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                                                        ABSTRACT
Report 73 p.; 1 book 14 figures; 13 tables; 25 sources; 7 appendices.
TOMATO, LEAF LETTUCE, SEEDLINGS, LED LIGHTING, PHOTOSYNTHETICALLY ACTIVE RADIATION, HYDROPONICS
Subjects of study. Tomato seedlings grown in the greenhouse complex LLP "LedSystemMedia" in Nur-Sultan city and leaf lettuce grown on hydroponic cultivation modules in the greenhouse of KazNAU in Almaty city with LED and HPS illumination in specialized experimental units.
Purpose of work. Adaptation of domestic high-efficiency LED irradiators for vegetable crops in closed ground on experimental hydroponic installations in different light zones of Kazakhstan.
Research Methods. Experimental methods (B.A. Dospekhov, 1985), methodological recommendations for conducting experiments with vegetable crops in protected ground structures (S.F. Vashchenko, 1976). 
In the course of research the following results were obtained: 
Within the framework of this project, a specialized experimental unit for research on growing tomato and leaf lettuce seedlings was developed and manufactured in Led System Media LLP.
Seed material of tomato hybrid Forticia RZ F1 and leaf lettuce Romain were sown for the experiment. Phenological and biometric observations were carried out. Measurements of light load in all variants of the experiment were carried out. 
During the cultivation of tomato seedlings using LED lamps the power consumption was reduced by 1.7 and 2.4 times relative to the lamps of HPSthat ensured the increase of profitability on the whole from 29.8 and 23.9% relative to 16.0% on the control variant of the experiment. At growing leaf lettuce using LED lights provided the reduction of energy costs by 2.6 and 5.7 times relatively to lamps HPS, which increased the profitability of the whole from 42.6 and 23.8% versus 16.7% of the control variant of the experiment.
For the first time domestic controlled HPS irradiators ABC1 and ABC2 were developed and used for the experimental part of the work on growing tomato seedlings and leaf lettuce. 
	Field of application: agriculture, vegetable growing in protected areas.





РЕФЕРАТ
Есеп 73 беттен, 1 кітап,  14 сурет, 13 кесте, 25 әдебиеттер, 7 қосымша.
ҚЫЗАНАҚ, ЖАПЫРАҚТЫ САЛАТ, КӨШЕТ, ЖАРЫҚДИОДТЫ ЖАРЫҚТАНДЫРУ,ФОТОСИНТЕТИКАЛЫҚ БЕЛСЕНДІ РАДИАЦИЯ, ГИДРОПОНИКА
Зерттеу объектiлерi. ЖДЖ және ДНаТ шамдармен жарықтандырылатын тәжірибелік арнайы қондырғылар көмегімен  Нұр-Сұлтан қаласы «LedSystemMedia» ЖШС жылыжай кешенінде өсірілетін қызанақ көшеттері және Алматы қаласы ҚазҰАЗУ жылыжайында гидроподы қондырғыда өсірілетін жапырақты салат. 
Жұмыстың мақсаты. Қазақстанның түрлі жарық аймақтарындағы тәжірибелі гидропонды қондырғыларында жабық топырақтағы көкөніс дақылдары үшін отандық жоғары тиімді жарықдиодты сәулелендіргіштерді бейімдеу болып табылады
Зерттеу әдістері. Тәжірибе ісі әдістемесі  (Б.А.Доспехов, 1985), көкөніс дақылдарымен қорғалған топырақ құрылыстарында тәжірибе жүргізу бойынша әдістемелік ұсыныстар (С.Ф.Ващенко, 1976). 
Ғылыми-зерттеу жұмыстарын орындау барысында келесідей нәтижелерге қол жеткізілді: Осы жоба аясында Нұр-Сұлтан қаласындағы «Led System Media» ЖШС қызанақ көшеттерін өсіру бойынша зерттеулер жүргізуге арналған мамандандырылған тәжірибелік қондырғы жасап шығарылды.
Тәжірибе жүргізу мақсатында қызанақтың Фортиция F1 РЦ буданы және Ромен жапырақты салатының тұқымы себілді. Қызанақ көшеті мен жапырақты салат өсімдіктеріне фенологиялық және биометриялыө бақылаулар жүргізілді. Тәжірибенің барлық варианттары бойынша жарық жүктемелі өлшенді.  
Қызанақ көшеттерін жарықдиодты шамдарды қолдана отырып өсіру кезінде электр энергиясының өзіндік құнының ДНаT бақылау шамдарымен салыстырғанда 1,7 және 2,4 есе төмендеуі қамтамасыз етілді, бұл жалпы рентабельділіктің бақылау (16,0%)  нұсқасымен салыстырғанда  29,8 және  23,9%-ға  өсуін қамтамасыз етті. Жапырақты салатты  жарықдиодты шамдарды қолдана отырып өсіру кезінде электр энергиясының өзіндік құнының ДНаT бақылау шамдарымен салыстырғанда 2,6 және 5,7 есе төмендеуі қамтамасыз етілді, бұл жалпы рентабельділіктің бақылау (16,7%)  нұсқасымен салыстырғанда  42,6 және  23,8%-ға  өсуін қамтамасыз етті. 
Алғаш рет  қызанақтың көшеті мен  жапырақты салат өсіру бойынша тәжірибелік бөлімді жүргізу мақсатында отандық басқарылатын жарық диодты АВС1 және АВС2 жарық бергіштері құрастырыллып, қолданылды.
Қолдану аймағы: ауылшаруашылығы, қорғалған топырақтағы көкөніс шаруашылығы.
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TERMS AND DEFINITIONS

	Adaptation 

	- the process of adapting to environmental conditions

	Variant
	- a test plant, variety, cultivation technique or growing condition that differs from other variants and is compared with the standard


	Survival
	- the number of individuals preserved in the population from the original number for a certain time


	Hydroponics
	- a way to grow plants in artificial environments without soil


	Cultural rotation
	- a plan for the use of cultivation facilities throughout the year


	Lux
	- is a unit of measurement of illumination in the international system of units


	Ontogenesis
	- the individual development of an organism


	Picking
	- transplanting young plants (seedlings) in order to increase the feeding area of ​​one plant


	Seedlings
	- young plants grown for subsequent transplantation to a permanent place that have not begun to form productive organs


	Plant photoculture
	- growing plants under artificial lighting


	Seeds
	- seed material intended for sowing


	Seedling
	- a young plant up to the phase of 1-3 true leaves for subsequent picking


	Phenological observations
	- observations of seasonal phenomena and processes in plant life, while recording the dates of the onset of plant development phases


	Photoperiod
	- the reaction of plants to the diurnal rhythm of illumination, the length of daylight hours and the ratio between dark and light time of the day


	Photosynthesis
	- the reaction of plants to the diurnal rhythm of illumination, the duration of daylight hours and the ratio between dark and light time of the day


	Seedling school
	- thickened sowing, for growing seedlings to cotyledonous phases or 1-2 true leaves, followed by picking





LIST OF ABBREVIATIONS AND SYMBOLS
	F1
	- first generation hybrid

	°C
	- degree Celsius

	W
	- watt

	W/m2
	- watt per square meter

	g
	- gram

	ha
	- hectare

	Dm2
	- square decimeter

	HPS
	- arc sodium tube lamps

	Ес
	- electrical conductivity

	kWh
	- kilowatt per hour

	kg/m2
	- kilogram per square meter

	klk
	- kilolux

	lux
	- lux

	M2
	- square meter

	M3
	- cubic meter

	mg
	- milligram

	mg/l
	- milligram per liter

	μmol / m2
	- micromole per square meter

	nm
	- nanometer

	LI-
	- LED irradiation

	CO2
	- carbon dioxide

	SVDI
	- Standardized Vegetation Difference Index

	thousand lux
	- thousand lux

	PAR
	- photosynthetically active radiation

	h/day
	- hours a day

	pcs/m2
	- pcs per square meter


INTRODUCTION
	In his message to the people of Kazakhstan, President Kassym-Jomart Tokayev (01.09.2021) noted that in general, the main task of the agro-industrial complex is to fully provide the country with basic food. It is necessary to study in detail the tools to stimulate technological re-equipment of agriculture. About 90% of the technologies used in the agro-industrial complex is finally obsolete and in need of modernization [1]. Vegetable production of protected ground is one of the most promising branches of agriculture with great export opportunities and high potential for innovation and modernization.
	The urgent task at the present stage of development of vegetable growing of protected ground of the Republic of Kazakhstan is development and introduction of energy-saving "green" technologies. This is due to the fact that the cost of vegetable production in greenhouses contains the cost of purchasing heat and electricity - more than 60% [2], and the share of extra light in the cost of vegetable production of protected ground vegetables using arc Sodium tube lamps  is 35-40%, and these costs every year, as electricity prices rise, are getting higher.
To date, a lot of information has been accumulated indicating the high efficiency of replacing traditional light sources  by emitters based on LEDs for cultivation of vegetable crops under regulated conditions [3-5]. The economic effect is achieved not only due to the high energy efficiency of LED light sources, their high reliability (lifetime of LED irradiators is more than 10 times higher than that  lamps), but mainly due to the fundamentally new opportunities of agricultural technology to increase production productivity by optimizing plant growth and development by controlling the spectral composition and intensity of LED irradiators at all stages of ontogenesis.
This work is devoted to the development of ready-to-use agricultural technologies for growing vegetable crops using LED irradiators with an adjustable spectrum, intensity and duration of radiation in accordance with the needs of specific plants, adapted to the conditions of cultivation facilities in Kazakhstan.
A special advantage of the proposed technology is that all its constituent elements are raw materials, materials, specialists and scientific ideas of domestic origin. Its implementation will save significant money, guarantee employment of the population, provide additional jobs in domestic factories for the production of LED lamps and cultivation facilities for growing vegetables.
The project is being implemented within the framework of the budget program 217 "Development of Science", subprogram 102 "Grant financing of scientific research".
Priority - Sustainable development of the agro-industrial complex and the safety of agricultural products. Sub-priority - "Intensive agriculture and crop production".
The goal of the project is Adaptation of domestic highly efficient LED irradiators for greenhouse vegetables on experimental hydroponic installations in various light zones of Kazakhstan.
To solve the set task, we have set the following tasks for the current year:
- to determine the increase in the biological mass of tomato seedlings under different types of light irradiation in the conditions of the Akmola region.
- to determine the temporary regulations for LED irradiation of tomato seedlings in the conditions of the Akmola region.
- to determine the growth of the biological mass of lettuce at different heights of light irradiation in the conditions of the Almaty region.
- to determine the temporary regulations for LED irradiation of lettuce in the conditions of the Almaty region.
- to carry out a comparative analysis of the physiological and biochemical processes of seedlings, to evaluate the quality of tomato seedlings and lettuce plants under experimental LED and traditional supplementary lighting.
- to evaluate the economic efficiency of using LED supplementary lighting to obtain high-quality seedlings of tomato and lettuce.
All studies were carried out according to the approved work schedule to the Agreement (No. 199 dated November 12, 2020) between the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan and NPJSC S. Seifullin Kazakh Agro-Technical University "(APPENDIX A).

MAIN PART
1 Choosing a direction of research
The most energy efficient sources for growing plants in greenhouses can currently be developed on the basis of LED irradiators.
Figure 1 shows the spectral characteristics of photo synthetically active radiation (PAR) of plants a solid line and, for comparison, a dashed line, the spectral characteristic of human vision. Light in the PAR region is the engine of photosynthesis. The plant absorbs this part of the radiation by 80-90%. Photosynthesis has peaks in the blue and red light regions. Blue light gives a smaller leaf area and thicker leaves, stimulates the formation of chlorophyll. Red light stimulates flowering and ovary formation [6].
From Figure 1 it is obvious that the spectral characteristics of lighting devices manufactured to illuminate human activities do not fully meet the requirements of plants. In this regard, for irradiation of plants, at present, there are no alternatives for multispectral irradiation devices based on matrices or rulers with a combination of LEDs of different radiation spectra, which make it possible to provide the required PAR spectrum completeness and radiation power with high energy efficiency (for comparison, see Figure 1 the emission spectrum of the  HPS  lamp is presented.)
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	Figure 1 - Spectral characteristics: a - photosynthetically active radiation (PAR) of plants; b - Radiation spectrum of a traditional HPS lamp



The multispectral nature of the radiation of the irradiation device is a factor that allows you to create irradiators with an optimal spectral distribution for each plant species, as well as independently adjust the photon flux density and the duration of radiation within each spectral component. 
To date, studies have been carried out in Russia and abroad, which have shown the advantages of LED greenhouse lighting. The greatest success in the introduction of LED lighting has been achieved in Europe, Japan, Canada, Holland and other developed countries, which are large agricultural producers. This is not surprising given the healthy eating and energy saving policies of these countries. [7].
Akmola region is one of the main agricultural regions of Kazakhstan and it serves as a food belt for the city of Nur-Sultan. In view of the natural and climatic conditions of the Akmola region, the production of vegetables has a pronounced seasonal character. In winter and early spring, the content of vegetables in the diet of the population is sharply reduced. Therefore, growing vegetables in greenhouses is important in addressing the issue of eliminating seasonality in the consumption of fresh vegetables [8].
The production of green crops, primarily salads, is one of the promising areas of greenhouse vegetable growing [9]. Salad occupies a special place among vegetables in its biochemical composition: it contains vitamins C, carotene, B1, B2, B6, E, K, PP, folic acid, and is rich in mineral salts [10]. Lettuce LED lighting can be tailored to maximize photosynthesis with optimal electrical energy consumption [11,12].
In the conditions of the Akmola region in winter greenhouses, tomatoes are grown mainly in extended, as well as in winter-spring and summer-autumn turns, the products are delivered from April to November, in the winter months there is a shortage of it.
A short and very often cloudy day and insufficient intensity of sunlight in greenhouses during the winter-spring period forces the resort to additional lighting for the plants, especially when growing seedlings.
Russian scientists S.A. Rakutko and others showed the possibility of using LEDs for the industrial production of tomato seedlings [13].
Additional lighting is required after sprouting, as full-fledged tomato lighting almost halves the time it takes to grow seedlings. Irradiation of seedlings accelerates fruiting by 20-25 days, and the total yield increases by 25-30%. The cost of vegetables, despite the additional costs, is reduced by 15-20% [14].
To obtain the optimal yield in quantitative and qualitative terms, the radiation intensity, its spectral composition and the duration of irradiation must be adapted to the needs of a particular plant.
The physiological response to the duration of artificial lighting is still unclear. Martine Dorais, SergeYelle and AndreGosselin argue that with prolonged artificial light, the tomato plant develops better and blooms earlier during the first 5-7 weeks [15].
Thus, it is obvious that the development and use of a specialized light source with an adjustable spectral composition, intensity and duration of radiation in accordance with the needs of a particular plant will not only increase the yield, but also improve the quality of the fruit.
The lack of ready-to-use technologies for growing vegetables using LED lamps, adapted to the conditions of cultivation facilities in Kazakhstan, are the main limiting factors in greenhouse vegetable growing. The solution of the strategic task for the development of this direction requires scientifically grounded technological and economic for the production of competitive vegetable products. 
Bridging knowledge and skills gaps will contribute to the development of this industry and increase the sustainability of agricultural formations through the production of competitive, export-oriented vegetable products with a high market value.
In order to meet the requirements of a holistic, multidimensional research, the project uses an interdisciplinary approach to generating knowledge, establishing public-private partnerships and other activities. The application of these approaches will be provided by a multidisciplinary research group of scientists from the Republic of Kazakhstan, the Russian Federation and the applicant's private business partner.






















2 Objects and methods of research
The objects of study are tomato seedlings growing in the greenhouse complex of LedSystemMedia LLP in Nur-Sultan and leaf lettuce grown on hydroponic cultivation modules in the greenhouse of the Kazakh National Agrarian University (KAZNAU) under illumination with LED irradiators (LRD) and HPS ( control) in specialized experimental installations (Figure 2).

	[image: C:\Users\ww\Downloads\IMG-20210311-WA0012.jpg]
	[image: C:\Users\ww\Desktop\НАУКА ЛЕД 2020  12 мес\ОТЧЕТ 2020 ЛЕД\Лит ОБЗОР ОТЧЕТ 2020\ФОТО наблюдение КазНАУ 2020\Всходы салатов\IMG-20201127-WA0057.jpg]

	1
	2


Figure 2 - Specialized experimental installations: 1- for growing tomato seedlings (Nur-Sultan); 2 - for growing lettuce (Almaty)

Within the framework of this project, a specialized experimental setup for research on growing tomato seedlings has been developed and manufactured. Experimental copies of greenhouse LED lamps-irradiators for the photo culture of plants with the conditional names ABC 1 and ABC 2 of domestic production (hereinafter referred to as the lamp), intended for use as a source of photosynthetic active radiation (PAR) when growing seedlings and green plants, will be used in the experiments.
As a light source in the luminaire, energy-saving LEDs are used in combination with a special domestic know-how technology for obtaining an optimal spectrum for supplementary illumination of plants [16].
Experimental plants for growing tomato and lettuce seedlings include LED irradiation systems and nutrient supply systems. Irradiation systems allow you to adjust the brightness in the range of 50-100%. LED irradiation systems have an individual spectral composition in each rack separately (Table 1, Figure 3).
LED illumination will turn on and off automatically. The photoperiod is 18 hours. Tomato seedlings will be grown according to the technology used in the greenhouse complex of LedSystemMedia LLP (Nur-Sultan) and lettuce in the experimental greenhouse of KazNARU (Almaty) [17].
Table 1-Lighting options for a series of experiments
	Variants
	Options
	Luminaire
	Photon flux density (FFT), mmol /s*m2
	Ratio in the spectrum of C:W:K: DC*,
according to PPF, %

	1 series, tomato seedlings

	1
	LED 1/ 120W
	ABC-1

	100-240
	**

	2
	LED 2/240W
	ABC -2

	120-480
	**

	3
	HPST/400W (control)
	DnaT
	105-300
	**

	2 series, lettuce

	I
	LED 1/ 70W
	ABC -1

	80-140
	* *

	II
	LED 2/150W
	ABC -2

	100-300
	* *

	III
	HPS/400W (control)
	HPS
	105-300
	**

	Notes. * conditional division of the spectrum into: C - blue; W-green; K-red; DC-far red; * * data is intellectual property  «LedSystemMedia LLP.



	[image: ]
	[image: ]

	A
	b

	Figure 3 - Radiation spectra:
 a - (LED1); b - (LED2)



Automated control of changes in the spectrum is achieved by the method of irradiation of seedlings, for which a patent application was filed "Method for stimulating the growth of tomato seedlings" No. 2021 / 0724.2 and a positive decision was obtained for the grant of a patent for a useful model from 14.10.2021 (APPENDIX C, F). The technical result is to optimize the growth of tomato seedlings in conditions of lack or absence of natural light, thanks to the use of LED lighting with adjustable spectrum, intensity and duration of radiation, simulating sunrise and sunset.
This is achieved by the fact that the method of stimulating the growth of tomato seedlings, including the use of a source of artificial lighting, according to the utility model, to simulate the sunrise, we use LED illumination of the far red spectrum of radiation with a wavelength of 710-730 nm for 30 minutes, then use LED illumination of the red spectrum radiation with a wavelength of 630-660 nm for 30 minutes, then to simulate Daylight, LED illumination of the full spectrum of radiation with a wavelength of 430-660 nm for 16 hours is used, in parallel, illumination of the blue spectrum with a wavelength of 440-470 nm is used for 15 hours, and then to simulate the sunset, LED illumination of the red spectrum of radiation with a wavelength of 630-660 nm is used for 30 minutes, then the far red spectrum of radiation with a wavelength of 710-730 nm for 30 minutes. As LED lighting, we use lighting with a photon flux density of 150-250 μmol/s*m2 (Figure 4).
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Figure 4 - Lighting system of tomato seedlings with LED lamps with automated spectrum change

The research is based on the methodology of experimental work in vegetable growing and melon growing, ed. V.F. Belik, B.A. Dospekhova, Methodological recommendations for conducting experiments with vegetable crops in protected ground facilities S.F. Vaschenko [18,19,20]. During the period of growing seedlings, biometric and phenological observations were carried out according to the methodology of the State Variety Testing [21].
According to phenological observations of tomato seedlings, the following dates were recorded: sowing; single and mass shoots; picks; transplants to a permanent place.
The following indicators of tomato seedlings will be taken into account: height of the main stem of plants, cm; number of leaves, pcs; leaf area, cm2.
According to phenological observations of lettuce, the following dates were recorded: seedlings; first, second and third real sheet; the formation of a socket; seedling; finished products.
The following indicators of lettuce will be taken into account: number of leaves (pcs); leaf area, cm2; plant height, cm; length of the root system.
Phenological and biometric studies were carried out on 14 plants of each variant, after transplanting into cubes. Plants in each sample are selected in a row, excluding those damaged by pests or affected by diseases.
Determination of the dry matter fraction of a plant organ was calculated as the ratio of the dry mass of the organ to its phytomass: X = m/w * 100 (%), (1), where m is the dry mass of the organ, w is the phytomass of the organ.
Determinations of chlorophyll a, b and carotenoids were determined by spectrophotometry, based on the ability of pigments to absorb rays of a certain wavelength using a spectrophotometer. A weighed sample of plant material 100-200 mg, chopped with scissors and thoroughly grind in a mortar with a small amount. The resulting homogenate was poured onto a glass filter No. 3 and filtered into a glass test tube. The mortar and pestle were rinsed with a small amount of solvent and poured onto a filter. The resulting extract contains a sum of green and yellow pigments. Determination of the content of pigments was carried out spectrophotometrically with subsequent appropriate calculation [22]. 
The microclimate was controlled using a TERASEYA multifunctional weather station (Luxenburg) (Figure 2). The air temperature in the installation was maintained at the level of 20–22 ° С, and the relative air humidity at the level of 60–70%. Irradiance was measured using a portable spectrometer RAINBOWLIGHT (China) in μmol/ m2sec.
Statistical analysis was carried out using standard methods of variation statistics.
At the end of the experiment, the quality of the seedlings was assessed and the economic efficiency of using LED supplementary lighting to obtain high-quality seedlings of tomato and lettuce was assessed.
Growing tomato seedlings for the experiment. Sowing seeds of tomato hybrid Forticia RZ F1 in cassettes with mineral wool plugs on February 15, 2021. The cassettes were installed in the seedling sections of the greenhouse with a common microclimate. Single shoots were observed after 9 days, and mass shoots were observed 11 days after sowing (table 1). The first and second true leaves appeared on the 8th day after germination.
Transplanting tomato seedlings to an experimental plant. On March 09, 2021, tomato seedlings in the phase of 2 true leaves grown for the experiment in the general seedling section of the greenhouse were dived (transplanted) into mineral wool cubes. The cubes were preliminarily installed on an experimental setup under two types of LED lamps, LED 1, LED 2, and HPS (control) without exposure to natural light.
Growing lettuce seedlings for the experiment. Lettuce seeds, pre-soaked for 2 hours in the Epin growth stimulator, were sown in containers filled with coconut. Then the containers were placed in a container with a nutrient solution (EC = 1.0-1.1 mS / cm), with a closed lid. 30 hours after sowing, the containers with hatched seeds were moved from the container to plastic trays with nutrient solution. Next, a pick was made of three plants in a pot with a coconut in the phase of the first true leaf.
Transfer of lettuce seedlings to the pilot plant. In the third true leaf phase, the plant pots were installed in the cultivation boxes of the hydroponic installations.
The control and adjustment of the acidity (pH) and electrical conductivity parameters of the working solution was carried out manually using a pH meter and conductometer. The nutrient solution was the same in the variants of the experiment. The maintenance of a given level of irradiation of plants at different levels was carried out by changing the height of the suspension of the lamps. The duration of the exposure time (photoperiod) of the lettuce in the experiment will be: 16 h / day.
Cultivation of plants will be carried out in accordance with the plan of the experiment with various combinations of photoperiod and irradiation for 35 days.
At the end of the cultivation cycle, the biometric indicators of lettuce plants, the number of leaves on the plant, their geometric dimensions, wet weight and dry matter yield were studied.

















3 Research results
3.1 Determination of the growth of biological mass of tomato seedlings under different types of light irradiation in the conditions of the Akmola region
3.1.1 Seed preparation, sowing of seeds and spreading in the seedling room and setting up the seedlings. Plant care and feeding
According to the work schedule for 2021, 120 seeds of a tomato hybrid Forticia RZ F1 were prepared in the amount of 120 pcs.
Description of tomato hybrid Forticia RZ F1: fruits are round, red, carp for growing in heated greenhouses, as well as with supplementary lighting in extended circulation. Fruits weigh about 120 grams, are stable, transportable, do not crack. Plants resistant to powdery mildew. This hybrid is grown commercially in the Led System Media LLP greenhouse. Since 2019, the hybrid has been zoned in all regions of the Republic of Kazakhstan [23].
Sowing of tomato seeds of the 2nd growing period in cassettes with corks was carried out on February 15, 2021. For sowing, calibrated and treated seeds were used (Figure - 4).
For the amicable production of seedlings, the temperature of the substrate in the seedling compartments was maintained at + 23-240C and a relative humidity of 86-90%. The seeds were sown by hand. After sowing, the seeds were sprinkled with vermiculite. Before sowing, the mineral wool plugs were saturated with a nutrient solution. The conductivity of the nutrient solution was maintained at EC = 1.3–1.8, pH 5.5. Recommended nutrient solution according to M.P. Ladogina. For optimal vegetative growth of young tomato plants during the entire period of the experiment, a nutrient solution for irrigation with a high calcium content and without ammonia forms of fertilizers was used. Watering and feeding the plants was carried out in the same amounts for all plants. The placement of seedlings was carried out at 25 pieces per 1 m2, after picking (on the usianovka) - the final placement of 20 pieces per 1 m2.
Researches on tomato seedlings were carried out on hydroponic cultivation modules, where the required microclimate regimes were maintained: air temperature 18-20 ° С; relative air humidity 60 - 70%.
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	Figure 4 - Sowing seeds in tomato cassettes with plugs and the emergence of tomato seedlings



3.1.2 Determination of the developmental phase: seedlings, the first and third true leaves, finished seedlings (7-8 leaves, height up to 30 cm.)
Single shoots were observed after 9 days, and mass shoots were observed 11 days after sowing (table 1). Seed germination rate is 100%. The first and second true leaves appeared on the 8th day after germination.
The first and second true leaves appeared on the 8th day after germination. The date of appearance of the next from 3 to 8 true leaves was recorded on average after 6.1 to 3.0 days in all variants of the experiment (table 2).
Table 2 - Results of phenological observations, 2021
	ВарианRadiation variationsы облучения
	Seeding date
	Sowing-single shoots, day
	Sowing-seedlings, mass, day
	Shoots-1 nast leaf, day
	from 1 to 2 nast. leaf, day
	from 2 to 3 nast. leaf, day
	from 3 to 4 nast. leaf, day
	from 4 to 5 nast. leaf, day
	from 5 to 6 nast. leaf, day
	from 6 to 7 nast. leaf, day
	from 7 to 8 nast. leaf, day
	from germination to transfer to a permanent place, day

	LED 1
	15.02. 2021
	9,0 
	11,0 
	4,5 
	8,0 
	6,1
	3,0
	3,4
	3,1
	3,3
	3,6
	33,0 

	LED 2
	15.02.2021
	 9,0 
	11,0 
	4,3 
	8,0 
	6,5
	3,0
	3,4
	3,0
	3,4
	3,2
	33,0 

	HPS to
	15.02.2021
	9,0 
	11,0 
	4,0 
	8,0 
	6,5
	3,0
	3,7
	3,1
	3,7
	3,0
	33,0 



In all variants of the experiment, ready-made seedlings for transplantation to a permanent place in the greenhouse were received on the 33rd day after the emergence of shoots. According to the results of phenological observations, it should be noted that all experimental plants grown under different lighting options did not significantly differ in the date of the onset of all phenological phases from emergence of seedlings to the receipt of finished seedlings (APPENDIX C).
3.1.3 Calculation of plant height, stem thickness, number and area of leaves during the growth of seedlings
In the course of the work, the analysis of the development of plants was carried out according to the results of measurements of the diameter of the stem and the height of plants with an interval of 7 days. The summarized data on the growth of the stem diameter is shown in Figure 5.
	
	
	

	Figure 5 - The diameter of the stem of tomato seedlings, mm



In the figures, the numbers indicate the numbers of the measured plants around the circumference, along the radius the values ​​of the stem diameter in mm. Colored lines correspond to measurement dates with an interval of 7 days. The figures show good uniformity of plant growth (the proximity of the parameter values ​​to the circumference), as well as differences in the growth rate in the period from March 16 to March 23, 2021.
The results of processing data from studies of plant stem growth, as well as the dependence of growth on the type of irradiator, are presented in the following figures.
The dependences of the average stem height and average stem thickness on the type of irradiator and growth time are shown in Figures 6 and 7, respectively.


Figure 6 - Dependences of the average height of the stem on the days of growth, mm


Figure 7 - Dependences of the average average thickness of the stem, mm

It follows from Figure 6 that the growth of the stem in height does not depend on the type of LED illuminator and irradiation modes. Under the irradiator on the HPS lamp, the growth of the stem in height is stronger than under the LED irradiators. The growth rate of the stem in height increases after 7 days of observation.
Stem growth under LED irradiators is well approximated by a function of the form Y = 2.4319e0.08t, where t is the time in days from the moment of planting (in our case, measurements began 12 days after sowing the seeds), the value of Y in cm.
The height of plants grown under the HPS irradiator is more than 25% higher than the height of plants grown under LED irradiators.
From Figure 7 it follows that the growth of the stem in thickness for LED illuminators LED 2 is 11% higher than LED 1.
 Under standard irradiation with a HPS lamp, the value of the stem thickness is 14% less than when irradiated with a LED lamp LED 2.
The growth rate of the stem in thickness increases after 7 days of observation and decreases after 14 days of observation, while reaching an average value for LED irradiation of 7.8 mm (APPENDIX D).
The growth of the stem in thickness has a fundamentally different form and can be approximated at this stage for the LED illuminator LED 2 by a third degree polynomial of the form Z = -0.0021t3 + 0.1443t2 - 2.723t + 17.389 where, t is the time in days from the moment of planting plants (in our case, measurements started 12 days after planting), Z value in mm (APPENDIX E).
The results of calculating the significance of differences for lighting devices with an increase in the length of the stem and an increase in diameter are presented in tables 3,4.

Table 3 - The results of calculating the significance of differences for lighting devices with an increase in the length of the stem.
	Comparison of the significance of differences in lighting devices in the growth of stem length

	Compared lighting devices
	Criterion t actual
	t tabular
	The result of comparing

	HPS and LED1
	5.25
	2.06
	The difference is significant

	HPS and LED2
	8.47
	2.06
	The difference is significant

	HPS1 and LED2
	1.68
	2.06
	The difference is not significant

	



Table 4 - Results of calculating the significance of differences for lighting devices with increasing stem diameter
	Comparison of the significance of differences in lighting devices with the growth of stem diameter

	Compared lighting devices
	Criterion t actual
	t tabular
	The result of comparing

	HPS and LED1
	4.22
	2.06
	The difference is significant

	HPS and LED2
	6.69
	2.06
	The difference is significant

	HPS1 and LED2
	1.24
	2.06
	The difference is not significant



One of the active organs of the plant is the leaf. In the process of photosynthesis, it synthesizes organic substances that are involved in plant germination and in all chemical transformations [24].
According to our observations, the first and second true leaves appeared on the 8th day after germination. The date of appearance of the next from 3 to 8 true leaves was recorded on average after 6.1 to 3.0 days in all variants of the experiment (table 2).
The results of determining the leaf area of tomato seedlings during the growth period every 7 days are shown in Figure 8.

Figure 8 - Influence of LED irradiation on tomato leaf area, cm2.
For the experiment, 12 day old seedlings with the same leaf areas on average 5.73 cm2 were selected. Active growth of leaf area in all variants of the experiment was observed only from 26 to 33 days. Plants irradiated under LED1 and LED 2 on average 141.34 and 163.38 cm e. less by 20.08 and 42.12 cm2, respectively. It can be assumed that light-emitting diode irradiation had a positive effect on the intensity of the photostetic processes in tomato leaves. This phenomenon is of great interest in the search for a physiological explanation of the effect of LED irradiation on plant growth and development, which deserves further in-depth study.

3.2 Determination of the time schedule for LED irradiation of tomato seedlings in the conditions of Akmola region
3.2.1 Carrying out measurements of light load according to time regulations
Measurements of the light load were carried out according to three variants of the experiment using a portable spectrometer and a light meter (Table 5, Figure 9).
Table 5 - Actual data of the photon flux density (PFD), μmol / s * m2
	item no.
	Radiation variations

	Luminaire
	Actual 
photon flux density (PFD) data, mmol / s * m2

	1 series, tomato seedlings

	1
	LED 1
	ABC-1

	100

	2
	LED 2
	ABC -2

	180


	3
	HPS (control)
	DNaT
	185
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	Figure 9 - Spectral characteristics of luminaires:
  a - density of photosynthetic photon flux 100 µmol / m2sec (LED1);
b - density of photosynthetic photon flux 180 μmol / m2sec ( LED2)



According to the results of measurements, the light load according to LED 1 is 100, according to LED 2 - 180 and according to HPS (control) 185 μmol / s * m2. The range of light load control for LED luminaires LED 1 and LED2 is 50-100%. HPS is not a controlled light source.
The data obtained meet the requirements of the project and ensure the implementation of further research and development work on the project.
3.2.2 Conducting research on the processes of photosynthesis
Photosynthesis is the main vital activity of plants, which is responsible for their growth and development. More than 95% of the dry matter of plants is created as a result of this process. Photosynthesis management is the most effective way to influence plant productivity and productivity. The chlorophyll content determines the efficiency of light energy absorption by the photosynthesizing surface [25]. It was shown that the content of chlorophylls a (Chla), b (Chlb) and carotenoids in tomato leaves during the growth period under different irradiation does not have significant differences (Figure 10).

	

	а
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Figure 10 - Influence of lighting on the maintenance of: a - chlorophyll a, mg / g; b - chlorophyll b, mg / g; c - carotenoids, mg / g in the leaves of tomato seedlings during the growth period.
Still, the content of Chla, Chlb, and carotenoids in the leaves of plants irradiated with LEDs LED-1 and LED-2 was slightly higher compared to the control irradiation with a HPS lamp. The color of the leaves of plants grown under irradiation with LED1 and LED2 was dark green, while in plants grown under irradiation with HPS control, it was bright green (Figure 11).
[image: ]
Figure 11 - Influence of LED radiation on the appearance of tomato seedling leaves (LED-1 / LED1, LED-2 / LED2 and HPS / HPS control).

It is necessary to conduct further studies to study the parameters of irradiation for the content of Chla, Chlb and carotenoids and their relationship with the biometric parameters of tomato plants.
3.3 Determination of the increase in the biological mass of salad at different heights of light irradiation in the conditions of the Almaty region
During the cultivation period, biometric and phenological observations were carried out according to the Methodology of the State Variety Testing. According to phenological observations, the following dates were recorded: sowing, single and mass shoots, the first true leaf, planting.
3.3.1 Seed preparation, sowing in cups and planting. Plant care, feeding
According to the work schedule for 2021, the seed material of lettuce was prepared for sowing the 2nd term and the 3rd term in the amount of 150 pieces for each term. Sowing of seeds of the 2nd term of cultivation in cups was carried out on 07/01/21, and of the 3rd term of cultivation in cups was carried out on 03/05/21. Calibrated seeds were used for sowing. The seeds were sown in mineral wool cubes, moistened to 100%. The seeds were sown by hand. After sowing, the cubes were placed in cups and placed in dark bags on germination racks for friendly seedlings. Before sowing, mineral wool cubes were saturated with nutrient solution, concentration 1.8, pH 5.5. Recommended nutrient solution according to M.P. Ladogina. For optimal vegetative growth of young plants, a nutrient solution for irrigation with a high calcium content and without ammonia forms of fertilizers was used.
3.3.2 Determining the development phase: sprouts, first, second and third true leaves, rosette formation, seedlings, ready (8 leaves)	
Individual sprouts of lettuce of the 2nd term were observed on 12.01.21, in 5 days, and mass sprouts were obtained on 15.01.21, in 9 days after sowing. To achieve rapid sprouting the substrate temperature was kept at +21-220C and relative humidity 86-90%. The first true leaf of lettuce plants appeared on 22.01.21, on 15 days, and the third true leaf - 31.01.21, the fifth true leaf - 10.02.21, i.e. on day 35. (Table 6).
If in the beginning in different variants were observed a single onset of separate phases, to the beginning of maturation observed earlier maturation on variants I and II - 09.04.21 Therefore the period "sprouting-ripening" as shorter, also noted on these two variants - variants I and II - 85 days.
More powerful lighting corresponding to variant I contributed to earlier entry into the phase of maturation, but also variant II with less powerful, but more effective on the spectrum allowed to obtain similar results.
Table 6. Phenological indicators of lettuce 2nd and 3rd sowing dates (2021)
	№
	variant
	Date of sowing
	Days
	Period, days

	
	
	
	Emergence of seedlings
	maturation
	Sowing-entries
	Sprouting-maturing

	
	
	
	10%
	50%
	75%
	10%
	75%
	
	

	2 period

	I
	HPS(к)
	07.01.21
	12.01.21
	14.01.21
	15.01.21
	01.04.21
	09.04.21
	9
	85

	II
	LED LAMP1
	07.01.21
	12.01.21
	14.01.21
	15.01.21
	01.04.21
	09.04.21
	9
	85

	III
	LED LAMP 2
	07.01.21
	12.01.21
	14.01.21
	15.01.21
	01.04.21
	12.04.21
	9
	88

	3 period

	I
	HPS (к)
	03.05.21
	08.05.21
	10.05.21
	12.05.21
	28.07.21
	06.08.21
	9
	86

	II
	LED LAMP 1
	03.05.21
	08.05.21
	10.05.21
	12.05.21
	28.07.21
	06.08.21
	9
	86

	III
	LED LAMP 2
	03.05.21
	08.05.21
	10.05.21
	12.05.21
	28.07.21
	06.08.21
	9
	86



Single shoots of lettuce of the 3rd term were observed on 05/08/21, after 5 days, and mass shoots were obtained on 05/12/21, 9 days after sowing. For the amicable production of seedlings, the substrate temperature was maintained at a level of + 21-220C and a relative humidity of 86-90%. The first true leaf in lettuce plants appeared on 05/15/21, on the 12th day, and the third real leaf - on 05/23/21, the fifth real leaf - 06/02/21 All variants had a single onset of individual phases.

3.3.3 Counting the number and area of leaves, plant height, length of the root system
Biometric measurements were taken along with phenological observations. In the lettuce of the 2nd sowing date on 01/22/21, the length of the first leaf reached on average in the first version - 3.66 cm, in the second - 3.82 cm, in the third - 3.76 cm. when the third leaf appeared, the length of the first leaf was observed in the first version - 6.50 cm, in the second - 5.72 cm, in the third - 4.70 cm. When the 5th leaf appeared, 01/10/21, the following length indicators were observed sheet: option 1 - 8.71 cm, option 2 - 7.96 cm, option 3 - 6.92 cm. (Table 7).
In terms of biometric indicators, the lettuce of the 2nd sowing period showed taller plants in options I and II - 33.8 and 23.0 cm, respectively. In terms of the diameter of the bush, all the options did not differ much from each other and were between 19.2 and 20.6 cm, i.e. without significant difference.
Table 7 - Bimetric indicators of lettuce varieties of the 2nd and 3rd sowing dates
	variants
	height, cm
	Leaf dm,
cm
	Number of leaves in a variant, pcs
	Leaf area

	
	
	
	
	 cm 2 /1 tensile
	
	Common with variant, cm2

	
	
	
	large
	аverage
	small
	large
	аverage
	small
	large
	аverage
	small
	

	2nd term

	HPS (k)
	33,8
	19,7
	8,3
	6,6
	6,1
	283,4
	93,2
	57,4
	2352,2
	615,1
	350,1
	3311,0

	LED 1
	23,0
	19,2
	6,0
	4,6
	6,0
	262,0
	98,0
	44,0
	1572,0
	450,8
	264,0
	2287,0

	LED2
	22,3
	20,6
	6,4
	5,0
	4,1
	284,0
	108,0
	50,0
	1817,0
	453,5
	220,8
	2153,0

	3 term

	HPS (k)
	33,0
	19,0
	8,5
	7,0
	6,0
	290,1
	90,1
	54,4
	2465,8
	630,7
	326,4
	3422,9

	LED1
	31,0
	21,0
	6,0
	6,0
	4,5
	260,0
	90,2
	51,3
	1560,0
	541,2
	231,0
	2332,2

	LED 2
	24,0
	20,0
	7,0
	5,0
	6,0
	289,3
	91,8
	51,2
	2025,1
	459,0
	307,2
	2791,3



By the number of leaves per plant in the lettuce of the 2nd sowing period, variant I stood out - 8.3 pcs. large, 6.6 medium and 6.1 small leaves on average per plant, option III was not much inferior to option I - 6.4 pcs. large, 5.0 medium and 4.1 small leaves on average per plant. In terms of leaf area from one plant, variants I and III were distinguished 2352.2 cm 2 and 1817.0 cm 2, respectively. In terms of the total area, variants I and III were also distinguished from variant - 3311 cm 2 and 2287 cm 2, respectively. The lettuce has the 3rd sowing date on 05/23/21. when the third leaf appeared, the length of the first leaf was observed in the first version - 7.35 cm, in the second - 6.88 cm, in the third - 6.79 cm. When the 5th leaf appeared, 06/02/21, the following were observed sheet length indicators: option 1 - 9.54 cm, option 2 - 8.66 cm, option 3 - 8.72 cm.   
In terms of biometric indicators, the lettuce of the 3rd sowing date showed taller plants in options I and II - 33.0 and 31.0 cm, respectively. In terms of the diameter of the bush, all the options did not differ much from each other and were within 19-21 cm, i.e. without significant difference. According to the number of leaves per plant in the lettuce of the 3rd sowing period, variant I stood out - 8.5 pcs. large, 7 medium and 6 small leaves on average per plant, option III is not much inferior to option I - 7 pcs. large, 5 medium and 6 small leaves on average per plant. In terms of leaf area from one plant, variants I and III were distinguished, 434.6 cm 2 and 432.3 cm 2, respectively. In terms of the total area, option 1 stood out from option - 3422.9 cm 2 , the second indicator in option 3 and 2791.3 cm 2 .   
The length of the root system of plants for lettuce of the 2nd and 3rd terms was determined on the day of harvest, i.e. at the end of the growing season. The average length of the root system in plants of the 2nd term lettuce of the variant LED1 was 9.8 cm, of the variant LED2 (88 days) 9.2 cm and the control variant 10.4 cm. The average length of the root system in the lettuce plant of the 3rd period of the variant LED1 was 10.7 cm, variant LED2 (86 days) 10.2 cm and control variant 10.6 cm, which allows us to conclude that experimental lettuce plants of the 2nd and 3rd terms did not differ significantly in all variants on this basis (Figure 12).
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	Figure  12 - Measurement of the length of the root system of lettuce plants: 
a - plants irradiated with the HPS (k) lamp; b - plants irradiated by LED 1; 
c - plants irradiated with LED 2.


	
Maximum rate on yield was in embodiment 1, and made in one term of 20.85 kg / m 2, in period 2 20.52 kg / m 2, a 3-term 22,71kg / m2 lettuce leaves.
Table 8. Productivity of lettuce of the 1st, 2nd and 3rd sowing dates (2020-2021) 
	No.
	Variants
	Average yield, g
	% of control

	
	
	from 1 plant
	from the plot
	kg with 1 m 2
	

	1 term

	1
	HPS (k)
	116
	695
	20.85
	-

	2
	LED 1
	94.3
	563
	16.89
	81.0

	3
	LED 2
	68.3
	409
	12.27
	58.8

	Average error
NSR ( 05 )
	5.97
18.39
	 
	 
	 

	2 stock

	1
	HPS (k)
	114
	686
	20.52
	-

	2
	LED 1
	108.2
	649.2
	19.47
	94.9

	3
	LED 2
	63.2
	379
	11.34
	55.2

	Average error
NSR ( 05 )
	4.52
13.94
	 
	 
	 

	3 term

	1
	HPS (к)
	126,2
	757,6
	22,71
	-

	2
	LED 1
	120,3
	721,8
	21,65
	95,35

	3
	LED 2
	109,1
	654,6
	19,63
	86.4

	Error
НСР(05)
	2,89
8,91
	
	
	


The second indicator was at LED1: 1 term - 16.89 kg / m 2 , 2 term-19.47 kg / m 2 and 3, Term -21,65kg / m 2 . Minimum rate was at LED 2: 1 in the term - 12,27kg / m 2 , in period 2 - 11,34kg / m 2 , a 3-term - 19,63kg / m 2  (APPENDIX E). In all periods, productivity indicators according to led1 were close to control: 81% in the 1st period, 94.9% in the 2nd period and 95.3% in the 3rd period. (Figure 13).
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	Figure 4. Determination of the productivity of the salad



3.4 Determination of the time schedule for LED irradiation of lettuce in the conditions of the Almaty region
Growing lettuce in the autumn-winter and winter-spring period requires additional lighting. Based on the need for the duration of the light period at 16 hours, it is necessary to determine the time of additional illumination, taking into account the duration of daylight hours. The salad culture was cultivated in 3 terms from November 2020 to August 2021. This period includes months with supplementary lighting: November, December, January, February, March and April (1st and 2nd sowing dates). For the 3rd term of the lettuce, supplementary lighting of the plants was not carried out, because by the beginning of the laying of the 3rd term in the month of May, there is enough natural light.
 The measurements of illumination in the visible region of the spectrum created by artificial sources were carried out according to three variants of the experiment using a portable light meter TKA Lux.


3.4.1 Taking measurements of light load according to time regulations
LED According to the results of measurements on lettuce plants, the light load according to LED 1 is 130, according to LED 2 - 250, and according to HPS (control) 168 μmol / s * m2. The range of light load control for LED luminaires LED1 and LED2 is 50-100%. HPS is not a controlled light source. These values are constant, because lamp power is also constant.
3.4.2. Measuring the distance from lamps to plants by light load
At the time of measurement, during the lettuce development phase of the 2nd sowing period in the 5-6 leaf phase, the distance from the LED 1 lamp to the lettuce plants was 21.3 cm, the SDO 2 - 22.1 cm, and HPS (control) - 144.0 cm.
At the time of measurement, during the lettuce development phase of the third sowing period in the 5-6 leaf phase, the distance from the LED 1 lamp to the lettuce plants was 21.34 cm, the SDO 2 - 21.28 cm, the HPS (control) - 141.0 cm.
These measurement indicators characterize a better development period for lettuce plants, as the 3rd sowing period for such characteristics as the growth and development of lettuce plants, leaf size and productivity.

3.5 Comparative analysis of physiological and biochemical processes, assessment of the quality of tomato and lettuce seedlings under experimental LED and traditional supplementary lighting
Physiological indicators and biochemical indicators and the quality of tomato and lettuce seedlings correspond to the quality of tomato and lettuce seedlings grown in the greenhouse complexes of LedSystemMedia LLP and KazNAU according to standard technologies at this stage of development of the studied plants.
3.5.1 Determination of biochemical parameters (dry weight, vitamin C, total sugars) in the leaves of tomato plants and lettuce
The most significant indicator for production is the biological productivity of plants, expressed in terms of the dry mass of plants. It is known that plant growth can be defined as an increase in dry weight and wet weight of a plant. The growth rate of the dry weight of a plant directly depends on the rate of photosynthesis [22, 23].
At the final stage of growing seedlings, the wet and dry mass of leaves and stems, as well as the proportion of dry matter, were measured. The results are summarized in Figure 14.

	


Figure 14 - Influence of radiation on the dry matter content in leaves and 
stems of tomato plants

It is important to note that irradiation with LED 1 and LED2 of these options increases not only the area of ​​the leaf apparatus, but also the proportion of dry matter (%) in the leaves and stems. So in Figure 14 it can be seen that when the plants are illuminated with LMS 2, the percentage in the stems is higher than in the control plants.
According to the content of vitamin C in the lettuce of the 2nd sowing period, variants I and III were distinguished with indicators of 12.14% and 12.08%, respectively. In terms of acidity and total sugars, no significant differences were observed; in terms of dry weight, options I and II were also distinguished - 7.80% and 7.63%, respectively.
According to the biochemical parameters of the salad of the 3rd sowing period, such as: vitamin C content, acidity indicators, total sugars and dry weight, no significant differences were observed for the options (Table 9).
Table 9 - Biochemical parameters of lettuce of the 2nd and 3rd sowing dates (2021)
	№
	Option
	Vitamin C mg%
	Acidity level %
	Total sugars,%
	Dry matter, %

	2 term

	1
	HPS (k)
	12.14
	0.21
	0.76
	7.80

	2
	LED 1
	12.08
	0.21
	0.81
	7.63

	3
	LED  2
	11.54
	0.20
	0.69
	6.98

	3 term

	1
	HPS (K)
	12.00
	0.31
	0.68
	6.31

	2
	LED 1
	12.08
	0.29
	0.84
	6.71

	3
	LED2
	11.89
	0.32
	0.70
	6.42



Analysis of biochemical parameters for all three sowing periods showed that general indicators such as vitamin C content, acidity, total sugar and dry weight were at the control level, which proves the effectiveness of lighting with LED experimental lamps.

3.6 To evaluate the economic efficiency of using LED supplementary lighting to obtain high-quality seedlings of tomato and lettuce.
To calculate the economic efficiency of an installation with supplementary lighting, it is necessary to calculate the production costs. When growing seedlings and lettuce in hydroponic installations, the main costs include: seeds, substrates, cassettes for planting seeds, the cost of preparing a nutrient solution. In addition, the costs of electricity and equipment required for hydroponic technology (Table 10, 11).
Table 10 - Total costs of growing tomato seedlings 2 sowing dates (2021)
	Months of the year

	Lighting period for seedlings, hour/day
	Consumption, W/day

	
	
	HPS (K)/
400 W
	LED 1/120
W
	LED 2/240
W

	9-30 Mar
	18
	7 200,00
	2 160,00
	4 320,00

	Electricity costs, tg / m2
	3 919,75
	1 175,92
	2 351,85

	Additional expenses, tg / m2
	12 868,00
	12 868,00
	12 868,00

	Total expenses, tg / m2
	16 787,75
	14 043,92
	15219,85



In the structure of costs for growing tomato seedlings using artificial lighting for all options, the largest expense item is electricity, wages, heat energy, fertilizers, seeds. The total costs for the options are HPS - 16 787,75 tenge, LED1 - 14,043.92 and LED2 – 15219,85 tenge / m2.
Table 11 - Economic efficiency when growing tomato seedlings of 2 sowing dates in a hydroponic installation using irradiators of various powers, (2021)
	Options
	Seedling yield,
pcs/ m22
	Total income,
tenge/m2
	Total costs, tenge/m2
	Net income,
tenge/m2
	Profitability,%

	HPS (k)/ 400W
	20
	20 000,00
	16 787,75
	3 212,25
	16,06%

	LED1/ 120W
	20
	20 000,00
	 14 043,92
	5 956,08
	29,78%

	LED/240W
	20
	20 000,00
	15 219,85
	4 780,15
	23,90%



	When growing tomato seedlings using LED lamps, a decrease in the cost of electricity was ensured by 1.7 and 2.4 times relative to HPS lamps, which provided an increase in profitability in general from 29.8 and 23.9% relative to 16.0% in the control variant of the experiment.
In experimental work on lettuce, taking into account the length of daylight hours as an additional factor, we determined the time of switching on the lighting lamps used when growing lettuce on hydroponic installations for the first and second sowing dates; for the third sowing period, lamps were not used, because additional lighting was not required (table 12,13).

Table 12 - Total costs of growing lettuce 1, 2 and 3 sowing dates (2020-2021)
	Months of the year
	Daylight hours, hour/day
	Lighting period for salad, hour/day
	Daylight saving time, hour/day
	Consumption, W/day

	
	
	
	
	HPS (K)/
400 W
	LED 1 /
150W
	LED 2/70
W

	1 term

	November
	9: 42: 48
	16
	6 h 18
	m2 472.00
	432.60
	927.00

	December
	9: 01: 41
	16
	6 h 59
	m2 636.00
	461.30
	988.50

	January
	9: 23: 10
	16
	6 h 37
	m2 548.00
	445.90
	955.50

	Electricity costs, tg / m2
	14 469.00
	2 532.00
	5 426.00

	Additional expenses, tg / m2
	12 340,00
	12 340,00
	12 340,00

	Total expenses, tg / m2
	26 809.00
	14 872.00
	17 766.00

	2 term

	January
	9: 23: 10
	16
	6 h 37 m
	2 548.00
	955.50
	445.90

	February
	10: 30: 19
	16
	5 h 30 m
	2 120.00
	795.00
	371.00

	March
	11: 55: 17
	16
	4 h 05 m
	1 620.00
	607.50
	283.50

	Electricity costs, tg / m2
	11 884.30
	4 456.60
	2 079.70

	Additional expenses, tg / m2
	12 340,00
	12 340,00
	12 340,00

	Total expenses, tg / m2
	24 224.30
	16 796.60
	14 419.70

	3 term

	May
	-
	16
	-
	00,00
	00,00
	00,00

	Electricity costs, tg / m2
	00,00
	00,00
	00,00

	Additional expenses, tg / m2
	6 170.00
	6 170.00
	6 170.00

	Total expenses, tg / m2
	6170.00
	6 170.00
	6 170.00



Table 13 - Economic efficiency when growing lettuce 1, 2 and 3 periods in a hydroponic installation using irradiators of various powers, (2020-2021)
	№
	Options
	Yield,
kg/m2
	Total income,
tenge/m2
	Costs, tenge/m2
	Net income,
tenge/m2
	Profitability,%

	1 term

	1
	HPS(k)
	20,85
	31 275,00
	26 809,00
	4 466,00
	16,70

	2
	LED 1 150W
	16.89
	2 5335.00
	17 766.00
	7 569.00
	42.60

	3
	LRED 2 
70w
	12.27
	18 405.00
	14 872.00
	3 533.00
	23.80

	2 term

	1
	HPS (k)
	20.52
	30 780.00
	24 224.30
	6555.70
	27.00

	2
	LED 1
	19.47
	29 205.00
	16 796.60
	12408.40
	73.80

	3
	LED 2
	11.34
	17 010.00
	14 419.70
	2590.30
	19.30

	3 term

	1
	HPS (k)
	22.71
	11 355.00
	6 170.00
	5185.00
	84.00

	2
	LED 1
	21.65
	10 825.00
	6 170.00
	4655.00
	75.40

	3
	LED 2
	19.63,63
	9 815.00
	6 170.00
	3645.00
	59.00



When growing lettuce of 1 term using LED lamps, a decrease in electricity costs by 2.6 and 5.7 times relative to HPS lamps was ensured, which provided an increase in profitability in general from 42.6 and 23.8% versus 16.7% in the control variant of the experiment.
The supply of additional lighting in the first months of the 2nd sowing period of lettuce was greater and the plants developed better, and therefore the yield in the first variant, although it was higher, the best profitability indicators were on the 2nd variant - LED 1 - 73.87%.
Based on the requirements of the lettuce culture for illumination and the lighting period, lettuce plants cultivated during the autumn-winter-spring period in the months: November, December, January, February and March were supplemented with lamps. For the 3rd term of the lettuce, supplementary lighting of the plants was not carried out, because by the beginning of the laying of the 3rd term in the month of May, natural light is sufficient. By this period, the total costs of growing lettuce in greenhouses have also decreased. The insignificant difference (within the margin of error) for the variants of the experiment in terms of productivity is due to the growing layers. This correlation was also observed in the cost-effectiveness of the options for experience, since Option 1 (tier) was at the top of the unit, option 2 in the second tier and option 3 in the lower tier.
Analyzing all three periods of growing lettuce, we can conclude that the most cost-effective option was 2 - LED1 with 150 W lamps, which made it possible to obtain high quality and sufficient lettuce leaves while reducing energy costs.



















CONCLUSION
1. Within the framework of this project in 2020 by specialists of Led System Media LLP and NJSC S. Seifullin KATU  "in the city of Nur-Sultan, a specialized experimental setup for research on growing tomato seedlings was developed and manufactured. In the experiments, experimental copies of greenhouse LED lamps for the photoculture of plants were used with the conditional names ABC 1 and ABC 2. The same lamps were installed in the operating complex of KazNAU in Almaty for growing lettuce.
2. Prepared seed material of tomato hybrid Forticia RZ F1 in the amount of 120 pcs. Sowing of tomato seeds in cassettes with corks was carried out on February 15, 2021. Seed material of lettuce has been prepared for sowing the 2nd term and the 3rd term in the amount of 150 pieces for each term. Sowing of seeds of the 2nd term of cultivation in cups was carried out on January 7 and the 3rd term of cultivation on May 03, 2021.
3. Single tomato seedlings were observed after 9 days, and mass seedlings were observed 11 days after sowing. The first and second true leaves appeared on the 8th day after germination. The date of appearance of the next from 3 to 8 true leaves was recorded on average after 6.1 to 3.0 days in all variants of the experiment. In all variants of the experiment, ready-made seedlings for transplantation to a permanent place in the greenhouse were received on the 33rd day after the emergence of shoots.
Single shoots of lettuce of the 2nd term were observed on 12.01.21, after 5 days, and mass shoots were obtained on 15.01.21, 9 days after sowing. The first true leaf in lettuce plants appeared on January 22, 21, on the 15th day, and the third true leaf appeared on January 31, 21, the fifth true leaf appeared on February 10, 21, i.e. on day 35.
4. The nature of the growth of tomato seedlings of the Forticia variety when using various types of irradiators practically did not show any dependence on their types, as evidenced by the course of normalized growth indicators of the stem in diameter and height.
The preference was revealed in the use of the LED illuminator LED2 for growing seedlings, as providing a greater increase in the diameter of the stem (by 10% relative to LED1 and 14% relative to the HPS lamp). When using the HPS irradiator, a greater increase in the height of the stem with a decrease in its diameter is observed. Mathematical expressions are obtained that describe the growth of tomato seedlings of hybrid Forticia under LED lighting: for the stem height Y = 2.4319e0.08t, for the stem diameter Z = -0.0021t3 + 0.1443t2 - 2.723t + 17.389. The obtained mathematical expressions for the growth of tomato seedlings of the Forticia variety characterize specific growing conditions and agricultural technology, and will also make it possible to quickly assess the course of plant growth and predict the result and time of seedlings' readiness for subsequent use.
Data on the passage of certain phases of development of lettuce plants at different sowing times showed that the irradiation given by LED experimental lamps is sufficient for the formation of both the number of leaves and leaf surface at the control level, and for some indicators: plant height, plant diameter, number of large leaves exceeded the control.
	5. According to the results of measurements, the light load for tomato seedlings according to LED 1 is 100, according to LED 2 - 180 and according to HPS (control) 185 μmol/s* m2, for lettuce plants the light load according to LED1 is 130, according to LED 2 - 250 and according to HPS (control) 168 μmol / s*m2. The range of light load control for LED luminaires LED 1 and LED 2 is 50-100%. HPS is not a controlled light source. The data obtained meet the requirements of the project and ensure the implementation of further research and development work on the project.
6. According to the results of the determination of the content of Chla, Chlb, and carotenoids in the leaves of tomato plants irradiated with LED-2 LEDs, it was higher in comparison with the control irradiation with a HPS lamp.
7. At the time of measuring lettuce of the 2nd sowing period in the phase of 5-6 leaves, the distance from the LED 1 lamp to the lettuce plants was 21.3 cm, LED 2 - 22.1 cm, HPS (control) - 144.0 cm, 3 th sowing period in the phase of 5-6 leaves, the distance from the LED 1 lamp to the lettuce plants was 21.34 cm, the LED 2 - 21.28 cm, the HPS (control) - 141.0 cm.
8. The quality of tomato and lettuce seedlings corresponds to the quality of tomato and lettuce seedlings grown in the greenhouse complexes of LedSystemMedia LLP and KazNAU according to standard technologies.
When irradiated with LED 1 and LED2, these options increased not only the area of ​​the leaf apparatus, but also the share of dry matter (%) in leaves and stems; when illuminated by LED 2, the percentage in the stems was higher than in control plants.
The maximum yield indicator was in option 1, and amounted to 20.85 kg / m2 in term 1, 20.52 kg / m2 in term 2, and 22.71 kg / m2 of lettuce leaves in term 3. The second indicator was for LED1: 1 term - 16.89 kg / m2, 2 term - 19.47 kg / m2 and 3 term - 21.65 kg / m2. The minimum indicator was for LED 2: in term 1 - 12.27 kg / m2, in term 2 - 11.34 kg / m2, in term 3 - 19.63 kg / m2. In all periods, productivity indicators according to LED1 were close to control: 81% in the 1st period, 94.9% in the 2nd period and 95.3% in the 3rd period, which shows its high efficiency.
Analysis of biochemical parameters for all three sowing periods showed that general indicators such as vitamin C content, acidity, total sugar and dry weight were at the control level, which proves the effectiveness of lighting with LED experimental lamps.
When growing tomato seedlings using LED lamps, a decrease in the cost of electricity was ensured by 1.7 and 2.4 times relative to HPS lamps, which provided an increase in profitability in general from 29.8 and 23.9% relative to 16.0% in the control variant of the experiment.
Analyzing all three periods of growing lettuce, we can conclude that the most cost-effective option was 2 - LED1 with 150 W lamps, which made it possible to obtain high quality and sufficient lettuce leaves while reducing energy costs.
Methods for analyzing the growth and development of tomato and lettuce seedlings have been developed for use in the industrial production of these crops in small, medium and industrial greenhouse complexes.
An agricultural technology for growing tomato seedlings and lettuce has been developed, the technology is described in the article "The Efficiency of LED Irradiation for Cultivating High-Quality Tomato Seedlings", Sustainability 2021, 13, 9426. https://doi.org/10.3390/su13169426 and a positive decision was obtained on the grant of a patent for a useful model "Method for stimulating the growth of tomato seedlings" according to application No. 2021 / 07224.2.
Currently, preparatory work is underway to introduce the developed agrotechnology into production on the basis of the greenhouse complex of LedSystemMedia LLP in Nur-Sultan.
  As part of improving scientific and methodological work, increasing the efficiency of research on grant funding, the following activities were carried out:
The results of the work on growing lettuce were reported at the International Scientific and Practical Conference dedicated to the 80th anniversary of the birth of Dr. Sciences, Professor, Academician of the Academy of Agricultural Sciences of the Republic of Kazakhstan S.A. Babaeva "State, problems and prospects of development of the branches of potato growing, fruit and vegetable growing and melon growing" (APPENDIX B, E).
The project report, including the achieved results, was verified in the licensed borrowing detection system (APPENDIX G).
The volume of research planned for the project for the reporting period was completed in full, the expected results were achieved. But in spite of the achieved results, the research needs to be continued and strengthened.
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Calendar work plan 2020-2021
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	Job code, stage
	Name of work on
Agreement and the main stages of its implementation
	Deadline
	Expected Result

	
	
	Start
	the ending
	

	2020 

	1
	Define the increase in the biological mass of tomato seedlings during the 1st period of cultivation with different types of light irradiation in the conditions of the Akmola region.
	November 2020
	December 2020
	The increase in the biological mass of tomato seedlings during the period of the 1st growing period will be determined with different types of light irradiation in the conditions of the Akmola region.

	1.1
	Seed preparation, sowing into cubes and installation in the seedling room and on the installation. Plant care, feeding.
	November 2020
	December 2020
	The seed will be prepared by sowing in cubes and placing in the seedling room and on the plant. Plants will be taken care of and help will be provided.

	1.2
	Determination of the development phase: seedlings, first and third true leaves, ready-made seedlings (7-8 leaves, height 30 cm.
	November 2020
	December 2020
	The phases of development will be determined: seedlings, first and third true leaves, ready-made seedlings (7-8 leaves, height 30 cm.

	1.3
	Counting the number and area of leaves, plant height, stem thickness within a hundred assada
	November 2020
	December 2020
	The number and area of ​​leaves, plant height, stem thickness will be calculated during the rest of the assada.

	2
	Determine the temporary regulations for LED irradiation of tomato seedlings in the conditions of the Akmola region.
	November 2020
	December 2020
	Temporary regulations for LED irradiation of tomato seedlings in the conditions of Akmola region will be determined.

	2.1
	Carrying out measurements of light load according to time regulations.
	November 2020
	December 2020
	The light load will be measured according to the time schedule (lux meters and special

	2.2
	Carrying out research of the processes of photosynthesis.
	November 2020
	December 2020
	Investigations of the processes of photosynthesis will be carried out (system of otosynthesis LI-6400X

	3
	Define the increase in the biological mass of lettuce during the period th growing period at different heights of light irradiation in the conditions of the Almaty region.             
	October 2020
	December 2020
	Work will begin to determine the increase in the biological mass of lettuce during the first period of cultivation at different heights of light irradiation in the conditions of the Almaty region.

	3.1
	Preparation seed material, sowing in cups and installation on the installation. Plant care, support                           
	October 2020
	December 2020
	Seed material will be prepared by sowing in cups and installation on the plant. Plants will be taken care of, and helpers will be provided.


 
	3.2
	Determination of the development phase: seedlings, first, second, third true leaf, rosette formation, seedlings, finished products (8 leaves.             
	October
 2020
	December
 2020
	The phases of development will be determined: seedlings, first, second, third true leaf, rosette formation, seedlings, finished products (8 leaves).

	3.3
	Counting the number and area of ​​leaves, plant height, length of the root system.
	October
 2020
	December
 2020
	Will carried out counting the number and area of ​​leaves, plant height, length of the root system.

	4
	Determine the temporary regulations for LED exposure of lettuce under conditions
Almaty region.
	October
 2020
	December
 2020
	Temporary regulations for LED irradiation of lettuce under conditions
Almaty region.

	4.1
	Carrying out measurements of light load according to time regulations.
	October
 2020
	December
 2020
	The light load will be measured according to the time regulations (lux meters and special

	4.2
	Carrying out distance measurements from lamps to plants on luminous n ke.             
	October
 2020
	December
 2020
	There will be carried out measurements of the distance from lamps to plants by light load.

	5
	To carry out a comparative analysis of the physiological and biochemical processes of seedling plants, to evaluate the quality of tomato seedlings under experimental LED and traditional supplementary lighting in the conditions of an experimental production site.
	October
2020
	December
2020
	A comparative analysis of the physiological and biochemical processes of seedling plants will be carried out, the quality of tomato and lettuce seedlings will be evaluated under experimental LED and traditional supplementary lighting in an experimental industrial setting.

	5.1
	Determination of biochemical parameters (dry weight, vitamin C, total sugars) in the leaves of tomato plants and lettuce.
	October
2020
	December
2020
	There will be identified
biochemical parameters (dry weight, vitamin C, total sugars) in the leaves of tomato plants and lettuce.

	2021 year

	1
	Define the increase in the biological mass of tomato seedlings during the 2nd period of cultivation under different types of light irradiation in the conditions of the Akmola region.             
	April
2021
	May
2021
	The increase in the biological mass of tomato seedlings during the period of the 2nd cultivation period will be determined under different types of light irradiation under conditions
Akmola region.

	1.1
	Seed preparation, sowing in cubes and installation in the seedling room and on the installation. Plant care, feeding
	April
2021
	May
2021
	The seed will be prepared by sowing in cubes and placing in the seedling room and on the plant. Plants will be taken care of, and an IPC will be held.

	 1.2
	Determination of the development phase: seedlings, first and third true leaves, ready-made seedlings (7-8 leaves, height 30 cm.
	April 2021
	May
2021
	The phases of development will be determined: seedlings, first and third true leaves, ready-made seedlings (7-8 leaves, height 30 cm.

	1.3
	Counting the number and area of ​​leaves, plant height, stem thickness during the rest of the assada
	April 2021
	May
2021
	The number and area of ​​leaves, plant height, stem thickness will be counted during the fall.

	2
	Determine the temporary regulations for LED irradiation of tomato seedlings in the conditions of the Akmola region.
	April 2021
	May
2021
	Temporary regulations for LED irradiation of tomato seedlings in the conditions of Akmola region will be determined.

	2.1
	Taking measurements of light load according to time regulations
	April 2021
	May
2021
	The light load will be measured according to the time regulations (lux meters and special otome

	2.2
	Carrying out research of photosynthesis processes
	April 2021
	May
2021
	Investigations of the processes of photosynthesis will be carried out (system of otosynthesis LI-6400XT

	3
	Determine the increase in the biological mass of lettuce during the period of the 2nd and 3rd terms at different heights of light irradiation in the conditions of the Almaty region.
	January 2021
	March
2021
	The increase in the biological mass of lettuce will be determined during the period of the 2nd and 3rd terms at different heights of light irradiation in the conditions of the Almaty region.

	3.1
	Seed preparation, sowing in cups and installation on the plant.
Care per plants, podko MKI
	January 2021
	March
2021
	Seed material will be prepared by sowing in cups and installation on the plant. The plants will be taken care of, and helpers will be provided.

	3.2
	Determination of the development phase: seedlings, first, second third real leaf, rosette formation, seedlings, finished products (8 leaves                           
	January 2021
	March
2021
	The phases of development will be determined: seedlings, first, second, third true leaf, rosette formation, seedlings, finished products (8 leaves).

	3.3
	Counting the number and area of ​​leaves, plant height, length of the root system
	January 2021
	March
2021
	Will carried out counting the number and area of ​​leaves, plant height, length of the root system.

	4
	Determine the temporary regulations for LED irradiation of lettuce in the conditions of the Almaty region.
	January 2021
	March
2021
	Temporary regulations for LED irradiation of lettuce in the conditions of Almaty region will be determined.

	4.1
	Taking measurements of light load according to time regulations
	January 2021
	March
2021
	Measurements of the light load will be carried out according to the time regulations (lux meters and special

	4.2
	 
	Measuring the distance from lamps to asthenia using a light tag
	January 2021
	March
2021
	There will be  carried out measurements of the distance from lamps to plants using a light tag.             

	5
	 
	To carry out a comparative analysis of the physiological and biochemical processes of seedling plants, to evaluate the quality of tomato seedlings under experimental LED and traditional supplementary lighting in the conditions of an experimental production site.
	January 2021
	May
2021
	A comparative analysis of the physiological and biochemical processes of seedling plants will be carried out, the quality of tomato and lettuce seedlings will be evaluated under experimental LED and traditional supplementary lighting in an experimental industrial setting.

	5.1
	 
	Determination of biochemical parameters (dry weight, vitamin C, total sugars) in the leaves of tomato plants and lettuce.
	January 2021
	May
2021
	Biochemical parameters (dry weight, vitamin C, total sugars) in the leaves of tomato and lettuce plants will be determined.

	6.
	 
	To assess the economic efficiency of using LED LIGHTING to obtain high-quality tomato and salad seedlings.
Preparation of materials for at least 1 (one) article or review published in a peer-reviewed scientific journal included in the 4 (fourth) quartiles in the Web of Science database or having a CiteScore percentile in the Scopus database of at least 35 (thirty five) or in print in the specified editions, as well as at least 1 (one) article in a domestic edition with a nonzero impact factor (recommended by COXON), or at least 1 (one) protected author.
	May
2021
	November 2021
	The economic efficiency of using LED supplementary lighting to obtain high-quality tomato and lettuce seedlings will be determined.
At least (one) article or review will be prepared, published in a peer-reviewed scientific journal included in the 4 (fourth) quartiles in the Web of Science database or having a CiteScore percentile in the Scopus database of at least 35 (thirty-five) or in print in the specified publications, as well as at least 1 (one) article in a domestic publication with a non-zero impact factor (recommended by COXON), or at least 1 (one) title of protection.



APPLICATION B
List of published works in 2021.
In the logs furthergo abroadI, incoming callse in the database data source Scopus andWeb of Science, with non-zero impact factor:
Kulyash Meiramkulova, Zhanar Tanybayeva, Assel Kydyrbekova, Arysgul Turbekova*, Serik Aytkhozhin, Serik Zhantasov and Aman Taukenov. The Efficiency of LED Irradiation for Cultivating High-Quality Tomato Seedlings // Sustainability 2021, 13, 9426. https://doi.org/10.3390/su13169426. (IF Web of Science-3.251, Percentile-84, Q1);

Security documents:
A republican state-owned enterprise on the right of economic management National Institute of Intellectual Property of the Ministry of Justice of the Republic of Kazakhstan a positive decision was made to grant a utility model patent "Method of stimulating the growth of tomato seedlings" according to application No. 2021/07224.2. Authors: Turbekova A.S., Taukenov A. S., Itkinson G. I., Stolyarov V. A., Dzhantasov S. K.

In materials of the international scientific and practical conference:
Turbekova A.S., Alimurat A.A., Dzhantasov S.K. Influence of artificial lighting lamps of different power on the biochemical qualities of romaine and lettuce salads grown in a closed-cycle hydroponic plant. //"State, problems and prospects of development of potato, fruit and vegetable and melon growing industries" Collection of materials of the International scientific and practical Conference dedicated to the 80th anniversary of the birth of Doctor of Agricultural Sciences, Professor, Academician of the Academy of Agricultural Sciences of the Republic of Kazakhstan S. A. Babayev Almaty: 2021, pp. 223-225.
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APPENDIX C
Phenological observations of tomato seedlings Forticia RZ F1 (2021)
	Irradiation options
	Seedling number
	Sowing date
	Number of seeds
	Sowing-shoots single, day
	Sowing-seedlings, mass, day
	Shoots-1 crust leaf,
day
	from 1 to 2 crust sheet, day
	from 2 to 3 crust leaf, day
	from 3 to 4 crust leaf, day
	from 4 to 5 crust leaf, day
	from 5 to 6 crust leaf, day
	from 6 to 7 crust leaf, day
	from 7 to 8 crust leaf, day
	from sowing to transplanting to a permanent place, days
	from germination to transplantation to a permanent place, day

	LED 1
	1
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	5 
	3 
	3 
	
	44 
	33 

	
	2
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	3 
	2 
	3 
	3 
	44 
	33 

	
	5
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	3 
	2 
	6 
	
	44 
	33 

	
	7
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	2 
	2 
	1 
	6 
	44 
	33 

	
	8
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	3 
	3 
	2 
	6 
	44 
	33 

	
	9
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	3 
	3 
	2 
	6 
	44 
	33 

	
	10
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	3 
	5 
	3 
	3 
	44 
	33 

	
	13
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	3 
	5 
	6 
	
	44 
	33 

	
	14
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	3 
	5 
	6 
	
	44 
	33 

	
	15
	15.02.2021
	1
	9 
	
	6 
	8 
	4 
	3 
	3 
	5 
	3 
	3 
	44 
	35 

	
	16
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	3 
	5 
	3 
	3 
	44 
	33 

	
	17
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	3 
	2 
	2 
	1 
	44 
	33 

	
	18
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	3 
	5 
	3 
	3 
	44 
	33 

	
	19
	15.02.2021
	1
	9 
	
	6 
	8 
	4 
	3 
	3 
	5 
	6 
	
	44 
	35 

	
	Ср.
	
	
	9 
	11 
	4,3 
	8 
	4,8 
	3 
	3,07 
	3,7 
	3,5 
	3,7 
	44 
	33,2 

	 
LED 2
	41
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	3 
	2 
	3 
	3 
	44 
	33 

	
	42
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	3 
	2 
	3 
	3 
	44 
	33 

	
	44
	15.02.2021
	1
	9 
	
	6 
	8 
	7 
	3 
	3 
	2 
	3 
	3 
	44 
	35 

	
	

Continuation of Appendix C

	
	45
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	3 
	2 
	3 
	3 
	44 
	33 

	
	46
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	3 
	2 
	3 
	3 
	44 
	33 

	
	47
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	6 
	2 
	6 
	
	44 
	33 

	
	48
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	5 
	3 
	3 
	
	44 
	33 

	
	49
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	3 
	2 
	3 
	3 
	44 
	33 

	
	52
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	3 
	2 
	6 
	
	44 
	33 

	
	54
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	3 
	3 
	2 
	6 
	44 
	33 

	
	55
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	3 
	3 
	2 
	6 
	44 
	33 

	
	56
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	3 
	2 
	3 
	3 
	44 
	33 

	
	57
	15.02.2021
	1
	9 
	
	6 
	8 
	4 
	3 
	3 
	3 
	2 
	6 
	44 
	35 

	
	60
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	3 
	3 
	2 
	6 
	44 
	33 

	
	Ср.
	
	
	9 
	11 
	4,4 
	8 
	5,9 
	3 
	3,3 
	2,3 
	3,1 
	4,09 
	44 
	33,2 

	 
HPS (control)
	81
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	5 
	3 
	3 
	
	44 
	33 

	
	82
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	5 
	3 
	
	3 
	44 
	33 

	
	85
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	5 
	3 
	3 
	
	44 
	33 

	
	86
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	5 
	3 
	3 
	3 
	44 
	33 

	
	87
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	5 
	3 
	3 
	
	44 
	33 

	
	88
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	5 
	3 
	3 
	
	44 
	33 

	
	89
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	
	5 
	3 
	3 
	44 
	33 

	
	92
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	5 
	3 
	3 
	3 
	44 
	33 

	
	93
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	5 
	3 
	6 
	
	44 
	33 

	
	94
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	5 
	3 
	3 
	3 
	44 
	33 

	
	95
	15.02.2021
	1
	
	11 
	4 
	8 
	7 
	3 
	2 
	3 
	6 
	
	44 
	33 

	
	96
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	5 
	3 
	3 
	3 
	44 
	33 

	
	97
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	5 
	3 
	3 
	3 
	44 
	33 

	
	98
	15.02.2021
	1
	
	11 
	4 
	8 
	4 
	3 
	5 
	3 
	3 
	3 
	44 
	33 

	
	Ср.
	
	
	
	11 
	4 
	8 
	5,5 
	3 
	4,7 
	3,1 
	3,4 
	3 
	44 
	33 


APPENDIX D
Biometric observations of tomato seedlings Forticia RZ F1 (2021)
	Irradiation options
	Seedling number
	Sowing date
	Stem height, cm
	Stem diameter , mm 

	
	
	15.02.2021
	09.03.
	16.03.
	23.03.
	30.03.
	09.03.
	16.03.
	23.03.
	30.03.

	LED 1
	1
	15.02.2021
	4,8
	8,2
	14,2
	30,2
	1,9
	3
	5,2
	7,2

	
	2
	15.02.2021
	5
	9,2
	19,2
	33,5
	1,6
	2,9
	6,5
	9,1

	
	5
	15.02.2021
	4,8
	7,7
	14,8
	24,1
	1,8
	2,8
	5,2
	7

	
	7
	15.02.2021
	6,3
	11,3
	20,4
	35,2
	2
	3,2
	5,6
	9,2

	
	8
	15.02.2021
	7,2
	10,9
	19,8
	35,2
	1,7
	3,2
	7
	9

	
	9
	15.02.2021
	6,3
	11,2
	23,9
	33,2
	1,7
	3,3
	8
	8,1

	
	10
	15.02.2021
	7
	11,8
	22,1
	29,2
	1,8
	3,1
	7,2
	8,4

	
	13
	15.02.2021
	6,7
	12
	19,7
	28,2
	1,6
	3,1
	7,1
	7,3

	
	14
	15.02.2021
	8,2
	12,2
	24,2
	33,3
	2
	3,4
	7
	7,9

	
	15
	15.02.2021
	6,3
	11,8
	22,5
	30,3
	2,1
	3,4
	8
	9

	
	16
	15.02.2021
	7,5
	12,2
	23,2
	30,7
	1,8
	3,2
	8
	8,8

	
	17
	15.02.2021
	5,8
	11,7
	24,5
	40,5
	1,6
	3,2
	6,5
	8

	
	18
	15.02.2021
	5,8
	10,2
	21,5
	38,7
	1,8
	3,3
	6,6
	9

	
	19
	15.02.2021
	6,3
	12,1
	23,5
	35,4
	2
	3,1
	6,9
	8

	 
	the average
	 
	6,2
	10,8
	20,9
	32,6
	1,8
	3,1
	6,7
	8,2

	LED 2
	41
	15.02.2021
	4,5
	8,1
	16,8
	30,8
	1,8
	3
	6,4
	8,2

	
	42
	15.02.2021
	6,5
	10,7
	19,8
	36,2
	1,9
	3,1
	6,9
	8,1

	
	44
	15.02.2021
	5,2
	9,7
	18,2
	35,7
	2,3
	3,1
	6,3
	7,9

	
	45
	15.02.2021
	6,2
	10,5
	20,2
	31,5
	2
	3,5
	7,2
	8,2

	
	46
	15.02.2021
	6,7
	11,2
	21,5
	34,8
	1,9
	3
	6,5
	8

	
	47
	15.02.2021
	6,5
	10,5
	20,8
	31,2
	2,1
	3,1
	6,5
	8,5

	
	48
	15.02.2021
	5,2
	8,2
	15,8
	30,5
	1,8
	3
	5,6
	8
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	49
	15.02.2021
	4,7
	9,7
	19,7
	27,2
	2
	3,1
	7,7
	9,3

	
	52
	15.02.2021
	6,2
	10,5
	21,2
	27,2
	2,3
	3,6
	8,2
	9,3

	
	54
	15.02.2021
	6,2
	10,3
	20,5
	27,2
	1,7
	3,3
	7,8
	8,8

	
	55
	15.02.2021
	6,2
	8,5
	20,5
	28,3
	2
	3,4
	8
	8,8

	
	56
	15.02.2021
	6,7
	10,2
	19,8
	28,3
	2,3
	3
	7
	8,4

	
	57
	15.02.2021
	5,3
	9,8
	19,2
	26,3
	1,4
	3,1
	7,8
	8,7

	
	60
	15.02.2021
	6,6
	11,5
	20,8
	28,3
	1,4
	3,4
	8,2
	9,1

	 
	the average
	
	5,9
	9,9
	19,6
	30,2
	1,9
	3,1
	7,1
	8,5

	HPS (control)
	81
	15.02.2021
	6
	10,6
	21,2
	40,2
	1,9
	2,9
	5,3
	6,3

	
	82
	15.02.2021
	5,7
	9,2
	19,8
	35,3
	1,9
	2,8
	6,1
	6,5

	
	85
	15.02.2021
	4,2
	7,8
	22,5
	42,1
	1,8
	2,6
	6
	7,5

	
	86
	15.02.2021
	6
	9,5
	23,2
	42,1
	1,8
	2,7
	6,6
	7

	
	87
	15.02.2021
	4,5
	7,7
	17,5
	36,2
	1,7
	2,5
	6,2
	7,4

	
	88
	15.02.2021
	5,8
	7,5
	18,5
	38,4
	1,7
	2,8
	6,4
	7,8

	
	89
	15.02.2021
	5,1
	9,7
	22,5
	42,8
	1,8
	2,9
	6,6
	7,8

	
	92
	15.02.2021
	6,4
	10,5
	23,5
	37,2
	2,1
	3,5
	7
	7,3

	
	93
	15.02.2021
	6,2
	11,2
	24,5
	40,8
	1,8
	2,8
	6,4
	7,9

	
	94
	15.02.2021
	7
	11,8
	24
	37,5
	1,9
	3,2
	6,6
	7

	
	95
	15.02.2021
	7,6
	11,2
	22,5
	38,7
	1,7
	3,2
	5,6
	7,7

	
	96
	15.02.2021
	6,6
	10,7
	23,2
	43,3
	2,2
	3,4
	6,7
	7,4

	
	97
	15.02.2021
	6,5
	8,9
	21,5
	40,3
	1,6
	2,5
	6
	7,4

	
	98
	15.02.2021
	5,8
	9,6
	23,2
	40,7
	1,8
	2,7
	5,8
	6,5

	 
	the average
	
	5,9
	9,7
	21,9
	39,6
	1,8
	2,8
	6,2
	7,2




APPENDIX E
Statistical processing of final experimental results

Table 1 - Statistical processing of final results
	Parameters
	Stem length, cm
	Stem diameter, mm

	
	LED1
	LED 2
	HPS
	LED 1
	LED 2
	HPS

	Average, X32
	, 69
	30.25
	39.69
	8.29
	8.52
	7.25

	Mean square deviation, S
	4.3
	3.32
	2.52
	0.76
	0.49
	0.52

	Coefficient of variation, V=S/X10
	%
	8%
	7%
	7%
	5%
	8%

	Absolute error of the sample environment 
	1.15
	0.89
	0.67
	0.2
	0.13
	0.14

	Relative error of the sample environment 
	4%
	3%
	2%
	2%
	2%
	2%



Evaluation of the significance of differences in the use of lighting devices was carried out according to the Student's criterion for the average values of the parameters of the height and diameter of the stem in a system of independent experiments.  In this case, the actual evaluation criterion twas calculated using the following formula: 
                                     (1)
 where  and  average values of the compared parameters, и  and Sx1 and Sx2 are the absolute errors of the sample environment of the corresponding parameters. The theoretical value of the parameter t for 95% reliability of comparison and the number of degrees of freedom in each experiment equal to 14 is determined from the tables equal to 2.06. 
In this case, the hypothesis about the significance of differences in the mean values is accepted in the case where t is actually greater than t is tabular.
The results of calculating the significance of differences for lighting devices with the growth of the stem length are presented in Table 2

Table 2 - Results of calculating the significance of differences for lighting devices with growing stem length
	Comparison of the significance of differences in lighting devices in the growth of stem length

	Compared lighting devices
	Criterion t actual
	t tabular
	The result of comparing

	HPS and LED is 1
	5.25
	2.06
	The difference is significant

	HPS and LED 2
	8.47
	2.06
	The difference is significant

	LED and LED 2
	1.68
	2.06
	The difference is not significant



The results of calculating the significance of differences for lighting devices with an increase in the stem diameter are presented in Table 3


Tablesa 3 - Results of calculating the significance of differences for lighting devices with increasing stem diameter
	Comparison of the significance of differences in lighting devices with the growth of stem diameter

	Compared lighting devices
	Criterion t actual
	t tabular
	The result of comparing

	HPS and LED is 1
	4.22
	2.06
	The difference is significant

	HPS and LED 2
	6.69
	2.06
	The difference is significant

	LED 1 and LED 2
	1.24
	2.06
	The difference is not significant

	                                         VARIANCE ANALYSIS (po B. A.Dospekhov, 1968) 
	

	Lettuce 1 term of cultivation,

	пproductivity from 1 plant, gram

	Experience Options
	Repetition Experience Options
	Amount by options
	Average for option

	
	1
	2
	3
	4
	
	

	HPA (k)1
	124
	111
	113
	0.00
	348.00
	116.00

	LED 1
	93
	85
	105
	0.00
	283.00
	94.33

	LED 2
	71
	47
	87
	0.00
	205.00
	68.33

	Sum by repetitions
	288.00
	243.00
	305.00
	0.00
	836.00
	69.67

	
	
	
	
	
	
	

	TABLE OF VARIANCE ANALYSIS
	
	
	

	 Type of scattering
 
	Sum of squares
	Number of degrees of freedom
	Average square
	F

	
	
	
	
	actual
	theoretical

	
	
	
	
	
	0.5
	0.01

	Total
	4528.89
	8
	 
	 
	 
	 

	Reps
	684,22
	2
	 
	 
	 
	 

	Options
	3417.56
	2
	1708.78
	16.00
	2.18
	3.06

	Residual value (errors)
	427,11
	4
	106,78
	 
	 
	 

	
	
	
	
	
	
	

	Total number of observations
	9
	
	Average error
	5.97
	

	Number of options
	3
	
	Experience accuracy
	8.56
	

	Number of repetitions
	3
	
	Difference error
	8.44
	

	Correction factor
	77655.11
	
	NSR (05)
	
	18,39
	

	      Types of alignment (sum of squares):
	NSR(01)
	
	25,82
	

	Total 
	4528.89
	
	NSR(001)
	
	36,45
	

	Reps
	684,22
	
	
	
	
	 

	Options
	3417.56
	
	
	t(05)=
	2.18
	

	Residual
	427.11
	
	
	t (01)=
	3.06
	

	
	
	
	
	t(001)=
	4,32
	





	                                         VARIANCE ANALYSIS ( B. A.Dospekhov, 1968) 
	

	Lettuce 2 period of cultivation,

	productivity per 1 plant, gram

	Experience Options
	Repetition Experience Options
	Amount by options
	Average for option

	
	1
	2
	3
	4
	
	

	HPS(k)1
	128
	111
	103
	0.00
	342.00
	114.00

	LED 1
	104
	112.6
	108
	0.00
	324.60
	108.20

	LED 2
	86
	66.3
	37.3
	0.00
	189.60
	63.20

	Sum by repetitions
	318.00
	289.90
	248.30
	0.00
	856.20
	71.35

	









	




	
	
	
	
	

	TABLE OF VARIANCE ANALYSIS
	
	
	

	 Type of scattering
 
	Sum of squares
	Number of degrees of freedom
	Average square
	F

	
	
	
	
	actual
	theoretical

	
	
	
	
	
	0.5
	0.01

	Total
	4018.68
	8
	
	
	
	

	Reps
	28.97
	2
	
	
	
	

	Variants
	3744.97
	2
	1872.48
	30.60
	2.18
	3.06

	Residual value (errors)
	244,74
	4
	61,18
	
	
	

	
	
	
	
	
	
	

	Total number of observations
	9
	
	Average error
	4.52
	

	Number of options
	3
	
	Experience accuracy
	5.81
	

	Number of repetitions
	3
	
	Difference error
	6.39
	

	Correction factor
	96638.08
	
	NSR (05)
	
	13,94
	

	      Types of alignment (sum of squares):
	NSR(01)
	
	25,82
	

	Total 
	4018.68
	
	NSR(001)
	
	27,59
	

	Reps
	28.97
	
	
	
	
	 

	Options
	3744.97
	
	
	t(05)=
	2.18
	

	Residual
	244.74
	
	
	t (01)=
	3.06
	

	
	
	
	
	t(001)=
	4,32
	

	
	
	
	
	
	
	




	                                         VARIANCE ANALYSIS (According to B. A.Dospekhov, 1968) 
	

	Lettuce 3 term of cultivation

	productivity per 1 plant, gram

	Experience Options
	Repetition Experience Options
	Amount by options
	Average for option

	
	1
	2
	3
	4
	
	

	HPS (k)1
	125.6
	126.3
	126.6
	0.00
	378.50
	126.17

	LED 1
	109,9
	124,6
	126,4
	0,00
	360,90
	120,30

	LED 2
	98.4
	114.2
	114.7
	0.00
	327.30
	109.10

	Sum by repetitions
	333.90
	365.10
	367.70
	0.00
	1066.70
	88.89

	
	
	
	
	
	
	

	TABLE OF VARIANCE ANALYSIS
	
	
	

	 Type of scattering
 
	Sum of squares
	Number of degrees of freedom
	Average square
	F

	
	
	
	
	actual
	theoretical

	
	
	
	
	
	0.5
	0.01

	Total
	787.38
	8
	 
	 
	 
	 

	Reps
	235.85
	2
	 
	 
	 
	 

	Options
	451.13
	2
	225.56
	8.99
	2.18
	3.06

	Residual value (errors)
	100,40
	4
	25,10
	 
	 
	 

	
	
	
	
	
	
	

	Total number of observations
	9
	
	Average error
	2.89
	

	Number of options
	3
	
	Experience accuracy
	3.25
	

	Number of repetitions
	3
	
	Difference error
	4.09
	

	Correction factor
	126427.6
	
	NSR (05)
	
	8,91
	

	      Types of alignment (sum of squares):
	NSR(01)
	
	12,52
	

	Total 
	787.38
	
	NSR(001)
	
	17,67
	

	Reps
	235.85
	
	
	
	
	 

	Options
	451.13
	
	
	t(05)=
	2.18
	

	Residual
	100.40
	
	
	t (01)=
	3.06
	

	
	
	
	
	t(001)=
	4,32
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APPENDIX G
Help on the results of checking a text document for borrowings
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9 мар	1.8	1.9000000000000001	2.2999999999999998	2	1.9000000000000001	2.1	1.8	2	2.2999999999999998	1.7	2	2.2999999999999998	1.4	1.4	16 мар	3	3.1	3.1	3.5	3	3.1	3	3.1	3.6	3.3	3.4	3	3.1	3.4	23 мар	6.4	6.9	6.3	7.2	6.5	6.5	5.6	7.7	8.2000000000000011	7.8	8	7	7.8	8.2000000000000011	30 мар	8.2000000000000011	8.1	7.9	8.2000000000000011	8	8.5	8	9.3000000000000007	9.3000000000000007	8.8000000000000007	8.8000000000000007	8.4	8.7000000000000011	9.1	



ДНаТ
9 мар	0	0	0	0	1.7	1.7	1.8	2.1	1.8	1.9000000000000001	1.7	2.2000000000000002	1.6	1.8	16 мар	2.9	2.8	2.6	2.7	2.5	2.8	2.9	3.5	2.8	3.2	3.2	3.4	2.5	2.7	23 мар	5.3	6.1	6	6.6	6.2	6.4	6.6	7	6.4	6.6	5.6	6.7	6	5.8	30 мар	6.3	6.5	7.5	7	7.4	7.8	7.8	7.3	7.9	7	7.7	7.4	7.4	6.5	



CДО1	12	19	26	33	6.2857142857142874	10.892857142857142	20.964285714285715	32.692857142857363	СДО2	12	19	26	33	5.9071428571428575	9.9571428571428768	19.62857142857143	30.25	ДНАТ	12	19	26	33	5.9571428571428555	9.7071428571428573	21.971428571428529	39.68571428571429	days

CM



CДО1	12	19	26	33	1.8142857142857245	3.1571428571428592	6.7714285714285722	8.2857142857142865	СДО2	12	19	26	33	1.9214285714285761	3.1928571428571431	7.1499999999999995	8.5214285714285687	ДНАТ	12	19	26	33	1.8300000000000005	2.8928571428571428	6.2357142857142884	7.2500000000000009	days

мм



сдо1	12 сут	19 сут	26 сут	33 сут	5.76	24.279999999999987	129.54	141.34	сдо2	12 сут	19 сут	26 сут	33 сут	5.87	24.330000000000005	122.51	163.38000000000059	днат, st	12 сут	19 сут	26 сут	33 сут	5.58	29.72	93.26	121.26	сдо1	12 сут	19 сут	26сут	33сут	0.82000000000000062	0.65000000000000302	0.58000000000000007	0.61000000000000065	сдо2	12 сут	19 сут	26сут	33сут	0.88	0.92	0.66000000000000325	0.69000000000000061	днат	12 сут	19 сут	26сут	33сут	0.78	0.79	0.52	0.55000000000000004	сдо1	12 сут	19 сут	26сут	33сут	0.25	0.31000000000000127	0.32000000000000145	0.37000000000000038	сдо2	12 сут	19 сут	26сут	33сут	0.27	0.30000000000000032	0.32000000000000145	0.37000000000000038	днат	12 сут	19 сут	26сут	33сут	0.25	0.21000000000000021	0.29000000000000031	0.33000000000000163	сдо1	12 сут	19 сут	26сут	33сут	0.21000000000000021	0.18000000000000024	0.13	0.12000000000000002	сдо2	12 сут	19 сут	26сут	33сут	0.23	0.23	0.14000000000000001	0.13	днат	12 сут	19 сут	26сут	33сут	0.18000000000000024	0.18000000000000024	0.1	0.1	dry matter fraction, %
сдо1	в листьях	в стеблях	в растений	9.5300000000000011	17.959999999999987	12.52	сдо2	в листьях	в стеблях	в растений	9.65	20.07	13.370000000000006	днат	в листьях	в стеблях	в растений	8.01	15.709999999999999	11.57	image3.png
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3. HanmenoBanue padoT, CPOKH HX PeaH3alMH H Pe3yIbTaThl

Mudp Hamnmenosanue pa6or 1o CpoK BEINOJIHEHHUS

sonee | ° /1OroRODY! M OCHORHHIE JTANEL Hayalo | OKOHYaHHE OskunaeMelii pe3ynbTaT

us, €ro BBIIIOJIHEHHs

Jrana

2020 rox

1 OnpeenHTs HapacTanue | HOAOpp | nexaOpe |Byzmer onpemeneHo — Hapacranme
Guosornyeckoi Maccel paccaael | 2020 r. 2020r. |Guonormueckoif  Macchl - paccaiibl
TOMara B IEpHOA 1-ro cpoka ToMaTta B TepHox 1-ro  cpoka
BBIDAIIMBAHHS  MPH  PasHBIX BBIPANMBAHMS [P Pa3HBIX THIAX
THIIAX CBETOBOTO OOJIy4eHHS B CBETOBOTO O0JIyYeHHS B YCIOBHAX
YCIIOBHSIX AKMOJTMHCKO#H AKMOTHMHCKO# 06n1acTH.
obnact.

2 B} Toaroroska cemeHHOro | HOA0py | nexabpp |Byzer  moArotoBneH  ceMeHHOM
Marepuana, noceB B Kybuku u| 2020T. 2020 r. |marepuan, moceB B KyOMKH U
YCTaHOBKA B paccaHoM | YCTaHOBKA B PACCATHOM OTIE/ICHHH K
OTZE/IEHHH H Ha YCTAHOBKY. YXOI Ha yCTaHOBKy. Bysner mposezen yxon
3 PaCTEHHSIMH, TIOAKOPMKH. 3a pacTeHHsIMH, OyIyT NpPOBEJEHBI

TIOZIKOPMKH.

12 Onpezencane assl passuTHs: | HOSOpL | Jekabpb | ByayT ompenenensi (assl pasBuTHs:
BCXONBI, TepBBIH M Tperwit | 2020T. 2020r. |Bcxompl, IepBRI WM TpeTHi
HACTOAIMH  JIMCTBS,  TOTOBAs HACTOAIMMH  JIHCTBA,  TOTOBAs
paccana (7-8 smctbes, Beicota 30 paccana (7-8 smmcTheB, BbIcOoTa 30
cM.). cM.).

1.3 Toncuer KomuyectBa M | HosAOph | nmexaGpe | Byzer TIPOBEZIEH noacyeT
IWIOWAAH  JIMCTheB,  BhICOTHI | 2020 T. 2020T. KONTMYeCTBA M IUIOLIANH JIHCTHEB,
pacTeHHs, TOMIMHBI cTebnt B BBICOTBI PACTEHHSI, TOJIIHHEI CTeGIs
TEYEHHH POCTa PaccaIbl B TEYEHHH POCTA PACCabl.

2 Onpenenuts BpeMeHHBIH | HOAOph | Jekabpp |Bymer — ompeneneH  BpemeHHBblit
PerjamenT ceroauonoro | 2020r. | 2020r. | permameHT CBETOIMOTHOTO
obmyuenns paccaisl ToMara B olmyueHuss paccamsl Tomara B
YCIOBHSAX AKMOJIMHCKO# YCIOBHSIX AKMOJIMHCKO# o6nacTa.
obmactu.

251 Tlposesienne 3aMepoB CBETOBOM | HOSOPH | Aekabpb | ByayT IpoBeneHBI 3aMepbl CBETOBOM
HArpy3kH 1o  BpeMeHHomy | 2020T. 2020r. | marpyska o BPEMEHHOMY
periiaMeHTy. periamMeHty (mIOKCMeTpBI u

creKTpodoTOMeTp).

22 ITposeenne uceneoBanuit | HOsOph | mexabpes | ByayT mpoBeseHsl HcciesoBaHHs
mpoleccoB GOTOCHHTE3A. 2020 . 2020r. |mpomecco doTocuHTesa (cHCTeMa

dorocuntesa LI-6400XT).

3 Onpenenuts HapacTaHue | OkTsOpb | nexabpp |bBymer — mHawata  paGora 1o
6uonornyeckoit Macerl canata B | 2020T. 2020 r. | ompeneneHuIo HapacTaHusl
epHOI 1-ro cpoka GHONOrMYeCKO Macchl camata B
BBIDANIHBAHASA TIPH Pa3IHYHOM Tepro 1-ro cpoka BHIPAIHBAHHS
BBICOTE CBETOBOTO OOJTyuYeHHs B TpH PaslIM4HON BBICOTE CBETOBOIO
YCIIOBHAX AJIMaTHHCKOU 00yueHnst B YCIIOBHAX
obnacty. AnvatuHCKo# 061acTH.

3.1 Toaroroska CeMeHHOro | OKTAOph | Jexkalpp |Byzer  IOAroToBIeH — CeMEHHOMH
Marepuasa, ImoceB B crakanunku | 2020 . 2020 r. |marepman, TOCEB B CTAKAHYHKA M
M YCTAHOBKA HA YCTAHOBKY. YCTAaHOBKA Ha YCTaHOBKy. bymer
Vxon 3a PacTeHHSIMH, MpOBENieH YXOJ 3a PACTEHHAMH,
HOJKOPMKH OylyT POBE/ICHBI ITOIKOPMKH.





image18.jpeg
32 Onpenentenie (asel paseutus: | OKTsiGps | JekaGpe | BymyT onpenenenbi ¢assl passuTHsL:
BCXOZbI,  TepBeif,  BTOpOH, | 2020T. 2020 r. | Bexompl, MEpBEIH, BTOPOH, TpeTHit
TpeTHil  HacTOSMM  JHCT, HacTosuMi JHCT, (HOPMHpOBaHHE
(opmupoBanue PO3eTKH, PO3eTKH, paccana, roToBas
paccajia, roToBast npoaykims (8 npoayKims (8 MCThEB).

JIHCTBEB).

33 Toncuer KonuyectBa M | OKTAOph | Jexabpb | Bymer TIPOBEJIEH noJIcyeT
WIOM@JM  JMCTheB, BBICOTHI | 2020 T. 2020 r. |KoNMYeCTBA H IUIOLIANH JIHCTBHEB,
pacTeHus, JUIMHBI  KOPHEBOi BBICOTBI PACTEHHS, [UTHHBI KOPHEBOI
CHCTEMBI. CHCTEMBIL.

4 OnpenennTs BpeMeHHBIH | OKTAOpb | JekaOpb | Bymer  ompenenen  BpeMeHHBIH
perjiamMeHT ceeromuonsoro | 2020 . 2020r. | pernameHT CBETOAHMO/IHOTO
obmyueHns canata B YCIOBHSX of0nmydeHust canara B YCIOBHSX
AIIMaTHHCKO# 0071acTH. AnvaTHHCKO# 0671acTH.

4.1 TIposesienne 3amepoB cBeToBOH | OKTAOpL | nexabpes | ByayT npoBeeHbl 3aMepbl CBETOBOM
Harpy3kd 1o  BpemeHHomy | 2020T. 2020r. | Harpyskum no BPEMEHHOMY
PperiiaMeHTy. periamMeHTy (JTIOKCMETpBI "

cneKTpooTOMeETp).

42 TIposenenue 3amepoB | okTA0pb | aekabpe | Bymyr NPOBE/ICHBI 3aMepbl
paccrosuus ot jamn o | 2020T. 2020r. | pacCTOSHHS OT JiaMn IO pacTeHHi
pacTeHui o CBETOBOH 10 CBETOBOM Harpyske.

HarpysKke.

) ITpoectn CpaBHHUTENBHEIH | OKTAOph | Jekabpb |Byzer mpoBeieH cpaBHHTEIBHBIR
aHamu3  ¢m3Honornyeckux | 2020T. 2020r. |anamm3 (DH3HONOTHYECKHX "
GHOXHMHYECKHX TPOLIECCOB OGHOXHMHYECKHX TIPOLIECCOB
PpaccajiHbIX PACTCHHH, OLEHHTH paccajHbIX  PACTCHHMi, OICHHThH
Ka4yecTBO paccalsl ToMata NpH KayecTBO ~ paccaiasl ToMara
9KCIIEPHMEHTAIBHOM JIHCTOBOrO cajata npu
CBETOIHOJHOM W TPaJHITHOHHON 9KCITePHMEHTAIBHOM
JIOCBETKAX B YCIIOBHSX OIIBITHO- CBETO[IMOMHOH M  TPaJHLHOHHON
TPOM3BOJICTBEHHOIO yJacTKa. JIOCBETKAaX B YCJOBHAX OINBITHO-

TIPOM3BOJICTBEHHOTO Y49acTKa.

5.1 Onpenenenne OHOXHMHYECKHX | OKTAOph | nekabps | ByayT ompeeneHbl
mokasatenedt  (cyxoif  Bec, | 2020T. 2020r. |6GHOXMMHYECKHE ToKasaTeny
utamue C, obume caxapa) B (cyxoit Bec, BuramuH C, ofmme
NIHCTBSIX pacTeHHil ToMaTta u caxapa) B JIMCTBAX PACTEHHI
JIECTOBOI'O CallaTa. TOMAaTa H JHCTOBOIO CajlaTa.

2021 ron

1 Onpenenuts HapacTaHue | ampenb Mait Byner  onpeneneno  HapacTanue
Guonoruyeckoit Maccel paccampl | 2021 r. 2021 r. |GuOTOrMYEcKO ~ MacChl  paccambl
TOMara B NepHOA 2-TO CPOKOB TOMara B Mepuoj 2-T0  Cpoka
BBIDALMBAHHA ~ TIPH  DasHBIX BBIPAIIMBAHHS IIPH PA3sHBIX THIAX
THIAX CBETOBOrO OOTy4eHHs B CBETOBOTrO OOJTyYeHHS B YCIOBHAX
YCIOBHAX AKMOJIHHCKOH AKMOJIHHCKO# 06nacTa.
obmactu.

11 TlonroToBka CEMEHHOTO | anpelhb Mait Byner  moarotoBneH  ceMeHHOM
Marepuaia, noces B KyOuku u| 2021r. 2021 r. |marepuan, TOCeB B KyOMKH W
YCTaHOBKA B paccaaHoOM YCTAHOBKA B PaCCaHOM OTIC/ICHHH H
OTJIE/ICHHHU U Ha YCTAHOBKY. YXOI Ha YCTaHOBKY. Bysier mpoBeieH yxoa
3a PACTEHHSMH, TTOIKOPMKH 3a pacTeHMsIMM, OyZYT IPOBEICHBI

TIOJIKOPMKH.
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1.2 Onpenenenye (assl  pasBuTHs: | amnpenb Mail BynyT onpenenens! (asbl pa3sButus:
BCXOIbI, mepBblii W Tperwii | 2021T. 2021r. |BcXOABl,  MepBBIi M TpeTwi
HACTOSIIMH  JIMCTBs, TOTOBas HACTOSILLAH JIACTBA, roTOBast
paccana (7-8 nmcreeB, Beicota 30 paccana (7-8 mmcteeB, BbicoTa 30
M) oM.)

1.3 Toacuer KONMYecTBa M | ampelb Mai Byner NpOBeJIeH nojicyeT
WIOMAIH  JIHCTBEB,  BBICOTHI | 2021 T. 2021 r. | KOIMYECTBA M IUIOLIAAM JIMCTHEB,
PacTeHHs, TONIMHEI cTefas B BBICOTBI PACTEHHUS, TONHHLI cTeOuIs
TEYCHHH POCTa pacca/ibl B TEUCHHH POCTaA paccaibl

2 Onpenenutsb BPEeMEHHBIH | ampens Mai Byner  ompenenen  BpeMeHHBbIH
periamMeHT cseroauonHoro | 2021r. 2021 r. |pernament CBETOJIMO/IHOTO
olnydeHns paccaibl Tomara B o0nyyeHuss paccajsl ToMara B
YCIOBHSX AKMOJIHHCKOMH YCIOBHAX AKMOJIMHCKOI 061acTh.
obmacTu.

2.1 Tlposenenne 3aMepoB CBETOBOH | ampeinsb Maii BymyT mpoBezieHb! 3aMepbl CBETOBOI
Harpyskd 1o BpemeHHOMy | 2021r. 2021r. | Harpy3k: no BPEMEHHOMY
PperiamMenTy periaMeHtTy (/moKCMeTpEI u

creKTpooToMeTp).

2.2 Tposenenne MCCTIE/IOBaHUH | anpeib Maii Bynyr npopenensl uccienoBanus
TIporieccoB (OTOCHHTE3a 2021r. 2021r. | mpomeccoB (ortocuHTesa (cHcTeMa

torocunTesa LI-6400XT).

3 OnpenemnTs HapacTaHHe | SHBAph MapT Bymer ompeneneso — Hapacramue
Guosloruyeckoii Maccsl canata B | 2021 r. 2021r. |GHONOrHYecKoll Maccel camata B
TepHO 2-r0 U 3-r0 CPOKOB MpH nepuoA 2-ro M 3-r0 CPOKOB IpPH
paamaln-mﬁ BBICOTE CBETOBOI'O pasm«mﬂoi’x BBICOTE CBETOBOIO
obnyuenus B YCIOBHAX o6myuenns B YCIOBHAX
AJMaTHHCKO#f 0671acTH. AnvaTHHCKOH 00acTH.

3.1 TIoaroroska CEMEHHOTO | SIHBaph MapT Byser  moAroToBieH  ceMeHHOMN
mMarepuana, moceB B crakaHuuku | 2021r. 2021 r. MaTepHajl, IOCEB B CTAKAHYMKH U
M YCTAHOBKA HAa YCTAHOBKY. YCTaHOBKAa Ha YCTAHOBKY. Byzer
Vxon 3a PacTeHHsIMH, NPOBE/IEH YXO[ 32 PAacTeHHAMH,
TOJIKOPMKH OYIyT HPOBELEHb! IOJKOPMKH.

32 Onpenenenne (asbl pasBETHS: | SHBaph MapT BynyT onpeneners! dassl passaTHS:
BCXOJbL,  MepBBIH,  BTOpOH, | 2021r. 2021r. | BCXOMBI, MEpBEIf, BTOPOMH, TpeTHil
TpeTHit HACTOALIMH JHCT, HacTosAmMi yMeT,  (popMHpoBaHHE
(opmupoBanue PO3ETKH, PO3eTKH, paccana, TOTOBas
paccana, rorosast npoxykuus (8 npoyKLws (8 IHCThEB).

JIMCTHEB).

3.3 Toncuer KOIMYECTBA M | SHBaphb MapT Byner MPOBEJICH MoJICUeT
IUIOMAMH  JIMCTBEB,  BbIcOTHI | 2021 1. 2021r. KOJIMYECTBA M IUIOMIAZN JIHCTHEB,
pacTeHHus, JUIMHBI  KOPHEBOi BBICOTBI PACTEHHUS], JUTHHBI KOPHEBO#
CHCTEMBI CHCTEMBI.

4 Onpenenuts BpPEMEHHLIH | SHBAph Mapr Bynmer  ompenenen  BpemeHHBbIi
PperjiamMeHt ceeroquoHoro | 2021 r. 2021 r. | pernameHT CBETOIHOIHOTO
OONydeHHs cajata B YCIOBHSX o0nydeHust cajgara B YCIOBHSX
AJIMaTHHECKO# 06macTH. AnvaTHHCKO# 061acTH.

4.1 Tlpoesienne 3aMepoB CBETOBOH | SHBaph Mapr BynyT npoBeie! 3amMepsI CBETOBOI
HArpy3KH 10  BpeMeHHomy | 2021r. 2021r. |Harpysku no BPEMEHHOMY

periaMenTy

periamenTy (JIOKCMETpBI H
CeKTPOPOTOMETD).
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42 IIporenenue 3aMepoB | SHBaph MapT Bynyr TIPOBE/IEHBL 3aMepbl
paccrosiuus ot mamm g0 | 2021 2021 r. | paccTosHMsS OT JaMIl A0 pacTeHHii
PacTeHHi 10 CBETOBOH HArpyske 10 CBETOBO HArpy3Ke.

D IMposectn CPaBHHTE/IBHBIH | AHBaph Mai Byner npoBeneH CpaBHUTENbHbII
aHanus  (usuonorndeckux u | 2021r. 2021 r. |aHamm3 (DU3MONOTHYECKHX M
OHOXHMHYECKHX TIPOLIECCOB GHOXHMHYECKHX MPOLECCOB
PaccajiHbIX PacTeHHH, OIEHHTH paccaaHbIX — pacTEHMi, OLEHHTH
KauecTBO paccalbl ToMaTa IpH KauecTBO  paccagbl TOMara M
IKCITEPHMEHTAIBHOM JIHCTOBOTO canara pu
CBETO/IMO/THO¥ M TPaJHITHOHHOM IKCTIEPUMEHTATBHOM
JIOCBETKAX B YCIOBHUAX OIBITHO- CBETOJHOJHON M Tpazmunouaoﬁ
NPOXU3BOJICTBEHHOIO y4JacTKa. JIOCBETKAaxX B YCJIOBHSX OIBITHO-

[POM3BO/CTBEHHOrO y9JacTKa.

5.1 Onpenenenne GHOXMMHYECKHX | SHBAph Mait Bymyr OTpenenenbl
nokasareneif  (cyxo  Bec, [202IT. 2021 r. |OHOXHMHYECKHE noKasaresu
sutamue C, ofmme caxapa) B (cyxoit Bec, ButamuH C, o6mme
JIMCTBAX pacTeHHH ToMara M caxapa) B JIHCTBAX pacTCHHI
JIMCTOBOI'O cajara. TOMATa U JIMCTOBOI'O cajara.

6. Ouennts SKOHOMHYECKYIO | Mait HoAOps | Byner onpeneneHa SKoHOMHYecKas
sdexrnBHOCTS  MCTONB30BaHMs | 2021 I. 2021 r. | addexTHBHOCTH HCTIONB30BAHUS
CBETOAMOHOMH JOCBETKHA Juis CBETOAHO}JHO“ JOCBETKH A
MOy YCHHS KauecTBEHHOM TOJTYYEHHs] KayeCTBEHHOM paccaibl
Ppaccajibl TomMara M cajiata. ‘TOMarTa H cajiarta.

IMomroToBka  MarepHanoB  He Bynyr noarotosneHs! He menee 1
MeHee | (omHOM) cTatbh WM (omHo#t) crarbm i  o63opa,

o030pa,  omyONHKOBAaHHOH B
PeIICH3HPYEeMOM Hay4HOM
W3aHWH, BXOAAEM B 4

(ueTBepTHIif) KBapTHIM B Oase
Web of Science mm mveromem
npouerTuib 1o CiteScore B Gaze
Scopus He MeHee 35 (Tpuauarn

OnyGIMKOBAHHOM B PELEH3HPYeMOM
HAayYHOM M3IaHHH, BXOIALIEM B 4
(uetBepTrIif) KBapTHIH B Gasze Web
of  Science wm  umeromem
npouentuns no CiteScore B Gase
Scopus He MeHee 35 (TpuauaTH
NATH) THO0 HAXOIALICHCS B IeYaTH B

nsty) 1mbo  Haxojsumeiics B YKa3aHHBIX H3JAHUAX, a TaKKe HE
NeYaTh B yKAa3aHHBIX W3aHHSX, & MeHee 1  (omHoif) cratbm B
TaKke He MeHee 1 (01HO}) cTaThi OTEYECTBEHHOM H3/IaHUH c
B OTCYCCTBCHHOM H3JaHHH C HEHYJIEBBIM HMl'laKT-q)a]ﬂ'OpOM
HEHYNCBBIM  MMIIAKT-(QaKkTopoM (PeKOMeHI0BAHHOM KOKCOH),
(pexomennioBanioM KOKCOH), 6o wHe Memee | (ommoro)
mbo He MeHee 1 (oaHOrO) OXPaHHOIO JIOKYMEHTa.
OXPAaHHOI'0 JOKYMEHTA.
Ot 3akazunka: Or Ucnonnurens:
Tpencenarens
T'Y «Komurer naykn MuHHCTEpCTBa arpoTeXHHYECKUH
obpazoBanus 1 Hayka PK» eltdymnan
AiTypagos K. K
O3HaKOMIIeH:
i pyKOBOIHTEINb MPOEKTA
TypGekona A.C.

(moamucs)
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Abstract: Light qualities are considered to affect many plant physiological processes during growth
and development. To investigate how light qualities make an influence on tomato seedlings under
greenhouse conditions, the growth and morphological parameters of tomato seedlings (Fortizia FIRC
hybrid) were studied under three supplemental light irradiations such as light-emitting diodes with
nanoparticle coating (LED 1—Red light-emitting diodes); Blue, Green, Yellow, Red light-emitting
diodes (LED 2), and traditional high-pressure sodium (HPS) lamps with different photosynthetic
photon flux density and the same irradiation time for 33 days. Morphological appearances of three
groups of tomato seedlings were different between light treatments, that s, the plants under LED-
1 and LED-2 were shorter than those under HPS, while stem diameter, leaf area, dry and fresh
weights, and health indices of tomato seedlings grown under alternative light sources were higher
than of those cultivated under traditional HPS lights. However, the higher plant height was in
plants containing traditional high-pressure sodium lamps treatment. Photosynthetic pigments were
shown to have a significant difference under respective light irradiations of LEDs. The levels of
photosynthetic pigments were higher in the leaves of seedlings under LED 1and LED 2, and lower
in those that underwent HPS control treatment. Based on the data of morphological and statistical
analysis, LEDs with nanoparticle coating proved to be beneficial factors for the growth of tomato
seedlings under greenhouse conditions.

Keywords: greenhouse; tomato seedlings; light-emitting diodes (LED); photosynthetic photon flux
density; morphological parameters

1. Introduction

Proper growing conditions in the greenhouse are crucial to providing high-quality
tomato seedlings and further tomato fruits yield. The development and physiology of
plants are highly influenced by the light spectrum of the greenhouse environment. Light is
known as the most important source of energy for plant photosynthesis and is an important
signal of its growth and development. Light, its intensity, quality, and duration are the
fundamental factors that affect the process of photosynthesis and plant growth. Light also
affects the content of primary and secondary metabolites in plants [1]. Under artificial grow-
ing conditions, a lighting system can determine the cost and nutrient quality of plants [2,3].
Light qualities are known to control morphogenesis, growth, and differentiation of plant
cells, tissue and organ cultures [4].
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In the northern and central regions of Kazakhstan and many other parts of cold regions
in the world are often cold, and winter is usually characterized by short daylights for about
six months a year. Such climate usually results in low daily light integral that causes the
reduction of seedling growth rate and extension of the transplant production period. The
best daily light integrals for tomato seedling growth ranges from 13 to 16 mol *m =2 *d~! [5].
However, in a seasonably light-limited climate, sunlight rarely provides sufficient daily
light integrals within greenhouses to produce high-quality seedlings when the propagation
season begins (November, December, or April). High-quality tomato seedlings should be
uniform in size with well-developed leaves and roots (straight and short (12 to 13 cm in
length)), thick stems, and deep-green leaves [6].

Plant responses to light sources or spectra have been examined largely for seedlings or
short-term crops using sole-source or supplemental lighting. There is a lack of information
regarding the long-term effects of light properties on plant growth and development and
its underlying mechanisms. The vast majority of studies on plant-biomass allocation have
focused on either the transition from the vegetative to the reproductive phase or allocation
among plant vegetative parts (leaves, stems, and roots) while excluding reproductive
parts (i.e., fruits). The effects of a light environment are often not considered in allocation
studies. Studies of whole-plant responses to the light environment are extremely limited
and cannot be extrapolated from short-term observations of seedlings or short-term crops.
A mechanistic understanding of these relationships not only has significant impacts on
plant science research but also has practical implications for efficient crop production.

Supplemental lighting promotes the growth of greenhouse-grown vegetable seedlings
by increasing total daily light integral. High-pressure sodium lamps (HPS) are the most
widely used electric light source for greenhouse supplemental lighting during transplant
production. In general, HPS lamps provide an orange-biased spectrum by primarily
emitting light in the range of 565 to 700 nm. And it is widely accepted that any wavelength
of light within the photosynthetically active radiation spectrum (400 to 700 nm) contributes
to photosynthesis and crop productivity. Over the past decades, interest has shifted toward
alternative supplemental lighting sources that can reduce production costs by decreasing
electrical energy consumption while maintaining transplant quality.

Light-emitting diodes (LEDs) represent a promising technology for the greenhouse
industry. LEDs have technical advantages over traditional lighting sources but are only
recently being tested for horticultural applications [7]. Light-emitting diodes are the
first source to have the capability of true spectral control, allowing wavelength to be
matched to plant photoreceptors to provide more optional production and to influence
plant morphology and composition [8,9].

The main advantage of LEDs over all other types of plant lighting lamps is that the
technology is rapidly advancing in terms of energy efficiency. LEDs do not generally “burn
out” like traditional lamps, and their lifetime is measured as the time of LED to dim to
70% of its original intensity. The lifetime of LEDs is about 100,000 h and still rising [9].
And its economic effect is achieved not only due to the high energy efficiency of LED
light sources, their high reliability (the lifetime is more than 10 times higher than that of
HPS lamps) but also, due to fundamentally new capabilities of agricultural technology to
increase cultivation productivity for by optimizing the growth and development of plants
by controlling the spectral composition and radiation intensity of LEDs at all stages of
ontogenesis. Thus, numerous studies have shown the effects of LEDs on plants, such as
elongation, axillary shoot formation, leaf anatomy, and rhizogenesis [10-12].

Along with LED energy savings and functionality, their safety for users and the
environment is worth to be mentioned. There is no fragile glass envelope to break, no
high touch temperatures; LEDs contain no hazardous materials, such as mercury [13]. The
selection of an appropriate material is an important process for a relatively high-productive
system and has been observed to be of a significant effect in many other scientific fields [14].

The objectives of this study were to examine how LEDs with nanoparticle coating
manufactured by LED System LLP affect plant growth and transplant quality and to find
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the suitable light intensity for the two cultivations of Fortizia FIRCtomato under local
greenhouse conditions. Morphological characters, stem diameter, leaf area, and dry weight
of plants have been determined after exposure to different supplemental light sources.

2. Materials and Methods
2.1. Plant Material and Growing Conditions

The experiment took place in the greenhouse of Led System Medial LLP located in Nur-
Sultan city, Kazakhstan. The tomato seedlings were subject to supplemental lighting of LED
with nanoparticle coating (Figure 1) and traditional high-pressure sodium lamps (HPS).
The experimental facility air temperature was automatically maintained at +23-24 °C with
the help of an air conditioning system, and the relative humidity was maintained at 60-70%.
The microclimate was controlled using a multifunctional meteorological station model
Terasea (Luxembourg, Germany).
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Figure 1. Purpose designed experimental facilities for planting tomato seedlings (Nur-Sultan city).

Plant material: Fortizia FIRC hybrid tomato seedlings, in total 80 pieces.

The seeds were planted in seed starter trays on 15 February 2021. Only calibrated and
treated seeds were sewn. The quality of seeds corresponded to the 1st class seeds.

Seeds were planted in rock wool cubes moistened to 100%. Seeds were planted in
excess by 10% in the case of rejection or replacing the fallen ones. Seeds planting was
done by hand. Seeds were sprinkled on top with vermiculite. Before planting seeds,
rock wool cubes were saturated with the nutrient solution with 1.8 concentrations, pH—
5.5. For optimal vegetative growth, the nutrient solution with high calcium content and
ammonia-free fertilizers were used.

Germinated seeds (after 2-3 days) were transferred under a light source for 24 h
supplemental lighting (illuminance was 8 kilolux) for 3 days. The other 12 days the
treatment with supplemental lighting was carried out for 17 h a day. At the two and
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three-leave stage seedlings were pricked out into mineral wool cubes. The number of
seedlings transplanted per 1 m? was 25 pieces. After pricking out, the number of seedlings
per 1 m? was maintained at 20 pieces. The conductivity of the nutrient solution was
maintained at EC = 1.3-1.7 uS/cm. The growing of seedlings was completed by the 45th
day after germination. After the experiment, we examined the growth and quality of
tomato seedlings. Biometrical and phenological observations were taken according to the
State methodology of crop variety testing [15].

The study of the pigments of the leaf of tomato seedlings was carried out in accordance
with the generally accepted method for determining the content of the main pigments,
using spectrophotometric analysis [16].

2.2. Experimental Facility

The experiment was carried out in the specialized experimental facility designed and
manufactured for research of tomato seedlings’ growth under supplemental lighting and
traditional HPS lights (control).

Experimental LED lights of domestic origin (hereinafter, LED lights) were used as a
photosynthetically active radiation source (PAR). Lights in the experimental facility were in
the form of closed shelves designed for tomato seedlings growing. Experimental facilities
for growing tomato seedlings consist of an LED irradiation system and a nutrient solution
supply system. The brightness of the irradiation system can be adjusted in the range of
50-100%. The LED lighting system of each shelf has its spectral compositions (Table 1).
LED lighting system turns on and turns off automatically. The photoperiod was 17 h a day.

Table 1. LED lighting system options used in the experiment.

Photon Flux Density (PPFD),

Treatments LED Lights it Wavelength (nm)
LED lighting 1 Red light-emitting 0
(LED-1) diodes (LEDs, R)
Blue, Green, i
i Yellow, Red ™1
LE](DL]‘E%‘fZ‘)“g 2 light-emitting 180 e
diodes (LEDs, B, G, § o
Y.R)
wom
High-pressure sodium Yellow
arc lamp light-emitting 80
(HPS control) diodes (LEDs, Y)
e e

2.3. Analysis of Growth Parameters and Biomass of Plants

Biometrical and phenological observations of tomato seedlings were taken according
to the State methodology of crop variety testing. As a result of phenological measurements,
the following dates were recorded: planting date, single and mass germination dates. Once
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a week we carried the measurement of the following indicators, such as the height of
the main stem (cm), stem diameter (mm), and leaf area (cm?). The height of plants was
measured from the main stem base up to the plant’s top with the help of a ruler. The
measurement of stem diameter was performed with electronic Vernier calipers. Leaf area
of single leaves (cm?) was measured using the Image] leaf disc method [17].

The most significant indicator for cultivation is the biological productivity of plants
identified by the dry mass yield. The growth of a plant can be measured by its dry weight
and fresh weight. The increase in dry weight directly relates to the rate of photosynthe-
sis [18,19].

2.4. Statistical Analysis

Statistical analyses were conducted using Statistical Product and Service Solutions
(SPSS 21.0) for Windows as well as using the analysis of variance (ANOVA), while the
differences among the means were calculated using Duncan’s multiple range test (p < 0.05).

3. Results and Discussion
3.1. Environmental Conditions during the Experiment

One of the most important microclimate parameters affecting tomato production and
quality is air temperature [20]. Jun et al. [21] reported that the best temperature regime for
net photosynthesis on greenhouse-grown tomatoes is 28/20 °C (day /night), while higher
or lower temperatures can negatively affect fruit sets [22]. In this research, minimum
and maximum average air temperatures inside the greenhouse were maintained between
+20 °C and +22°C, and the relative humidity was maintained at 60-70%.

3.2. Morphological Analysis and Biometrical Parameters

The results revealed that light qualities had significant effects on tomato seedlings’
morphogenesis (Table 2). The morphology of tomato seedlings was significantly different
under different light intensities (Table 3). As can be seen in Table 2, HPS (control) light’s
effect was the lowest, particularly, stem diameter, dry weight, leaf area, and health index.
LED-1 demonstrated better results in such indices as dry weight (g), fresh weight (g), height
(cm), and health index, while LED-2 was more efficient in tomato seedlings’ stem diameter
(cm) and leaf area (cm?).

Table 2. Effects of different light intensities on the morphology of tomato seedlings. Error bars
represent the standard deviation (1 = 3). The letters mean a significant difference at p < 0.05.

LED Lights Dry Plant Stem
Treatments  Weight w;;f:‘(g, Height  Diameter Le&;ﬁi“ Health
(molm~2 5-1) ® (cm) (mm)
LED-1 6.03a 4413a 32.69b 829a 151.34a 153a
LED-2 498 ab 3721b 3025b 852a 163.38 a l4a
HPS control 422b 3645b 39.69 a 725b 93.57b 0.77b

Table 3. Effects of different light intensities of photosynthetic pigments in leaves of tomato seedlings.
Error bars represent the standard deviation (1 = 3). The same letters mean a significant difference at
p <005,

LED Lights

Treaments Chli1 Chl?1 Chl(@ -tlbl Chla/b Camteri(;ld
(molm-2 s-1) (mg-g~1) (mg-g—1) (mg-g—1) (mg-g~1)
LED-1 0.739 a 0447 a 1.186 a 1653a 0.148a
LED-2 0.665 a 0388 a 1.015ab 1917a 0.128b

HPS control 0.564b 0.285b 0.849b 1.989a 0.111¢
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To analyze the growth dynamics, we measured the height of tomato seedlings. Plant
height is one of the most important indices. As shown in Figure 2A during the first 12 days
under all treatments were statistically at par, while the measurements on the 26th and 33rd
days after planting in HPS control were higher, than in LED 1 and LED 2.

507 a) A2 LED 1 R LED 2 [ ] HPS control]
B0
%30
£20]
ERLE :
(RN 777\ m_ﬁ \ \
Hl()— B)
i
5]
g 5]
5 AN
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12 19 26 33
Day after planting (d)

Figure 2. Effects of different light intensities on the growth of tomato seedlings (A—plant height,
B—diameter, C—leaf arca). Error bars represent the standard deviation (1 = 3).

Tllumination of plants in the HPS variant (control) led to the elongation of the stem,
thereby leading to the elongation of the stem of the control plants. Such plants become
less resistant to adverse external influences (Table 3). When the organs of plants are
pulled out, their cells from a horizontal position take a vertical one. They become larger,
with thin shells, but their number remains the same. Such cells become less resistant
to adverse external influences, are more often affected by diseases, and are damaged by
pests. The reason that gives rise to the phenomenon of stretching can be a significant lack
of illumination.

The stem diameter is an important parameter describing the growth of the tomato
plant during the vegetative period [23]. The stem plays a key role in the transportation
of water and the translocation of carbohydrates [24]. The stem diameter is an important
parameter describing the growth of crop plants under abiotic stress during the vegetative
growth stage. Therefore, it is important to improve the stem diameter growth model to
predict the response of stem diameter variations (SDV) to environmental changes and
plant growth under different conditions. Figure 2B demonstrates the effect of experimental
LED lights and HPS lighting on the tomato seedlings’ stem diameter. Supplemental
lighting increased hypocotyl diameter, epicotyl length, shoot dry weight, leaf number,
and leaf expansion relative to the control, whereas hypocotyl elongation decreased when
SL was applied. For all cultivars tested, the combination of red and blue in SL typically
increased the growth of tomato seedlings [25]. Morphological appearances of seedlings
were significantly different between light treatments, that is, the plants under RB and RBG
were shorter and stronger than those under C, while those under O, G, and R were higher
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and weaker [26]. Light irradiations with LEDs had significant effects on the morphological
appearances of cherry tomato seedlings (Table 2 and Figure 2). Compared with the C
treatment, the plants of R, O, and G treatment were significantly weaker and higher, while
the plants of B, RB, and RBG treatments were stronger and lower. Stem diameter did not
show significant differences among all light treatments. Leaf area of plants irradiated with
C was significantly larger than those under the other LEDs and there was shown to be no
significant difference among those under the irradiations of the other LEDs. The dry weight
and fresh weight of the plants with B were significantly higher than that with respective
irradiations of the R, O, G LED and that with RB, and RBG followed. The content of water
in plants had no significant difference among all light treatments. Specific leaf area (SLA)
under O and G treatments was greater than that under the other respective irradiations of
LEDs, while that of RB treatment showed the lowest SLA [27].

The dry weight of the plant under LED-1 and LED-2 supplemental lightings increased
Table 2 in comparison with HPS lights. This increase in plant dry weight was mainly
related to differences in light absorption, which in turn were mainly due to differences in
leaf area Figure 2C rather than other morphological parameters. The combination of B and
R LED lighting increased total dry matter [27], photosynthetic pigment content, stomata
number, and reasonable photosynthate distribution in cherry tomato seedlings [28].

The results support the finding that decreased photosynthesis in infected tissues is
in part due to decreased levels of chlorophyll [29]. The contents of Chl and carotenoid in
leaves of plants under different irradiations of LEDs were shown to have no significant
differences (Table 3). Compared with HPS control treatment, the contents of Chla, Chlb,
Chl (a + b), and carotenoids in leaves of plants with LED-1 and LED-2 treatments showed
a tendency to be barely higher than those with the other irradiations of LEDs (Figure 3).
The contents in the leaves of the HPS control treatment were shown to be lower. Chla/b
showed a tendency to have no significant difference in the order of the light irradiations of
all treatments. Carotenoid contents statistically differ between the treatments. The leaf color
of the plants grown under the irradiations of LED-1 and LED-2 was dark green, while that
grown under the irradiations of HPS control was bright green (Figure 3). In experiments
with fodder cabbage and sugar beet, the influences were tested which restrict the finding of
a uniform linear dependence between the chlorophyll content and photosynthetic rate [30].
The results of our experiment also confirm the above conclusions. Not significantly, but still,
a higher content of Chla and Chl b was found in the leaves of tomato seedlings irradiated
with LED-1 and LED-2 (Table 3). The contents of Chl and carotenoid in leaves of plants
under different irradiations of LEDs were shown to have no significant differences (Table 2).
Compared with C treatment, the contents of Chla, Chlb, Chl (a + b), and carotenoids in
leaves of plants with RBG showed a tendency to be barely higher than those with the other
irradiations of LEDs. The contents in the leaves of R and O treatments were shown to
be lower. Chla/b showed a tendency to have a significant difference in the order of the
light irradiations of RB, R, G, B, C, RBG and O. Leaf color of the plants grown under the
irradiations of C, B, RB, and RBG was dark green, while that grown under the irradiations
of R, O and G was yellowish-green [31].

Carotenoid is the auxiliary pigment of antenna Chls in chloroplasts and can help Chl to
receive light energy [32]. The carotenoid content in leaves of lettuce plants under different
light irradiations showed to be high in the order of white, yellow, blue, and red [33]. In the
present study, the carotenoid content of cherry tomato leaves under RBG was the highest,
and that under RB, B, G and C showed no significant difference, while that under O and
R was the lowest (Table 3). The difference between the result and Table 3 may be due to
qualitative and quantitative differences between various spectral irradiations and plant
species [34].

Many experiments have been carried out in recent years. Scientists from different
countries have studied the effect of light spectra on the growth, productivity, and physiol-
ogy of tomato plants. The results were conflicting, but all researchers confirm that tomatoes
need a combination of R and B light [35].




image28.jpeg
Sustainability 2021, 13, 9426

8of 11

| HPS control

Figure 3. Effects of LED light irradiations on leaf appearances of tomato seedlings (LED-1, LED-2, and HPS control).

Light qualities regulate plant growth and development via various photoreceptors
that stimulate signal transduction systems to change plant morphology. In this study,
the morphological and photosynthetic characteristics of tomato seedlings grown in the
greenhouse were significantly affected by light qualities. The results showed that plants
grown under LED lights with nanoparticle coating had better characteristics and improved
plant growth parameters.

In this study, we also found that plant height reached a maximum under LED lights
irradiation than under HPS lamps. This might account for a certain level of decline in the
tomato leaf photosynthetic rate, which resulted in a reduced accumulation of photosyn-
thetic products. The difference in orientation of illumination used in previous studies and
the present study should also be considered, and it would require further detailed research.

The larger and wider leaf allowed more light interception, which may have led to a
significant increase in biomass. The results showed that plants are grown under LED-1 and
LED-2 irradiation had a higher photosynthetic rate and improved plant growth parameters.
We also assume that responses of plant growth to light qualities might not only be related
to species of tomato but also the growth period and light intensity. This needs to be further
studied. The larger leaf allowed greater light interception, which may have led to a certain
increase in biomass.

Starch is the basic carbohydrate reserve that accumulates in the chloroplasts of pho-
tosynthesizing leaves. Thus, further study of starch content in tomato seedlings grown
under LEDs irradiation is required. Due to the limitations in special laboratory equipment,
we couldn’t determine the sucrose cleavage of samples. Further studies are needed to
describe the effects of selected LED light qualities in tomato fruit qualities during storage
and transportation, and they are under progress.

4. Conclusions

Current greenhouse crop-production systems rely heavily on supplemental electric
lighting to improve the light environment and to promote plant growth, especially at
northern latitudes. High-pressure sodium (HPS) lamps have been widely used to provide
supplemental photosynthetic lighting in greenhouses. HPS lamps emit primarily a yellow-
to-orange-biased emission spectrum and are typically positioned high above the canopy to
reduce the impact of radiant heat emission.

Light quality is known to be an important factor that regulates the morphogenesis
and photosynthetic characteristics of plants. In greenhouse tomato production, supple-
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mental lighting can be used to provide sufficient light energy for plants. In greenhouse
tomato production, the quantity of light reaching the lower canopy is less than the top
with the permeation of light, and the lower canopy of tomato plantsis often shaded by the
neighbouring plants. It is therefore not surprising that light is becoming a main limiting
environmental factor in greenhouse tomato production, as it affects photosynthesis, yield,
and quality of plants. Light-emitting diodes (LEDs) are considered suitable supplementary
lighting to improve the yield and quality of plants. In our study, tomato seedlings grown
under greenhouse conditions demonstrated strong morphological plasticity when exposed
to different LED light qualities. We studied the effect of LED lights with nanoparticle
coating, which consists of an LED irradiation system and nutrient solution supply system
on the growth and quality of tomato seedlings cultivated in the greenhouse. The results of
our study suggested that proper light quality effectively regulated photosynthetic capacity
and plant growth. Tomato seedlings grown under the experimental supplemental lighting
were shorter than those of traditional HPS lights. Although stem diameters of plants
cultivated under three different supplemental lightings were at the same level on the 12th
day, but from the 19th day till the end of the experiment (33rd day) LED-1 and LED-2
demonstrated a better effect on stem diameter than HPS light. Morphological parameters
such as dry weight, fresh weight, leaf area, and health index of tomato seedlings grown
under the experimental alternative light sources (LED-1 and LED-2) were also higher than
that of those cultivated under the traditional HPS lights. The interactive effects of light
quality and temperature on plant morphology and growth are hardly known. Further
study is needed to identify the dependence of thermo-sensitivity of plant height on light
quality. However, the study indicated that stem elongation is related to root growth and
photosynthetic pigments. The energy of a photon depends on light wavelength, and blue
photons have more energy but drive the photosynthetic reaction less efficiently than red
photons because their high energy is not fully utilized [33]. The current results suggested
that higher temperature combined with LED-1 and LED-2 creates indisputable optimal
regimes for tomato seedling growth, but a combination of lower temperature and LED light
regime requires further attention in plant production. Light-induced biomass allocation
changed between vegetative and reproductive structures during plant growth and devel-
opment. Based on the data obtained as a result of the comparative and statistical analysis,
we can conclude that LED lights with nanoparticle coating can be applied in greenhouses
as a source of supplemental lighting: leaf area can improve light absorption, and stem
diameter can improve the growth of tomato seedling and further crop productivity. We
conclude that light spectral properties affect biomass allocation, and such responses involve
morphological and physiological changes in tomato plants.
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