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The article presents the results of studies conducted during 2007–2009, 2014 in the experimental field of KhNAU named after V. V. Dokuchayev regarding the impact of the application of different sowing date and seeding rates on the variability of ear productivity indicators of different systems of soft winter wheat stalks of variety Astet. Formation of the highest levels of ear productivity of main and side stems of the average for the year of studies was provided on 15–17 September with the sowing seed rate 5,0 million grains/ha. The effectiveness of the seeding rate by years of research was more stable compared to the timing of sowing, the impact of which is significantly dependent on the weather conditions of the growing season of a particular year.
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Statement of the problem. The harvest of cereal crops is determined by the number of grain ear stems per unit area and wheat ear productivity. Therefore, it is important to know which factors influence on the formation of wheat ear productivity. Special attention should be paid to the impact of controlled factors on different systems of wheat stalks ear development, as they play a significant role in the yield of plants formation. Considerable interest is attached to the influence of agronomic factors: sowing rate and ways of sowing on the peculiarities of grain ear productivity formation.

Analysis of recent research and publications that started the problem solution. The majority of domestic and foreign scientists assign an important role of the time of sowing in the formation of productivity as particular plants and sowings in general [9, 15, 19].

Research has established that it is very important for each agro-climatic zone to choose properly fitted sowing winter wheat time as in favorable and unfavorable years. But there is a variety of recommendations in the scientific literature [1, 2, 6, 16, 17].

It has been established that according to the biological characteristics different sorts of winter wheat react differently to the time of sowing [2, 4]. Varieties with high photoperiodic reaction and winter hardy sorts should be sown earlier but varieties with a short stage of vernalization should be sown 5–10 days later than those which have a long vernalization stage [20].

Most scientists say that the change in sowing optimal dates, both in the direction of early and late sowing dates, without considering the peculiarities of the year and varieties consistently leads to lower yields of winter wheat. According to many scholars’ view it is necessary to reschedule the conducting of main agricultural measures which should take place at least once every 10 years, and the optimal time of winter wheat sowing should be moved 10–15 days later than there were 10–15 years ago [11, 18, 21].

Sowing rates play an important role in the system of farming techniques of winter wheat cultivation based on the adaptive plant growing. The growth, development and plants productivity significantly depend on them [8]. Permanent varieties renewal and creation of new intensive varieties of winter wheat, changing weather conditions, as well as a sharp decrease in the volume of organic and mineral fertilizers is an important issue in the optimal rate of wheat sowing studying, especially on the soil steaming.

It is very important to make the optimum density of plants and to place them evenly on the area to create a high-planting winter wheat. The normal growth and development of plants require appropriate nutrition area, so the plants will have enough nutrients and water to create the required vegetative mass and grain formation [3].

Unreasonable reduction of the sowing rate reduces the productivity, since a strong tillering promotes a large amount of poorly developed plants which do not form grains or fine grain forms, and there are not enough productive stems [13, 17].

The optimal sowing rate is not constant. It depends on many factors, primarily on the quality of seeds, varieties, terms and methods of sowing, soil and climatic conditions, previous plants, humidity, and soil fertility etc. Thus, the optimal sowing rate is considered to be 400 to 700 similar seeds per 1 m2 for different zones, varieties and sowing time considering agro-physical soil properties and humidity [2, 10].

The sowing rate is closely related to the time of sowing. Sowing in the early stages gives plants the opportunity to promote tillering and the optimal stalk is formed at lower sowing rate on the soil steaming 3,0–4,0 million pcs/ha; after previous plants not on the soil steaming 4,0–4,5 million pcs/ha. Winter wheat we should better sow in optimal time of sowing with sowing rate 4–4,5 and 5,0 million pcs/ha respectively. Sowing plants in the late stages creates the optimal stalk without tillering in autumn. The sowing rate should be increased to 5,5–6,0 million viable seeds per hectare, so that in spring there will be no less than 300 plants per 1 m2 [13, 17] .

Thus, winter wheat sowing rate is not constant but it changes depending on the quality of seeds, varieties, time of sowing, previous plants, seed fraction, humidity, and soil fertility etc. The sowing rate should annually specify not only within the region and district, but also in every household and establish for each field separately, depending on soil and climatic conditions and other specific circumstances.

The aim of research was to determine the effectiveness of different time of sowing and sowing rate application on the variability of wheat ear productivity indicators of different systems of soft winter wheat stalks such variety as Astet.

Research methods. To solve this problem field experience of split plots method was used in the experimental field of KhNAU named after V. V. Dokuchayev during 2007–2009 and in 2014 according to the prevalent method [5]. The following variants of the time of sowing were: September 5–7 (control); September 15–17; September 25–27. The plots of the second order were four options of the sowing rate: 4,0; 4,5; 5,0 and 5,5 million seeds/ha.

The experiment has been laid four times and the total number of sections of the second order was 12 pcs. The area of the elementary plot of land was 45 m2. 

Farming equipment used in the experiment was common to the eastern Forest-Steppe zone of Ukraine, except the technology of elements studied. 

The soil of the experimental field is typical black earth calcareous soil on calcareous loess like loam. The topsoil contains 4,4–4,7 % humus, 13,8 mg movable phosphorus, 10,3 mg of potassium per 100 grams of soil.

The region of ​​research has a character of an unreliable moistening. The average annual amount of precipitation per year is about 530 mm, when it is lack of rain 250 mm and during excessive rainfall it is about 800 mm. The total amount of precipitation in the period before the start of the growing season (January, February) and for the period of spring-summer soft winter wheat vegetation (March–July) in 2007, 2009 and 2014 (respectively 262,6, 275,3 and 305,7 mm) was close to the average annual index, which is about 286 mm. According to the regime of moisturizing the best weather conditions were in 2008. The total amount of precipitation during this period was 12 % higher compared to the average of long-term data, besides the distribution of rainfall during this period in 2008 was the most favorable for the realization of the genetic potential productivity of winter wheat ear.

Weather conditions of the second half of the growing season, especially in 2014 were characterized by a significant increase of the level of this indicator compared to the long-term data. Marked increase of the temperature regime made significant adjustments to the processes of growth and development, the formation of grain plant productivity. A significant fluctuation of meteorological parameters over the research years has allowed a greater degree of the impact to identify the test elements of the technology to the level of grain plant productivity.

Research results. The main components of the ear, which are involved in the formation of the harvest, are the number of spikelets and grains in the ear (pcs), mass of ear grain (g). The formation of winter wheat ear occurs from 3 till 8 organogenesis stage, so its size, the number of spikelets and grains in the ear depends on the external conditions during this period, the most important of which is the temperature and the length of the day [7]. 

Recognizing the dominant role of the weather conditions of the vegetation stage it should not underestimate the role of hardiness in the productivity of the plant ear formation. Our studies have shown the effectiveness of the studied factors on the variability of grain ear stems productivity in various plants stalks systems of soft winter wheat.

On average, there was not observed a significant impact of the time of sowing on the variability of wheat ear productivity indicators of both systems of soft winter wheat stalks for four research years, at the same time a positive trend of sowing 15–17 September was marked to improve the studied parameters (see the table).

The density of sowing significantly affects on the formation of ears and flowers in the ear [14]. As a result, our research has found that with increasing the seeding rate from 4,0 to 5,5 million pcs/ha the number of spikelets in the ear of the main stem in average years of research has been greatly reduced by 0,6–0,7 pcs depending on the sowing time. Thus, the largest decline of this indicator was at higher seeding rate to the maximum – from 5,0 to 5,5 million seeds/ha – on 0,4 pcs/ear.

A similar situation has been observed on the ears of the first order stalks. Thus, increasing the seeding rate from 4,0 to 5,5 million seeds/ha the quantity of productive spikelets in the ear of this stems system has been decreased over four years of research by an average of 0,6 pcs/ear according to НІР05  of  effect factor – 0,2 pcs/ear. 

In both investigated factors a large number of grains in the ear of different stems systems has been provided by a larger number of productive spikelets in the ear. The impact of the investigated options of growing technology elements on a large number of spikelets per ear in different stems systems has not been found.

Wheat ear productivity indicators of different systems of soft winter wheat stalks such sort as Astet depending on the time of sowing and sowing rate (on average for 2007–2009, 2014 )
	Time of sowing (А)
	Sowing rate (В), 

mln seeds/ha
	Productive spikelets in the ear, pcs
	Quantity of grains in the ear, pcs
	Mass of grains per ear, g

	
	
	MS *
	LS **
	MS *
	LS **
	MS *
	LS **

	September 

5–7 (the first)

control
	4,0 (к)
	16,9
	15,0
	29,9
	24,4
	1,24
	0,94

	
	4,5
	16,9
	14,8
	30,0
	24,3
	1,26
	0,93

	
	5,0
	16,5
	14,8
	26,2
	24,1
	1,21
	0,92

	
	5,5
	16,2
	14,6
	25,6
	23,2
	1,18
	0,88

	September 
15–17 

(the second)
	4,0
	16,9
	15,3
	30,3
	24,5
	1,25
	0,95

	
	4,5
	16,9
	15,4
	30,1
	24,6
	1,25
	0,95

	
	5,0
	16,6
	15,0
	29,8
	23,9
	1,23
	0,91

	
	5,5
	16,2
	14,6
	28,5
	22,8
	1,17
	0,87

	September 
25–27 

(the third)
	4,0
	16,8
	15,2
	29,9
	24,2
	1,24
	0,93

	
	4,5
	16,7
	15,1
	29,7
	24,1
	1,23
	0,92

	
	5,0
	16,7
	15,0
	29,3
	23,6
	1,21
	0,90

	
	5,5
	16,3
	14,5
	28,4
	22,8
	1,17
	0,86

	Average over the time of sowing
	the first
	16,6
	14,8
	29,4
	24,0
	1,22
	0,92

	
	the second
	16,7
	15,1
	29,7
	23,9
	1,23
	0,92

	
	the third
	16,5
	15,0
	29,3
	23,7
	1,21
	0,90

	Average over the sowing rate
	4,0 (к)
	16,9
	15,2
	30,1
	24,4
	1,24
	0,94

	
	4,5
	16,8
	15,1
	30,0
	24,3
	1,25
	0,93

	
	5,0
	16,6
	14,9
	29,4
	23,9
	1,22
	0,91

	
	5,5
	16,2
	14,6
	28,5
	22,9
	1,17
	0,87

	Average over the research
	16,6
	14,9
	29,5
	23,9
	1,22
	0,91

	НІР05 main effect А
	0,2
	0,6
	0,7
	0,7
	0,04
	0,04

	НІР05 main effect В
	0,1
	0,2
	0,4
	0,4
	0,01
	0,01

	НІР05 partial comparisons А
	0,6
	1,1
	1,5
	1,3
	0,08
	0,07

	НІР05 partial comparisons В
	0,2
	0,4
	0,7
	0,7
	0,03
	0,02


Symbols: MS* – main stem; LS** – lateral stem of the first order. In calculating НІР05 research years have been taken for repeating

 A significant decrease of all studied parameters depending on the effect of seeding rate has occurred only when it increased from 4,0 to 5,0 million seeds/ha. The sowing rate increasing from 4,0 to 4,5 million seeds/ha did not cause a significant reduction in any of the studied parameters. Therefore, it will be logical to say that the sowing rate increasing to 4,5 million seeds/ha is fully justified, because grain productivity per unit area by increasing the number of plants without a significant decrease grain productivity of individual plant will grow.

According to V. V. Likhochvor [12], much wider yield growth opportunities were laid into mass of ear grain indicator. After all, the multiplication of the number of productive stems and the mass of grain from one ear defined before harvesting give us the value of biological yield.

In our studies increasing seeding rate has contributed to natural grain mass decreasing from one ear of both systems. Thus, having the sowing rate of 4,0 million seeds/ha the mass of grain from one ear of the main stem in the average years of research and sowing rate was 1,24 g, 4,5–1,25 g, 5,0–1,22 g, 5,5–1,1 g. The range of mass of grain variability from the ear of the main system stems depending on the impact of regulations on the average of four years of research amounted to 0,08 g (6,8 %) for НІР05 – 0,01 g. Even higher effectiveness of the seeding rate has manifested on grain mass variability from the ear of the stems system of the first order. Thus, with increasing seeding rate from 4,0 to 5,5 million seeds/ha the mass of grain from one ear of the lateral stem decreased by 8,0 %. Due to increased competition from the mass of grain from one ear of both systems was reduced the most with increasing sowing rate from 5,0 to 5,5 million seeds/ha.

In the conducted researches the variability of the number of productive spikelets in the ear as from the main and lateral stems system largely depended on the influence of seeding rate. This trend was observed in most years. Only in 2008 the effectiveness of this factor was lower compared to the sowing time. Thus, the proportion of seeding rate according to the variability of the number of productive spikelets in the ear of the main stem in 2007, 2008, 2009, and 2014 was respectively 44,3; 14,0; 45,5 and 41,7 % (Pic. 1).

The proportion of the sowing time according to the variability of the number of productive spikelets in the ear was greater in more favorable weather conditions in 2008 and 2014. Besides, the sowing time changed the quantity of productive spikelets in the ear of the main stem respectively 3,3, 64,0, 6,5 and 6,9 %, and lateral stem respectively 12,2, 14,0, 5,0 and 18,8 % in 2007, 2008, 2009, and 2014.  
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Fig. 1 The contribution of the sowing rate and sowing time in variability of the
number of productive spikelets in the ear of the main stem and lateral stems of the
first order of winter wheat by years of research, %. Research factors:

B factor A; B—factor B; B—interactionAB; O— repetition ; H— errors





The proportion of the sowing rate and sowing time interaction is more evident in the change of the number of productive spikelets indicators in the ear of the first order stems. It was the greatest and the most reliable in weather conditions of 2007 and 2014, accordingly 34,9 and 22,7 %.

Variability of the ear quality of both stem systems as the variability of the productive spikelets quality in the ear largely depended on the influence of seeding rate. The contribution of this factor into the variability of the ear quality of the main stem was 42,2; 79,4; 42,2 and 36,1 % in 2007, 2008, 2009, and 2014 (Pic. 2).

The proportion of the sowing rate in the ear quality variability of the main stem was 18,6, 9,4, 16,3 and 20,2 %, lateral – 3,1, 11,3, 34,6, 13,7 in 2007, 2008, 2009, and 2014.
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Fig. 2 The contribution of the sowing rate and sowing time in the ear quality
variability of the main stem and lateral stems of the first order of winter wheat by
years of research, %. Research factors:

8- factor A; B- factor B; B-interactionAB; O- repetition ; M- errors





The proportion of the sowing rate and sowing time interaction in the ear quality variability of the first order stem was significant only in 2007 – 24,3 %. The rest years were marked by only the trend of the interaction of these factors.

Conclusion. We have established the patterns of the grain ear productivity variability of different stems systems which make it possible to technological elements: the time of sowing and seeding rate, to predict the realization of the soft winter wheat ear genetic potential and to create appropriate conditions for their maximum realization.

For more complete disclosure of genetic potential of the ear productivity of different stalks systems it should recommend to sow winter wheat in the second decade of September with the sowing rate of 4,5–5,0 million seeds/ha on the basis of these studies after the soil steaming.
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