+22
	no
	7
	3
	1
	9
	2
	no

	
	august
	I
	+27,0
	+33
	+22
	no
	4
	4
	2
	7
	3
	no

	
	
	II
	+24,6
	+31
	+21
	no
	8
	2
	no
	8
	2
	no

	
	
	III
	+26,4
	+35
	+16
	no
	5
	6
	no
	8
	3
	no

	
	sep-tem-ber
	I
	+26,4
	+34
	+21
	no
	7
	3
	no
	9
	1
	no

	
	
	II
	+23,6
	+29
	+21
	no
	10
	no
	no
	10
	no
	no

	
	
	III
	+19,4
	+29
	+11
	no
	7
	2
	1
	9
	1
	no

	
	octo-ber
	I
	+14,3
	+27
	+6
	no
	6
	3
	1
	8
	2
	no

	
	
	II
	+14,6
	+18
	+11
	1
	3
	5
	2
	8
	2
	no

	
	
	III
	+14,8
	+20
	+6
	no
	4
	4
	3
	8
	3
	no

	
	november
	I
	+11,9
	+17
	+7
	1
	5
	4
	1
	10
	no
	no

	
	
	II
	+12,5
	+16
	+7
	no
	3
	3
	4
	7
	3
	no

	
	
	III
	+5,5
	+17
	0
	1
	2
	6
	2
	9
	1
	no

	
	desember
	I
	+1,9
	+5
	-6
	2
	4
	1
	5
	7
	3
	no

	
	
	II
	+2,1
	+7
	-5
	no
	8
	2
	no
	9
	1
	no

	
	
	III
	+4,8
	+9
	-1
	3
	no
	4
	7
	7
	3
	no

	2020
	janua-ry
	I
	+0,95
	+8
	-6
	0,8
	3
	6
	1
	6
	4
	no

	
	
	II
	+1,4
	+5
	-3
	5,5
	1
	2
	7
	6
	4
	no

	
	
	III
	+4,4
	+10
	-4
	3,5
	2
	2
	7
	3
	5
	2

	
	february
	I
	+3,8
	+13
	-4
	10,7
	2
	2
	6
	2
	8
	no

	
	
	II
	+1,65
	+8
	-10
	1,0
	5
	no
	5
	5
	4
	1

	
	
	III
	+6,3
	+13
	-2
	no
	4
	no
	5
	3
	4
	2

	
	
march
	I
	+7,05
	+17
	0
	no
	7
	no
	3
	no
	8
	2

	
	
	II
	+8,55
	+15
	+1
	2,1
	3
	2
	5
	3
	5
	2

	
	
	III
	+10,5
	+21
	+1
	no
	7
	1
	3
	3
	7
	no

	
	april
	I
	+7,95
	+14
	+1
	7,6
	8
	1
	1
	4
	5
	1

	
	
	II
	+10,1
	+18
	+2
	no
	7
	no
	3
	5
	4
	1

	
	
	III
	+11,8
	+21
	+6
	1,0
	3
	no
	7
	5
	5
	no




Continuation of table А.1

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	2020
	
may
	I
	+18,65
	+29
	+12
	9,0
	4
	2
	4
	2
	7
	1

	
	
	II
	+15,2
	+20
	+11
	14,0
	6
	no
	4
	3
	5
	2

	
	
	III
	+21,95
	+32
	+15
	no
	9
	no
	2
	3
	7
	1

	
	june
	I
	+24,75
	+36
	+18
	0,7
	10
	no
	no
	4
	6
	no

	
	
	II
	+29,7
	+40
	+21
	no
	8
	no
	2
	3
	7
	no

	
	
	III
	+25,75
	+37
	+17
	no
	7
	no
	3
	6
	4
	no

	
	july
	I
	+27,35
	+37
	+17
	no
	9
	no
	1
	5
	5
	no

	
	
	II
	+30,1
	+40
	+24
	0,4
	6
	no
	4
	6
	3
	1

	
	
	III
	+27,23
	+39
	+18
	2,7
	8
	no
	3
	7
	4
	no

	
	august
	I
	+24
	+32
	+17
	7,7
	10
	no
	no
	2
	8
	no

	
	
	II
	+23,25
	+30
	+18
	5,6
	9
	no
	1
	5
	5
	no

	
	
	III
	+22,82
	+33
	+16
	3,6
	8
	no
	3
	4
	7
	no

	
	septem-ber
	I
	+23,95
	+32
	+15
	no
	7
	no
	3
	7
	3
	no

	
	
	II
	+18,8
	+22
	+11
	0,6
	8
	no
	2
	5
	5
	no

	
	
	III
	+17,5
	+27
	+7
	no
	8
	no
	2
	5
	5
	no
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APPENDIX B

Introduced apple varieties in the MEBS collection

Table B.1 – Varietial composition of apple collection 

	Variety denomination
	Year of attraction
	Location
	Tree habit
	Phytophage-resistant

	
	
	10 micr.
	34 micr.
	Height, m
	Crown diameter, m
	

	Idared
	2016
2017
2019
	-
-
+
	+
+
+
	1,7 – 2,1
-
-
	1,0 – 1,2
-
-
	high
-
-

	Askar
	2007
2010
2013
	+
+
+
	-
-
-
	-
2,7 – 3,1
-
	-
2,0 – 2,4
-
	-
high
-

	Asya
	2010
2013
	+
+
	-
-
	1,9 – 2,5
-
	1,4 – 1,8
-
	average
-

	Voskhod
	2006
2010
2017
2019
	+
+
-
+
	-
-
+
+
	-
2,0 – 3,7
-
-
	-
2,0 – 3,0
-
-
	-
average
-
-

	Granny Smith 
	2012
	+
	-
	1,6 – 2,3
	1,1 – 1,5
	high

	Grushovka Talgarskaya
	2019
	-
	+
	1,0 – 1,4
	0,8 – 1,1
	high

	Zailiyskoe
	2010
2019
	+
+
	-
+
	2,2 – 3,0
-
	2,0 – 2,6
-
	average
-

	Dzhungarskaya
	2013
	+
	-
	1,0 – 2,2
	1,0 – 1,2
	high

	Dzhungarskoye zheltoye
	2007
	+
	-
	1,8 – 2,8
	1,4 – 1,7
	high

	Zhetysu
	2019
	-
	+
	1,1 – 1,3
	0,9 – 1,1
	high

	Zailiyskaya zelenoplodnaya
	2007
	+
	-
	2,0 – 3,2

	1,2 – 2,0
	high

	Zailiyskaya krupnoplodnaya
	2007
	+
	-
	1,75 – 3,0
	1,2 – 1,6
	high

	Zailiyskaya letnyaya
	2007
	+
	-
	2,6 – 3,4
	1,2 – 1,9
	high

	Zailiyskoe sredneplodnoye
	2007
	+
	-
	1,8 – 3,1
	1,6 – 2,1
	high

	Zarya Alatau
	2019
	+
	+
	1,2 – 1,5
	1,0 – 1,3
	high

	Zimneye Plesetskogo
	2012
2019
	+
+
	-
-
	1,9 – 3,5
-
	1,4 – 2,0
-
	high
-

	Golden Delicious
	2010
2016
2017
2019
	+
-
-
+
	-
+
+
+
	-
2,5 – 3,2
-
-
	-
2,5 – 3,1
-
-
	-
average-
-

	Qandil – synap 
	2010
2016
2019
	+
-
+
	-
+
-
	-
2,6 – 3,5
-
	-
1,8 – 2,0
-
	-
average
-

	Kornel  Red
	2006
	+
	-
	2,0 – 2,5
	1,5 – 2,0
	average

	Mantet
	2010
2016
2017
2019
	+
-
+
+
	-
+
+
+
	-
2,5 – 3,2
-
-
	-
1,6 – 1,9
-
-
	-
average
-
-


Continuation of table B.1

	Variety denomination
	Year of attraction
	Location
	Tree habit
	Phytophage-resistant

	Pestrushka
	2016
2017
2019
	-
+
+
	+
+
+
	-
0,7 – 1,75
-
	-
0,9 – 1,5
-
	-
high
-

	Red Melba
	2017
	+
	+
	1,8 – 2,1
	0,7 – 0,8
	high

	Renet Burkhardta
	2010
2012
2016
2017
	+
-
-
+
	-
+
+
+
	-
2,5 – 2,9
-
-
	-
2,0 – 2,2
-
-
	-
average
-
-

	Renet Simirenko
	2019
	+
	+
	1,1 – 1,2
	0,75 – 1,0
	high

	Royal Red Delishes
	2019
	-
	+
	1,2 – 1,5
	0,8 – 1,0
	high

	Rumyanka Alma-atinskaya
	2016
	-
	+
	1,75 – 2,2
	1,1 – 1,3
	high

	Saltanat
	2010
2016
2019
	+
-
+
	-
+
+
	-
2,8 – 3,4
-
	-
1,8 – 2,25
-
	-
average
-

	Slava pobeditelyam
	2014
	+
	-
	1,7 – 2,3
	1,2 – 1,7
	average

	Starka
	2017
	+
	+
	1,0 – 1,2
	0,8 – 1,0
	high

	Starkrimson
	2019
	+
	+
	1,1 – 1,4
	0,9 – 1,1
	high

	Stark Erliyest
	2017
2019
	+
+
	+
+
	1,2 – 1,7
-
	0,6 – 1,4
-
	high
-

	Stolovka (Limonka)
	2006
2016
2017
2019
	+
-
+
-
	-
+
+
+
	-
2,5 – 4,0
-
-
	-
3,0 – 3,5
-
-
	-
average
-
-

	Florina
	2010
	+
	-
	2,2 – 2,8
	2,1 – 2,6
	average



















Table B.2 – Biometric indicators of introduced apple varieties

	Name of varieties
	Height (m)
	Crown Width (m)
	Stem size (cm)
	Growth (cm)

	
	middle
	max.
	min.
	from north to south
	from east to west
	height
	diameter
	middle
	max.

	
	
	
	
	mid.
	max.
	min.
	mid.
	max.
	min.
	mid.
	max.
	min.
	mid.
	max.
	min.
	
	

	Asya
	1,75±
0,11
	2,2
	1,2
	1,82
±0,13
	2,6
	1,1
	2,04
±0,18
	3,0
	1,0
	27,30
±4,05
	45,0
	10,0
	5,25
±0,48
	7,0
	2,0
	11,20
±2,39
	31,30±6,22

	Askar
	2,26
±0,10
	2,7
	1,7
	2,36
±0,15
	3,2
	1,7
	2,27
±0,15
	3,1
	1,7
	31,60±6,86
	82,0
	9,0
	6,65± 0,51
	10,0
	5,0
	16,20
±3,71
	42,45±6,15

	Voskhod
	2,23
±0,13
	3,0
	1,6
	1,84
±0,13
	2,6
	1,3
	1,82
±0,14
	2,7
	1,2
	29,50
±5,44
	53,0
	1,0
	7,40
±0,34
	9,0
	6,0
	12,10
±3,83
	26,40±8,36

	Zailiyskoe
	2,11±
0,06
	2,7
	1,3
	2,58
±0,11
	3,3
	1,9
	2,66
±0,11
	3,7
	1,8
	36,90
±3,28
	70,0
	17,0
	6,72
±0,30
	9,0
	4,0
	13,70
±1,31
	25,10±2,03

	 (
46
)Golden Delicious
	2,75 ±0,09
	3,3
	1,9
	2,87
±0,10
	3,7
	1,5
	2,92
±0,10
	3,8
	1,9
	30,52
±2,98
	57,5
	2,5
	7,70
±0,30
	9,7
	4,5
	9,04
±1,19
	20,70±2,81

	Qandil – synap
	2,46 ±0,14
	3,1
	1,9
	1,92
±0,17
	2,7
	1,1
	2,11
±0,16
	2,7
	1,3
	17,30
±4,19
	40,0
	4,0
	8,70
±0,55
	11,0
	6,0
	20,72
±3,24
	45,25±6,44

	Mantet
	2,62 ±0,11
	3,3
	1,8
	2,33
±0,12
	3,4
	1,6
	2,34
±0,12
	3,6
	1,2
	22,30
±2,70
	51,0
	2,0
	8,08
±0,33
	11,0
	5,5
	12,70
±1,32
	30,80±2,80

	Renet Burkhardta
	2,35±
0,15
	3,1
	1,6
	2,11
±0,14
	2,6
	1,3
	2,12
±0,13
	2,7
	1,3
	30,50
±4,66
	56,0
	14,0
	6,85
±0,48
	10,0
	5,0
	14,42
±2,35
	38,40±4,74

	Saltanat
	2,62
±0,17
	3,4
	1,9
	2,40
±0,15
	3,5
	1,8
	2,41
±0,16
	3,3
	1,8
	49,60
±7,69
	80,0
	5,0
	8,15
±0,52
	11,0
	6,0
	14,60
±2,35
	34,60±4,81

	Stolovka
	2,63±
0,13
	3,2
	2,1
	1,78
±0,11
	2,4
	1,3
	1,80
±0,11
	2,5
	1,3
	31,70
±4,79
	49,0
	8,0
	6,90
±0,36
	9,0
	5,5
	18,50
±3,04
	40,60± 5,28

	Florina
	2,25±
0,14
	3,0
	1,3
	1,88
±0,10
	2,4
	1,1
	2,02
±0,17
	2,8
	1,0
	47,35
±7,43
	83,0
	18,0
	7,20
±0,42
	10,0
	5,5
	17,70
±1,88
	43,05±3,44





Table B.3 – An annotated list of the varieties of the collection attracted in 2006 – 2017 

	Name of varieties
	Year of attraction
	Landing site
 (№ site)
	Habit (m)
	Growth of shoots (sm)
	General state

	
	
	
	Tree height
	Crown diameter
	maxim.
	middle 
	

	1
	2
	3
	4
	5
	6
	7
	8

	Idared 
	2016
	Site 7
	2,70
	1,30х1,20
	10,0
	7,5
	good

	Askar
	2010
	Site 5b; site 7
	2,80
	2,70х3,30
	26,0
	16,5
	good

	Asya
	2010
	Site 5b; site 7
	2,50
	1,80х1,75
	21,0
	10,5
	good

	Voskhod
	2010
	Site 6; site 7
	3,70
	2,30х3,0
	22,0
	12,5
	good

	Granny Smith
	2012
	Site 8
	1,60
	1,40х1,30
	17,5
	11,0
	good 

	Dzhungarskaya zheltaya
	2007
	Site 5b
	1,80
	1,50х1,40
	22,0
	11,0
	satisfactory

	Zailiyskaya
	2010
	Site 7
	3,0
	2,60х2,80
	27,5
	18,5
	good

	 (
47
)Zailiyskaya krupnoplodnaya
	2007
	Site 5b
	3,0
	1,30х1,20
	18,0
	10,5
	satisfactory

	Zailiyskaya letnyaya
	2007
	Site 5b
	3,40
	1,90х2,20
	17,5
	10,0
	satisfactory

	Zailiyskoe sredneplodnoye
	2007
	Site 5b
	3,10
	2,10х2,10
	19,0
	10,5
	good

	Zelenoplodnoye Zailiyskoye
	2007
	Site 5b
	3,20
	2,0х2,20
	18,5
	11,0
	good

	Golden Delicious
	2010
	Site 7
	3,20
	3,10х3,0
	30,5
	20,0
	good

	Qandil – synap
	2010
	Site 7
	3,50
	2,0х2,60
	25,0
	11,5
	good

	Kornel  Red
	2006
	Site 6
	2,10
	1,50х2,0
	13,5
	8,0
	satisfactory

	Mantet
	2010
	Site 6; site 7
	3,20
	1,90х2,30
	20,5
	12,5
	good

	Pestrushka
	2016
	Site 6; site 7
	2,20
	1,80х1,30
	15,5
	9,0
	good

	Red Melba
	2017
	Site 6; site 7
	2,10
	0,80х0,70
	12,0
	7,5
	good

	Renet Burkhardta
	2010
	Site 7
	2,90
	2,20х2,0
	33,5
	19,5
	good 

	Rumyanka Alma-atinskaya
	2016
	Site 7 
	2,20
	1,50х1,30
	14,0
	10,5
	good

	Saltanat
	2010
	Site 7
	3,40
	2,25х2,45
	28,5
	20,0
	good

	Stolovka (Limonka)
	2006
	Site 6; site 7
	4,0
	3,50х3,30
	19,5
	11,0
	good

	Florina
	2010
	Site 7
	2,80
	2,60х2,30
	26,0
	20,5
	good




APPENDIX C 
Physiological parameters of introduced apple varieties

Table C.1 – The intensity of transpiration of apple varieties in daily and seasonal dynamics (2019 year)
 
	Date
	Time
	Meteofactors
	Transpiration rate (IT) of apple varieties (mg/g weight of raw leaves per hour)

	
	
	air temperature 0С
	air humidityratio  %
	Asya
	Voskhod
	Zailiyskoye
	Golden Delicious
	Kandil – synap
	Mantet
	Renet Burkhardta
	Saltanat
	Stolovka
	Florina

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	 (
48
)20.05
	930 – 1100
	+25
	26
	60±6,23
	83±6,75
	59±4,23
	107±7,12
	81±14,9
	62±12,9
	69±7,1
	80±9,3
	72±2,86
	145±13,1

	
	1415 – 1555
	+27
	27
	108±
11,86
	151±
7,75
	122±4,33
	129±11,87
	128±14,43
	123±
10,46
	138±5,43
	145±
7,85
	99±10,9
	175±
13,57

	
	1630 – 800
	+20
	41
	53±9,99
	137±10,37
	45±4,8
	127±10,26
	86±10,02
	90±6,81
	88±6,98
	69±5,79
	53±8,32
	81±11,8

	11.06
	930 – 1100
	+30
	35
	210±
6,08
	223±
3,03
	158±8,7
	136±2,15
	141±
5,75
	298±
5,58
	243±5,24
	132±
3,61
	222±8,38
	162±9,66

	
	1415 – 1555
	+32
	39
	340±
10,44
	274±
7,21
	241±6,28
	250±7,5
	198±
5,1
	451±
9,75
	270±8,83
	273±6,4
	427±6,87
	312±3,8

	
	1630 – 1800
	+28
	35
	286±
9,77
	227±
3,44
	170±6,21
	165±3,33
	190±
1,07
	299±
7,08
	256±1,27
	170±
5,35
	371±5,58
	240±7,06

	20.06
	930 – 1100
	+34
	17
	279±
5,02
	264±
4,71
	134±2,42
	324±9,44
	153±
4,72
	163±
3,94
	294±3,76
	173±
8,38
	376±5,77
	156±1,97

	
	1415 – 1555
	+33
	27
	322±
5,39
	330±
1,28
	158±3,27
	400±5,52
	165±
6,12
	203±
5,93
	354±3,02
	229±
5,23
	527±3,06
	202±3,72

	
	1630 – 1800
	+32
	17
	260±
7,44
	220±
7,04
	122±5,53
	253±3,67
	138±
5,38
	161±1,7
	168±5,52
	146±
3,05
	282±2,13
	143±4,64

	11.07
	930 – 1100
	+31
	36
	276±
4,56
	212±7,4
	208±7,05
	295±1,69
	192±
7,49
	245±
9,78
	258±2,7
	120±
4,83
	195±2,1
	127±4,97

	
	1415 – 1555
	+26
	67
	282±
9,29
	300±
6,84
	255±4,46
	333±3,38
	199±
6,12
	283±
1,89
	279±7,96
	165±
5,83
	253±8,5
	146±2,54

	
	1630 –1800
	+27
	53
	234±7,59
	192±7,52
	164±7,06
	286±1,98
	153±8,47
	227±7,52
	217±5,59
	111±8,36
	179±7,8
	134±4,49


Continuation of table C.1

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	23.07
	930 – 1100
	+33
	28
	329±
5,47
	197±
5,35
	106±3,87
	251±1,21
	171±
3,11
	208±
6,25
	145±8,05
	314±
7,64
	177±2,93
	209±2,74

	
	1415 – 1555
	+36
	21
	416±
9,72
	338±
7,57
	113±6,06
	302±4,17
	178±
4,37
	259±
8,57
	158±7,55
	310±
2,86
	219±6,51
	228±3,43

	
	1630 – 1800
	+33
	24
	186±
1,81
	194±
9,1
	72±10,09
	185±6,32
	149±
9,35
	195±
8,47
	126±4,02
	265±
4,12
	104±3,07
	170±1,92

	13.08
	930 – 1100
	+22
	57
	179±
4,54
	322±
7,61
	74±8,87
	38±4,59
	148±
6,24
	96±4,67
	304±5,83
	43±6,87
	169±6,78
	81±7,44

	
	1415 – 1555
	+24
	40
	335±
8,09
	354±
4,48
	80±6,05
	46±5,55
	217±
3,99
	110±
6,28
	312±4,81
	67±3,48
	207±6,78
	123±6,06

	
	1630 – 1800
	+19
	66
	112±
2,47
	228±
9,63
	45±6,6
	32±5,8
	142±4,9
	40±8,12
	215±5,73
	37±3,51
	155±3,17
	87±5,75

	 (
49
)21.08
	930 – 1100
	+34
	17
	390±
4,79
	185±
5,54
	291±5,13
	267±9,62
	136±
5,48
	186±
8,54
	161±7,74
	153±
4,58
	138±9,17
	160±5,32

	
	1415 – 1555
	+33
	27
	395±
4,09
	190±
2,11
	374±10,33
	338±7,05
	176±
2,11
	311±
8,88
	197±8,83
	156±
4,27
	230±4,37
	179±3,8

	
	1630 – 1800
	+29
	33
	99±
2,19
	149±
4,29
	148±3,76
	266±4,05
	133±
9,97
	103±
10,59
	138±1,73
	135±
6,67
	145±8,57
	128±5,59

	10.09
	930 – 1100
	+14
	56
	84±5,03
	179±
2,18
	68±2,95
	41±1,4
	119±
6,32
	56±8,92
	131±13,78
	48±6,71
	99±6,47
	80±0,91

	
	1415 – 1555
	+26
	30
	166±
9,23
	183±
3,34
	81±7,95
	60±3,12
	129±8,4
	91±4,41
	161±9,37
	75±5,39
	158±1,03
	142±7,49

	
	1630 – 1800
	+24
	41
	61±5,9
	147±
7,46
	41±5,0
	36±3,83
	112±
7,69
	56±3,43
	81±2,94
	55±3,16
	89±4,85
	99±4,33

	23.09
	930 – 1100
	+15
	75
	61±3,23
	  118±4,65
	106±9,29
	36±4,47
	81±6,83
	54±3,81
	71±4,17
	97±3,13
	74±4,27
	80±8,17

	
	1415 – 1555
	+20
	62
	153±
1,46
	150±
9,21
	123±3,26
	55±4,77
	109±
5,42
	85±6,61
	105±9,91
	112±
7,71
	128±2,85
	124±6,57

	
	1630 –1800 
	+18
	71
	68±5,4
	95±3,99
	90±6,79
	56±2,11
	67±7,48
	52±6,28
	68±7,09
	84±3,59
	69±4,19
	82±2,1




Table C.2 – The intensity of transpiration of apple varieties in daily and seasonal dynamics (2020 year)

	Date
	Time
	Meteofactors
	Transpiration rate (IT) of apple varieties (mg/g weight of raw leaves per hour)

	
	
	air tem-
perature 0С
	air humi-
dityratio  %
	Voskhod
	Golden Delicious
	Renet Burkhardta
	Saltanat
	Stolovka

	12.05
	930 – 1100
	+15
	77
	202±9,7
	203±7,7
	185±7,3
	200±5,6
	205±4,1

	
	1415 – 1555
	+18
	69
	238±8,9
	235±3,7
	284±7,4
	274±5,8
	249±7,9

	
	1630 – 1800
	+17
	76
	221±5,8
	280±5,0
	220±5,2
	222±10,0
	271±4,1

	21.05
	930 – 1100
	+17
	81
	115±5,3
	120±8,7
	182±9,3
	116±8,2
	138±7,8

	
	1415 – 1555
	+22
	67
	190±3,4
	293±5,2
	171±8,3
	196±8,0
	161±6,6

	
	1630 – 1800
	+20
	74
	140±9,4
	168±6,3
	131±7,9
	139±4,4
	143±9,2

	 (
50
)11.06
	930 – 1100
	+25
	29
	245±4,2
	97±7,3
	216±3,4
	238±5,3
	116±8,1

	
	1415 – 1555
	+37
	18
	276±8,8
	220±9,5
	263±8,9
	309±7,2
	251±6,9

	
	1630 – 1800
	+32
	27
	128±5,7
	177±8,7
	178±4,3
	163±5,2
	126±2,2

	23.06
	930 – 1100
	+26
	33
	216±7,7
	125±2,7
	137±4,3
	189±6,4
	231±4,9

	
	1415 – 1555
	+35
	26
	326±3,1
	324±8,0
	291±6,5
	199±3,5
	245±7,7

	
	1630 – 1800
	+36
	22
	339±6,3
	327±2,5
	279±9,1
	149±2,0
	216±9,4

	13.07
	930 – 1100
	+26
	76
	335±8,4
	189±9,1
	133±5,5
	229±1,7
	197±8,9

	
	1415 – 1555
	+33
	51
	395±9,2
	371±9,7
	343±7,0
	384±8,6
	295±3,1

	
	1630 – 1800
	+30
	67
	259±9,7
	195±4,5
	153±8,9
	184±6,3
	202±7,7

	21.07
	930 – 1100
	+34
	32
	262±7,3
	187±6,4
	238±5,5
	259±4,2
	312±6,0

	
	1415 – 1555
	+36
	33
	328±6,7
	269±9,6
	387±4,7
	318±6,1
	371±6,6

	
	1630 – 1800
	+31
	31
	352±6,6
	321±4,6
	304±8,9
	255±5,4
	229±2,3

	11.08
	930 – 1100
	+19
	66
	225±3,6
	213±6,7
	251±2,5
	264±2,6
	234±6,0

	
	1415 – 1555
	+27
	40
	268±6,1
	319±6,3
	345±7,3
	399±2,3
	321±2,2

	
	1630 – 1800
	+26
	51
	298±5,0
	254±3,3
	337±6,9
	214±5,8
	270±4,9

	21.08
	930 – 1100
	+30
	38
	219±6,5
	133±2,7
	195±4,3
	174±4,3
	234±3,9

	
	1415 – 1555
	+33
	43
	278±7,5
	335±5,1
	255±5,3
	331±2,3
	267±5,9

	
	1630 – 1800
	+26
	71
	194±4,1
	177±4,0
	231±5,3
	173±5,6
	262±3,7


Table C.3 –   The degree of heat resistance of leaves of 10 apple varieties in seasonal dynamics (2019 year) 

	Name of varieties
	No browning of leaves 
40°С
	Slight browning of leaves 50°С
	Browning more than 50% of the sheet area 60°С
	Solid leaf browning 70°С

	
	may
	june
	july
	aug.
	may
	june
	july
	aug.
	may
	june
	july
	aug.
	may
	june
	july
	aug.

	Asya
	60
	80
	40
	60
	100
	100
	100
	100
	60
	40
	100
	100
	20
	0
	40
	20

	Voskhod
	80
	60
	20
	40
	100
	100
	100
	100
	60
	60
	60
	80
	20
	40
	20
	20

	Zailiyskoe
	80
	40
	20
	20
	100
	100
	100
	100
	80
	80
	80
	60
	80
	20
	60
	40

	Golden Delicious
	100
	60
	20
	40
	100
	100
	100
	100
	40
	60
	100
	80
	20
	60
	20
	40

	Qandil – synap
	80
	60
	40
	20
	100
	100
	100
	100
	80
	100
	80
	80
	40
	20
	40
	40

	Mantet
	80
	100
	80
	80
	100
	100
	100
	100
	40
	0
	60
	60
	20
	0
	0
	20

	 (
51
)Renet Burkhardta
	100
	80
	60
	80
	100
	100
	100
	100
	40
	20
	40
	60
	20
	20
	20
	20

	Saltanat
	80
	100
	60
	40
	100
	100
	100
	100
	60
	40
	100
	100
	20
	0
	40
	40

	Stolovka
	100
	100
	80
	80
	100
	100
	100
	100
	60
	40
	20
	80
	0
	0
	20
	20

	Florina
	80
	60
	60
	40
	100
	100
	100
	100
	40
	60
	80
	100
	20
	40
	20
	40















Table C.4 –  Heat resistance of apple varieties in may   (2020 year)

	Name of varieties
	Degree of leaf damage at temperature

	
	40°С  
	50°С  
	60°С  
	70°С  
	80°С

	Apple «Voskhod»:
	
	
	
	
	

	1
	-
	+
	+
	++
	+++

	2
	-
	+
	+
	++
	+++

	3
	-
	+
	++
	+++
	+++

	4
	-
	+
	+
	++
	+++

	5
	-
	+
	+
	++
	+++

	Apple «  Golden Delicious »:
	
	
	
	
	

	1
	-
	+
	+
	++
	+++

	2
	-
	+
	+
	++
	+++

	3
	-
	+
	+
	++
	+++

	4
	-
	+
	+
	++
	+++

	5
	-
	+
	++
	+++
	+++

	Apple  «Saltanat»:
	
	
	
	
	

	1
	-
	+
	+
	++
	+++

	2
	-
	+
	++
	++
	+++

	3
	-
	+
	++
	+++
	+++

	4
	-
	+
	+
	++
	+++

	5
	-
	+
	+
	++
	+++

	Apple «Stolovka»:
	
	
	
	
	

	1
	-
	+
	+
	++
	+++

	2
	-
	+
	++
	++
	+++

	3
	-
	+
	+
	++
	+++

	4
	-
	+
	+
	++
	+++

	5
	-
	+
	++
	+++
	+++

	Apple « Renet Burkhardta »:
	
	
	
	
	

	1
	-
	+
	+
	++
	+++

	2
	-
	+
	+
	++
	+++

	3
	-
	+
	++
	++
	+++

	4
	-
	+
	+
	++
	+++

	5
	-
	+
	+
	++
	+++


Table C.5 –  Heat resistance of apple varieties in june (2020 year)

	Name of varieties
	Degree of leaf damage at temperature

	
	40°С  
	45°С  
	50°С  
	55°С  
	60°С  

	Apple «Voskhod»:
	
	
	
	
	

	1
	-
	+
	+
	++
	++

	2
	-
	+
	+
	++
	++

	3
	-
	-
	+
	+
	++

	4
	-
	-
	+
	+
	++

	5
	-
	-
	+
	+
	++

	Apple «  Golden Delicious »:
	
	
	
	
	

	1
	-
	-
	+
	+
	+

	2
	-
	-
	+
	+
	+

	3
	-
	-
	+
	+
	++

	4
	-
	-
	+
	+
	+

	5
	-
	+
	+
	++
	++

	Apple « Renet Burkhardta »:
	
	
	
	
	

	1
	-
	+
	+
	++
	++

	2
	-
	-
	+
	+
	++

	3
	-
	-
	+
	+
	+

	4
	-
	-
	+
	+
	+

	5
	-
	-
	+
	+
	+

	Apple  «Saltanat»:
	
	
	
	
	

	1
	-
	-
	+
	+
	+

	2
	-
	-
	+
	+
	+

	3
	-
	-
	+
	+
	+

	4
	-
	-
	+
	+
	+

	5
	-
	-
	+
	++
	++

	Apple «Stolovka»:
	
	
	
	
	

	1
	-
	-
	+
	+
	+

	2
	-
	-
	+
	+
	+

	3
	-
	+
	+
	++
	++

	4
	-
	-
	+
	+
	++

	5
	-
	-
	+
	+
	+



Table C.6 –  Heat resistance of apple varieties in july  (2020 year)

	Name of varieties
	Degree of leaf damage at temperature

	
	40°С  
	45°С  
	50°С  
	55°С  
	60°С  

	Apple «Voskhod»:
	
	
	
	
	

	1
	-
	+
	+
	++
	++

	2
	-
	+
	+
	++
	++

	3
	-
	-
	+
	+
	++

	4
	-
	+
	+
	++
	++

	5
	-
	-
	+
	+
	++

	Apple «  Golden Delicious »:
	
	
	
	
	

	1
	-
	+
	+
	++
	++

	2
	-
	-
	+
	+
	+

	3
	-
	-
	+
	+
	++

	4
	-
	+
	+
	++
	++

	5
	-
	+
	+
	++
	++

	Apple « Renet Burkhardta »:
	
	
	
	
	

	1
	-
	+
	+
	++
	++

	2
	-
	+
	+
	++
	++

	3
	-
	-
	+
	+
	+

	4
	-
	-
	+
	+
	+

	5
	-
	-
	+
	+
	+

	Apple  «Saltanat»:
	
	
	
	
	

	1
	-
	+
	+
	++
	++

	2
	-
	-
	+
	+
	+

	3
	-
	-
	+
	+
	+

	4
	-
	+
	+
	++
	++

	5
	-
	-
	+
	++
	++

	Apple «Stolovka»:
	
	
	
	
	

	1
	-
	-
	+
	+
	+

	2
	-
	-
	+
	+
	+

	3
	-
	+
	+
	++
	++

	4
	-
	+
	+
	++
	++

	5
	-
	-
	+
	++
	++


Table C.7 –  Heat resistance of apple varieties in august  (2020 year)

	Name of varieties
	Degree of leaf damage at temperature

	
	40°С  
	45°С  
	50°С  
	55°С  
	60°С  

	Apple «Voskhod»:
	
	
	
	
	

	1
	-
	-
	+
	+
	++

	2
	-
	+
	+
	++
	++

	3
	-
	+
	+
	++
	++

	4
	-
	+
	+
	++
	++

	5
	-
	+
	+
	++
	++

	Apple «  Golden Delicious »:
	
	
	
	
	

	1
	-
	+
	+
	++
	++

	2
	-
	+
	+
	++
	++

	3
	-
	+
	+
	++
	++

	4
	-
	+
	+
	++
	++

	5
	-
	-
	+
	+
	+

	Apple « Renet Burkhardta »:
	
	
	
	
	

	1
	-
	+
	+
	++
	++

	2
	-
	+
	+
	++
	++

	3
	-
	+
	+
	++
	++

	4
	-
	-
	+
	+
	+

	5
	-
	+
	+
	++
	++

	Apple  «Saltanat»:
	
	
	
	
	

	1
	-
	-
	+
	+
	+

	2
	-
	-
	+
	+
	+

	3
	-
	+
	+
	++
	++

	4
	-
	+
	+
	++
	++

	5
	-
	+
	+
	++
	++

	Apple «Stolovka»:
	
	
	
	
	

	1
	-
	+
	+
	+
	++

	2
	-
	+
	+
	+
	++

	3
	-
	-
	+
	+
	++

	4
	-
	-
	+
	++
	++

	5
	-
	+
	+
	++
	++


Table C.8 –  Heat resistance of apple varieties in september  (2020 year)

	Name of varieties
	Degree of leaf damage at temperature

	
	40°С  
	45°С  
	50°С  
	55°С  
	60°С  

	Apple «Voskhod»:
	
	
	
	
	

	1
	-
	+
	+
	++
	++

	2
	-
	+
	+
	++
	++

	3
	-
	+
	+
	++
	++

	4
	-
	+
	+
	++
	++

	5
	-
	+
	+
	++
	++

	Apple «  Golden Delicious  »:
	
	
	
	
	

	1
	-
	+
	+
	++
	++

	2
	-
	+
	+
	++
	++

	3
	-
	+
	+
	++
	++

	4
	-
	+
	+
	++
	++

	5
	-
	+
	+
	++
	++

	Apple « Renet Burkhardta »:
	
	
	
	
	

	1
	-
	+
	+
	++
	++

	2
	-
	+
	+
	++
	++

	3
	-
	+
	+
	++
	++

	4
	-
	-
	+
	+
	++

	5
	-
	+
	+
	++
	++

	Apple  «Saltanat»:
	
	
	
	
	

	1
	-
	+
	+
	++
	++

	2
	-
	-
	+
	+
	+

	3
	-
	+
	+
	++
	++

	4
	-
	+
	+
	++
	++

	5
	-
	+
	+
	++
	++

	Apple «Stolovka»:
	
	
	
	
	

	1
	-
	+
	+
	++
	++

	2
	-
	+
	+
	++
	++

	3
	-
	-
	+
	+
	++

	4
	-
	+
	+
	++
	++

	5
	-
	+
	+
	++
	++



APPENDIX D

The content of organic acids and sugars in apple fruits

Table D.1 – The content of organic acids and sugars in the fruits of introduced apple varieties

	Name of varieties
	Organic acid content
	Sugar content

	
	lemon
	apple
	fructose
	glucose
	sucrose

	
	mg/dm3
	%
	mg/dm3
	%
	mg/dm 3
	%
	mg/dm 3
	%
	mg/dm 3
	%

	Asya
	12,44
	0,124
	8,43
	0,084
	13,04
	0,026
	41,18
	0,082
	141,1
	0,282

	Voskhod
	51,75
	0,517
	-
	-
	74,97
	0,150
	81,67
	0,163
	43,12
	0,086

	Zailiyskoe
	-
	-
	10,44
	0,104
	39,26
	0,078
	-
	-
	184,9
	0,369

	Golden Delicious
	
-
	
-
	
13,51
	
0,135
	
22,13
	0,044
	10,45
	0,021
	340,3
	0,680

	 (
57
)Qandil – synap
	-
	-
	11,27
	0,112
	15,31
	0,031
	24,24
	0,048
	218,7
	0,437

	Mantet
	21,09
	0,211
	10,97
	0,101
	89,88
	0,180
	4,969
	0,010
	66,02
	0,132

	Renet Burkhardta
	14,63
	0,146
	
12,61
	
0,126
	25,34
	0,051
	88,9
	0,178
	87,65
	0,175

	Saltanat
	9,83
	0,098
	-
	-
	12,31
	0,025
	99,03
	0,198
	44,26
	0,088

	Stolovka
	9,924
	0,099
	-
	-
	-
	-
	152,4
	0,305
	164,7
	0,329

	Florina
	-
	-
	9,69
	0,097
	10,6
	0,021
	21,20
	0,042
	-
	-





APPENDIX E

Promising apple varieties for introduction into cultivation (brief description)
 
Summer  varieties.  Stolovka (Suyslepskoye).  European variety of folk selection (Baltic), medium vigor, early fruiting (3 – 4 years after planting). Fruits ripen earlier than all summer varieties (in mid-july).  Fruits of medium size (76-80 g), rounded – conical, slightly ribbed. The skin is fragrant, shiny, straw-yellow, often with a blurred striped blush. The pulp is snow-white, sometimes in red veins, tender, juicy. The fruits contain large amounts of vitamin C (over 10 mg / 100 g) and vitamin P flavonoids (over 300 mg / 100 g). According to the results of 5-year observations, the most productive variety (along with the Zolotoe excellent variety) under our conditions, the productivity of a 10-year-old tree is up to 20 kg, the yield is more than 100 c / ga (average - 75 c / ga), is highly heat-resistant. Phytophagous resistance is low. The introduction value is medium (grade 6).	
Renet Burkhardta (Limonka). Crimean summer variety. Medium-sized, bears fruit in our conditions for 2 - 3 years after planting, high-yielding. According to the results of 5-year observations, the productivity is up to 20 kg per tree, the yield is up to 100 c / ga (the average yield is 65 c / ga). Fruits are medium (80 - 85 g.), Flat - rounded (wound) shape, golden yellow, with a blush. The pulp is juicy, with a pleasant sweet-sour taste, with a lemon flavor and aroma. The variety is highly winter-resistant and heat-resistant, but not sufficiently resistant to powdery mildew. The introduction value is medium (grade 6).	
Mantet. Canadian medium-sized variety (no more than 3.5 m in our conditions), the age of the beginning of fruiting is 2 - 3 years. Fruits are medium and large (up to 135 g), the shape of the fruit is conical, oblong - rounded. The peel is firm, thin, smooth, yellow-green or yellowish, the integumentary color is bright red, with a speckled-striped blush. The pulp is white with a slight pink tint, juicy. The taste is sweet with a slight sourness. Productivity - up to 20 kg per young tree (according to literature data, mature trees give up to 70 kg). In our conditions, the yield is up to 90 c / ga (average yield is 70 c / ga). The variety is quite winter - and drought-resistant, heat-resistant, prone to scab damage. The introduction value is increased (grade 7).	Qandil-synap. Late summer Crimean variety. The tree is vigorous, begins to bear fruit from 12-15 years, in our conditions - from 4 years. Average productivity in our conditions (up to 15 kg per young tree), yield - up to 80 c / ga (average yield - 48 c / ga). The fruits are large (120 - 140 g), in our conditions, medium - up to 100 g, elongated - cylindrical, with a smooth yellow-green skin, covered on one side with an elegant red blush. The pulp is yellowish and delicate. The taste is sweet, with sourness and pleasant aroma. The variety is slightly damaged by scab and powdery mildew. Winter - medium drought resistance. The introduction value is medium (grade 6).
	Melba. Canadian medium-sized late summer variety, bears fruit 3-4 years after planting, high yield, but uneven over the years. Fruits are medium-sized (90 - 110 g), rounded, with a raspberry-and striped blush on the main light cream background. The pulp is tender, white, juicy, of excellent taste, with a strong and pleasant aroma. Removable maturity occurs in mid-August. Winter - drought resistance and phytophagous resistance are average.
Zailiyskaya summer. Kazakhstan variety is a clone (selected in the Zailiyskiy Alatau in 1990 by A.D.Dzhangaliev, T.N.Salova, R.M. Turekhanova). The trees are medium-sized, bear fruit from 8 years old (in our conditions, from 4 years old), up to 15 kg per tree. Fruits are small, 23 - 27 g, are not affected by the moth. The variety is drought tolerant. The introduction value is medium (grade 6).
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Picture D. 1 – Summer apple varieties Stolovka (А, B), Renet Burkhardta
(C),    Mantet (D).

Autumn varieties. Golden excellent (Golden Delicious). Medium-sized American variety, bears fruit for 3 - 5 years after planting, in our conditions - for 2 - 3 years. Fruits 150 - 195 (large), in our conditions 67 - 110, elongated. When fully ripe, the peel is golden yellow. The pulp is juicy, sweet, with a pleasant smell. The fruits are rich in vitamin C (over 13 mg / 100 g) and flavonoids (vitamin P - over 300 mg / 100 g). The variety is the most productive (along with Stolovka), we harvested more than 26 kg from one tree, yield - up to 96 kg / ga (average yield - 75 kg / ga). Winter - and drought - resistant, quite heat - resistant, phytophagous - above average. The introduction value is increased (grade 7).
	Askar. Kazakhstan autumn variety is a clone, selected in the Dzhungarskiy Alatau by A.D. Dzhangaliev. A medium-sized variety in our conditions, the first fruiting in the 4th year after planting. The fruits are large, in our conditions the average weight of the fruit is 138 g, the maximum in our conditions is 246 g, of high taste. Productivity is high (one of the highest in our conditions), a young tree gives more than 20 kg, yield - up to 90 c / ga. The variety is distinguished by high winter and drought resistance, as well as resistant to fungal diseases. The introduction value is medium (grade 6).
Idared. American vigorous variety. The fruits are large and very large (140 - 190), smaller in our conditions. The peel is pale green, thin, smooth. Above it is a rich crimson blush with thick stripes. The pulp is creamy, firm, juicy. The aroma is weak, the taste is sour-sweet. Fruiting occurs 5-6 years after planting, earlier in our conditions. According to the literature, the productivity of a young tree is up to 30 kg of fruits, at the age of 15 years - up to 90 kg of fruits. Winter - drought resistance, phytophagous resistance - medium.
Voskhod. Kazakhstani vigorous (medium-sized in our conditions) autumn variety, obtained in the KazNII of fruit growing and viticulture, the age of the beginning of fruiting is 3-5 years. Fruits are oblong, candylet-shaped, large and very large (140-200 g), in our conditions the variety is in first place in terms of fruit size. The main color is light yellow, the integumentary color is crimson.  The pulp is white, dense, juicy, excellent sweet and sour taste, with a pleasant aroma. According to the results of 5-year observations, the productivity is slightly higher than 10 kg per tree, the yield is up to 62 c / ga (the average yield is 46 c / ga). The fruits can be stored until April - May. The variety is highly winter-resistant, average heat resistance. Resistant to powdery mildew and scab, it is affected by bacterial burns. The introduction value is medium (grade 6).
	Zailiyskoe. Kazakhstan variety is a clone (selected in the Zailiyskiy Alatau in 1962 by A.D. Dzhangaliev, T.N. Salova, R.M. Turekhanova). The trees are undersized (3 - 4 m), fruiting at 3 - 4 years after planting, regular. Fruits are large (up to 130 g), yellowish-green, with dull dark red strokes, a strong bluish bloom and a rather significant mesh (rust) at the funnel, of high taste. The variety is winter-hardy, low heat resistance, phytophagous resistance - medium. The introduction value is medium (grade 6).
Rumyanka Alma-atinskaya.  Kazakhstan autumn variety, obtained in the KazNII of fruit growing and viticulture, medium-sized, bears fruit for 7 - 8 years (earlier in our conditions), the yield of mature trees is up to 95 c / ga (average). The fruits are large, up to 190 (in our conditions, medium), rounded-conical, the skin is dense, light green, with a dark red blush. Taste good, stored until March - April. Highly winter-resistant, average phytophagous resistance.  
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Picture D.2 – Autumn apple varieties  Golden Delicious (А, B), 
Askar (C), Voskhod (D).

	Autumn - winter varieties. Granny Smith. A well-known Australian variety. The tree is medium-sized (natural semi-dwarf). Fruit weight according to literature data is from 148 g (large) to 300 g (very large). The fruits are round or slightly oval, the rind is rich green, the pulp is light, juicy, sweet and sour. 100 g of pulp contains no more than 50 kcal. Therefore, they are used for dietary nutrition. The fruits ripen at the end of September and can be stored until the next harvest. Medium productive (15 - 20 kg per tree on a semi-dwarf rootstock) and medium-demanding, differ in the frequency of fruiting. It is characterized by an average level of winter hardiness and drought resistance, it is affected by rust and mold. The introduction value is medium (grade 6).
	Saltanat. Kazakhstani variety, bred in the pomological garden of the Kazakh Research Institute of Fruit and Viticulture. A vigorous winter variety (in our conditions, a medium-sized autumn variety), bears fruit 4 - 5 years after planting. Fruits are above average, up to 170 g (in our conditions, up to 100 g), greenish-yellow with a blush. The pulp is creamy, fine-grained, of medium density, juicy, sour-sweet, aromatic. It is very rich in the content of P - active substances (vitamin P) in fruits - 349.75 mg / 100 g. The yield is higher than 100 c / ga (in our conditions it is lower - 35 - 45 g / ga). Winter-hardy, average phytophagous resistance. The introduction value is medium (grade 6).
	Florina. A medium-sized French variety (up to 3 m.), Begins to bear fruit in our conditions for the 4th - 5th year after planting. The shape of the fruit is more cylindrical, sometimes round-conical, with slight asymmetry. Fruits in our conditions are large (up to 100 g) and medium (90 g). The peel is dense, elastic, yellow in color with a deep red blush. The pulp is greenish-white, juicy, tender. The aroma is pleasant, the taste is sweet and sour. The variety is quite productive (up to 18 kg per tree) and productive (64 - 85 c / ga) in our conditions. Highly winter-resistant, quite heat-resistant variety, resistant to pests and diseases. The introduction value is medium (grade 6).
	Late winter varieties. Asya. Kazakhstan variety is a clone, selected in Dzhungarskiy Altau A.D. Dzhangaliev (from the Nedzvetsky apple tree). Low-growing tree with intensely colored purple-red young shoots, leaves and fruits. The first fruiting is in the 2nd year after planting, the fruits are large (up to 130 g in our conditions), the productivity is 10 - 16 kg per tree, the yield is up to 66 c / ga (the average yield is 50 c / ga). The variety is frost-resistant and quite heat-resistant, not affected by powdery mildew and apple moth. The introduction value is increased (grade 7).
	Talgar (Talgar Grushovka). A variety of Kazakhstani selection (KazNII of fruit growing and viticulture) of the winter ripening period. Fruiting in the 4th year after planting. The fruits are large, the yield is high, the fruits are stored until May. A winter-hardy variety, resistant to scab, powdery mildew and fire blight.
	Zarya Alatau. Kazakhstani medium-sized variety of late winter ripening period, obtained in the KazNII of fruit growing and viticulture, the beginning of fruiting - 4 - 5 years after planting. Fruits are smooth, medium and above average size (up to 130 g), high taste. The pulp is dense, juicy, aromatic. The yield of an adult tree, according to literature data, is up to 170 c / ga. The variety is highly winter-resistant, resistant to fungal diseases.
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Picture  D.3  – Autumn - winter varieties of apple Saltanat (A.B) and Golden Delicious (C,D)












APPENDIX F

List of published scientific works for 2018 – 2020

List of published scientific works for 2018

Domestic publications

Articles in the journals of the list of the CCFES

1. О.N. Kosareva, G.Е. Dinova, А.B. Akhtanova Features of biology of the introduced apple-tree sorts in arid conditions of Mangistau // Bulletin of the Karaganda University. «Biology. Medicine. Geography» series 4 (92)/2018, Karaganda, 2020. – P. 8 - 16. (English)

Foreign publications

Abstracts of reports at international conferences

1. О.N. Kosareva, G.Е. Dinova., A.A. Imanbaeva Features of phenology and agrotechnics of introduced apple varieties in Mangistau conditions // Collection of conference materials «Industrial gardening of Siberia. Varieties, technologies, practice.» / FGBNU Federal Altai Center of Agrobiotechnology. –  Barnaul: IP  I.A. Kolmogorov., 2019. – P. 89 – 99. (Russian)

List of published scientific works for 2019

Foreign publications

Articles in foreign publications included in the knowledge-intensive base Scopus:

1. O. N. Kosareva, G. E. Dinova Seasonal development of introduced apple-tree varieties under arid conditions of Western Kazakhstan / EurAsian Journal of BioSciences 13, (2019) - Р. 717-727. (English)

List of published scientific works for 2020

Domestic publications


Monographs and recomendations

1. О.N. Kosareva, D.N.  Zharassova,  А.B. Akhtanova  Introduction of apple varieties into
arid conditions in Mangistau. Aktau. –  2020. –   102 p. (Russian)
1. О.N. Kosareva,  А.B. Akhtanova,  R.S. Eshchanova Growing promising apple varieties
in the arid conditions of Mangistau (recommendations for assortment and agricultural technology). Aktau. – 2020. – 31 p. (Russian)

Articles in the journals of the list of the CCFES

1.  О.N. Kosareva, D.N.  Zharassova,  А.B. Akhtanova  Seasonal development, water
content and heat resistance of introduced apple varieties in arid conditions of Mangistau // Vestnik of Karaganda. Series «Biology. Medicine. Geography». № 3 (99)/2020, Karaganda, 2020. – P. 91 – 99 (Russian)
Foreign publications

Articles in foreign journals included in the knowledge-intensive base Scopus :

1. O.N. Kosareva , D.N. Zharasova,  Water content and transpiration dynamics for apple varieties in the arid conditions of the western Kazakhstan // EurAsian Journal of BioSciences, Volume 14, Issue 1. -  P. 1531-1540 (процентиль Scopus – 22) (English)
2. O. N. Kossareva, D.N. Zharassova, N.A. Tolep Heat resistance of introduced apple-tree varieties due to water status and seasonal development under arid conditions of Mangistau // EurAsian Journal of BioSciences, Volume 14, Issue 1. -  P. 2631-2641 (процентиль  Scopus - 22) (English)
Конец формы
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Articles in collections of international scientific conferences included in the RINTS 

1. О.N. Kosareva,  А.B. Akhtanova., D.N.  Zharassova. Some biological and physiological
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Attachment 1.4 
To the Contract №__ dated _______2018. 
for grant funding



TECHNICAL SPECIFICATION AND WORK SCHEDULE 

Under the contract №_____ dated __________________2018 


1. RGP on PKHV «Mangyshlac Experimental Botanical Garden» KN MON RK

1.1 By priority: 4. Life and health scienses.
1.2 On sub-priority: 4.1. Basic and applied research in the field of biology. Ecological problems. Assessment of the state and problems of preserving biodiversity of flora and fauna of the Republic of Kazakhstan. Scientific basis for the rational use and reproduction of biological resources. Basic research.
1.3 On the project topic: № AP05131193 «Introduction of promising apple varieties for introduction into cultivation in arid regions of Western Kazakhstan».
1.4 Total project amount   15 000 000 (fifteen million) tenge, including with a breakdown by years, for the performance of work in accordance with paragraph 3:
- for 2018 – in the amount of 5 000 000 (five million) tenge;
- for 2019  - in the amount of 5 000 000 (five million) tenge;
- for 2020  - in the amount of 5 000 000 (five million) tenge;

2. Characteristics of scientific and technical products by qualification and economic indicators

2.1 Direction of work: Fundamental and applied research in the field of natural sciences.
2.2 Field of application: botany, plant introduction, phytomelioration, landscape architecture.
2.3 Final result: 
- for 2018: attracted and studied 20 foreign varieties of apple trees promising for the conditions of Western Kazakhstan;  
- for 2019: biometric, physiological parameters and biochemical assessment of the fruits of introduced apple varieties; planting material of foreign varieties of apple trees (scion) grafted on apple trees of local reproduction (rootstock);
- for 2020: recommendations for growing promising apple varieties in arid conditions of Western Kazakhstan, articles in foreign scientific journals and peer-reviewed domestic scientific journals with a non-zero impact factor.

2.4 Patentability: Available
2.5 Scientific and technical level (novelty): for the first time new apple varieties will be studied and biological features and mechanisms of adaptation of apple varieties in local arid conditions will be revealed.
2.6 The use of scientific and technical products is carried out: by the Contractor
2.7 The type of use of the result of scientific and (or) scientific and technical
Activities: Preparation of scientific reports, publications in Kazakhstani and foreign scientific publications, patents, copyright certificates.

3. Name of work, terms of their implementation and results
	Job code, stage
	Name of work under the Agreement and the main stages of its implementation
	Period of execution
	
Expected Result

	
	
	start
	ending
	

	1.
	Compilation of a list of foreign varieties of apple trees based on the generalization and comparative analysis of the materials of long-term research and observations . 
	
january     2018
	
until november 1, 2018
	There will be a compilation of a list of 20 foreign varieties of apple trees based on the generalization and comparative analysis of the materials of long-term research and observations. to attract to the MEBS collection.

	1.1
	Collection of perennial materials for the introduction of apple varieties.
	
january 2018
	
june
2018
	Long-term material for the introduction of apple varieties will be collected.
Material for comparative analysis was collected (area, varietal composition, age, origin of planting material, condition, farming techniques).

	1.2
	Inspection of existing apple orchards in the region and compilation of a list of foreign varieties of apple trees promising for the conditions of Western Kazakhstan.
	

july
2018
	

until november 1, 2019
	Apple orchards existing in the region will be examined and a list of 20 foreign varieties of apple trees promising for the conditions of Western Kazakhstan will be compiled.

	2.
	Reconstruction and replenishment with new varieties of the apple collection.
	march
2018
	august
2018
	Reconstruction and replenishment of the collection with 20 new foreign and promising apple varieties will be carried out.

	2.1
	Attraction and primary introduction testing of apple varieties. Exchange of experience with the donor organization.
	
march
2018.

	
may
2018
	Attraction and initial introduction tests of 20 apple varieties will be carried out, as well as exchange of experience with the donor organization.
20 varieties of apple trees were planted and the first results of their survival were obtained.

	2.2
	Entering into the database a description of apple varieties promising for the culture in arid regions of Western Kazakhstan . 
	
june
2018
	
august
2018
	A description of 20 varieties of apple trees promising for cultivation in arid regions of Western Kazakhstan will be entered into the database. Taxonomic, registration, ecological and biological information on the description of promising 20 varieties of apple trees has been introduced.

	3.
	Identification of the most optimal methods and effective methods of reproduction and agrotechnical cultivation of foreign varieties of apple trees. Processing and analysis of the results obtained.
	
march
2018.
	
until november 1, 2018
	The most optimal breeding methods for foreign varieties of apple trees will be identified. Processing and analysis of the obtained results has been carried out.

	3.1
	Agrotechnical care and phenological observations of the attracted apple varieties.
	
march
2018.
	
until november 1, 2018
	Agrotechnical care and phenological observations of the attracted apple varieties will be carried out. Seasonal work on regular watering will be carried out, as well as the phenology of the attracted apple varieties. 1 scientific article will be published in peer-reviewed domestic scientific journals with a nonzero impact factor.

	3.2
	Carrying out at different times of experiments of inoculation and budding of attracted foreign varieties of apple trees for varieties of domestic selection.
	

march
2018.
	

until november 1, 2018
	Experiments of inoculation and budding of attracted foreign varieties of apple trees for varieties of domestic selection will be carried out at different times. The planting material of foreign varieties of apple trees (scion) grafted on apple trees of local reproduction (stock), adapted in the arid conditions of Western Kazakhstan, was obtained.

	2019 year

	3.
	Identification of the most optimal methods and effective methods of reproduction and agrotechnical cultivation of foreign varieties of apple trees. Processing and analysis of the results obtained.
	

january 2019
	

until november 1, 2019
	The most optimal effective methods of reproduction and foreign varieties of apple trees will be identified. Processing and analysis of the obtained results has been carried out.

	3.1
	Agrotechnical care and phenological observations of the attracted apple varieties.
	
march
2019
	
until november 1, 2019
	Agrotechnical care and phenological observations of the attracted apple varieties will be carried out. Fertilization, weeding, pest control, as well as the phenology of the attracted apple varieties were carried out.

	3.2
	Carrying out at different times of experiments of inoculation and budding of attracted foreign varieties of apple trees for varieties of domestic selection.
	

january 2019
	

march
2019
	Experiments of inoculation and budding of attracted foreign varieties of apple trees for varieties of domestic selection will be carried out at different times.

	4.
	Study of biometric, physiological parameters and biochemical assessment of fruits of introduced varieties of apple trees.
	
april 
2019
	
until november 1, 2019
	
Biometric, physiological parameters will be studied, and a biochemical assessment of the fruits of the introduced 10 apple varieties will be carried out.
Data of phenological observations, dynamics of growth and development of 10 varieties of apple trees, water content of shoots and leaves, intensity of transpiration and heat resistance were obtained.
1 scientific article will be published in the international scientific resource Scopus.

	4.1
	Study of biometric parameters of introduced apple varieties.
	
april 
2019.

	
until november 1, 2019
	Biometric parameters of introduced 10 apple varieties will be studied. Data of phenological observations, dynamics of growth and development of 10 varieties of apple trees (height, diameter of crown and stem, length of shoots) were obtained.

	2020  year

	3.
	Identification of the most optimal methods and effective methods of reproduction and agrotechnical cultivation of foreign varieties of apple trees. Processing and analysis of the results obtained.
	

january 2020
	

september
2020 .
	The most optimal methods of agrotechnical cultivation of foreign varieties of apple trees, as well as planting material for commercialization, will be identified. Processing and analysis of the obtained results has been carried out.

	3.1
	Agrotechnical care and phenological observations of the attracted apple varieties.
	march
2020
	until november 1, 2019
	Agrotechnical care and phenological observations of the attracted apple varieties will be carried out. Treatment from pests was carried out, as well as the phenology of the attracted apple varieties.

	4.
	Study of biometric, physiological parameters and biochemical assessment of fruits of introduced varieties of apple trees.
	
april 
2020
	
september
2020 .
	Biometric, physiological parameters and biochemical assessment of the fruits of introduced 10 apple varieties will be studied. The data of phenological observations, dynamics of growth and development of 10 varieties of apple trees, as well as the content of acids, sugars and vitamins of 5 varieties of apple trees were obtained.

	4.1
	Study of biometric parameters of introduced apple varieties .
	
april 
2020
	
june
2020
	
Biometric parameters of introduced 10 apple varieties will be studied. The data of phenological observations, dynamics of growth and development of 10 varieties of apple trees (size and weight of fruits, yield, phytophagous resistance) were obtained.

	4.2
	Study of physiological parameters of introduced apple varieties.
	
july
2020
	
august
2020.
	The physiological parameters of the introduced 5 apple varieties will be studied.
Data were obtained on the water content of shoots and leaves, the intensity of transpiration and heat resistance of 5 varieties of apple trees.

	4.3
	Comparative biochemical evaluation of fruits.
	
august
2020
	
september
2020 ..
	A comparative biochemical assessment of the fruits of the introduced 5 apple varieties will be given. Data were obtained on the assessment of fruits of 5 varieties of apple trees for the content of acids, sugars and vitamins.

	5.
	Preparation for printing and publication of books, recommendations and scientific articles.
	january 2020
	until november 1, 2020
	Published 1 book, 1 recommendation, 2 articles in foreign scientific journals and 2 articles in peer-reviewed domestic scientific journals with a non-zero impact factor

	5.1
	

Publication of scientific articles
	
january 2020
	
march
2020
	Published 2 scientific articles in the international scientific resource Scopus, 2 articles in a foreign peer-reviewed scientific journal with a non-zero impact factor.

	
From customer:
The chairman
State Institution "Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan"

______________   B.S. Abdrasilov
       m. p

	
From the Contractor:
General Director of the RSE on the RK "Mangyshlak Experimental Botanical Garden" KN MON RK


________________    A.A. Imanbaeva 
       m.p

Familiarized with:
Scientific supervisor of the project
___________________ O.N. Kosareva
                                 (signature )





Восход	12.05.	21.05.	11.06.	23.06.	13.07.	21.07.	11.08.	21.08.	221	140	128	339	259	352	298	194	Золотое превосходное	12.05.	21.05.	11.06.	23.06.	13.07.	21.07.	11.08.	21.08.	280	168	177	327	195	321	254	177	Ренет Бурхардта	12.05.	21.05.	11.06.	23.06.	13.07.	21.07.	11.08.	21.08.	220	131	178	279	153	304	337	231	Салтанат	12.05.	21.05.	11.06.	23.06.	13.07.	21.07.	11.08.	21.08.	222	139	163	149	184	255	214	173	Столовка	12.05.	21.05.	11.06.	23.06.	13.07.	21.07.	11.08.	21.08.	271	143	126	216	202	229	270	262	
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