© 2013
A. V. Melnyk, Doctor of Agricultural Sciences
Sumy National Agrarian University
USE OF CLUSTER ANALYSIS IN THE SELECTION OF VARIETIES AND HYBRIDS OF SPRING RAPE FOR CULTIVATION IN THE LEFT-BANK FOREST-STEPPE OF UKRAINE 
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Spring  rape varieties and hybrids suitable for cultivation in the northern part of Left-Bank Forest-Steppe of Ukraine have been identified: PR45G72, PR45G73 hybrids, Siesta and  Haydn, Olga, Aira, Baikal, Maria, Terra, Ataman varieties, which ensure the yield of more than 1.6 t/ha of  seeds and oil yield of more than 0.6 t/ha. According to the results of cluster analysis several groups of varieties and hybrids (clusters) have been defined, namely: Aira and PR45G73 belong to the first group, the second group contains Mykitinetsky and Ataman, the third – Baikal and PR45G72, the fourth – Haydn and Terra – both are the selection of German firm “Norddeutsche Pflantsentsuht Hans-Georg Lembke KG”, the fifth cluster may contain Obriy and Oksamyt. While selecting the varieties of rape a producer is not recommended to use two or more accessions selections of one originator out of a single cluster, because in the same conditions they will respond similarly.
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Statement of the problem. Rape is the main source of vegetable oil in 30 countries. In 2010, it was grown on an area of more than 31.6 million hectares. The area under this economically viable crop has recently expanded. The area under rape in the EU countries and China increased most noticeably. World gross yield is 59.0 million tons. Major producing countries of rape are China (13.1 million tons), Canada (11.9 million tons), India (6.4 million tons), Germany (5, 7,000,000 tons), France (4.8 million tons), the United Kingdom (2.2 million tons), Australia (2.2 million tons), Poland (2.1 million tons), Ukraine (1.5 million tons), the United States (1.1 million tons), the Czech Republic (1.0 million tons), Romania (0.9 million tons). Ukraine is among the top ten world leaders of rape production. The part of Ukrainian rape is 2.5 % [8].

The trend for increased crop cultivation is also characteristic for Ukraine [7]. The main reason for restraining the increase in production of cabbage family oil crops is the low level of yield capacity. The average yield capacity of commercial crops of rape, false flax and mustard in Ukraine is much lower compared to the European. Thus, the yield of winter  rape (14–17 kg/ha) is 30 % of potential and 40 % of European the following figures were observed for spring rape, mustard and false flax: 20–25 % of potential yields and 25–35 % of European. The main reason that determines the low yield capacity of these oilseed crops is not observing of agricultural technologies of their growing [5]. An important element of the technology is the right choice of varieties under specific climatic zones.

Analysis of major studies and publications that discuss the problem. Revival of rape as an industrial oilseed crop in Ukraine began again almost 15–17 years ago. Introduction of new high-quality varieties, development of intensive production technologies have opened its wide potential.

At the moment, a farmer has 46 varieties and hybrids of spring rape, which can be used in different climatic zones. A significant segment of rapeseed in Ukraine occupy bezeruk, low glucose nolat varieties of the Institute of Agriculture of NAAS of Carpathian region selection of Ukraine, Institute of Oilseed NAAS of Ukraine, National University of Life and Environmental Sciences of Ukraine Cabinet of Ministers of Ukraine, Vinnytsia State Agricultural Experimental Station NAAS of Ukraine, “Rhapsody” Llc. and a number of other institutions.  The proportion of varieties and hybrids of spring rape of foreign selection companies including Norddeutsche Pflantsentsuht Hans-Georg Lembke KG (Germany) and Pioneer Seeds Holding (Austria) [1, 2] is growing.

Thus, in such a variety of species and hybrids it’s vitally important to choose the best that will realize the genetic potential in specific climatic conditions.

Purpose and objectives of the research. The purpose of the research is to ground the use of cluster analysis for the selection of varieties and hybrids of spring rape of modern selection. The task is to identify groups of varieties and hybrids suitable for cultivation in the Left-Bank steppes of Ukraine using the cluster analysis.

Materials and methods. The research was conducted in 2008–2011 under the conditions of UNPK of Sumy NAU.

The research scheme was to study the spring rape varieties: Aira – selection of Vinnitsya State Agricultural Experiment Station; Mykytynetskyy – selection of Ivano-Frankivsk Institute of APV NAAS, Ataman, Obriy – selection of the Institute of Oilseed of NAAS, Maria, Velvet – “Rhapsody” Llc., Baikal, Haydn, Cliff, Olga, Siesta, Terra – Norddeutsche Pfalntsetsuht Hans-Georg Lembke KG (Germany), PR45-72, PR45-73 – Pioneer (Austria). Setup of the experiment is: la = 14, n = 4, the accounting area is 25.0 m2. Placement of the areas: repetitions – four, options – randomized.

When conducting the research agricultural machinery was common for this area [4]. The predecessor of rape is potatoes. The method of sowing is linear (15 cm). The norm of seeding is 150 seeds per 1 sq. m. (1.5 million/ha). Integrated protection system based on thresholds of harmfulness of crucifer flea-beetle, aphids and rape weevil was used.

To study the morphological parameters of the varieties under research we determined the height of plants, number of shoots and fruits in individuals per 1 m2. To determine the actual yield the harvesting was performed by the combine-harvester “Hege 140” separately from each area on the repetitions of the experiment with the following recalculation on hectare.

Statistical analysis of the data was performed by non-commercial computer programs such as STATISTICA, SPSS and others [6]. Dispersive and cluster analyses was held. At this stage of development of agricultural science the multivariate analysis methods are not paid enough attention, so along with the practical use of this method we briefly stop at the general aspects that help to more fully and comprehensively evaluate the factors that affect the implementation of the genetic potential of plants.

In practice a tree-clustering algorithm is most commonly used, which is the formation of clusters of difference or distance between objects. Such distances can be determined in one-dimensional or multidimensional space and they can be most easily calculated through the Euclidean distance. The aim of the procedure is to identify the clustering structure of the cluster. Breaking the sample into groups of similar objects allow to simplify further data processing and decision-making, applying to all clusters its analysis method [3].

Euclidean distance is the geometric distance in the multidimensional space and is calculated as follows: distance (x, y) = {Si (xi - yi) 2} 1/2. Note that the Euclidean distance (and its square) is calculated on the original, not the standardized data. In most cases the tree- clustering is the most visual way of presenting the results of cluster analysis.

Results. According to the phenological observations the formation of rosettes in almost all varieties that began in the second decade of May was stated. Visually, the difference in the passing of the phases of development was observed on the 5th macro-stage (development of lay flowers VVSN 50-59). Thus, hybrids PR45G72, PR45G73, Siesta; Aira, Baikal, Maria and Mykytynetskyy varieties passed through this macro-stage more intensively. Peduncles began to appear in the first decade of June. The beginning of flowering (VVSN 60) in the bulk of the studied varieties and hybrids of spring rape was recorded in the second decade of June (Appendix). Simultaneity (uniformity) in flowering hybrids in PR45G72, PR45G73 should be noted. With some delay (of 3-5 days) the onset phase of flowering in the varieties of Olga, Oksamyt, Ataman was marked. The beginning of fruit ripening (VVSN 80) was recorded in the first decade of July. Full ripeness (VVSN 89) fell on the end of July and beginning of August. Harvesting was performed in the first-second decade of August.

To determine the morphological characteristics of the studied varieties at the ripening phase the plant height, number of shoots, number and weight of pods were measured. Thus, the highest hybrid plants were characteristic to PR45G72 (110.2 cm). The lowest plants were presented by hybrid Siesta (84.0 cm). In other varieties the average plant height ranged from 92.3 cm to 108.6 cm (Table 1).
Number of shoots as the ability of plants to branching varied from 3.9 to 5.3 units. The maximum number of shoots belonged to plants and hybrid varieties of PR45H72 and Terra 
(5.3 pcs.).

Hybrids PR45G72 (74.2 pc.), PR45G73 (73.7 pc.), Siesta (73,4 pcs.) and Aira (73.1 pc). (Table 2) should be noted by the average number of pods on the same plant. The minimum number of fruits was formed on Velvet (62.5 ea.) and Obriy (62.7 pc) varieties. On the other varieties this figure was on the level of 65,8–72,2 units. The average weight of pods per plant varied within 8,1–9,6 gr. 
The greatest mass (9,5–9,6 g) had fruits formed in hybrids PR45G72, PR45G73, Aira and Siesta variety. The smallest mass of pods (8,1–8,2 g) was found in plants and varieties of Velvet and Obriy. The main quality indicators include mass rape of 1000 units of seeds and oil content.

1. Morphological parameters of the studied  varieties and hybrids of spring rape 
(average for 2008-2011)
	Variety/Hybrid
	
Morphological parameters 

	
	Height of plant, cm
	Number of shoots
	Number of pods, units.
	Weight of plant, gr

	Аіra
	98,3
	4,7
	73,1
	9,5

	Baikal
	108,6
	4,9
	72,2
	9,4

	Haydn
	101,0
	4,7
	65,8
	8,6

	Cliff
	92,3
	5,1
	68,8
	8,9

	Maria
	107,7
	4,4
	69,4
	9,0


	Mykytynetsyy
	100,7
	4,0
	70,8
	9,2

	Obriy
	102,3
	5,0
	62,7
	8,2

	Olha
	96,7
	4,0
	70,9
	9,2

	Oksamyt
	104,8
	4,2
	62,5
	8,1

	Otaman
	103,0
	3,9
	70,4
	9,2

	Siesta (F1)
	84,0
	4,2
	73,4
	9,5

	Terra
	100,1
	5,3
	65,9
	8,6

	PR45G72 (F1)
	110,2
	5,3
	74,2
	9,6

	PR45G73 (F1)
	98,3
	4,1
	73,7
	9,6

	Duncan test
	8,6
	1,0
	9,9
	2,2


2. Quality indicators of the seeds of spring rape varieties and hybrids. (Average of 2008-2011.)

	Variety/hybrid
	Yield capacity, t/ha
	Weight of 1000 units. 

of seeds, gr
	Oil content, %

	Аira
	1,65
	4,3
	39,4

	Baikal
	1,76
	4,2
	39,2

	Haydn
	1,75
	4,5
	39,3

	Cliff
	1,41
	3,8
	39,0

	Maria
	1,54
	4,2
	39,2

	Mykytynenskyy
	1,42
	4,0
	39,3

	Obriy
	1,39
	4,0
	39,2

	Olha
	1,76
	4,4
	39,1

	Oksamyt
	1,39
	4,0
	39,4

	Otaman
	1,54
	3,7
	39,0

	Siesta (F1)
	1,86
	4,1
	39,1

	Terra
	1,62
	3,9
	38,9

	PR45G72 (F1)
	1,91
	4,1
	39,3

	PR45G73 (F1)
	1,87
	4,0
	39,2

	Duncan test
	0,11
	1,3
	2,7


It was established that these indices varied according to the genetic nature of the variety. Thus, the most mature seed was formed in  Haydn (4.5 g), Olga (4.4 g), Aira (4.3 g) varieties. A bit less was in the varieties of Baikal, Maria and Siesta hybrids, PR45G72 (4.1 g). The least mature seed was formed in the varieties of Ataman (3.7 g) and Cliff (3.8 g).

 Oil content is a constant index and it practically does not change in the modern varieties and hybrids of oilseed rape. The result of biochemical analyses shows that in the studied varieties and hybrids oil content ranged from 39.2 % to 42.3 %. Maximum oil content was determined in the variety of Haydn 42.3 %. In the majority of the analyzed varieties and hybrids the seeds formed about 40.0 % of oil.

Seed yield capacity and oil collection are the main indicators of the genetic potential of modern varieties and hybrids under identical growth conditions (climatic conditions, growing technology). According to the results of the dispersive analysis a significant difference between the yields of spring rape varieties was stated. It should be noted that hybrids provide the forming of seed yield on the level of (1,86–1,91 t/ha). Significant crop shortfall compared with these parameters was obtained in the varieties of Obriy (1.39 t/ha), Velvet 1,39 t / ha, Cliff (1.41 t/ha), Mykytynetskyy (1.42 t/ha). Average yield capacity levels (1,54–1,76 t/ha) provided the crops of spring rape varieties: Ataman, Maria, Terra, Aira, Olha, Haydn, Baikal. Based on the highest level of productivity and oil content the maximum oil collection was of hybrids PR45H72, PR45H73, Siesta (0,74–0,77 t/ha) and varieties of Haydn, Olha (0.71–0.74 t/ha). The lowest oil yield per hectare was obtained in the varieties of Cliff (0.55 t/ha), Mykytynetskyy (0.56 t/ha), Velvet (0.57 t/ha), Obriy (0.58 t/ha).

The  studied varieties and hybrids of spring rape have not only biological differences caused by their genetic diversity, but can in many cases respond to changing growing conditions   equally just because their genotype attract roughly the same group of genes as a result of selection in one and the same institution. To prove whether this statement is true, we conducted a cluster analysis.

To establish the similarity of varieties and hybrids of spring rape a complex of agronomic traits for the analysis has been involved. Since the rape varieties used in our work belong to several selection institutions, this type of analysis will reveal whether the selection was carried narrowly focused and the varieties of one institution can be practically identical in genotype.

Cluster analysis helps to group varieties and hybrids of spring rape in clusters according to similarity of complex agronomic valuable traits. If varieties and hybrids that have the same selective origin are in the same cluster, it indicates the similarity of the norm of reaction of their genetic apparatus. Indirectly, it can be argued that these varieties (hybrids) have common parenting components and in the same growing conditions their reaction will not vary. This is a very important information for the producers because very often to ensure safety and a gross yield of spring rape the producers sow several varieties of the same company, hoping that under unfavorable factors of cultivation they will respond differently to the factors and as a result, the gross spring rape seed production will remain consistently high on the farm.

Among the fourteen varieties and hybrids of spring rape that we brought to the study, six belong to the firm Norddeutsche Pflantsentsuht Hans-Georg Lembke KG (Germany), two of them to the Institute of Oilseed NAAS of Ukraine of “Rhapsody’ (Ukraine) and Pioneer Seeds Holding (Austria), one – to Vinnitsa State Agricultural Experimental Station NAAS of Ukraine, Ivano-Frankivsk Institute APV NAAS of Ukraine. Thus, to determine the phenotypic similarity of genotype, we have absolutely all the prerequisites, namely: cultivation of all varieties and hybrids under the same conditions and with the same factors; one and the same institution-originator of at least a few varieties and hybrids of spring rape.

To test our hypothesis we conducted the cluster analysis, Fig. 1 shows the clustering tree varieties and hybrids of spring rape by the complex agronomic traits (weight of 1000 seeds, oil content, yield capacity).
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Figure 1. Clustering of varieties and hybrids of spring rape by a set of morphological parameters and agronomic traits (plant height, number of shoots, number of pods, weight of pods, weight of 1000 seeds, oil content, yield capacity), 2008–2011.
As the results of cluster analysis, there can be determined several groups of varieties and hybrids (clusters), namely: the first one includes Aira and PR45H73, the second – Mykytynetskyy and Ataman, the third – PR4573 and Baikal, the fourth – Haydn and Terra – both of  German selective company “Norddeutsche Pflantsentsuht Hans-Georg Lembke KG” and the fifth cluster includes Obriy and Oksamyt.

At the same time the use of a limited number of features that characterize rape varieties and hybrids, can not make full findings of their biological differences and optimize growing conditions. This proves the picture of the second cluster analysis. Thus, in Fig. 2 we can see that almost all the studied plants are located in several large clusters, which adjoins the rest of the varieties.
In the first case of assessment by the complex morphological parameters and agronomic traits a much larger number of clusters is determined. Keeping in mind that the conduct of cluster analysis of only certain agronomic performance is unacceptable for the following analysis, we used values ​​of individual plant productivity as a measure that most accurately confirm the presence or absence of differences between varieties and hybrids of spring rape.
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Figure 2. Clustering tree of varieties and hybrids of spring rape by agronomic characteristics 
(oil content, yield capacity), 2008–2011

Conclusions:  
1. Spring  rape varieties and hybrids  suitable for cultivation in the northern part of Left-Bank Forest-Steppe of Ukraine have been identified: PR45G72, PR45G73 hybrids, Siesta and  Haydn, Olga, Aira, Baikal, Maria, Terra, Ataman varieties, which ensure the yield of more than 1.6 t/ha of  seeds and oil yield of more than 0.6 t/ha. 
2. According to the results of cluster analysis several groups of varieties and hybrids (clusters) have been defined, namely: Aira and PR45G73 belong to the first group, the second group contains Mykitinetsky and Ataman, the third – Baikal and PR45G72, the fourth – Haydn and Terra – both are the selection of German firm “Norddeutsche Pflantsentsuht Hans-Georg Lembke KG”, the fifth cluster may contain Obriy and Oksamyt. While selecting the varieties of rape a producer is not recommended to use two or more accessions selections of one originator out of a single cluster, because in the same conditions they will respond similarly.
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