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WINTER BARLEY COLD-RESISTANCE AND  PRODUCTIVITY  DEPENDING  ON  SOWING  TERMS  AND  RATES
This article presents the results of three-year field studies on the reaction of winter barley varieties for terms of sowing and seed rate in the Northern Steppe of Ukraine. The highest level of development in the autumn period have plants of early sowing. The article is mostly dedicated to the main disadvantage of winter barley – its poor resistance to low temperatures. Particularities of growth, winter-resistance forming and productivity are viewed in the light of hydrothermal conditions of a research year. 
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Statement of the problem. The barley has always been one of the major crops for Ukrainian farmers. Barley grown in the region of the Steppe has a high nutritional value and a high content of protein. In addition kinds of winter barley have a high potential productivity. In Western Europe countries the yield is been receiving at the level of 9,10 t/hectare [10, 13]. The advantage of winter barley is that due to earlier maturation it is able to avoid moisture deficit at the end of the summer, which is actual almost every year in our region. Due to the better development of plants it tolerates drought easier. But at the same time winter barley is more particular to farming techniques and more affected to diseases [9, 12].

The great advantage of winter barley is combined with a significant disadvantage – poor frost and winter resistance [4], which means that the area of winter barley crop is still very small. For example, in 1991 in the Odessa region winter barley held 100 thousand hectares, in the Zaporozhie region – 35 thousand hectares, in the Dnipropetrovsk region – 14 thousand hectares. Now these areas have far reduced. That’s why the problem of the winter-resistance and the productivity is topical.
Analysis of the last researches and publications. Though barely is one of main cultures for our country, the main attention is paid to its summer form. As for winter form the best terms of seeding are still being specified [7, 11, 6, 1].  Due to researches norms and terms of seeding should be set separately for each region, as they mainly depend on local climatological circumstances, soil etc. [2, 5, 8]. The sort particularities also influence a lot on the definition of optimal seeding terms and norms.

The main task is a research of sort characteristics of winter barley, its productivity and forming of winter-resistance. And further improvement of some elements of growth technology due to received data.

The research method. Field studies of winter-resistance and productivity of winter barley kinds were founded in autumn 2009 at the experimental field of the Dnipropetrovsk State Agrarian-Economic University on low-humus and medium-loamy ordinary black-earth. The thickness of humus layer is 75 cm. The humus content (by Tyurin) on top of the humus – accumulative horizon is 3,9–4,2 % content in the upper soil layer (0–20 cm) of nitrogen, which is easily hydrolyzed (by Tyurin and Kononova) is 9,1–9,4 mg/100 g of soil, mobile phosphorus (by Chirikov) – 9,8–10,0 mg/100 g of soil and exchange potassium (by Chirikov) – 11,0–12,0 mg/100 g of soil. рН – 6,9–7,0.
One Ukrainian sort Osnova and two Czech sorts Luran and Cinderella were studied through the research. They were sowed by rate 4,5 million seeds per hectare at the field study of sowing terms, and at the optimal term – 22 September at the study of optimal sowing term.

Common method was used during the field studies [3]. Registry land area is 30 sq. m. with three reduplications. There were favorable conditions for seed germination and plant development in autumn of 2009. Winter 2009–2010 has significant and persistent snow cover (35–40 cm). As a result part of plants rotted. The summer of 2010 was hot and dry.

After the drought in summer there wasn’t enough soil moisture for crops in 2010, so plants looked sluggish and the crop in general was liquefied. Winter 2010–2011 year seemed to be quiet mild. Due to the snow cower of 20–25 cm plants were not damaged by the maximum temperature reduction to -25 оС. Regeneration of plants in spring and summer was supported with favorable weather conditions.

Weather conditions during the years of research were different and generally corresponding for this area. The winter of 2010–2011 had extremely adverse conditions, when not only winter barley, but also the strongest winter wheat perished on large part of Ukraine. 
There were favorable conditions for the growth and development of winter barley plants in 2012–2013 years. Autumn period was quite warm and humid, winter was mild. There was no essential temperature rise and enough precipitation for high yield formation. 

The main results of the study. The relatively favorable autumn period made it possible not only for plants of early and optimum sowing time to get in the winter normally developed (table 1). There was no difference noticed in plant habit in this period. It can be noted that plants of the sort Osnova got longer, and plants of the sort Cinderella had bigger weight and amount of stems.
1. Condition of winter barley sorts depending on sowing time for termination of the autumn vegetation 
(average for 2009, 2010 and 2012 years)
	Sowing time
	Sort
	Length of a plant, cm
	Weight of 100 dried plants, g
	Amount of
	Depth of site node, cm

	
	
	
	
	stems
	nodal roots
	

	15.09
	Osnova
	29,6
	41,5
	4,2
	3,5
	2,4

	
	Luran
	28,9
	43,5
	4,5
	3,4
	2,5

	
	Cinderella
	26,5
	43,0
	5,6
	4,2
	2,3

	22.09
	Osnova
	24,7
	23,2
	3,4
	2,1
	2,3

	
	Luran
	23,5
	22,4
	3,6
	2,3
	2,2

	
	Cinderella
	22,4
	23,1
	4,0
	2,4
	2,0

	29.09
	Osnova
	19,3
	9,0
	2,5
	0,5
	2,5

	
	Luran
	18,9
	9,2
	1,7
	0,0
	2,6

	
	Cinderella
	18,5
	10,0
	2,2
	0,2
	2,5

	НІР 05 (2009, 2010, 2012 years)
	1,7; 1,0; 3,3
	2,9; 1,0; 11,4
	0,4; 1,0; 0,9
	0,3; 0,9; 0,9
	0,3; 1,0; 0,4


The conditions of the autumn period, the degree of development of plants directly influenced on the hardening of barley and endurance in adverse conditions of winter. The most resistant plants appeared to be young plants of late sowing. Among the sorts the best results were shown by Cinderella, and the least – Luran (table 2). It should be noted that the sort Osnova of the optimal (22.09) and of late (29.09) sowing showed better endurance compared with the sort Luran, but of early sowing better winter resistance was shown by the sort Luran.
2. Wintering of winter barley sort depending on sowing time, % of survived plants

	Year
	Sort 
	LSD05

	
	Osnova
	Luran
	Cinderella
	

	
	Sowing time
	

	
	15.09
	22.09
	29.09
	15.09
	22.09
	29.09
	15.09
	22.09
	29.09
	

	2010
	41,4
	67,6
	86,6
	21,0
	61,5
	77,3
	95,5
	100,0
	100,0
	7,3

	2011
	99,3
	93,4
	98,7
	99,3
	91,8
	97,7
	98,8
	91,5
	93,8
	5,7

	2013
	99,2
	99,2
	100,0
	99,1
	98,1
	98,5
	93,0
	98,0
	100,0
	4,7

	Average
	80,0
	86,7
	95,1
	85,8
	83,8
	91,2
	95,8
	96,5
	97,9
	-


In the studying of the sowing rate the best resistance to adverse winter conditions among other sorts was shown by the sort Cinderella as in the previous study (table 3). The most resistant sort Cinderella formed the best winter-resistance with optimal rate – 4,5 million viable seeds per hectare. Less stable sort Osnova showed better resistance with the most concentrated sowing – rate 5,5 million viable seeds per hectare. It is due to the fact that under small snow cover well developed leafy part plays a protective role. As for the worst winter-resistant sort Luran, its rates varied a lot from year to year depending on the autumn and winter conditions.
3. Wintering of winter barley sorts depending on sowing rates, % of survived plants

	Year
	Sort 
	LSD05

	
	Osnova
	Luran
	Cinderella
	

	
	Sowing rate, millions of viable seeds
	

	
	3,5
	4,5
	5,5
	3,5
	4,5
	5,5
	3,5
	4,5
	5,5
	

	2010
	72,2
	66,8
	84,3
	82,1
	66,5
	70,8
	100,0
	100,0
	100,0
	4,7

	2011
	93,1
	100,0
	98,8
	87,8
	95,5
	98,4
	87,4
	94,7
	85,1
	7,5

	2013
	99,5
	99,3
	99,2
	100,0
	98,6
	100,0
	100,0
	100,0
	100,0
	2,0

	Average
	88,3
	88,7
	94,1
	90,0
	86,9
	89,7
	95,8
	98,2
	95,0
	-


Condition of winter barley plants in the spring, despite the partial death of plants in winter, depends a lot on the level of plant development in the autumn period. Plants of earlier sowing are the most developed after wintering. Spring conditions were quiet favorable – enough soil moisture and moderate temperature. All this contributed to a good regeneration of plants, growth of leafs and stems and formation of a good yield despite the dry conditions of the summer period.
For three years of research (table 4) the best sowing time for winter barley in the Northern Steppe region was determined the beginning of the second decade of September (22.09). The studies also found the reaction of various sorts on the sowing terms. The sort Luran which has the lowest winter-resistance showed better yield at optimal (22.09) and late (29.09) sowing terms, and the most steady to adverse winter conditions sort Cinderella strongly reduced productivity by moving sowing time both to earlier and to later dates. 

The sort Osnova which has not much better results than Luran also reacts better on later sowing terms.
4. Yield of winter barley sorts depending on sowing time, t/hectare

	Year
	Sort 
	LSD05

	
	Osnova
	Luran
	Cinderella
	

	
	Sowing rate
	

	
	15.09
	22.09
	29.09
	15.09
	22.09
	29.09
	15.09
	22.09
	29.09
	

	2010
	1,57
	3,06
	3,22
	1,46
	2,56
	3,00
	2,76
	3,00
	2,75
	0,38

	2011
	4,77
	5,11
	4,31
	3,59
	3,67
	3,29
	4,01
	4,19
	2,78
	0,17

	2013
	4,39
	5,58
	5,44
	3,60
	5,42
	5,12
	2,91
	4,39
	3,40
	0,28

	Average
	3,76
	4,59
	4,32
	2,88
	3,83
	3,80
	3,23
	3,86
	2,98
	-


Among the studied sorts the best yield has Ukrainian sort Osnova, it gave 4,6 t/hectare for three years. Winter barley sorts have a little differences by the reaction on the sowing rates (table 5). For the years of studies the difference in yields depending on the sowing rates was insignificant and was within an error, but in some years there was a substantial difference. It shows a dependence of sowing rates from particular hydrothermal conditions of the year. Due to the significant contrast in growing conditions from year to year all the date is aligned.
5. Yield of winter barley varieties depending on the sowing rate, t/hectare
	Year
	Sort
	LSD05

	
	Osnova
	Luran
	Cinderella
	

	
	Sowing rate
	

	
	3,5
	4,5
	5,5
	3,5
	4,5
	5,5
	3,5
	4,5
	5,5
	

	2010
	3,14
	2,97
	2,94
	3,02
	3,13
	2,85
	3,40
	2,94
	3,12
	0,32

	2011
	4,54
	4,49
	4,69
	3,66
	4,03
	3,99
	2,80
	3,02
	3,02
	0,17

	2013
	4,93
	4,85
	4,69
	5,08
	4,48
	4,54
	3,87
	4,25
	4,70
	0,22

	Average
	4,20
	4,10
	4,12
	3,92
	3,88
	3,79
	3,36
	3,40
	3,61
	-


It should also be noted that in arid 2010 year the best productivity was formed by the least sowing rate, but in quite wet 2011 the best rate of seeding appeared higher high seeding rate – 4,5 and 5,5 million/hectare. It is characteristic for all sorts, but strongly marked at Czech selected sorts as they are more demanding to moisture. 
Conclusions:
1. Young winter barley plants of late sowing have the best winter-resistance. The sort Cinderella is the most stable among other kinds. 

2. Optimal sowing time for the Northern Steppe for winter barley is the beginning of the third decade of September (22.09).

3. The highest yield among the studied sorts is forming by Osnova sowed at the optimal time – 4,6 t/hectare. Osnova as well as Luran negatively reacts on moving sowing dates to earlier. Sort Cinderella has the best winter-resistance but it shows equally worse yields by moving sowing to earlier or to later dates.
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