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The researches have established that a significant loss of plants of winter rape in winter caused a number of factors: the excessive development of the shoots in the autumn, the lack of 
well-developed root system and so on. In this regard, much attention should be paid to the terms of sowing of a crop. From this point of view, the best period of sowing is considered to be that, which will ensure the optimal growth of plants during the autumn vegetation. A choice of a term of sowing should be individualized for both a zone of growing and for growing conditions of each specific farm. A basis of the acceptance of a decision should be a long-term monitoring of a temperature, a frequency, an amount and a nature of precipitations, both in a pre-sowing period and during the emergence of the shoots and development of the plants, dates of a stopping of a vegetation of plants. The most optimal term for sowing of winter rape in the Steppe zone of Ukraine is the time from August 25 to September 5, the optimal permissible from August 20 to September 10. The date of maximum permissible threshold of optimal term of sowing of winter rape is September 5-10. The limitative factor in this range is the presence of moisture in the soil and loss of effective rainfall in this period.
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Statement of the problem. In the last decade the rape has strengthened its competitive position in the global market, the gross grain yield substantially increased, expanded the markets, its products of processing have reached a fairly high level.

The literature, which describes the advices for the technologies of growing of winter rape, which is over 15 years and more, in the majority contain the information which is not for a particular area or region in which the culture is grown, but in general, there are not taken into account the peculiarities of modern varieties and hybrids, climate changes, the modern instruments of tillage and sowing, change of crop rotations in the new, mainly five-course rotations and so on. The recommending advices of some booklets of foreign seed companies are not adapted to soil-and-climatic and territorial-relief conditions of Ukraine. Under these conditions, an agronomist can’t always orient and find exactly those terms of sowing, which will ensure the full realization of the biological potential of modern varieties and hybrids of winter rape, the optimal plant growth during the autumn vegetation and give the opportunity to get the highest yield, and as the result to get a highly profitable income in terms of the economy.

The study of the influence of the environmental factors (temperature, light regime, humidity, composition and peculiarities of the soil, etc.) on the productivity of rape will determine the ways of the increase of the productivity of this crop, to predict the yield in the conditions of an area.

Analysis of the main researches and publications in which the solution of the problem has been started. The crop areas under the rape are 22-24 million hectares in the world. In Europe, this crop takes nearly 4 million hectares. In Ukraine the rape began to grow intensively only for last 10-15 years. For the period of 1990-2010 the sowing areas of rape increased at 12 times and the total yield at 14.4 times. The smallest crop areas of rape in Ukraine were in 1970 – 2 thousand hectares, and the peak was 2008 when the actual areas of winter rape were 1.5 million hectares, according to this indicator, Ukraine took the first place in Europe. Subsequently the areas of winter rape decreased by 37,5-39,6 % compared to 2008 [2, 3, 4].
The expansion of areas under the crops of rape primarily connected with the fact that it is considered to be a valuable precursor for other cultures from the view of the agrotechnics. The growing of cereals after the rape increases the productivity on 3-4 c/ha, that increases the efficiency of the whole plant-growing actually with no additional costs. The special value of rape is that thanks to the developed and deeply penetrating into the soil root system, it assimilates the nitrates, preventing their getting into the subsoil waters [1]. 

The rape has many agrotechnical and economic advantages over the other crops. However, it belongs to risky crops. Over the last three years in Ukraine has experienced a sharp decrease in the acreage of winter rape, caused by the lack of rainfalls in the summer-and-autumn period, and insufficient supplies of productive moisture in the soil to get the aligned and simultaneous sprouting. In this regard, the agricultural producers often for the purpose of the reduction of the risks limit the crop areas of this profitable crop [2].
The researches have established that a significant loss of plants of winter rape in winter caused a number of factors: the excessive development of the shoots in the autumn, the lack of 
well-developed root system and so on. In this regard, much attention should be paid to the terms of sowing. From this point of view, the best period of sowing is considered to be that, which will ensure the optimal growth of plants during the autumn vegetation. The farms of different regions of Ukraine conduct the sowing of winter rape depending on the zone of growing from August 1 to September 20 [1, 2, 3]. 
The choice of the term of sowing should be individualized for both zones and growing conditions of each specific farm, and as a basis for a making of a decision should be the long-term monitoring of a temperature, a frequency, an amount and a nature of precipitation, both in a pre-sowing period and during an appearance of shoots and a development of plants, the dates of termination of vegetation of plants.

The purpose of the researches. In this regard, we conducted the researches on the impact of the environmental factors and agrotechnical measures on the morphobiological indicators and yield of winter rape in the conditions of the northern Steppe of Ukraine. The objectives of the researches were the following:

– to establish the optimum for the region terms of sowing of winter rape on the basis of the 
long-term analysis of the amounts of active temperatures of the period of vegetation of a crop and the amount of effective rainfall.

Materials and methods of the researches. The researches were done at the soils of the experimental farms of the Kirovograd SAES of NAAS. To ground the choice of the optimal terms of sowing were used the data of the field experiments laid in the fields of the Kirovograd State Agricultural Experimental Station of NAAS, and the results of the analysis of the meteorological data for 2000-2013. It was sown the winter rape of the native variety the Senator Lux, the tall hybrid Extend, and the stunted hybrid DK Secure by the Monsanto company. The seeding rate for the variety was 1.0 million of germinable seeds per 1 hectare, and 0.5 million of germinable seeds for hybrids. The rape was sown in 4 dates: August 15-20; August 25-31; September 1-10; September 10-15.

Results of the researches. According to the results of the researches the most optimal terms of sowing of winter rape in the Steppe zone, which is the zone of insufficient humidification – is the terms of sowing, falling for the last five days of August - the first five days of September.

For the varieties that are less inclinable to escalation, a sowing starts earlier, and for the hybrids, especially with the rapid development – with the delay until the third decade of August – the first decade of September. The optimal term of sowing of winter rape is for 15-25 days before the optimum terms of sowing of winter ear-forming crops according to the agroclimatic zone.

When choosing the optimal terms of sowing of winter rape in the region, the main requirement is the normal development of plants before occurrence in winter. Within 60-80 days from the appearance of shoots to the termination of vegetation with the sum of temperatures of 600-800 °C, on the basis of the long-term observations and the analysis of meteorological data base for the 2000-2013 there were identified the calendar dates for the performance of these conditions (Table 1).

Thus, on the basis of the analysis of Table 1 we can see that the optimal performances for the calendar dates with the sum of temperatures of 800 °C were provided primarily in the I-II pentalogy of September with the termination of the vegetation from the 31 of October to the 26 of November, and in the dry conditions of 2003, 2011 – in the last pentalogy of August with the termination of the vegetation from the 25 of August and the 5 of October respectively.

It is necessary to determine the lower and upper thresholds of the optimal term of sowing of winter rape – the date when you should start the sowing and the date when the terms move into late.

1. Amount of the effective t (0C) until the termination of the vegetation of winter rape
(according to the meteoposts of the Kirovograd SAES of NAAS)
	Year
	Months
	Numbers
	Date of termination of vegetation

	
	
	1
	5
	10
	15
	20
	25
	

	2000
	august
	1457
	1340
	1241
	1129
	1029
	938
	6.11

	
	september
	818
	726
	629
	560
	490
	395
	

	2001
	august
	1617
	1498
	1365
	1253
	1125
	991
	14.11

	
	september
	885
	794
	707
	619
	530
	447
	

	2002
	august
	1526
	1408
	1301
	1190
	1083
	968
	04.11

	
	september
	828
	711
	614
	538
	465
	391
	

	2003
	august
	1722
	1350
	1234
	1131
	1010
	889
	25.10

	
	september
	744
	665
	595
	516
	436
	358
	

	2004
	august
	1608
	1502
	1399
	1296
	1188
	1083
	16.11

	
	september
	947
	848
	775
	692
	593
	515
	

	2005
	august
	1550
	1418
	1313
	1214
	1093
	983
	6.11

	
	september
	859
	772
	672
	569
	489
	412
	

	2006
	august
	1604
	1478
	1354
	1230
	1110
	998
	21.11

	
	september
	888
	812
	730
	646
	69
	478
	

	2007
	august
	1580
	1464
	1345
	1229
	1095
	946
	7.11

	
	september
	828
	727
	638
	561
	486
	435
	

	2008
	august
	1642
	1517
	1402
	1263
	1131
	1010
	11.11

	
	september
	893
	791
	664
	598
	490
	406
	

	2009
	august
	1497
	1375,4
	1282,5
	1177,3
	1070,8
	977,8
	31.10

	
	september
	840,9
	751,6
	661,3
	558
	479,3
	395
	

	2010
	august
	1793
	1638,9
	1481,8
	1332,4
	1208,5
	1091,9
	25.11

	
	september
	967,5
	881,3
	807,4
	709,1
	619,2
	551,9
	

	2011
	august
	1360,3
	1260,1
	1146,5
	1031,6
	926,7
	825
	05.10

	
	september
	701
	602
	518,5
	415,5
	329,2
	244,1
	

	2012
	august
	1717,8
	1575,6
	1440,8
	1345
	1246,5
	1148
	14.11

	
	september
	1028,7
	922,3
	837,6
	739,3
	651,1
	566,5
	

	2013
	august
	1554,7
	1445,2
	1316,3
	1183,7
	1066,9
	952,6
	26.11

	
	september
	854,5
	773,6
	705,8
	602,4
	550
	480,8
	


Under the favorable conditions of moistening the seeds of rape germinate in 4-5 days, the shoots appear in 7-10 days after the date of sowing, and if to do the math calculations the lower threshold of optimal terms is August 20. With the displacement of terms of sowing to more early with the higher sum of effective temperatures above 1000 °C there is threat of escalation of plants of winter rape under the sufficient moistening or shortage of the shoots by dry conditions. 
For calendar dates the optimal performances with the sum of temperatures of 600 °C provided mainly from September 10 to 15 with termination of vegetation from October 31 to November 26, and in the dry conditions of 2003, 2011 – in the second pentalogy of September with the termination of the vegetation from the 25 and the 5 of October respectively. 

The most important when choosing the term of sowing is a factor of providing of moisture. As the terms of soil preparation and sowing of winter rape account for a dry period of the end of summer, when the moisture reserves in the soil layer are minor, and the rape is sown at a depth of 2-3 cm as a
small-seeded crop, the main source of water are the rainfall.

We have done the analysis of the rainfall during the sowing period of winter rape in the Steppe zone of Ukraine – August-September of 2000-2013 (Table 2).

The analysis was done in the context of five days (pentalogy) and for the decades with the isolation of the fraction of probability of rainfall.

2. Analysis of the probability of the precipitation of the effective rainfall in the context of pentalogies and decades
	Years
	Months

	
	august
	september

	
	pentalogy

	
	1
	2
	3
	4
	5
	6
	1
	2
	3
	4
	5
	6

	2000
	0
	0
	0
	0
	0
	1
	0
	1
	0
	1
	1
	1

	2001
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	1

	2002
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1

	2003
	1
	0
	1
	0
	1
	0
	1
	0
	0
	0
	0
	0

	2004
	1
	1
	0
	0
	0
	0
	0
	1
	0
	0
	1
	1

	2005
	0
	1
	1
	0
	0
	1
	0
	0
	1
	1
	0
	0

	2006
	0
	0
	1
	0
	1
	1
	1
	1
	0
	0
	1
	1

	2007
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	1
	1

	2008
	0
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	0

	2009
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	1
	0

	2010
	0
	0
	0
	1
	0
	1
	1
	1
	0
	0
	1
	1

	2011
	1
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1

	2012
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1
	1

	2013
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1

	Sum
	6
	4
	5
	4
	3
	9
	5
	8
	5
	5
	8
	8

	% for the pentalogies
	46,2
	30,8
	38,5
	30,8
	23,1
	69,2
	38,5
	61,5
	38,5
	38,5
	61,5
	61,5

	% for the decades
	61,5
	50,0
	92,9
	78,6
	57,1
	85,7


Note: * 0 – effective precipitation didn’t occur; * 1 – effective precipitation occurred

According to the results of the analysis the most probable is the expectation of rainfall in the third decade of August – 92.2%, and in the context of the pentalogies – from 25 to 31 of August, when the probability of effective rainfall is 69.2%. This fact is the crucial in the grounding of the choice of the third decade of August as the optimal term of sowing, because under these conditions you can get the simultaneous shoots in nine of the thirteen studied years. The displacement of terms to more early, when the probability of rainfall is in the range of 30-38% is inappropriate, when from the 13 studied years only in 4 or 5 were the effective rainfall exceeding 5 mm. Usually in this period the upper layer of a soil is overdried after a cultivation and the seed which is sown to a depth of 2-3 cm gives the irregular shoots or does not germinate at all, and also enough often it is observed the phenomenon of "provoking of the germination of seed", when the seed is sown into dry land and germinates by the small precipitation, and under the further dry conditions the seedlings wither. All these lead to a further gaudiness of shoots and worsen the wintering of rape.

Permissible for a factor of a fall of effective rainfall is a removal of a sowing on the first decade of September when in 5-8 from the 13 studied years existed the effective rainfall and the probability of their fall was within 78.6%, but in this period the limiting factor was the temperature regime.

By the lowest indicators of the level of wintering – 50.1% were characterized the terms of sowing 
September 10-15 with the share of fluctuation 31.3% for a variety and 62% for a stunted hybrid.

The highest level of the wintering both for the variety Senator Lux – 87% and for the hybrids – 93 and 94.3% respectively was for sowing August 25-31.
3. Level of wintering of plants of winter rape under different sowing norms
	Terms of sowing
	Years
	% of wintering-

	
	
	Senator Lux
	Extend
	DK Secure
	The average of the period

	15-20  VIII.
	2007/2008
	73
	56
	54
	77,7

	
	2009/2010
	80
	88
	91
	

	
	2012/2013
	82
	90
	85
	

	
	average
	78,3
	78,0
	76,7
	

	25-31 VIII
	2007/2008
	76
	83
	86
	91,4

	
	2009/2010
	95
	97
	98
	

	
	2012/2013
	90
	99
	99
	

	
	average
	87,0
	93,0
	94,3
	

	01 -10 IX
	2007/2008
	44
	81
	83
	76,4

	
	2009/2010
	54
	87
	89
	

	
	2012/2013
	58
	95
	97
	

	
	average
	52,0
	87,7
	89,7
	

	10-15 IX
	2007/2008
	24
	43
	46
	50,1

	
	2009/2010
	32
	55
	63
	

	
	2012/2013
	38
	73
	77
	

	
	average
	31,3
	57,0
	62,0
	


Conclusions. So, by the results of the researches which were conducted by the scientists from the Kirovograd State Agricultural Experimental Station of NAAS the most optimal terms of sowing of winter rape in the steppe zone is the period from August 25 to September 5, the permissibly optimal – from August 20 to September 10. The date of maximum permissible threshold of optimum term of sowing of winter rape is 5-10 September. The limiting factor in this range is the presence of moisture in the soil and fall of effective rainfall in this period.
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