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The application of cluster analysis for the assortment of winter rape varieties and hybrids of current selection has been grounded. The research was conducted in 2013–2015 in four different agro-climatic regions of Ukraine. To get a stable and high performance of winter rape under the conditions of major agro-climatic zones of cultivation we need to adhere to the principles of production saturation with different varieties and hybrids to reduce the risk of loss of crops in the autumn–winter period and harvest shortfall due to the unfavorable factors of environment. For the farm cultivation of different varieties and hybrids, we should avoid selecting for the central region Cleopatra PR44V30, DK Sequoia, and Demerka and PR45D05. For the farms of southern region, it is undesirable to combine two groups of varieties, namely Cleopatra, Cheremosh, NK Oktan and PR45D05 or Snow Queen, Jumper, Sitro, Demerka, Abakus, Belana, PR44V30, DK and DK Sequoia and DK Sekyur. For the western region Cleopatra, DK Sekyur, NK Oktan, PR45D05, DK Sequoia and Sitro are similar in performance in terms of years of the research, and for the eastern region, there are the following varieties of Cleopatra, PR44V30, DK Sekyur, Snow Queen and Sitro. We mean the varieties and hybrids with different groups of clusters can be sown under the conditions of one farm, but within the same group of clusters, it is undesirable.
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Statement of problem. Production of rapeseed oil in the global vegetable oil output makes 10–12 %, and therefore rape is well positioned in agriculture as one of the major oilseeds. Thus, according to the FAO, in the period of 2015/2016, the gross yield of rapeseeds in the world amounted to 63,600,000 tons, including 22,3 million tons produced in European countries (EU-28) [1].  

Accumulated scientific data and practical experience of producers allow growing rape successfully in almost all areas of Ukraine, though its areas are limited, and the production of seed and seed oil is not always efficient from the economic point of view. The main reason is not only the low yield capacity of the crop, the same role is played by the proper selection of varieties to fit a proper climatic zone [2–4]. Application of multidimensional analysis methods to evaluate new varieties of rape provides with forecasts that are more accurate for the cultivation in different soil-climatic zones and, consequently, to avoid the shortage of the crop yield. 

Analysis of the main studies and publications that started the problem solution. The revival of rape as an industrial oilseed in Ukraine commenced almost from the very beginning 15–17 years ago. Cultivation of new high-quality varieties, development of intensive production technologies opened its wide potential. At the same time, activation of market prompted the situation of current availability of 230 winter oilseed rape varieties and hybrids on the market, to be used in different climatic zones [5]. A certain segment of rape is formed by the erucic free, low glucosinolate varieties of native selection: Ivano-Frankivsk Institute of AIP of NAASU (9), National University of Life and Environmental Sciences of Ukraine (6), Institute of Oil Crops of NAASU (6),  NSC «Institute of  agriculture of NAASU» (3), Vinnytsya State Agricultural Station of NAASU (3), «Monsanto Ukraine» Ltd (3), Khmelnytsk Institute of AIP of NAASU (3), M. M. Hryshko National Botanic Garden of NASU (2) and a number of other national institutions. A share of foreign winter rape varieties and hybrids is also increasing, in particular such firms as Monsanto Technology (19), Bayer CropScience AG (19), Monsanto International Sarl (17), Norddeutsche Pflanzenzucht Hans-Georg Lembke KG (16), Pioneer High Brand (13), Deutsche Saatveredelung AG (13), Dickman GmbH & Co KG (12), Euralis Semences (11), Caussade Semences (12), Pioneer Seeds Holding (10), Pioneer Oversees Corporation (8), Syngenta Crop Protection (6), KBS ZAAT AG (5), Syngenta Seeds S. A. S. (5), Limagrain Europe (5), «Syngenta» Ltd (4), «Monsanto Ukraine» Ltd (3),  Maisadour Semences (3). 

Thus, having such a diversity of varieties and hybrids, it is very important with the help of modern agronomic and statistical methods to choose the best ones that will realize the genetic potential under specific climatic conditions. It should be noted that the cluster analysis, which is about the implementation of research object classification on «clusters» or groups of very similar objects, makes it possible to classify objects not by one though by several features simultaneously. Therefore, the aim of cluster analysis, which is to find existing structures, resulting in the formation of similar objects groups-clusters is consistent with the objectives set by us – complex classification of the studied rape varieties. 

The purpose of the research is to ground the use of cluster analysis for the selection of winter rape varieties and hybrids of modern selection in different agro-climatic regions of Ukraine. 
The task is to identify a group of varieties and hybrids suitable for cultivation in different agro-climatic regions of Ukraine with the help of cluster analysis.

Terms and methods of the research. The research was conducted in 2013–2015 in four different agro-climatic regions of Ukraine. West location: the village Kamyanky, Pidvolochysky district, Ternopil region, «Medobory» Ltd. Soil: typical ashed black soil, characterized by low content of available nitrogen, average availability of exchange forms of phosphorus and potassium.  Humus content – 3,2 %, pH – 7,4. South location: Mykolayiv region, Zhovtnevy district, the village Shevchenkove. Soil: dark brown, medium loam slightly salty, characterized by low content of available nitrogen, average availability of exchange forms of phosphorus and potassium. Humus content – 3,0 %, pH – 7,5. East location: «Balakliyivsky HSP» Ltd, Kharkiv region, Balakliya district. The village Vyshneva. Soil: typical black soil, dusty slightly clay loam, pH 6,8, indexes of available phosphorus and exchangeable potassium are within average. Center location: DPDH «January, 9», the village Yalosovetske, Khorol district, Poltava region. Soil: typical black soil, slightly clay loam, humus content – 4,1 %, pH-7,6.

The research scheme meant to study the varieties of winter rape: Cleopatra, Snow Queen – the owner is the National University of Life and Environmental Sciences; Demerka, Cheremosh – Ivano-Frankivsk Institute of AIP of NAASU; Brentano, Belana, Jumper – Bayer CropScience AG; Abakus, NPZ 9800 – Norddeutsche Pflanzenzucht Hans-Georg Lembke KG; PR45D05, PR44V30 – Pioneer High Brand Switzerland; DK Sequoia, DK Sekyur – Monsanto International Sarl; Sitro, Hornet – Deutsche Saatveredelung AG; NK Oktan – Syngenta Seeds S.A.S. 

Research parameters: la = 16, n = 4, control plot of 25,0 m2. Plots allocation: repetition – four tiers, options – randomized. Preceded crops – grains. The method of sowing is the line (15 cm). Seeding rate – 0,7 million pcs per ha. An integrated security system considering the thresholds of harmfulness cruciferous flea beetles, aphids, and rape weevil was applied. Statistical analysis of the data was performed by the STATISTICA computer program [6]. In practice, the tree clusterization algorithm is the most frequently used, which is the formation of clusters differences or distances between objects. Such distances can be determined in one-dimensional or multidimensional space and the simplest calculation can be done by Euclidean distances. The aim of the clusterization procedure is to determine the cluster structure. Breaking the sample into groups of similar objects allows facilitating the further data processing and decision-making, applying an appropriate method of analysis to each cluster. Euclidean distance is the geometric distance in the multidimensional space and is calculated as follows: distance (x, y) = {Si (xi - yi) 2} 1/2. It should be noted that the Euclidean distance (and its square) is calculated by the output, not by the standardized data. In the vast majority of cases, the tree clusterization is the best illustrative way to present the results of cluster analysis.

Results of the research. The studied varieties and hybrids of winter rape have biological differences caused by their genetic diversity and at the same time are able in many cases to respond to changing cultivation conditions in a similar way because their genotype contains roughly the same group of genes as the result of the selection at one and the same institution. To prove whether this statement is true we conducted the cluster analysis. 

To test our hypothesis the cluster analysis was conducted.  In pic. 1–4 the clusterization tree of spring rape varieties and hybrids productivity index is given. Considering the fact that the research was performed in different agro-climatic regions of Ukraine, the grouping of rape varieties and hybrids was conducted within each region. Analyzing the results of winter rape varieties and hybrids clusterization of the yield capacity indexes in the central region we should note that rape varieties of Cleopatra, PR44V30, DK Sequoia, Demerka and PR45D05 have the closest regularities in yield capacity formation. That is every year the regularities of their yield capacity formation depending on the influence of weather conditions are quite similar, so some varieties and hybrids are equally responsive to the cultivation conditions. 

We should focus on the fact that in the given cluster the hybrids of PR44V30 and PR45D05 belong to the one originator – Pioneer Seeds Holding HmbH. That is, considering the same response to their cultivation conditions during the research, we cannot recommend the use of two hybrids on the farms as an insurance fund from the crop failure in case of negative cultivation conditions. The studied hybrids are almost similarly responsive to the cultivation conditions, so they may react to the effect of adverse environmental factors in the same way.
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	Pic. 1. Clusterization of winter rape varieties and hybrids according to the yield capacity indexes (2013–2015, central region)


If we analyze the results of winter rape varieties and hybrids clusterization in the central region as a whole, the most remote of the above-mentioned hybrids are DK Sekyur and Hornet, and the rest of the studied varieties and hybrids adjacent to the first cluster in varying degrees showing the remoteness from the main group of varieties. Therefore, the vast majority of the winter rape varieties and hybrids we studied have the different reaction at different times to the impact of cultivation conditions and weather-and-climatic factors, but within a year or an action of any adverse factors their response may be the same and result in the decrease of yield capacity.

The main results of winter rape varieties and hybrids clusterization according to the yield capacity indexes for the southern region are shown in Pic. 2. Unlike the central region, there are two clusters to classify the studied varieties and hybrids. The first cluster includes Cleopatra, Cheremosh, NK Oktan and PR45D05 – all belonging to different originator-institutions. The second cluster includes a slightly larger group of winter rape varieties and hybrids, namely: Snow Queen, Jumper, Sitro, Demerka, Abakus, Belana, PR44V30, DK Sequoia and DK Sekyur. It should be noted that Belana and Jumper are of Bayer CropScience AG selection, and DK Sequoia and DK Sekyur are of Monsanto International Sarl.

Yield capacity of Brentano, Hornet and NPZ 9800 in terms of the southern region differ the most from all the studied varieties and hybrids of winter rape. 
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Pic. 2. Clusterization of winter rape varieties and hybrids according to the yield capacity indexes (2013–2015, Southern region)
The following graph of winter rape varieties and hybrids clusterization according to the yield capacity indexes show the data for the western region (Pic. 3).
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	Pic. 3. Clusterization of winter rape varieties and hybrids according to the yield capacity indexes (2013–2015, Western region)


Similar to the central region, in this case, the data analysis of the western region can distinguish one cluster, which is adjacent to the other varieties. That similarity of the reaction norm of the studied winter rape varieties and hybrids in the region, primarily occurs due to the unfavorable cultivation conditions, and in particular – wintering which generally restricts their yield capacity and results in the specific graphic grouping presentation of the research data.

So, similar in yield capacity for the years of the research are the following: Cleopatra, DK Sekyur, NK Oktan, PR45D05, SK Sequoia and Sitro. All the studied varieties and hybrids belong to different originator-institutions.

Similar to other regions Brentano, Cheremosh and NPZ 9800 in terms of the yield capacity in the western region differ the most from all the studied varieties and hybrids of winter rape.

The results of winter rape varieties and hybrids clusterization according to the yield capacity indexes show the data for the eastern region in Pic. 4. 
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	Pic. 4. Clusterization of winter rape varieties and hybrids according to the yield capacity indexes (2013–2015, Eastern region)


Considering the results of the classification of winter rape varieties and hybrids, we can state that in the eastern region the most similar in yield capacity are Cleopatra, PR44V30, DK Sekyur, Snow Queen and Sitro, here Cleopatra and Snow Queen belong to the originator-institutions of the National University of Life and Environmental Sciences. Analyzing the most different capacity varieties and hybrids in yield, we can distinguish Brentano, Cheremosh and NPZ 9800.  

Conclusion. To gain stable and high yield capacity of winter rape under the conditions of major agro-climatic regions of cultivation we need to adhere to the principles of production saturation with different varieties and hybrids, to reduce the risk of loss of crops in an autumn-winter period and harvest shortfall due to the unfavorable environment factors. 
To grow different varieties and hybrids on the farms we should avoid selecting Cleopatra, PR44V30, SK Sequoia, Demerka and PR45D05 for the central region. For the southern region farms, it is undesirable to combine two groups of varieties, namely Cleopatra, Cheremosh, NK Oktan and PR45D05 or Snow Queen, Jumper, Sitro, Demerka, Abakus, Belana, PR44V30, DK Sequoia and DK Sekyur. That is the varieties and hybrids from different groups of clusters can be cultivated on one farm, but within the same group of clusters, it is undesirable. 

For the western region, the varieties similar in yield capacity within the years of research are Cleopatra, DK Sekyur, NK Oktan, Snow Queen and Sitro.
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