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The article presents the results of studies conducted during 2015, 2016. On the experimental field of KHNAU named after V. V. Dokuchaiev concerning the influence of seeding rates and foliar fertilization on the variability of leaf area parameters and changes in the linear dimensions of second leaves of spring barley plants. It was found that the investigated variants of the seeding rate and foliar fertilizing with polymeric fertilizer «Vuksal» significantly influenced the area of the plant leaves and the linear dimensions of the second leaf of the spring barley plants. The maximal parameters of the leaf area of plants in the research phases of development provided a seeding rate of 5,0 and 5,5 million/ha. The best option for foliar top dressing of barley spring crops, which provided the formation of the largest leaf area, and the maximum linear dimensions of the second leaf was a variant of double application of the «Vuksal» – during the time of exit into the tube and earing in doses – 1,0 l/ha.
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Formulation of the problem. Barley spring occupy about 10 % (in some years it is to 12–15 %) in the structure of the cropping area of ​​the Forest-Steppe [1]. So, the study of the peculiarities of the formation of barley productivity depending on the different technological methods of cultivation and weather conditions of the year is an urgency and an important task.

Analysis of recent research and publications. A significant role in solving the problem of increasing and stabilizing the production of grain crops is playing the optimization of the the seed rate and mineral nutrition standards in relation to certain agro-ecological conditions [2].

The intensity of the growth of the leaf area and the size of its component parts is determined primarily by the density of plant standing and the content of nutrients in the soil. In particular, in thickening crops, competition between plants and within the plant increases, and in rarefied plants the problem of weeds in crops is exacerbated [3, 4].

The main indicator of the state of crops is the growth and development of their leaves [5, 6]. The amount of light absorbed by sowing and the total transpiration depend on the size and configuration of leaf placement.
Establishing the optimum seeding rates is a crucial stage in planning the harvesting technology of grain cereal grains [7, 8]. Laman M. A. and others [9] think that plant density is one of the most important tools for managing the activity of leaf area growing, growth and form-forming processes.

The system of nutrition of plants is an important in the formation of leaf area, especially in later phases of development [10]. The deficiency of macro- and microelements in cereal plants is usually observed during the phase of the output of the tube and earing. Nutrition in these phases of development contributes to the formation of a larger area of ​​leaves, activates the growth of biomass of plants, increases the yield of grain and its qualitative indices [11, 12].

Study of the influence of highly effective polymer chelate fertilizers in a complex with other agrotechnical elements on the formation of biometric indices of plants becomes increasingly important in modern conditions with deficiency of organic fertilizers and high prices for mineral fertilizers [13].

The purpose of the research was to establish the complex effect of sowing rates and crops nutrition with complex polymeric fertilizers on the formation of leaf area and the linear dimensions of the second leaf of the barley spring of Monomah sort by the KNAU named after V. V. Dokuchaiev selection in the conditions of the Eastern Forest-Steppe of Ukraine.

Research methodology. The research was carried out on the experimental field of the KNAU on the basis of eight-field, cereal-steam-weed crop rotation of the Department of plant growing during 2015, 2016.

Soils of the experimental field are represented by black earths, typical: pH is 6.45–7.00; Humus content is 5.5 %; P2O5 content is 102 mg per 1 kg of soil; K2O is 180 mg per 1 kg of soil.

The rainfall for the period of vegetation in 2015 and 2016 was 265 and 305 mm (with the long-term average is 240 mm). The temperature indices of vegetation periods over the years of the study slightly exceeded the average long-term data.

Influence of four options seed rate studied in the experiments (main areas): 4.0; 4.5; 5,0; 5.5 million pounds per 1 ha and four variants of nutrition of crops by «Wuxal» polymeric fertilizer (second-order areas):

1 – control (without nutrition);

2 – nutrition in the phase of the output of plants into the tube;

3 – nutrition in the earing phase;

4 – two-time nutrition (in the phase of the plant's output into the tube and in the earing phase).

The application rate for «Vuxal» polymeric fertilizer at one time is 1.0 l/ha.

The total area of ​​the experiment is 0.15 hectares. The area of ​​the sown area is 12 m2, the registration area is 10 m2. Repeat in the study is four-time. The width of the protective sideways of the registration area is 0.5 m, the finite is 1.0 m. The agrotechnique of barley spring cultivation was generally accepted for the research area except for the studied elements.

Research results. Leaf area is very important for the growth and development of plants, and for the  implementation of their productivity resource potential [14].

In our research, leaf area was determined in the tillering phase, the output of plants into the tube, earing phase and flowering phase. The studied variants of the seed sowing norm formated the different indices of the leaf area of ​​the plants. The leaf area grew in the tillering phase with the increase in sowing rates. In particular, on average, over the research years, the leaf area of the barley spring at the sowing rates of 4.0, 4.5, 5.0 and 5.5 million pcs per 1 ha was 9.6, 10.7, 11.8 and 13.0 thousand m2 per 1 ha, respectively.

We didn’t establishe a difference in the influence of the studied variants of the sowing rates on the change in leaf area of the plant in the tillering phase depending on the influence of weather conditions. Thus, with the increase in sowing rates from 4.0 to 5.5 million pcs/ha, the leaf area in 2015 and 2016 grew by 34.0 % and 35.7 % respectively.

In the phase of tubing, the intensity of growth of the investigated index decreased with an increase in sowing rates from 4.0 to 5.5 million pcs/ha, compared with the previous phase. So, if during tillering phase, the area of barley plants ​​leaves grew by 35.4 %, with an increase in sowing rates from 4.0 to 5.5 million pounds per hectare, then during the period of the output of plants into the tube it was only 26.5 %.

In the earing and flowering phase, the difference between the parameters of the leaf area surface gradually leveled out with the gradual increase in sowing rates by the same time, which can be explained by the effect of growing competition between plants on the factors of growth and development. For example, in the flowering phase, leaf area grew by 8.1 % with an increase in sowing rates from 4.0 to 4.5 million pcs/ha, while with an increase in sowing rates from 5.0 to 5.5 million pcs/ha (at the same rate – 0.5 million pcs/ha) it was only 4.3 %.

The range of changes in the leaf area in the flowering phase due to the influence of the extra-root nutrition of the crops by the «Wuxal» was significantly less than the effect of sowing rates. For example, the maximum difference between the leaf area values ​​due to the influence of the sowing rates in 2015 was 6.1 thousand m2/ha (HIP05 is 1.4 thousand m2/ha), whereas the influence of extra-root nutrition was only 1.0 thousand m2/ha (HIP05 is 1.2 thousand m2/ha). The statistically significant influence of extra-root nutrition on the area of ​​barley leaves in the flowering phase was noted only in a more favorable 2016 (the maximum difference of the indices was 1.1 thousand m2/ha at HIP05 is 0.9 thousand m2/ha). On the whole, it should be noted that the early extra-root nutrition in the phase of the output of plants into the tube provided a tendency for the significant increase in the leaf area of ​​the plants in the flowering stage.

The leaves of the upper tiers (the upper (flagging) and the second from the ear (pre-flagging)) is the most important factor in the assimilation of plants, especially in the period of formation and pouring of grain [15]. Removing the leaf plates of the two upper leaves, even when grain is pouring, leads to a sharp decrease in yield (by 20–30 %) and significantly decreases its quality [16].

In our studies, significant changes were noted in the area of ​​the leaf of the second (pre-flagging) leaf of spring barley, depending on the studied sowing rates. On the average, in the variants of the extra-root nutrition, the leaf area of ​​the second leaf shifted by 0.79 cm2 in 2015 and by 0.84 cm2 in 2016 with an increase in the sowing rates from 4.0 to 5.5 million seed per hectare.
The analysis of partial comparisons of the sowing rates showed that there was no logical influence of the studied variants of extra-root nutrition on the change in the effectiveness of the influence of the sowing rates on changes in the area index of the second leaf. In particular, in the weather conditions of 2016, the area of ​​the second leaf, decreased by 7.7 % with an increase in the sowing rates from 4.0 to 5.5 million pcs/ha, in the control version, decreased by 6.5 % in the variants with the extra-root nutrition in the phase of the output into the tube, decreased by 8.8 % in variants of extra-root nutrition during the period of filling of grain, and decreased by 6.5 % in variants with double nutrition (in the phases of the output of plants into the tube and the filling of green). A similar pattern was established in 2015.

Similarly, we havn’t identified the change of the effectiveness of the influence of the explored options of the extra-root nutrition of plants on the variability of the area of ​​the second leaf under different varieties of sowing rates. At the same time, the analysis of the main effects of the studied variants of extra-root nutrition showed their significant influence on the change of the area of the second leaf.

Studied index reached the maximal values on variants of two-times nutrition. Thus, on average, according to sowing rates, the area of ​​the second leaf of barley increased by 0.56 cm2 (5.2 %) in 2015 and on 0.66 cm2 (5.7 %) in 2016 after a two-time processing of crops – in the phase of the output of plants into the tube and earing phase, compared with the control variant. It is evident that the effect of extra-root nutrition on increasing the area of ​​the second leaf of barley plants in the conducted studies was practically not dependent on weather conditions.

Earlier nutrition (in the phase of tubing) provided the formation of a larger area of ​​the leaf plate of the second sheet of barley spring plants. Late nutrition (in the earing phase) didn’t have a significant influence on the change in the linear dimensions of already practically formed pre-flagging leafs. It can be assumed that late extra-root nutrition contributes only to the filling of grain and the improvement of its qualitative indicators due to the absorption of nutrients by the leafs and their transport into the plant's ear.

Conclusions:

1. The maximum indices of the leaf area of ​​plants in the studied phases of development are marked on the variants with sowing rates 5.5 million seed/ha. But the increase of the index was the smallest due to increased competition in crops at the last increase of sowing rates (from 5.0 to 5.5 million seed/ha).

2. The variant of two-time introduction of «Wuxal» during the phase of tubing and earing phase was the best variant of extra-root nutrition. It intensified assimilation activity of plant and formed a higher yield of grain. 
3. We have not identified patterns of interaction between the investigated elements of cultivating technology and the variability of the leaf area in the phases of development and the change in the linear size of the pre-flagging leaf.

Thus, the sowing rates at the level of 5.0 million seed per hectare and extra-root nutrition by the «Vuxal» polymeric fertilizer in the tubing and earing phases contribute to the formation of a larger leaf area of ​​the plants, providing a more complete their product resource potential. 
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