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USAGE OF MAJOR NUTRIENTS BY MODERN VARIETIES OF SPRING DURUM WHEAT IN DEPENDENCE ON PREDECESSOR AND NUTRIENT BACKGROUND
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 The article highlights two-years’ (2013–2014) experimental data on varietal characteristics of the major nutrients consumption as affected by various predecessors and mineral nutrient background in conditions of Ukrainian Eastern Forest-Steppe. It was found that variety Novatsiya uptakes the most nutrients for the formation of 1 t of grain. Against the background without fertilizers it uptakes 28 kg of nitrogen, 10 kg of phosphorus and 14 kg of potassium, while against the background of 30 t/ha manure along with application of N60P60K60 – 36 kg of nitrogen, 14 kg of phosphorus and 15 kg of potassium.
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Statement of the problem. A choice of nutrients background for spring durum wheat is crucial for the grain yield and quality formation. Spring durum wheat is a crop sensitive to fertilizer and effectively uses their after effect as its root system is poorly developed. Many studies to determine the optimal dose of mineral fertilizers in different soil and climatic conditions have been done. However, already determined optimal values ​​require periodic updating due to changes in soil fertility, availability of new varieties of intensive type created by breeders and significant increase in the cost of fertilizers, which being together with the moisture conditions change makes this study relevant.

Analysis of the relevant researches and publications. In the scientific literature, there are many data concerning uptaking the main nutrients out of soil by spring wheat. According to literature sources data, spring wheat takes 35–45 kg of nitrogen, 8,12 kg of phosphorus and 17–27 kg of potassium out of soil per one ton of its grain harvest, depending on the level of the soil fertility, environmental conditions, fertilizers and yield [1, 2]. In conditions of the European part of Russia spring durum wheat takes out 48–61 kg of nitrogen, 16 kg of phosphorus, 26–30 kg of potassium [3], and in North Kazakhstan spring durum wheat uptakes 50–43 kg of nitrogen, 9 kg of phosphorus and 24–34 kg of potassium per one ton of grain yield [4]. According to local scientists, spring wheat uptakes 30 kg of nitrogen, 17 kg of phosphorus and 20 kg of potassium to form a grain yield of 1 t/ha and associated by-products [5–7]. In addition, when deciding nutrient regime one should take into account the type of wheat, durum wheat uptakes much more nitrogen in comparison with Triticum aestivum. While durum wheat needs 35 kg of nitrogen per 1 t/ha of grain yield, need of Triticum aestivum is 22–25 kg. Meanwhile, Triticum aestivum needs more phosphorus [7–9].

The aim was to determine the varietal specifics of modern wheat varieties uptake of the main nutrients under different predecessors in conditions of the Eastern part of the Forest-Steppe of Ukraine.

The task was to determine consumption rates for the nutrients uptaken by spring durum wheat as well as utilization index and payback of the fertilizer with the grain produced as affected by predecessor.

Methods and conditions. Field experiment was carried out in 2013–2014 in stationary fallow-grain-tilled crops rotation of the Laboratory of Plant Production and Variety Testing of the Institute of Plant Production named after V. Ya. Yuriev of NAAS. Crop rotation was as following: bare fallow – winter wheat – sugar beet – spring wheat – grain pea – winter wheat – grain maize + soya (0,5+0,5) – spring wheat – sunflower.

Experiments were arranged according to multivariate scheme of split plots meeting all the requirements to field experiment [10, 11]. As plots of the first order were such predecessors: grain maize, soya, sugar beet. The second order plots were nutrient backgrounds: no fertilizer – check plot, crop rotation background influenced by natural soil fertility and crop rotation, after effect 30 t/ha of manure along complex NPK fertilizer applied in autumn ploughing. The third order plots were spring durum wheat of such varieties Spadshchyna, Izol’da, Zhizel, Dynastiya, Novatsiya.

Laboratory tests to determine main nutrients were carried at the Laboratory of Instrumental Research Methods of the Institute of Soil Science and Agricultural Chemistry named after O. N. Sokolovskyi of NAAS in accordance with the requirements to experiments in agricultural chemistry [12, 13].
Cultivation practice for spring durum wheat was typical for the Eastern part of the Forest-Steppe of Ukraine, except studied elements. Soil of experimental plot was typical slightly leached deep black-earth on dust loamy loess characterized by lumpy granular structure, good physical and mechanical properties with humus content of 5,8 % (by Tiurin), pH of 5,8, hydrolytic acidity of 3,29 mEq per 100 g of soil.

Results of the research. In our experiments carried out in 2013–2014, soil stock of the main nutrients such as nitrogen, phosphorus and potassium available for plants depended on predecessor and nutrient backgrounds. Thus, grain maize predecessor against the background without fertilizer (check option) determined (on the average) hydrolysed nitrogen content of 129 mg/kg of soil (very high), mobile phosphorus of 90 mg/kg of soil and mobile potassium of 132 mg/kg of soil (high content); soya predecessor – 125 mg/kg (very high), 85 mg/kg (medium) and 126 mg/kg (high); predecessor sugar beet – 113 mg/kg (very high), 88 mg/kg (medium), and 119 mg/kg (high) respectively.

When applying fertilizer at the rate of N60P60K60 nutrients stock in soil increased as affected by predecessors. Grain maize predecessor determined hydrolysed nitrogen stock (on the average) of 
149 mg/kg of soil (very high), mobile phosphorus of 165 mg/kg of soil (high), and mobile potassium of 177 mg/kg of soil (high). Predecessor soya – 142 mg/kg (very high), 157 mg/kg (high) and 163 mg/kg (high) respectively; predecessor sugar beet – 129 mg/kg (very high), 149 mg/kg (high) and 160 mg/kg (high) respectively.

Research revealed that to produce 1 ton of grain of spring durum wheat varieties uptakes (on the average) 24 kg N, 9 kg P2O5 and 12 kg K2O after maize predecessor; 29 kg N, 8 kg P2O5, 11 kg K2O after soya predecessor; 26 kg N, 9 kg P2O5 and 12 kg K2O after predecessor sugar beet. With mineral fertilizer applied against background after effect of 30 t/ha manure nutrient uptake rose and made up (on the average) 31 kg N, 12 kg P2O5 after predecessor grain maize, 14 kg K2O, 32 kg N, 14 kg P2O5, 13 kg K2O after predecessor soya, and 34 kg N, 13 kg P2O5 and 13 kg K2O after predecessor sugar beet.

Among the varieties, the most uptaking variety appeared to be Novatsiya. Thus, on the average for predecessors its uptake against the background without fertilizers made up 28 kg N, 10 kg P2O5 and 14 kg K2O; against the background after effect of 30 t/ha manure along with application of N60P60K60 – 36 kg N, 14 kg P2O5 and 15 kg K2O. Spadshchyna’s nutrients uptake against the background without fertilizers amounted to 27 kg, 9 kg and 11 kg respectively; Izolda’s – 27 kg, 8 kg and 12 kg respectively; Zhizel’s – 26 kg, 9 kg and 11 kg;  Dynastiia’s – 25 kg, 9 kg, 11 kg, respectively, of N, P2O5 and K2O. Spadshchyna’s uptake against the background of mineral fertilizer was 31 kg, 13 kg and 12 kg; Izolda’s – 30 kg, 11 kg and 13 kg; Zhizel’s – 33 kg, 14 kg and 14 kg and the class Dynastiya’s – 31 kg, 13 kg and 14 kg, respectively, of N, P2O5 and K2O.

On average for predecessors, spring durum wheat varieties assimilated 26 % N, 10 % P2O5, and 10 % K2O from the soil. The best nutrients assimilation was observed after soya predecessor: 26 % N, 11 % P2O5, 10 % K2O against the background without fertilizers; against the background of fertilization nutrients assimilation increased and made up (on the average) 30 % N, 12 % P2O5, 11 % K2O. The least nutrients assimilation from the soil marked grain maize predecessor against the background without fertilizers – 17 % N, 9 % P2O5, and 9 % K2O; with the fertilized background it made up 29 % N, 10 % P2O5, 11 % K2O.

Dynastiya and Novatsiya utilized 21 % of nitrogen (on the average), Spadshchyna, Izol’da and Zhizel – 22 % against the background without fertilizers. When applying fertilizers nitrogen utilization index rose and reached 28 % in Spadshchyna and Dynastiya, 29 % in Izol’da, 31 % in Zhizel, and 33 % in Novatsiya. The utilization of phosphorus against the background without fertilizers was 9 % by Izol’da, 10 % by Spadshchyna, Dynastiya and Novatsiya, 11 % by Zhizel. Zhizel variety did not change utilization index against the fertilizers background on the average for predecessors amounting to 11 %; the same indices of phosphorus utilization had Spadshchyna, Novatsiya and Dynastiya. Izol’da’s utilization index was 10 %.

The lowest indices of potassium utilization against the background without fertilizers we marked in Spadshchyna, Zhizel and Dynastiya varieties – 9 %. Izol’da and Novatsiya utilized potassium at 10 %. Spadshchyna’s utilization ratio for potassium did not change against the fertilizer background and amounted to 9 %. Novatsiya marked the highest utilization rate for potassium – 12 %. Izol’da’s and Zhizel’s value was 11 %, and Dynastiya’s – 10 %.
When determining fertilizers payback by grain harvest we found that the greatest payback per 1 kg a. i. NPK on the average for varieties was observed after grain maize predecessor (3,39 kg of grain). Soya predecessor showed the lowest payback per 1 kg a. i. NPK (1,61 kg of grain). Sugar beet payback was 2,08 kg of grain per 1 kg a. i. NPK.
Among the varieties, Izol’da variety after predecessor maize (3,78 kg) showed the most payback by grain per 1 kg a. i. NPK that is higher by 0,39 kg as compared with the average payback for varieties. Novatsiya showed the highest payback per 1 kg a. i. NPK after soya and sugar beet predecessors (2,51 kg and 2,85 kg of grain respectively). Zhizel had the lowest payback per 1 kg a. i. NPK after maize and soya predecessors (3,16 kg and 0,74 kg of grain respectively). After sugar beet predecessor we determined the lowest payback in Spadshchyna variety (1,41 kg of grain).

Conclusion. The research determined needs of modern spring durum wheat varieties for nutrients in conditions of the Eastern part of the Forest-Steppe of Ukraine useful for calculating the rates of fertilizers needed under planned yield. We established the amount of nutrients needed to form grain yield of 1 t as following: Spadshchyna variety – 22–32 kg N, 9–14 P2O5 and 10–12 K2O; Izol’da – 23–31 kg N, 7–12 kg P2O5 and 12–13 K2O; Zhizel – 26–37 kg N, 9–15 kg P2O5 and 10–14 kg K2O; Dynastiya – 24–33 kg N, 8–13 kg P2O5, 10–14 kg K2O; Novatsiya – 26–39 kg N, 9–14 P2O5 and 11–14 K2O.
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