УДК 631/635

ВПЛИВ УФ-ОПРОМІНЮВАННЯ В ПЕРЕДПОСІВНІЙ ОБРОБЦІ НАСІННЯ СІЛЬГОСПКУЛЬТУР

Семенов А. О., Кожушко Г. М., Сахно Т. В.

ВЛИЯНИЕ УФ-ОБЛУЧЕНИЯ В ПРЕДПОСЕВНОЙ ОБРАБОТКЕ СЕМЯН СЕЛЬХОЗКУЛЬТУР

Семенов А. А., Кожушко Г. М., Сахно Т. В.
[bookmark: _GoBack]
INFLUENCE OF UV RADIATION IN  PRE-SOWING TREATMENT OF SEEDS OF CROPS
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Об'єктом дослідження є насіння сільськогосподарських культур: пшениці, ячменю, ріпаку та моркви. В роботі досліджували вплив ультрафіолетового (УФ) випромінювання на насіння сількогосподарських культур в передпосівній обробці (енергія проростання та схожість), що направлено на вирішення проблеми агропромислового комплексу, а саме збільшення кількості та якості врожаю. При проведенні експериментальних робіт використовували ультрафіолетові розрядні лампи низького тиску, в яких максимум випромінювання припадає на 254 нм. Для вимірювання доз УФ-опромінення використовували радіометр «Тензор-31» (Україна), що забезпечує вимірювання в діапазоні довжин хвиль 200–400 нм. Результати дослідження ростових процесів (енергії проростання та схожості) показали, що для насіння пшениці озимої м’якої оптимальна УФ-доза 400–600 Дж/м2, при якій енергія проростання збільшується на 7–12 %, а схожість на 9–15 %. Для ячменю озимого оптимальна доза – 250 Дж/м2, при якій схожість збільшується на 23 % в порівнянні з контрольними зразками, а для ячменю ярого 900–1000 Дж/м2, при якій збільшення схожості – 80 %. При опроміненні насіння ріпаку максимум показників енергії проростання та схожості насіння спостерігається при дозах 80–100 Дж/м2, при яких енергія проростання збільшується на 20–26 %, а схожість на 16 %. При порівнянні впливу на насіння ріпаку різних спектральних областей УФ-діапазону 200–400 нм відзначили збільшення енергії проростання та схожості на 6–9 % для області С. При обробці насіння моркви встановили, що УФ-опромінення стимулює ростові процеси: схожість насіння зросла на 27–29 % при дозах 120–150 Дж/м2. Дана закономірність позитивного впливу УФ-опромінення на ростові процеси сільгоспкультур спостерігається в процесі зростання, що сприяє збільшенню врожайності.
Ключові слова: УФ-опромінення, доза опромінення, передпосівна обробка насіння, схожість та енергія проростання.

Объектом исследования являются семена сельскохозяйственных культур: пшеницы, ячменя, рапса и моркови. В работе исследовали воздействие ультрафиолетового (УФ) излучения на семена сельскохозяйственных культур в предпосевной обработке (энергия прорастания и всхожесть), что направлено на решение проблемы агропромышленного комплекса, а именно увеличение количества и качества урожая. При проведении экспериментальных работ использовали ультрафиолетовые разрядные лампы низкого давления, в которых максимум излучения приходится на 254 нм. Для измерения доз УФ-облучения использовали радиометр «Тензор-31» (Украина), что обеспечивает измерение в диапазоне длин волн 200–400 нм. Результаты исследования ростовых процессов (энергии прорастания и всхожести) показали, что для семян пшеницы озимой мягкой оптимальная УФ-доза 400–600 Дж/м2, при которой энергия прорастания увеличивается на 7–12 %, а всхожесть на 9–15 %. Для ячменя озимого оптимальная доза – 250 Дж/м2, при которой всхожесть увеличивается на 23 % по сравнению с контрольными образцами, а для ячменя ярового 900–1000 Дж/м2, при которой увеличение всхожести – 80 %. При облучении семян максимум показателей энергии прорастания и всхожести семян наблюдается при дозах 80–100 Дж/м2, при которых энергия прорастания увеличивается на 20–26 %, а всхожесть на 16 %. При сравнении влияния на семена рапса различных спектральных областей УФ-диапазона 200–400 нм отметили увеличение энергии прорастания и всхожести на 6–9 % для области С. При обработке семян моркови установили, что УФ-облучение стимулирует ростовые процессы: всхожесть семян выросла на 27–29 % при дозах 120–150 Дж/м2. Данная закономерность положительного влияния УФ-облучения на ростовые процессы сельхозкультур наблюдается в процессе роста, способствует увеличению урожайности.
Ключевые слова: УФ-облучение, доза облучения, предпосевная обработка семян, всхожесть и энергия прорастания.

1. Introduction
Ensuring high yield of agricultural crops is an important task of the agro-industrial complex in the near future. To solve this problem, specialists improve and develop new agro-measures aimed at improving the quality of seed material and yield [1, 2]. In modern conditions, in order to improve the sowing qualities of seeds, physical methods are used to bring their biological systems out of rest [3]. Known studies in which the influence of weak physical factors, such as ultrasound, led to the stimulation of yield and improve product quality [4]. The physical factors influencing the seed include the influence of X-ray [5], ultraviolet (UV) [6], optical and infrared radiation [7]. The spectral composition of radiation and its intensity affect the physiological processes in the pre-sowing treatment of seed material and in the process of plant development and growth. A large number of experimental studies are devoted to this problem [8, 9]. Most studies in this direction refer to the visible region of the emission spectrum from 400 nm to 710 nm [10]. The relevance of the work is determined by the search and development of technologies for obtaining effective physical biostimulants for pre-sowing treatment of seeds, contribute to the improvement of sowing qualities, enhancement of photosynthetic activity, survival and yield [3]. The object of research is the seeds of crops: wheat, barley, rapeseed and carrots. The aim of research is determination of the pre-sowing effect of UV irradiation of the object of research on biological processes – germination energy and germination capacity in laboratory conditions.

2. Methods of research
The germination energy and germination capacity of the seeds of crops are determined under laboratory conditions in accordance with the method [11]. Samples for research are taken from the batch of seed in accordance with the requirements [11]. For experimental studies, 200 seeds for the control sample and 200 grains each for UV exposure of one of the doses in the range from 50 to 3000 J2 are deducted from the obtained samples. Seeds before UV irradiation, according to the method [11], are decomposed into several layers of moistened filter paper in Petri dishes and kept in a thermostat at a temperature of 72 °С for 24 hours. Then, seed samples, except for the control ones, are irradiated a low-pressure mercury lamp emitting in the UV region C. During the experimental studies, low-pressure discharge UV lamps [12] are used, having a power of one arc length (1-2 W/cm), characterized by are given in Table 1.

Table 1
Characteristics of quartz glass lamp
Jiangyin Feiyang Instrument Co., Ltd. (China)
	Lamp type
	Р, W
	І, mA
	U, V
	UV irradiation at a distance of 1 m, W/cm2

	ZW80D19W-846
	80
	800–1200
	120
	240–270

	ZW37D15W-793
	37
	350
	78–101
	110

	ZW23D15W-436
	23
	420
	40–55
	62–69



The distance from the source of UV radiation with seed samples is 250 mm. Measurement of the UV-C radiation dose is performed using a Tenzor-31 radiometer (Ukraine) using the technique [13]. The setup for pre-sowing seed irradiation is the same as in [14]. The irradiated and control samples of seeds of agricultural crops are germinated under laboratory conditions in Petri dishes at an air temperature of 242 °С. The obtained values for irradiated seeds by UV radiation are compared with control samples without irradiation.

3. Research results and discussion
Samples of soft winter wheat and winter and spring barley for research are presented by the laboratory of grain crops of Ustytim experimental plant growing station (Ustymivka, Poltava region, Ukraine). Wheat samples are investigated: No. 1 - Podolianka (UDS02111) No. 2 - Taras (UDS05054) No. 3 - Astra (UDS04766), No. 4 - Yuzhanka (UDS04779) harvest 2018 after UV irradiation with doses of 50, 120, 500, 1000 J/m2 (Fig. 1, a). From the presented dependence (Fig. 1a) of the germination capacity to the dose of UV irradiation, it is determined that the optimal dose for irradiating wheat seeds is 400-600 J/m2, at which the number of germinated seeds is maximum. Doses close to 1000 J/m2and more cause a decline in these indicators. The results of studies of germination and germination of wheat seeds of various varieties with a dose of UV-C exposure of 500 J/m2 show that germination energy increases compared with control samples by 7-12%, and germination capacity by 9-15% [15]. Samples of barley are also investigated: No. 1 – Zymovyi (var. Pallidum) winter (UKR) No. 2 – Osnova (var. Pallidum) winter (UKR) No. 3 – Rytsar (var. Submedicum) spring (RUS), No. 4 – Vzirets ( var. Nutans spring (UKR) reproduction of 2018 after UV irradiation with doses of 50, 250, 1000, 3000 J/m2 (Fig. 1, b). The results of studies of germination energy and germination capacity of barley seeds of different varieties show that the germination capacity for winter barley with UV doses of 250 J/m2 increases by 23% compared with control samples (Fig. 1, a). And the germination capacity for spring barley at doses of 900-1000 J/m2 in – 80% (Fig. 1, b).

 
a                                               b
Fig. 1. Germination energy and seed germination:
a - wheat samples No. 1, 2, 3, 4; b - barley samples No. 1, 2, 3, 4

The samples of rape are investigated and irradiated with doses of 50, 120, 240 J/m2. The research results of seed germination energy as a function of the dose of UV-C irradiation show (Fig. 2, a) that with doses of large 80-100 J/m2, the germination energy increases compared with the control sample by 20-26%, and the germination capacity16%, and for genetically modified seed plants – the germination capacity decreased by 7-10% [16]. A decrease in the “activity” of the germination of rapeseed is also observed when irradiated with higher doses of 240 J/m2 (Fig. 2, a). This pattern of "activity" of seeds after UV irradiation is observed more pronounced in the process of plant growth, their terrestrial part [17]. Samples of carrots are investigated: 1 – Perfection; 2 – Shantane Royal; 3 – Dolianka; 4 – Jaskrava; 5 – Nantska after UV irradiation with doses of 120, 200, 500, 1000 J/m2. The experimental results showed that the UV irradiation of carrot seeds of all the studied varieties results in active stimulation of growth processes at a dose of 120 J/m2 (Fig. 2, b). The dose of UV irradiation of 120-150 J/m2 can be determined as the most optimal, at which the percentage of germination of carrot seeds has the maximum value for all studied varieties. The greatest increase in germination capacity (the difference between the irradiated and the control sample) is 57% for the variety Dolianka, the same growth — 27-29% is shown by the varieties Shantane Royal and Nantska. At radiation doses of more than 200-250 J/m2, a decrease in the studied parameters is observed.

 
a                                               b
Fig. 2. Germination dependence on irradiation dose: a – rape; b – carrots

These results are confirmed in the field, namely, irradiated samples of carrot seeds UV-C with a dose of 120 J/m2 came down, compared with the control, earlier by 9 days. At the same time, the number of germinated seeds is 43% higher, compared with the control samples. In the process of growth, a more healthy development of the plants of irradiated seeds is noted, which influenced the increase in yield.

4. Conclusions
Studies have shown that UV irradiation stimulates growth processes (germination energy and germination capacity) the seeds of the studied crops. For winter soft wheat, the optimal UV dose in the pre-sowing treatment is 400-600 J/m2, at which the energy of the pier increases by 7%, the germination capacity by 9%. For winter barley, the optimal UV dose is 250 J/m2, in which the germination capacity grows by 23%, and for spring barley, the UV dose is 900–1000 J/m2, in which germination capacity increases by 80%. For rapeseed, the maximum indicators of germination energy and seed germination are observed at doses of 80-100 J/m2, at which the germination energy increases by 20%, and germination capacity by 16%. For carrots, doses of 120-150 J/m2, at which germination capacity increases by 27%. When comparing the effect on rapeseeds of different spectral regions of the UV range of 200-400 nm, an increase in germination energy and germination capacity by 6-9% for area C is noted. This pattern of positive effect of UV irradiation on the growth processes of crops is observed in the field when growing rapeseed and carrots, which contributes to an increase in yield. Pre-sowing irradiation of seeds with ultraviolet in the area of C (200-280 nm) can find practical use in growing plants without the use of chemicals and growth stimulants.
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Анотація та ключові слова для англійського перекладу через редакцію
The object of research is the seeds of crops: wheat, barley, rapeseed and carrots. The effect of ultraviolet (UV) radiation on seeds of agricultural enterprises of crops in pre-sowing treatment (germination energy and germination capacity) is investigated, which is aimed at solving the problem of the agro-industrial complex, namely increasing the quantity and quality of the crop. In the course of experimental work, low-pressure ultraviolet discharge lamps are used, in which the radiation maximum falls at 254 nm. To measure doses of UV radiation, a Tensor-31 radiometer (Ukraine) is used, which provides measurements in the wavelength range of 200-400 nm. The research results of growth processes (germination energy and germination) showed that for seeds of winter soft wheat, the optimal UV dose is 400-600 J/m2, at which the germination energy increases by 7-12%, and the germination capacity by 9-15%. For winter barley, the optimal dose is 250 J/m2, at which the germination capacity increases by 23% compared with control samples, and for spring barley, 900–1000 J/m2, at which the increase in germination capacity is 80%. When seeds are irradiated, the maximum indicators of germination energy and seed germination capacity are observed at doses of 80-100 J/m2, at which the germination energy increases by 20-26%, and the germination capacity by 16%. When comparing the effect on rapeseeds of different spectral regions of the UV range of 200-400 nm, an increase in germination energy and germination capacity of 6-9% for area C is noted. When treating carrot seeds, it is found that UV irradiation stimulates growth processes: seed germination capacity increased by 27 -29% at doses of 120-150 J/m2. This pattern of positive effect of UV irradiation on the growth processes of crops is observed in the process of growth, which contributes to an increase in yield.
Keywords: UV irradiation, irradiation dose, pre-sowing treatment of seeds, germination capacity and germination energy.
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