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STUDY OF THE FIELD GERMINATION CAPACITY OF SEEDS OF HYBRIDS OF THE SOFT SPRING WHEAT (TRITICUM AESTIVUM L.) UNDER VARIOUS ECOLOGICAL AND GEOGRAPHICAL CONDITIONS

E.I. Ripberger, N.A. Bome, D. Trautz 
The peculiarities of the field germination capacity of seeds of hybrid forms of soft spring wheat under various ecological and geographical conditions of the Tyumen region and two federal states of Germany were studied. Characteristics of the main climatic and soil conditions of these research areas are presented. An assessment covering the time period starting from the seed up to the germination on the basis of the natural moisture content (hydrothermal coefficient by G.T. Selyaninov) of the areas is given for the years 2013–2014. The analysis of two years of field researches allowed revealing the dependence of germination capacity on the genotypic features of studied samples, on biotic and abiotic factors of the environment. The variation of this sign by years and research zones is noted. The conducted researches allowed selecting hybrid forms being characterized by stability and rather high rates of the field germination capacity of seeds in the soil and climatic zones considerably removed from each other. The allocated hybrid forms of soft spring wheat can be considered as a perspective material for the adaptive selection.
Keywords: Triticum aestivum L.; Tyumen region; Baden-Württemberg state; Lower Saxony state; field germination capacity of seeds; ecological factors

Introduction

Wheat is one of the world’s leading cereal crops in the most regions of the world [1]. According to the data given by S. Phillips and R. Norton the total cropland area accounted to the wheat equals to 215 million hectares, which is 30% of all cropland planted area in the whole world [2]. Such a wide spread is explained by high ecological plasticity and nutritional value of wheat.

According to the Food and Agriculture Organisation of the United Nations forecast, quick population growth combined with the climate change consequences can result in a global food deficiency on the Earth by 2050. By this period the productivity of cereal crops in the world will have decreased by 25%, and the Earth population will have grown to 9.6 billion people [3]. 


An important contribution to solving the emerging problems can be made the selection programmes on creation of new forms and sorts possessing the wide adaptive potential and stability of manifestation in the variable environmental conditions. [4]. A.V. Kilchevskiy offers to consider the process of new sort creation not only from the point of view of its selection and generation, but also from the point of view of suitable ecological niche where obtained genotype would be able to fully fulfil itself [5].

The target of this research is to assess reaction of the soft spring wheat hybrids to the environmental factors by field germination capacity of seeds under various ecological and geographic conditions.  

Samples and Research Methods 
Research objects are four hybrid (F4-F5) combination of the soft spring wheat (♀Cara x ♂Skent 1, ♀Cara x ♂Lutescens 70, ♀Hybrid x ♂Lutescens 70 и ♀Cara x ♂Skent 3) obtained by us in 2009 by method of hybridization using the incomplete diallel crossing [6]. Hybrid forms were assessed during three vegetation periods (2010-2012) on the experimental section of Tyumen State University Kuchak Lake biological station.  

In 2013-2014 ecological testing of the soft spring wheat hybrids was performed in three geographical points: Russia, Tyumen Region, of Tyumen State University Kuchak Lake biological station; Germany, Baden-Württemberg State, Schwäbisch Gmünd, Waldorf School; Germany, Lower Saxony State, Osnabrück, Waldhof Engineering Science Institute Experimental Station. Research zones were characterized by significant differences in geographic location, soil and climate conditions.
Experimental section of the Kuchak Lake biological station is located in the Nizhnetavdinskiy District of the Tyumen Region at the boundary of two agroclimatic zones: sub-boreal forest and northern forest steppe (57°20ґ56.36ґґС, 66°03ґ23.87ґґВ). Altitude above the sea level is 61m. Climate is distinctly continental, characterized by severe winter and short summer period. Average yearly air temperature is 0.3°С; average annual rainfall is 457 mm. Total of active temperatures is above 10°С – 1875.0°C. Rainfall for vegetation period is 220-240 mm [7]. Section soil is cultivated, sabulous, sod-podzol. Soil sample analysis was performed on the basis of Russian Academy of Science Ural Department Tobolsk Complex Scientific Station Ecotoxicology Laboratory. Sampling on all sections was performed in compliance with National Standard GOST 28168-89. Gross content of elements in the soil samples was determined by atomic and emission methods on the spectrometer OPTIMA-7000DV. Acidity in the experimental section soil salt extract was equal to 6.6 ( close to neutral (GOST 26423-85). Humus content ( 3.67%. Biogenic substance content (mg/kg): NH4+ (GOST 26489-85) – 19.5±0.12; NO2- (GOST 26107-84) – 9.15±0.73; NO3- (26488-85) – 18.8±0.32; H2PO4- и HPO4- (GOST 26207-84) – 433.3±34.51. Gross content of macro- and microelements: Ca – 3362.33; Сu – 55.41; Fe – 3553.51; Mg – 1125.37; Zn – 402.52. Content of chemical elements in the soil did not excess the limit acceptable concentration in compliance with hygienic regulations (HR 2.1.7.2014-06 Limit Acceptable Concentration (LAC) of Chemical Substances in Soil) of Russian Federation.


Schwäbisch Gmünd Waldorf School experimental section is located in the Schwäbisch Gmünd is located in the area of Swabian Jura (48°47ґ16.94ґґС, 9°49ґ20.89ґґВ). Moderate sea climate is characterized by average annual temperatures above zero, low daily and annual amplitude, soft winter, cool summer, increased humidity  and significant quantity of rainfall. Altitude above the sea level is 348 m. Average annual air temperature is 8.1°С. Average annual rainfall is 980 mm (according to DWD "Deutsche Wetterdienst") [8]. Soil is cultivated, dark-gray forest, heavy loamy. German soil sample analyses were performed by accredited laboratory Umwelt Analyse Zentrum. Acidity in the experimental section soil salt extract was equal to 6.1 – subacidic. Humus content 3.00% - medium. Content of main plant nutritional elements in the soil (mg/kg): nitrate nitrogen (N-NO3) – 4.22; labile phosphorus (P2O5) – 565.0; exchange potassium (K2O) – 176.0. Gross content of macro- and microelements (mg/kg): Сa – 3100.0; Mg – 315.0; Fe – 3010.0; B – 3.62; Сu – 6.51; Zn – 12.7.

Waldhof Engineering Science Institute Experimental Station is located on the territory of TERRA Geological Park. Vita (Naturpark Nördlicher Teutoburger Wald, Weihengebirge, Osnabrücker Land) (52°19ґ21.74ґґС, 8°2ґ21.96ґґВ). Moderate sea climate. Altitude above the sea level is 105 m. Average annual air temperature 8.6°С, average annual rainfall 746 m (according to DWD ‘Deutsche Wetterdienst’) [8]. Soil is cultivated, dark-gray forest, light loamy. Acidity in the experimental section soil salt extract was equal to 6.2 – subacidic. Humus content 3.00% - average. Content of main plant nutritional elements in the soil (mg/kg): nitrate nitrogen (N-NO3) – 11.3; labile phosphorus (P2O5) – 1130.0; exchange potassium (K2O) – 154.0. Gross content of macro- and microelements (mg/kg): Сa – 1630.0; Mg – 62.2; Fe – 1140.0; B – 1.71; Сu – 8.64; Zn – 17.3.

Trial establishment was performed according to the unified guidelines of Vavilov N. I. [9] and B. A. Dospechov [10] All-Russian Crop Research and Development Institute. Depth of the seeds sowing was 5-6 cm. The background in 2013-2014 was: Kuchak Lake Biological Station – ornamental plants and pea; Waldorf School experimental section – rye and black fallow; Waldhof experimental section – clever. Sowing dates: Kuchak Lake Biological Station 9.05.2013 and 10.05.2014; Waldorf School experimental section 15.04.2013 and 20.04.2014; Waldhof experimental section 27.04.2013 and 28.04.2014. Field soil humidity was determined according the guidelines provided by Bome N. A. and Rybikova V. L. [11].
Hybrids were compared with the spring wheat sorts recommended for cultivation in each ecological and geographic zone: Russia, Tyumen Region, - Novosibirskaya 15, Irgina; Germany, Schwäbisch Gmünd – Ashby, Scirocco; Germany, Osnabrück – Eminent, Granus. On the experimental section of а Kuchak Lake Biological Station German selection sorts were additional included into research.  


Meteorological data were obtained from the official websites and meteorological stations located in the close proximity of the Waldhof experimental section [12, 13, 14]. Long-term average annual values of average daily air temperature and rainfall in the research zones were considered as normal. Relative Humidity Index – HTC (Hydrotermal Coefficient by G. T. Selyaninov) was used for full characteristics of natural moisture provision in the sowing-sprouting period on the experimental sections. HTC equals to ratio of total rainfall for the period with temperature above 10°С to the total of active temperatures above 10°С multiplied on the evaporation index 0,1 [15]. 

The hydrotermal regime for period between sowing and formation of full spouts was different in different geographic points and research years. 

Humidity conditions of Kuchak Lake experimental sections in 2013 were characterized as slightly arid (HTC = 1.01), in 2014 – as humid (HTC = 1.37). Total of active temperatures above 10°С in 2013 was – 201.3°С, in 2014 – 276.8°С. 


Seed germination in Germany proceeded in conditions of excess humidity, which is confirmed by the hydrotermal coefficient values in 2013 and 2014: Waldorf School experimental section 2.31 and 3.36; Waldhof experimental section 1.53 and 4.43 respectively. Total of active temperatures above 10°С in these geographic research points by years was: 221.1°С and 367.4°С, 85.6°С and 152.8°С respectively.


Research Results and Discussion

Germination is a process of physical and biochemical changes taking place within the seed while transition from the phase of dormancy to the phase of active vital functioning. There are three phases of plant germination: physical (the seed absorbs the water and expands), biochemical (transformation of insolvable reserve substances into solvable) and morphologic (beginning of the germ growth) [16, 17]. Based on the number of interrelated processes, this period into the plant ontogenesis can be considered as crucial in relation biotic and abiotic factors in formation of sprouts in the field conditions.  
According to the number of authors: A.I. Nostarovskiy [18], А.А. Kovalenko, [19], М.Е. Mukhordova and Е.G. Mukhordova [20], the field germination capacity of seeds depends on the numerous factors: quality of the sown seed material, seed size, seed material storage conditions, seed damage during harvesting, infestation of seed by bacteria and fungi, treatment of seed material before sowing, seed sowing depth,  soil dry-weight percentage, degree of soil humidity, using the mineral and organic fertilizers, biochemical composition of seed beetles, species and sort peculiarities. Consequently, studying this indicator in different ecological conditions is a task of primary importance when it comes to the creation of new genetic material. 

Based on the research conducted we have identified different reaction of soft spring wheat hybrids by field germination capacity of seeds in conditions of significantly different combinations of environmental biotic and abiotic factors.

In 2013 on all experimental sections this indicator for sorts and hybrid forms varied in the wide range between 18.5 and 86.5%. Field germination capacity of seeds variation limits on the Kuchak Lake biological station and Waldhof experimental station varied slightly (65.8-85.6% and 66.5-86.5% respectively). On the Waldorf School section sorts and hybrids were characterized by low germination capacity of seeds (18.5-36.5%) (fig. 1).
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Fig. 1. Field germination capacity of seeds of different sorts and hybrids (F4) of soft spring wheat in different ecological and geographic conditions 2013, %.
Note: ОК – Kuchak Lake Biological Station; WS – Waldorf School section; WH – Waldhof experimental station. Скэнт – Skent; Лютесценс – Lutescens; Иргина – Irgina; Новосибирская - Novosibirskaya


Formation of sprouts in 2013 on the Kuchak Lake biological station proceeded at the total of rainfall of 20.3mm for the period with the temperature above 10°С and total of active temperatures above 10°С – 201.0°С. Consequently G. T Selyaninov Hydrotermal Coefficient in the sowing-sprouting period was equal only to 1.01 (slightly arid). Also in the sowing-sprouting period 13.05 the lowest recorded air temperature was -1.9°С.

In opinion of K. N. Danovich et alias [16] availability of the accessible water and optimal temperature conditions in the seed germination period is the basis for high sprouting fullness indicators of the most cultivated crops. 

In the present conditions field germination capacity of hybrid form seeds varied between 74.3 and 85.6%. The highest value of this indicator was recorded in hybrid combination ♀Hybrid x ♂Lutescens 70 (85.6%). Other hybrid forms were also characterized by the relatively high field germination capacity of seeds: ♀Cara x ♂Skent 1 (78.5%), ♀Cara x ♂Lutescens 70 (75.0%) и ♀Cara x ♂Skent 3 (74.3%) (fig. 1).

The number of germinated plants in relation to sowed seeds in sorts changed from 68.5 to 81.5%. German selection sort Aschby was characterized by the lowest germination – 68.5%; Eminent (81.5%) and Scirocco (81.5%) – by the highest germination among all sorts. Field germination capacity of seeds of the sorts localized in the Tyumen Region was equal to 70.5% (Novosibirskaya 15) and 76.0% (Irgina) (fig. 1).


Conditions 2013 in the sowing-sprouting period on the Waldorf School section were characterized by excessive humidity (HTC = 2.31), total of rainfall in this period was equal to 72.5 mm, total of active temperatures above 10°С ( 221.1°С. Wheat seeds germination in April proceeded at the high average daily temperature (for 1.7°С higher than normal value) and excessive quantity of rainfall (114.4% of normal value). Significant damage to the germinating seeds could be caused by detected mole crickets (Gryllotalpa sp). and their numerous holes with 1 cm in diameter on the territory of section. It is known that they are able to damage the seeds and roots, and also to feed on the germinating seeds of the cultivated crops of the spring sowing [21]. In autumn after harvesting 2013 and in spring before sowing 2014 soil was treated with biological agent SC-Nematoden based on the Nematod. Another explanation of the low field germination capacity of the seeds can be related to the soil dry-weight percentage of the section. It is known that heavy loamy soils are characterized by high density and violated air regime. V.T. Vasko states that the lack of oxygen in the seed expanding phase can prevent the water absorption and lower the quantity of germinated seeds. In anaerobic conditions expanded seeds accumulate the alcohol and the breathing is rapidly decreasing, which lead to the sprout death. [22]. 


Field germination on the Waldorf section in hybrids changed from 18.5 to 26.0%. The highest values of this indicator were shown by ♀Cara x ♂Lutescens 70 (26.0%) and ♀Hybrid x ♂Lutescens 70 (22.0%) with original form as a father component Lutescens 70. Hybrids ♀Cara x ♂Skent 1 and ♀Cara x ♂Skent 3 with Cara sort as a mother component shows the field germination of 19.5% and 18.5% respectively (fig. 1).

German sorts were also characterized by low number of sprouts: Aschby (32.0%) and Scirocco (36.5%) (fig. 1). 

Sowing-sprouting period 2013 on the Waldhof experimental section was characterized by low quantity of rainfall 13.6 mm, 13.1 mm of which felt at the average daily air temperature above 10°С; Hydrotermal Coefficient was equal to 1.53 (humid). Total of active temperatures above 10°С for this period was equal only to 85.6°С. The data from stress meter placed on the depth of 10-20 cm in the research period received from the Waldhof meteorological station  indicated the light drying of soil (30.22-29.35 centibar) [14, 23]. Field germination in hybrid forms has changed from 66.5 to 73.5%. In conditions of 2013 the best results on the Waldhof experimental section were showed by hybrid combination ♀Hybrid x ♂Lutescens 70 with field germination capacity of seeds of 73.5%. Two hybrid forms ♀Cara x ♂Skent 1 and ♀Cara x ♂Skent 3 had the similar field germination values – 68.5%. In these combinations Mexican sort Сara was used as a mother component. Field germination capacity of hybrid combination ♀Cara x ♂Lutescens 70 seeds equalled to 66.5% (fig. 1).

German sorts were characterized by field germination of 86.5% (Eminent) and 66.5% (Granus) (fig. 1).


According to the 2013 data, conditions of two geographic points 0 Kuchak Lake biological station and Waldhof experimental station were the most favourable for seeds germination and formation of sprouts. In both research points tested hybrid combinations showed medium and high field germination capacity of seeds between 66.5 and 85.6 %. The best results were showed by hybrid form ♀Hybrid x ♂Lutescens 70 with high percentage of sprouts ( 85.6% on the Kuchak Lake biological station and 73.5% on the Waldhof experimental station.


Number of sprouts in the research zones in 2014 varied in wide range between 35.5 and 95.0%. Field germination capacity of seeds varied in significant limits on the Kuchak Lake biological station (between 38.0 and 81.0%). On the German experimental section variations of this indicator were less significant: between 79.5 and 95.0% ( Waldhof and between 35.5 and 65.5% ( Waldorf School (fig. 2). 

Wide variations of field germination capacity of seeds in samples studied on the Kuchak Lake experimental section indicate the different genotype to the present environmental conditions.
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Fig. 2. Field germination of sorts and hybrid (F5) combinations of soft spring wheat in different ecological and geographic conditions in 2014, %.
Note: ОК – Kuchak Lake Biological Station; WS – Waldorf School section; WH – Waldhof experimental station. Скэнт – Skent; Лютесценс – Lutescens; Иргина – Irgina; Новосибирская - Novosibirskaya

May 2014 on the Kuchak Lake biological station was characterized by combination of high daily air temperature (for 1.6°С higher than normal values) and high quantity of rainfall (135.3% of normal value). Hydrotermal coefficient for the sowing-sprouting period equalled to 1.37 (humid). 
Field germination percentage on the biological station in 2014 in hybrid combinations varied between 41.3% (♀Cara x ♂Lutescens 70) and 57.5% (♀Cara x ♂Skent 3). Hybrids ♀Cara x ♂Skent 1 and ♀Hybrid x ♂Lutescens 70 showed the similar number of sprouts – 55.0% и 54.0% (fig. 2).
Field germination of the sorts localized in Tyumen Region on the Kuchak Lake biological station equalled to 56.5% (Novosibirskaya 15) and 52.5% (Irgina). The lowest field germination capacity of seeds was shown in German selection sort Aschby (38.0%) (fig. 2.).
Total of rainfalls in the sowing-sprouting period in 2014 according to the Baden-Württemberg State Agricultural Industry Informational Centre [13] equalled to 142.0 mm, total of active temperatures above 10°С – 367.4°С (HTC – very humid (3.36)). Field soil humidity on the depth of 0-20 cm according to our data was equal to 20.5% (for expanding and normal germination of wheat seeds 55.0% of water to the absolutely dry seed mass is necessary (quote by Vinogradova B.I.) [24]). No Gryllotalpa sp. Holes were detected.
N the Waldorf School section in 2014 field germination capacity of seeds in hybrids varied between 35.5 and 64.0%. The highest values were showed by hybrid combination ♀Cara x ♂Skent 1 (64.0%), the lowest – by ♀Cara x ♂Skent 3 (35.5%). In both combinations Cara sort was used as a mother component, the most successful combination according to the indicator studied in conditions of 2014 on the Waldorf section was combination with father component of Skent 1 sort. Hybrid forms ♀Cara x ♂Lutescens 70 and ♀Hybrid x ♂Lutescens 70 with father component Lutescens 70 showed field germination of 51.0% and 53.0%. Percentage of germinated seeds in hybrids increased in average for 30.9% as compared with 2013 (fig. 2).
High results were also shown by German sort Scirocco (65.5%) (fig. 2).
Conditions in 2014 in the sowing-sprouting period were the most favourable for seeds germination and sprouts formation on the Waldhof experimental station. Hydrotermal Coefficient in the research period was equal to 4.43 – very humid. Seeds germination took place in the third decade of April at the average daily air temperature of 14.0°С and 23.1 mm of rainfalls. Further development of the plants took place in May at the temperature exceeding the average daily temperature for 5.6°С and large quantity of rainfalls (167.7% of normal value). Surface tension force of water in the soil on the depth between 10 and 20 cm in the sowing-sprouting period equalled to 24.19-25.05 centibar (light drying of sabulous soil [14, 23]).
Field germination capacity of spring wheat seeds ion the Waldhof experimental section in hybrids changed between 79.5 and 93.5%. Hybrid combinations ♀Cara x ♂Lutescens 70 (93.5%) and ♀Cara x ♂Скэнт 1 (91.5%) showed the high results of this indicator. A bit lower values were recorded in such hybrids as ♀Cara x ♂Skent 1 (84.5%) and ♀Hybrid x ♂Lutescens 70 (79.5%) (fig. 2).
German sort seeds Granus and Eminent also showed high germination capacity ( 95.0 and 92.5% respectively (fig. 2).

Hybrid form (F4-5) field germination capacity analysis in relation to the best localized sort showed controversial reaction of genotypes created to the different environmental conditions.    

Germination higher than in the best localized sort was recorded on the Kuchak Lake experimental stations in 2013 in the following hybrid combinations (F4): ♀Сara x ♂Skent 1 (103.3%) and ♀Hybrid x ♂Lutescens 70 (112.6%). In 2014 the best results were showed by hybrid combination (F5) ♀Сara x ♂Skent 3 (101.8%) (fig. 3).

Hybrid forms (F4-5) in Germany slightly felt behind the localized sorts in 2014 on the Waldorf section ( ♀Cara x ♂Skent 1 (97.7%) and on the Waldhof experimental section ( ♀Cara x ♂Skent 1 (96.3%), ♀Cara x ♂Lutescens 70 (98.4%) (fig. 3).
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Fig. 3. Field germination of spring wheat hybrid forms А in 2013 (F4) and B in 2014 year (F5) (% in relation to the best localized sort).
Note: ОК –Kuchak Lake Biological Station; WS – Waldorf School section; WH – Waldhof experimental station. Скэнт – Skent; Лютесценс - Lutescens

In general, field germination of soft spring wheat varied by research zones and by years. Observed differences can be explained by genotype peculiarities of sample material, by soil and climate conditions of the research zones, by biotic and abiotic environmental factors.

Conclusion

The research conducted during two years (2013-2014) allowed studying the peculiarities of growth and development of soft spring wheat hybrid forms from the moment of seedling emergence by field germination in three ecological and geographic points with different combinations of ecological factors. 


Differences in germination capacity of seeds and formation of sprouts in hybrids indicate the specific nature of their reaction to the variable environmental conditions. The significantly wide range of field germination capacity of seeds variation in recorded in three geographic points (18.5-93.5%). At the first stages the high ecological plasticity of ontogenesis was showed by hybrid form ♀Hybrid x ♂Lutescens 70. Field germination capacity of this hybrid seeds reached the maximum value in two geographic points (Kuchak Lake biological station and Waldorf experimental station). This hybrid form also showed stable high indicator of field germination on the Waldhof experimental station (2013 ( 73.5%; 2014 ( 79.5%, respectively). 


In conditions of Tyumen Region the three hybrid forms (♀Сara x ♂Skent 1, ♀Сara x ♂Skent 3, ♀Hybrid x ♂Lutescens 70), whose field germination capacity exceeded the same indicator of the best localized sort, were detected.  In Germany hybrid combinations ♀Cara x ♂Skent 1, ♀Cara x ♂Lutescens 70 slightly felt behind the best localized sort by number of sprouts. 

Thus, the analysis and generalization of experimental data allow drawing a conclusion that field germination capacity of seeds can be used for characteristics of adaptive properties of a hybrid material. Hybrids possessing stable and relatively high seeds germination in soil and climate zones significantly remote from each other can be considered as a promising material for adaptive selection.
References

1. Morgun V.V. Potentsial sorta kak osnova urozhaynosti [Grade potential as productivity basis]. Zerno, 2010, no. 5, pp. 24-30.

2. Fillips S. Proizvodstvo zerna pshenitsy i primenenie mineralnyh ydobreniy v mire [Production of grain of wheat and use of mineral fertilizers in the world]. Pitanie raeteniy, 2012. no. 4, pp. 2-5.

3. Global agriculture towards 2050. http://www.fao.org/fileadmin/templates/wsfs/docs/Issues_papers/HLEF2050_Global_Agriculture.pdf (accessed July 4, 2014).

4. Zhuchenko A.A. Adaptivnaya sistema selektsii rasteniy (ecologo-geneticheskie osnovy) [Adaptive system of plant selection (ekologic-genetic fundamentals)]. Moscow, 2001. vol. 1, 780 p.

5. Kilchevskiy A.V. Genetiko-ekologicheskie osnovy selektsii rasteniy [Genetic and ecological bases of plantbreeding]. Russian Journal of Genetics: Applied Reserch, 2005, no. 4, pp. 518-526.

6. Dоrofeev V.F., Laptev Yu.P., Chekalin N.M. Tsvetenie, opylenie i gibridizatsiya rasteniy [Blossoming, pollination and hybridization of plants]. Moscow, The State Publishing House of the Agricultural Literature, 1990, 144 p.

7. Ivanenko A.S., Kulyasova O.A. Agroklimaticheskie usloviya Tyumenskoy oblasti [Agroclimatic conditions of the Tyumen region]. Tyumen, The editorial board of the Tyumen State Agricultural Academy, 2008, 206 p.

8. Deutsche Wetterdienst. Pressestelle. [German weather service. Press office.] http://www.dwd.de/bvbw/generator/DWDWWW/Content/Presse/Pressemitteilungen/2004/PM20041130a__pdf,templateId=raw,property=publicationFile.pdf/PM20041130a_pdf.pdf (accessed July 7, 2014).

9. Gradchaninova O.D., Filatenko M.I., Rudenko M.I. Metodicheskie ukasaniya po isucheniyu mirovoy kollektsii pshenitsy [Methodical instructions on studying of a world collection of wheat]. Saint-Petersburg, VIR, 1987, 28 p.
10. Dospehov B.A. Metodika polevogo opyta (s osnovami statisticheskoy obrabotki issledovaniy) [The methodology of the field experiment (with the basis of the statistic research procession)]. Moscow, The State Publishing House of the Agricultural Literature, 1985, 351 p.

11. Bome N.A. Ryabikova V.L. Pochvovedenie (kratkiy kurs laborotornyy praktikum) [Soil science (short course laboratory practical work)]. Tyumen, The editorial board of the Tyumen State University, 2012, 216 p.

12. Pogoda i klimat [Weather and climate] http://www.pogodaiklimat.ru/monitor.php (accessed Juny 25, 2014).

13. Proplanta. Das Informationszentrum für die Landwirtschaft [Proplanta. The information centre for the agriculture] http://www.proplanta.de/Agrar-Wetter/Deutschland/ (accessed Juny 25, 2014).

14. Umweltanalytische Produkte GmbH http://www.upgmbh-logstar.de/ (accessed Juny 25, 2014).

15. Sirotenko O.D., Pavlova V.N. Metody otsenki vliyaniya izmeneniy klimata na produktivnost selskogo hozyastva [Methods of an assessment of influence of climate changes on efficiency of agriculture]. Methods of the climate change consequences assessment for the physical and biological systems. Moscow: Russian Hydrometeorology, 2012, pp. 165-189.
16. Danovich K.N., Sobolev A.M., Zhdanova L.P., Illi I.E., Nikolaeva M.G., Askochenskaya N.A., Obrucheva N.V. Havkin E.E. Fisiologiya semyan [Physiology of seeds]. Moscow: Sсience, 1982, 318 p.

17. Roberts E.H. Zhiznesposobnost semyan [Viability of seeds]. Moscow: The State Publishing House of the Agricultural Literature, 1978, 415 p.
18. Nosatovskiy A.I. Pshenitsa [Wheat]. Moscow: The State Publishing House of the Agricultural Literature, 1950, 407 p.

19. Polevaya vshozest semyan – zalog buduschego urozhaya [Field viability of seeds ( pledge of future crop]. http://rosselhoscenter.com/stati-6/2599-vskhozhest-semyan (accessed May 10, 2014).

20. Muhordova M.E., Muhordov E.G. Sistema geneticheskikh determinant polevoy vskhozhesti semyan myagkoy yarovoy pshenitsy [The system of the genetic determinantion of the field seed germination of soft spring wheat]. The bulletin of Altai State agricultural University, 2013, no. 8, pp. 5-8.
21. Hoffman G.M. Parasitäre Krankheiten und Schädlinge an landwirtschaftliche Kulturpflanzen [Disease and pests of the agricultural plants]. Stuttgart, Ulmer, 1999, 675 p.
22. Vasko V.T. Teoreticheskie osnovy rastenievodstva [Theoretical fundamentals of plant growing]. Saint-Petersburg, ‚PROFI-INFORM‘, 2004. 200 p.

23. Blume H.P. Scheffer/Schachtschabel Lehrbuch der Bodenkunden [Scheffer/Schachtschabel textbook of the soil science]. Heidelberg, Spektrum Akademischer Verlag, 2010, 570 p.

24. Vinogradov B.A., Atabaeva Kh.H., Dementeva A.A. Rastenievodstvo (praktikum) [Plant growing (practical work)]. Tashkent, ‚Mekhnat‘, 1987, 168 p.

DATA ABOUT THE AUTHORS

Elena I. Ripberger, Graduate Student 
Tyumen State University
10, Semakova Srt., Tyumen, Tyumen Region, 625003, Russian Federation

rector@utmn.ru
Nina A. Bome, Professor, Department of Botany, Biotechnology and Landscape Architecture, Institute of Biology, Dr. of Agricultural Science

Tyumen State University
10, Semakova Str., Tyumen, Tyumen Region, 625003, Russian Federation

rector@utmn.ru
Dieter Trautz, Professor, Dr. of Agricultural Science

University Osnabrück

24, Oldenburger Land Str., Osnabrück, Lower Saxony, 49090, Germany

d.trautz@hs-osnabrueck.de
