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SUNFLOWER PRODUCTIVITY DEPENDING ON MINERAL NUTRITION AND PRESOWING SEED TREATMENT IN THE CONDITIONS OF INSUFFICIENT MOISTURE
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The effect of the plant growth regulator (PGR) on growth, development and formation of the sunflower crop with different norms of mineral fertilizer under conditions of insufficient moistening of the Southern Steppe of Ukraine was studied. It was established that presowing AKM treatment of sunflower seeds of Perseus hybrid increases leaf area by an average of 18,8 %; increases the resistance of sunflower plants to abiotic stresses and increases yield by an average of 27,7 %. Improving the conditions of sunflower nutrition when using the norms of mineral fertilizers recommended and calculated from the point of zero balance of nutrient elements, provides an increase in the main indicators of plant growth and development, and sunflower yield. It is established that the share of PGR influence reaches 11,2 %, and that of mineral fertilizers – 8,6 %, with the share of influence of hydrothermal conditions of the year – 51,5 %.
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Statement of the problem. In recent years, the high-efficiency oilseed crop production in Ukraine has lead to problems related to oversaturation of crop rotation system with sunflower. Meanwhile, the production of sunflower seed can be increased by improving elements of its cultivation technology, and among them the rational use of fertilizers is critical. The efficiency of using mineral fertilizers for sunflower crops varies in different agro-climatic zones [6].
Nutrition background is a key element in the crop cultivation technology. Fertilization increases the content of available to plants mineral nutrients in the soil, thereby changing the soil chemical structure, its physical and other properties. The improvement of mineral nutrition has a positive influence on the photosynthesis processes, ensures normal growth and development of plants, formation of yield and seed quality [13]. 
The scientific literature shed enough light on this issue, though some sources contradict to each other. It therefore requires determination of an optimal fertilizer system for sunflower crops under different moisture conditions.
Analysis of recent research and publications initiated the problem solving. One of the main factors in crop production intensification is the effective use of fertilizers. The development of a crop fertilizer system demands for a clear and proper approach under current conditions of depleting natural fertility of the soil, additionally exposed to high ecological pressure [5]. An evidence-based fertilizer system should guarantee not only high crop yields with optimal quality production indices, but also should ensure support or differentiated improvements of soil fertility along with ecological safety [15]. The efficiency of mineral fertilizers depends both on the ratio of nutrient elements and on their forms. Thus, various forms of fertilizers, containing the same amount of active substances, nevertheless provide different results due to the physiological characteristics of fertilizers and plants [4]. D. N. Prianishnikov believed that the rational use of fertilizers is only possible through understanding the deep connection between soil agrochemistry and plant physiology [6].
According to V. M. Totsky and A. I. Poliakov, the highest yield of sunflower hybrids in the Forest-Steppe zone of Left-Bank Ukraine has been obtained by using N60P90 dose of mineral fertilizers [10]. Adding different doses of fertilizers increases yields of sunflower hybrids by 0.16–0.43 t/ha [12]. However, the fertilizer use efficiency depends on other elements of cultivation technology, including the application of antistress plant growth regulators [11]. Therefore, the issue of the fertilizer use efficiency in sunflower cultivation under the conditions of insufficient moisture of Ukraine needs more systematic studies. 
The purpose of research was to identify the effect of different dozes of mineral fertilizers on the sunflower productivity under the conditions of insufficient moisture of the Steppe of Ukraine. 

The task of research was to study the sunflower yield formation capacity under different conditions of mineral nutrition in the Steppe of Ukraine.
Material and methods of research. Field studies were carried out over the period 2014–2016 in the scientific-production centre of Tavria State Agrotechnological University (Melitopol district, Zaporizhzhia region, Ukraine), and laboratory studies – in the Laboratory for the Soil and Crop Production Quality (Scientific Research Institute of Agrotechnology and Ecology at TSAU). The Perseus sunflower hybrid was studied. 
The soil of study plots was represented by chernozem containing 2.91 % of humus, 81.5 mg/kg of light hydrolyzed nitrogen, 138.4 mg/kg of movable phosphorus, and 165.8 mg/kg of exchangeable potassium as a weighted average; pH of the soil solution was close to neutral. 
Soil moisture conditions varied between years both in the amount of rainfall and evenness of its distribution. The least amount of rainfall in the vegetation period was recorded in 2015 (155 mm; HTC = 0.56), and the highest one – in 2014 (233 mm; HTC = 0.81). The year of 2016 was characterized by uneven distribution of rainfall (HTC = 0.67) and high temperatures; minimum relative air humidity in the flowering season constituted 35.5 %. Hydrothermal conditions in 2015, compared to 2014 and 2016, were more optimal in terms of minimum relative air humidity in the flowering season (45.8 %) and evenness of rainfall distribution. 

The agricultural techniques in the experiment were common for the Steppe zone of Ukraine except for the studied factors. The total size of an elemental area was 92 m2, count area – 58 m2 [9, 10]. The effect of different mineral nutrition (factor А), presowing AKM treatment of sunflower seeds (factor В) and hydrothermal conditions of the year (factor С) on the formation of sunflower yield structure was studied in a three-factor field experiment according to the following scheme (table 1). 

1. Field research scheme (2014–2016)

	Fertilizer system, kg/cwt act.subs. (factor A)
	Plant growth regulator (factor В)

	Control (without fertilizers)


	Protectant (without PGR)

	
	Protectant +АКМ

	N60P75K45
	Protectant (without PGR)

	
	Protectant +АКМ

	N115P15K120
	Protectant (without PGR)

	
	Protectant+АКМ


The АКМ formulation with an application rate of 0,033 l/t was used. For seed disinfection, «Maxim XL» and «Cruiser» were applied [7]. The seeds were incrusted 1-2 days before sowing (10 litres of working solution per 1 ton of seeds). Protectants and AKM were dissolved in water in a ratio of 1:1 and adjusted to the volume of 10 litres. 
AKM is a semi-synthetic film-forming plant growth regulator with the antistress effect allowed for the treatment of seed and spraying of cereals, legumes, oil-bearing and vegetable crops, and hops. The formulation includes dimethyl sulfoxide (0.0018 1.8 g/l), butylhydroxytoluol (0.0027 2.7 g/l), PEG 1500 (440 g/l), PEG 400 (190 g/l), and the rest is water [3].

The seed quality was assessed by the germination energy and laboratory germination capacity of the seeds sown in paper rolls according to the standard method [1].

Crop tending, census and monitoring of the plant growth and development, and observations of the formation of structural elements of sunflower yield were performed according to Rozhkov [8, 9].

The results were mathematically processed using Student's t-test [8, 9] with the assistance of the Agrostat software program.

Results and discussion. The application of plant growth regulators for presowing seed treatment of crops has a positive influence on the plant growth and development throughout the entire vegetation period [2, 14, 16]. We found out that incrustation of sunflower seeds by the AKM growth regulator stimulates germination that was confirmed by an increase in the germination energy and laboratory germination capacity by 3.6–4.7 ppt as compared to control.

In the field, the effect of growth regulators on germination depends on hydrothermal conditions of the year, especially on rainfall amount at the seed germination stage. The conditions for the sunflower seed germination were favorable in the years of research. In the period from sowing to emergence of shoots (BBCH - 00-09), HTC ranged from 1.43 (2016) to 1.71 (2014) and the indices of field germination did not vary significantly between the studied hybrids during 2014–2016 (table 2).

The increase of plants in height was more dependent on the mineral nutrition and presowing treatment of sunflower seeds. The maximum height was reached under the influence of AKM with the fertilizer dose calculated basing on zero balance of nutrient elements. The application of fertilizers contributed to the increase in plant height by 5–26 cm on average between the studied years and variants, and the use of the plant AKM growth regulators – by 1–17 cm.

2. Indices of growth and development of sunflower plants under different levels of mineral nutrition (factor А), presowing seed treatment (factor В) and hydrothermal conditions of the year (factor С)*
	Fertilizer system
	PGR
	Year

	Field germination, %
	Plant height, m
	Stem diameter, 

cm
	Number of leaves per plant
	Leaf surface area, 

thou. m2/ha

	Control (without fertilizers)


	Without PGR
	2014
	88.3
	1.38
	1.92
	17.8
	43.2

	
	
	2015
	84.3
	1.40
	1.61
	17.5
	42.8

	
	
	2016
	86.7
	1.59
	2.24
	13.3
	35.9

	
	АКМ
	2014
	93.1
	1.55
	2.48
	19.3
	52.1

	
	
	2015
	92.6
	1.51
	2.76
	18.8
	55.4

	
	
	2016
	93.3
	1.58
	2.84
	14.5
	38.2

	N60P75K45
	Without PGR
	2014
	93.8
	1.60
	2.35
	19.9
	51.7

	
	
	2015
	92.8
	1.57
	2.27
	17.3
	48.5

	
	
	2016
	90.2
	1.64
	2.54
	13.4
	39.7

	
	АКМ
	2014
	92.2
	1.62
	2.51
	20.1
	53.2

	
	
	2015
	93.6
	1.66
	2.42
	19.7
	52.6

	
	
	2016
	93.1
	1.71
	2.53
	14.2
	40.3

	N115P15K120
	Without PGR
	2014
	93.7
	1.63
	2.65
	19.4
	51.9

	
	
	2015
	92.2
	1.66
	2.74
	16.5
	50.1

	
	
	2016
	93.3
	1.75
	2.78
	14.1
	40.9

	
	АКМ
	2014
	92.3
	1.65
	2.82
	20.3
	53.6

	
	
	2015
	92.4
	1.68
	2.86
	17.1
	49.6

	
	
	2016
	93.3
	1.78
	3.05
	13.9
	40.7

	LSD05  of partial differences, for: А

                                                     В

                                                     С    
	0.25

0.19

0.08
	0.19

0.08

0.11
	0.28

0.21

0.34
	1.23

0.98

1.43


*- biometrical indices were determined at the growth stage ВВСН-65-69 
The stem diameter of sunflower plants ranged from 1.9 to 3.0 cm, depending on the studied factors and hydrothermal conditions of the vegetation period. The plants of the variant (N115P15K120 + AKM) had the largest stem diameter irrespectively of hydrothermal conditions of the year.

The application of the AKM plant growth regulator and mineral fertilizers contributed to the increase in the number of leaves on sunflower plants. Due to high temperatures, air and soil drought in 2016, all the studied variants had a smaller number of leaves per plant. The leaf surface area depended on the number of leaves on the plant. The year of 2015 had the least favorable hydrothermal conditions at the beginning of the vegetation period. Thus, the ​​leaf surface area of plants in the variant with the presowing AKM seed treatment was 29.4 % higher than control, and in variants (N60P75K45) and (N115P15K120) it increased by 13.3 % and 17.1 %, respectively. The correlation of average strength (r = 0.547) between the leaf surface area and sunflower yield was established.

The density of sunflower plants before harvesting was within the levels allowable for the zone of Southern Steppe of Ukraine (table 3). Presowing seed treatment with PGR and mineral fertilizers significantly influenced the development and growth of floral primordia and anthodia.

3. The sunflower yield structure under different levels of mineral nutrition (factor А), presowing seed treatment (factor В), and hydrothermal conditions of the year (factor С)*
	Fertilizer 

system
	PGR
	Year

	Plant density, 

thou. of plants /ha
	Seed mass in the anthodium, g
	Biological yield,

 t/ha

	Control (without fertilizers) 
	Without PGR
	2014
	45.3
	39.9
	1.82

	
	
	2015
	44.7
	40.7
	1.88

	
	
	2016
	42.1
	33.5
	1.45

	
	АКМ
	2014
	46.2
	47.6
	2.23

	
	
	2015
	46.4
	49.4
	2.37

	
	
	2016
	48.5
	39.3
	1.95

	N60P75K45
	Without PGR
	2014
	48.7
	46.8
	2.31

	
	
	2015
	48.1
	49.6
	2.43

	
	
	2016
	47.7
	35.1
	1.76

	
	АКМ
	2014
	47.6
	50.2
	2.41

	
	
	2015
	48.4
	57.7
	2.84

	
	
	2016
	48.7
	41.7
	2.03

	N115P15K120
	Without PGR
	2014
	49.1
	46.8
	2.35

	
	
	2015
	47.8
	49.2
	2.46

	
	
	2016
	48.6
	37.9
	1.88

	
	АКМ
	2014
	48.6
	45.8
	2.25

	
	
	2015
	48.3
	53.6
	2.67

	
	
	2016
	48.7
	40.5
	2.04

	LSD05  of partial differences, for:  А

                                                      В

                                                      С
	0.19

0.37

0.52
	1.24

1.75

1.03
	0.28

0.19

0.24


The influence of PGR and mineral fertilizers on seed weight in the anthodium was significant. Thus, the influence of mineral fertilizers increased it by 4.8–20.9 %, and that of АКМ by 17.3–21.4 % as compared to control values. The effect of PGR was stable thus indicating the antistress effect of AKM on processes of the formation and maturation of seed.

Positive effects of the studied factors on the formation of vegetative and generative organs of sunflower plants can be demonstrated by an integrated index of biological yield: under the PGR influence it increased by 22.5–34.5 %, and under the influence of mineral fertilizers – by 21.4–30.9 % as compared to control. The most effect on sunflower yield was shown by AKM in a dry 2016 when control values were exceeded by 34.5 %. The application of recommended doses of mineral fertilizers for the Southern Steppe of Ukraine (N60P75K45) and the presowing sunflower seed treatment by the АКМ growth regulator lead to the maximum yield growth rate and reduce production costs due to the AKM effect and the savings on mineral fertilizers. Therefore, we offer manufactures the sunflower cultivation technology which necessarily includes the application of N60P75K45 +АКМ.
Generally, all the studied factors have a crucial effect on sunflower yield (pic. 2). However, the effect size of hydrothermal conditions of the vegetation period (factor С) constitutes 51.5 % significantly exceeding the effect size of mineral fertilizers (factor А) (8.6 %) and that of PGR (factor В) (11.2 %). It should be taken into consideration for the development of antistress measures in sunflower cultivation technologies in the Steppe zone of Ukraine. 
[image: image1.png]



Pic. 2. The effect size of factors on the formation of sunflower yield, %
Conclusions:
1. It has been established that sunflower seed incrustation with the AKM plant growth regulator stimulates germination. It is confirmed by the increase in the germination capacity and laboratory germination by 3.6–4.7 ppt as compared to control.
2. The application of fertilizers has contributed to the increase of plant’s height by 5–26 cm depending on hydrothermal conditions between years, and the application of the AKM plant growth regulator – by 1–17 cm.
3. The stem diameter of sunflower plants ranged from 1.9 tо 3.0 cm depending on the studied factor and hydrothermal conditions of the year.
4. The ​​leaf surface area of plants under the effect of AKM exceeded control values by 29.4 %, and under different mineral nutrition it increased by 13.3 % and 17.1 %, respectively.
5. The influence of PGR and mineral fertilizers on seed weight in the anthodium was significant. Thus, the influence of mineral fertilizers increased it by 4.8–20.9 %, and that of АКМ by 17.3–21.4 % as compared to control values.

6. Generally, all the studied factors have a crucial effect on sunflower yield (pic. 2). However, the effect size of hydrothermal conditions of the vegetation period (factor С) constitutes 51.5 % significantly exceeding the effect size of mineral fertilizers (8.6 %) (factor А) and that of PGR (11.2 %) (factor В).

Given that the AKM plant growth regulator has shown antistress properties, further in-depth studies on its effect on the formation of sunflower yield are required. 
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