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The results of the four-year research concerning the influence of technological factors dealing with the: methods of sowing and seeding standards during the individual certain stages of the grain sorghum plants development are presented. The experiments proved the influence of these factors on the variability of the duration of the studied phases concerning growth and development of plants. When the coenotic stress in the crops grows weak due to the use of a broad-row sowing method with intermediate rows of 45 cm and seeding standards of 120 and 160 thousand pcs./ha, the accelerated tubing phase passage of grain sorghum crop was noted. At the same time, when the competition in plant crops to optimize the sowing method and reduce the seed rate became low on the contrary, it caused the «stretching» of the busing phase and the interphasal period of grain forming and ripening, which contributed to a more complete use of agrarian resources and the formation of higher crop yields. The marked patterns were manifested during all years of research.
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Formulation of the problem. Formation of highly productive cereals crops is a complicated multistage process of natural changes in plant growth and development, which involves a large number of exogenous and endogenous factors that «regulate» the level to reveal the genetic potential of plant productivity. During ontogenesis in plants, genetically predetermined natural changes, which are based on the consistent implementation of the plant development program take place in phases. Investigation of the relationship between the duration of growth and development plants stages, on the one hand, and agrotechnical factors of cultivation – on the other hand, will enable to control the production process of grain sorghum crops. 

An analysis of the latest research and publications that initiated a solution of the problem. During the cultivation of grain sorghum, the formation of optimal density of stem stand and its uniform distribution across the crop area, taking into account the morphological characteristics of a particular variety or hybrid, is often crucial for the formation of high plants yields [1]. 
The following important physiological functions, such as photosynthetic activity, transpiration intensity, water consumption, respiration etc., are closely related to seeding rates and sawing methods. These technological factors also largely determine the microclimate in the crops, the biological processes in the soil, the nature of the expansion and the degree of harm caused by diseases and pests. Adjusting the density and uniformity of plants distribution in the area of feeding, it is possible largely to regulate the rate of phenophases in growth and development of plants, the intensity of their bushing, synchronicity of plant development and maturing of grain [2]. 

By evaluation of the onset of the phenophase of development, biological control of the plants growth and development can be carried out [3]. It is known that the dynamics of the yield formation depends on the stages of organogenesis and phenological phases of the plants development [4].
The duration of the growing season is closely linked to the morphological and biological parameters and the peculiarities of the genetic program implementation in a particular variety (hybrid) of plants. The variability of weather conditions during the formation and ripening of grain, as well as the varying duration of phenological phases in plant development, can greatly affect the quality of cultivated products [5]. The study of the growth rate and sorghum hybrids development in ontogenesis, depending on the complex action of abiotic and agrotechnical factors will make it possible to determine the most important dependencies of the plants genetic program implementation and its maximum implementation. 

Elements of technology of cultivation have different effects on the intensity of the phenological phases in growth and development of sorghum plants. Thus, the scientist E. A. Blokhin [6] notes that the nutrition system does not actually affect the duration of interphase periods till the phase of tubing, while the level of crop density and the nature of their distribution in the area of nutrition significantly affect on the speed of certain phenological phases from the beginning of growth and development of sorghum plants. 

The purpose of the research was to determine the relationship between the constituent elements of cultivation technology, which reflect the level of coenotic stress in plant crops (seed rates and methods of sowing), and the duration of certain plants phenological periods. Determination of the relationship tightness between the duration of phenological phases of plant development and the elements of technology, will largely explain the variational differences in the productivity attributes of grain sorghum hybrids in the investigated variants.
Research methodology. The research was carried out during 2007–2009, 2012 on the experimental field of KhNAU named after V. V. Dokuchaiev according to the generally accepted method [7]. 
The multifactorial experiment was set by split plot method. The first-order plots (factor A) were two hybrids of grain sorghum: 1 – Steppen 8 (control); 2 – Dash E. Plots of the second order (factor B) were two broad-row methods of sowing with row spacings of 45 and 70 cm. Elementary plots in the experiment (factor C) were four variants of seed sowing rate: 120, 160, 200 and 240 thousand pcs/ha. The accounting area of the elementary plot in the experiment is 20 m2. The number of repetitions in the experiment is fourfold.
The soil of the experimental field is a typical heavy-bodied black earth on carbonate loess. The arable soil layer contains 4.4–4.7 % of humus (according to Chirikov) – 138 mg/kg mobile phosphorus, 103 mg/kg in potassium in soil.            
The research area is characterized by unstable wetting conditions. In different years, the amount of precipitation for vegetation of plants significantly varied in one direction or another from the average yearly rate. The best conditions for wetting were in the weather conditions of 2008.
The temperature indices of the vegetation period of sorghum plants over the years of research differed from the average annual parameters. Significant discrepancies in the main meteorological indicators during the years of research have made it possible to determine the impact of the investigated elements of cultivation technology on the growth and development of plants more accurately, in particular on the field germination of seeds and survival of plants concerning investigated sorghum hybrids.
Research results. According to the evaluation results of the phenophases duration in the development of grain sorghum hybrids, depending on the seeding rate and the nature of its distribution in the area under cultivation, the discrepancies, which indicate the different nature of the formation of crops from the very beginning of their formation have been ascertained.
The analysis of the investigated technological factors influence has not revealed their significant effect on the variability of the germination phase duration and that of three to four leaves. Significant influence of seed rates and sowing methods has been observed from the plant bushing phase. The bushing phase plays an important role in the formation of highly productive crops, because phytomers of the spike rod are at this phase formed.

According to the carried out studies, the duration of the bushing phase for grain sorghum hybrids on variants of a broad-row method of sowing with intermediate rows of 45 cm was longer than that on crops with broad-row seeding method with intermediate rows of 70 cm and depending on the seeding and weather conditions it accounted for 15–22 days for the Steppen hybrid 8 and 17–22 days – for the Dash E hybrid (table 1). On broad-row crops with row spacings of 70 cm this period was smaller and ranged from 13 to 20 days for the Steppe 8 hybrid and from 15 to 21 days for the Dash E hybrid. The effects of seeding method on the length of the bushing phase have become more apparent in the plants of the Dash E hybrid, which indicates a greater reaction of this hybrid to optimize the seeding method. In particular, the discrepancy between the parameters of the bushing phase duration under the effect of sowing methods for Steppe 8 and Dash E hybrids accounted for one and two days respectively.

Among the investigated agrotechnical factors, the impact of a seeding rate on the minerals of the bushing phase was higher. In particular, the variability range of this phase duration at the effect of the seed sowing rate was two days for the Steppe hybrid 8 and three days for Dash E hybrid. The increase in the difference between the duration of the bushing phase was more evident when the seed rate increased from 200 to 240 thousand pcs/ha. For example, as to Dash E hybrid with an increase in the seed sowing rate from 120 to 200 thousand pcs/ha (by two degrees of graduation – 80 thousand pcs/ha), the duration of the bushing phase «stretched» for only one day, while with increasing the norm of seeding from 200 to 240 thousand pcs/ha (by one degree of gradation) – for two days.

1. Duration of bushing phase for seed sorghum hybrids depending on the influence of sowing rate, sowing methods and weather conditions, days
	Sowing method (factor B)
	Sowing rate, thous. seeds/ha (factor C)
	Research year (factor D)
	Average annually

	
	
	2007
	2008
	2009
	2012
	

	(Factor А) (hybrids):

Steppe 8

	I*
	120
	19
	17
	17
	22
	19

	
	160
	19
	17
	16
	21
	18

	
	200
	18
	17
	16
	21
	18

	
	240
	17
	18
	15
	20
	18

	II
	120
	18
	19
	14
	20
	18

	
	160
	17
	20
	14
	19
	18

	
	200
	15
	20
	14
	19
	17

	
	240
	15
	21
	13
	18
	17

	Average by C factor 
	120
	19
	18
	16
	21
	19

	
	160
	18
	19
	15
	20
	18

	
	200
	17
	19
	15
	20
	18

	
	240
	16
	19
	14
	19
	17

	Average by B factor 
	I
	18
	17
	16
	21
	18

	
	II
	16
	20
	14
	19
	17

	Dash Е

	I*
	120
	22
	19
	19
	21
	20

	
	160
	21
	19
	18
	21
	20

	
	200
	21
	19
	18
	20
	20

	
	240
	20
	18
	17
	19
	19

	II
	120
	21
	17
	18
	19
	19

	
	160
	20
	17
	17
	18
	18

	
	200
	19
	17
	16
	18
	18

	
	240
	18
	16
	15
	16
	16

	Average by C factor 
	120
	22
	18
	19
	20
	20

	
	160
	21
	18
	18
	20
	19

	
	200
	20
	18
	17
	19
	19

	
	240
	19
	17
	16
	17
	17

	Average by B factor 
	I
	21
	19
	18
	20
	20

	
	II
	19
	17
	16
	18
	18


* Broad-row sowing method: I – intermediate row 45 cm; II – intermediate row – 70 cm.
The dominant factor in the time variability of the planting bushing phase was the weather conditions in the growing season. Thus, the duration of this phase in the Steppe 8 hybrid, on average, in terms of seeding rate and seeding method varied from 20 days in 2008 to 14 days in 2009, and for the Dash E hybrid from 19 days in 2007 to 16 days in 2009. The absence of an analogy between the time indices of the bushing phase of the studied hybrids over the years of research is due to the different duration of the growing seasons of these hybrids, as a result of which the process of their bushing did not coincide in calendar terms, so weather conditions of this phase differed.
The duration of the bushing phase is important to reveal the productivity of crops: the longer its duration, the better the basis for the formation of higher yields of plants under favorable conditions for their further development. Therefore, according to this index, the undoubted advantage belongs to a broad-row method of sowing with intermediate rows of 45 cm and lower seed sowing rates is 120–200 thousand pcs/ha. It should be added that it is precisely on crops with row spaces of 45 cm the effect of seeding rate impact on the duration of the bushing phase was significantly smaller, that is, the range of possible choice of seed rates for a more even distribution of plants over the feeding area is much higher, and vice versa – with the deviation of the feeding area in the direction of the optimal one the plants, responded more strongly to seed sowing rates, which resulted in significantly greater variation of the bushing phase time on such crops due to the effect of seed rates.
A completely different tendency of the influence concerning the investigated technological factors has been noted during the analysis of the plant tube phase duration. In particular, the reduction of coenotic stress level in crops accelerated this phase of growth and development (table 2). In the phase of tubing, only the growth of the stem internodes occurs and new elements of the plants generative sphere are not formed, therefore, during the cultivation of sorghum on grain, we are more interested in the passage of this phase, since the level of yield actually does not depend on its duration.
By analogy with the bushing phase, in the plant tube phase, the seed sowing rates affected its duration more. Thus, the range of discrepancies between the time indices of the plant tube phase as to the effect of the seed sowing rate was, on average, over the years of research and the methods of seeding in the Dash E hybrid, accounted for three days, whereas as to the effects of seeding methods it accounted for only one day. It is important to add that, as in the analysis of the bushing phase duration, the duration of the tube phase as to the studied sowing rates was considerably stronger than that of the studied seeding rates in the grain sorghum hybrid Dash E, which indicates the importance of the correct selection in the cultivation technology for it.
2. The duration of the tube phase of grain sorghum hybrids depending on the influence of seed rates, sowing methods and weather conditions, days
	Sowing method (factor B)
	Sowing rate, thous. seeds/ha (factor C)
	Research year (factor D)
	Average annually

	
	
	2007
	2008
	2009
	2012
	

	(Factor А) (hybrids):

Steppe 8

	I*
	120
	19
	20
	17
	20
	19

	
	160
	19
	20
	17
	21
	19

	
	200
	19
	21
	18
	22
	20

	
	240
	20
	21
	19
	23
	21

	II
	120
	18
	21
	18
	22
	20

	
	160
	18
	20
	19
	23
	20

	
	200
	19
	21
	19
	23
	20

	
	240
	21
	20
	20
	24
	21

	Average by C factor 
	120
	19
	21
	18
	21
	20

	
	160
	19
	20
	18
	22
	20

	
	200
	19
	21
	19
	23
	20

	
	240
	21
	21
	20
	24
	21

	Average by B factor 
	I
	19
	21
	18
	22
	20

	
	II
	19
	21
	19
	23
	21

	Dash Е

	I*
	120
	18
	16
	16
	20
	18

	
	160
	18
	17
	16
	20
	18

	
	200
	18
	18
	17
	20
	18

	
	240
	19
	19
	18
	22
	20

	II
	120
	18
	18
	17
	21
	19

	
	160
	18
	19
	18
	21
	19

	
	200
	18
	19
	18
	22
	19

	
	240
	20
	21
	20
	23
	21

	Average by C factor 
	120
	18
	17
	17
	21
	18

	
	160
	18
	18
	17
	21
	19

	
	200
	18
	19
	18
	21
	19

	
	240
	20
	20
	19
	23
	21

	Average by B factor 
	I
	18
	18
	17
	21
	19

	
	II
	19
	19
	18
	22
	20


* Broad-row sowing method: I – intermediate row 45 cm; II – intermediate row – 70 cm.

Analysis of the seed formation and ripening of the period showed the difference between the studied variants in the components of the cultivation technology. With the decrease of the competition between plants, which occurs when the seed sowing rate is reduced and the square of the feeding area becomes square, an extension of the indicated phase period is noted, which has a positive effect on the increase of the crop yield, as more time is spent on the grain ripening. 

In both studied hybrids, the maximum duration of the seed formation and ripening period (39 days) is indicated on variants of a broad-row sowing method with intermediate rows of 45 cm and the seeding norm 120 and 160 thousand pcs/ha (table 3). With an increase in the seeding norm up to 240 thousand pcs/ha, the duration of the studied period, on average, by sowing methods and by years of research, decreased by two days. By analogy with the previously analyzed phases of plant development, the effect of sowing methods on the duration of the formation and ripening period was bigger in the hybrid Dash E. 

The increase of the seed formation and ripening period of studied sorghum hybrids, when the seed sowing rate was reduced and the form of plant nutrition area was optimum, were noted during all years of research, however, their effectiveness was different. That is, the effect of the interaction between the studied agrotechnical and abiotic factors can be proved. The effect of seed sowing rates and sowing methods was more pronounced under the weather conditions of 2007. For example, the difference between the indecis of duration of the formation and ripening period for the grain of Dash E hybrid in the weather conditions of the growing season in 2007 accounted for four days, whereas in 2008, 2009 and 2012 – two days.
As in the previous studied phases of plants growth and development, the weather conditions of the growing season had a greater influence on the variability of the time or formation and ripening of seed sorghum. The range of variability of the studied index in both hybrids at the influence of weather conditions on average according to seed rates and sowing methods accounted for five days – from 41 days in 2008 up to 35 days in 2009 (table 3).
3. Duration of formation and ripening for grain sorghum hybrids depending on the influence of seed rates, sowing methods and weather conditions, days
	Sowing method (factor B)
	Sowing rate, thous. seeds/ha (factor C)
	Research year (factor D)
	Average annually

	
	
	2007
	2008
	2009
	2012
	

	(Factor А) (hybrids):

Steppe 8

	I*
	120
	40
	42
	37
	38
	39

	
	160
	40
	41
	37
	37
	39

	
	200
	38
	41
	36
	37
	38

	
	240
	37
	40
	35
	36
	37

	II
	120
	39
	41
	36
	36
	38

	
	160
	37
	40
	35
	35
	37

	
	200
	36
	40
	35
	35
	37

	
	240
	35
	39
	34
	33
	35

	Average by C factor 
	120
	40
	42
	37
	37
	39

	
	160
	39
	41
	36
	36
	38

	
	200
	37
	41
	36
	36
	38

	
	240
	36
	40
	35
	35
	36

	Average by B factor 
	I
	39
	41
	36
	37
	38

	
	II
	37
	40
	35
	35
	37

	Dash Е

	I*
	120
	40
	44
	36
	37
	39

	
	160
	40
	43
	36
	37
	39

	
	200
	38
	42
	36
	37
	38

	
	240
	37
	40
	35
	35
	37

	II
	120
	37
	41
	34
	35
	37

	
	160
	36
	40
	34
	35
	36

	
	200
	35
	40
	34
	35
	36

	
	240
	33
	38
	33
	33
	34

	Average by C factor 
	120
	39
	43
	35
	36
	38

	
	160
	38
	42
	35
	36
	38

	
	200
	37
	41
	35
	36
	37

	
	240
	35
	39
	34
	34
	36

	Average by B factor 
	I
	39
	42
	36
	37
	38

	
	II
	35
	40
	34
	35
	36


* Broad-row sowing method: I – intermediate row 45 cm; II – intermediate row – 70 cm.

Conclusion. As a result of the research, the influence level of seed rates, sowing methods and weather conditions of the growing season on the duration of some growth phases and the development of grain sorghum hybrids has been ascertained. 

The effect of the studied technological factors during all the years of research has become apparent from the bushing phase, when the competition between plants increases.
The general regularity of the influence of sowing methods and sowing rates on the duration of the tube phase is its reduction as a result to weaken the coenotic stress between the plants in the crops with decrease of seed sowing rates and row spaces from 70 to 45 cm and, accordingly, the duration increase of both bushing periods and those of seed formation and ripening under the influence of the same variants in research factors. The marked regularity was apparent during all the years of the research.
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