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Summary. Results of research of plants radiation conditions in enclosed soil are presented in the paper,
block diagram of instalation for measuring of energetic parameters of impulsive light sources (luminary) is shown,
energysaving illuminators are chosen. Experimental researches were held with the usage of minigreenhouses type
of «Florax. Selective pepper seeds «Claudio» were used as plants. Plants were growing either with constant
irradiation or with additional impulsive one. Measurements of plants growth parameters are conducted.
According to the results of using of energy of optical measurements it is shown that plants use the larger part of
energy for photosynthesis process, the smaller part — for warmth (heat) perception and unregulated process. It is
shown that additional impulsive radiation leads to the increase of plants morphometric indices and concentration
of chlorophylla a and b and carotenoids.

Key words: impulsive radiation, irradiation device, plants lightculture, pulse duration.

https://doi.org/10.33108/visnyk_tntu2018.04.091 Reserived 11.11.2018

Statement of the problem. Light regime is important for growing plants in covered
soil. At present, much attention is paid to the stationary or permanent illumination of plants
[1, 2]. Impulse radiation is also important for plants photoculture, but its effect on plants is still
uninvestigated. Therefore, the investigation of the pulsed radiation influence is important.

Analysis of available investigations. This problem was investigated by many scientists
[3 — 6], particularly the processes occurring in plants under the action of pulsed light were
described in A.A. Shakhov’s monograph [3]. At present, it has been established that prolonged
pulsed radiation on the darkness background is ineffective, because induction losses are present
in the transition from light to darkness. With such pulsed radiation, no positive effect was found
on the storage of light energy through photosynthesis.

Itis shown in S.A. Stanko’s [4] paper that the pulsed light positively affects the synthesis
and accumulation of sugar, amino acids and protein in plant leaves. It stimulates the synthesis
of nucleic acids, which in turn results in increased metabolism.

It is noted in paper [4] that under the influence of pulsed light there is increase in the
content of pigments and strengthening of chlorophyll and carotenoids bonds with the lipoid-
protein complex in plant leaves. Its effect is to change the activity of photosynthetic apparatus
by activating the pigments biosynthesis and photosynthesis stimulation.

The objective of the paper. Due to the appearance of light emitting diodes, which are
energy-saving light sources with different spectral composition of radiation, it was possible to
carry out experiments at a higher new level. In addition, LED light sources have very small
constant afterglow, which makes it possible to use them as pulsed light sources.

Taking into account that the photosynthetic efficiency of radiation is concentrated in the
blue and red areas, semiconductor light sources make it possible to carry out research,
illuminating by light pulses, both in white and in each spectral areas, in particular.
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Lighting instalations for plants lightculture with additional impulsive radiation

The task to investigate the influence of pulsed light sources on light crop of plants,
depending on the conditions of exposure, was set up before the given work.

Description of the main material. To conduct the experimental research «Florax» type
mini-greenhouses were used.

For constant lighting, the energy-saving compact fluorescent lamps (CFLs) of Osram
Duluxstar 18W/840 type were used, as well as light-emitting diode light sources were
assembled in the form of 0,3 m x 0,3 m matrices. The matrix consisted of 192 red LEDs of
MTK2-10R02WC-20cd type and 97 Blue LEDs of MTK2-5B02WC-2cd type with
20° luminous angle of. For lateral irradiation, tapes with blue and red LEDs were used.

For pulsed irradiation, five LED matrices 0.3 mx 0.3 m in size were also used. The first
one consisted of 288 LEDs of white luminescence type, the second one - of the red LEDs of
MTK2-10R02WC-20cd type and 97 blue LEDs of MTK2-5B02WC-2cd type, the third

one — of 5 white, the fourth — of 5 blue10 W LEDs, and the fifth — of 5 red 10W LEDs.

Power supply of pulsed radiation sources was carried out by means of the developed
power supply unit based on Attiny 13 microcontroller, controlling the power switches that
supply electrical impulses to the light instrument. As power switches, n-channel field transistors
with 5V control voltage were used. In order to control the LED operation, the «stroboscope»
mode, where the LEDs included in one of seven programmed programs allowing to change
both the pulse duration and pulse repetition rate were used. The selected program was stored in
the internal memory of the microcontroller and was loaded during the voltage supply.

Pulse Light hv Swecher
generation _ Is pulsed
unit device S

Synchronization
block

PC ADD

Figure 1. Block diagram of instalation for measurement of power parameters of impulsive light source
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Before using the LED pulsed radiators, their light pulses energy was measured. In order
to do this a special installation was mounted. The block diagram of this installation is shown in
Figure 1. It consists of the light instrument, the pulse generating unit, the synchronization unit,
the pulsed candlemeter, ADD and PC.

The impulse voltage amplitude as well as pulse repetition rate and their duration was set
by means of generating unit.

The light instrument is located on one optical axis with the input diaphragm of the pulsed
candlemeter. The measurements results of via ADD were sent to the PC and entered into the
database.

The level of illumination was measured by luxmeter of O 117 type and Solar Power
Meter DT-1307.

Constant medium temperature and 16-hour exposure were maintained during the
experiments.

Experiments were carried out with peppers of Claudio variety grown in three «Flora»
mini-greenhouses.

2 CFL of Osram Duluxstar 18W/840 type operating in continuous mode and providing
3000 sk radiation level were used for lighting in the first (1) greenhouse. Control samples for
comparative analysis were grown in it.

The second greenhouse (2) also used Constant irradiation produced by LED irradiation
facility, consisting of: 192 red LEDs of MTK2-10R02WC-20cd type and 97 blue LEDs of
MTK2-5B02WC-2cd with total capacity of 13.5 W was also used in the second greenhouse (2)
and was installed above plants. In addition, they used 1 blue and 2 red LED strips, fixed on the
side and back walls of the greenhouse.

2 CFL of Osram Duluxstar 18W/840 type were used as permanent exposure in the third
greenhouse (3). LED matrix of white luminescence consisting of 288 LEDs of MTK2-4,8 type
with 1ms impulse duration and interval between pulses of 10s was used for pulsed irradiation.
Its power consumption is 17.3 W.

After four-week growth period the raw and dry mass of plants was weighted, the
concentrations of chlorophylls a and b and the major carotenoids were measured by means of
extracting pigments by dimethylsulfoxide (DMSQO) [7]. The concentration of chlorophylls a
and b and the major carotenoids was determined by spectrophotometry using McKenneyn-
Arnon and Wettstein formulas [8].

Results of the investigation. Figure 2 shows Histograms of the indices of plants growth
and morphometric parameters. Dry and raw pepper masses proved to be the best in the third
greenhouse, where impulsed radiation was used on the background of constant irradiation. The
same was observed with the concentration of chlorophyll b and carotenoids. This indicates the
positive effect of additional pulsed radiation on the plant growth and development.

For further research, the same mini-greenhouses and pepper plants were used, but the
capacity of LI pulse-irradiation was increased by adding five 10W white LEDs of. At the same
time, the interval between flashes increased to 10s.
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Figure 2. Dependence of pepper's growing and morphometric indices: a) chlorophyll a; b)chlorophyll b;
¢)main carotenoids; d) biomass

The irradiation of the first mini-greenhouse remained unchanged, in the second
greenhouse 2 CFL of Osram Duluxstar 18W/840 were added as constant irradiation, and
the LED matrix was used in pulsed irradiation mode. In the third greenhouse constant
irradiation remained unchanged, and LED irradiation unit consisting of 5 10W LEDs of white
luminescence with 16,38 cd-s illumination magnitude.

After 60 days of growth, the concentrations of chlorophyll a and b and the major
carotenoids were measured. Biometric indices were also determined: dry and raw plant leaves
mass, the area of the leaf surface (Figure 3). Indices of chlorophyll a and b were the best in the
third greenhouse, where white pulsed radiation was used, the same trend was observed with
raw and dry mass. The main carotenoids are higher in the first mini-greenhouse, and those
grown in the third are in the second place. In general, while using additional pulsed lighting in
the third mini-greenhouse pepper plants grew and developed faster and looked better than in

the other two mini-greenhouses.
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Figure 3. Dependence of pepper's growing and morphometric indices: a) chlorophyll a and b, b) area,
¢) main carotenoids, d) biomass

In order to evaluate the efficiency of the optical radiation energy use while cultivating
Claudio peppers under greenhouse conditions during the last 30 days, investigations
characterizing the process of plants growth and development: photosynthetic efficiency of
plants, unregulated processes occurring in plants, chlorophyll content and the perception of heat
by plant, depending on the irradiation conditions were carried out (Figure 4). Relying on the
fact that these three indicators are presented in relative units which sum should be equal to 1,
then changing one of them the others will change as well. For this purpose, MultispeQ
fluorometer was used.
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Figure 4. Change dynamics: a) photosynthetic activity; b) unregulated process;
c) plant's warmth (heat) perception; d) chlorophyll content

The effectiveness of photosynthesis (®psn) is the proportion of light energy assimilated
by plants characterizing the rate of formation of primary plant production in natural conditions.
Expressed as the percentage of incident visible radiation converted into pure production during
active photosynthesis. Unregulated processes (¢NO), plant bypass slow down photosynthesis
or are harmful for plants. This ratio indicates that part of the light energy which the plant loses
inefficiently. NPQ is the ratio which indicates the amount of light received by the plant, which
is directed on non-chemical quenching. The latter reduces the damaging effects of excessive
energy of light on photosynthetic apparatus. Relative content of chlorophylls (SPAD) parameter
is widely used as an indicator of the plant nitrogen status.

Dynamics of changes in plant photosynthetic efficiency, unregulated processes
occurring in plants, the content of chlorophylls and the plant heat perception depending on the
conditions of radiation is shown in Figure 4. The investigations proved that the photosynthetic
efficiency of ®pg); is the best in the second and third mini-greenhouses where pulsed irradiation
was used. The @NPQ inder is the best in the first mini-greenhouse, so the highest degree of
plant heat perception is observed here. The highest energy inder that plants absorb and use in
the process of photosynthesis is observed in the first greenhouse. The content of SPAD
chlorophylls is determined both by using the MultispeQ fluorometer and by extracting the
pigments DMSO are equally high in the third greenhouse confirming the results reliability.

Conclusions. 1. The radiation installation for light impulsed radiation of plants using
LED light sources was designed and tested. 2. It is shown that additional impulse irradiation
results in the growth of plants morphometric indices and concentration of chlorophylls a and b
and carotenoids. 3. According to the results of the evaluation of optical radiation energy use by
plants it is proved that the most part of the plant energy is used for photosynthesis processes,
but less one for heat perception and unregulated processes.
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OCBITJ/IIOBAJIBHI YCTAHOBKHU JJI51 CBITJIOKYJIBTYPU
POCJIMH 3 JOAATKOBUM IMITYJIBCHUM OINTPOMIHIOBAHHSM

Mapist Koruk!; Bosiogumup Anapiiiuyk!; Anapiii Fepu?®

Y Tepuoninocoruii nayionanvruii mexniunuil ynieepcumem imeni leana Ilynios,
Tepnoninw, Yrpaina
2 TepHoninbCbKull HAYioHANbHUL Neda202iyHULl yHisepcumem
imeni Bonooumupa I'namwoka, Tepnonine, Ykpaina

Pesiome. IIpeocmasneno pezyromamu 00CioNHceHb YMOE ONPOMIHEHHSA POCIUH Y 3aKPUMOMY TPYHMI,
HABEOeHO ONIOK-CXeMy YCMAHO6KU OJid GUMIDIOBAHHS EHepeeMUYHUX Napamempie iMRYIbCHUX Odicepell ceima,
nioibpano enepeoowjaoHi ONPOMIHIOB8AYI, CHPOEKMOBAHO MA AanpoOOBAHO ONPOMIHIOBANLHY YCHMAHOBKY
CBIMNIOIMNYIbCHOCO ONPOMIHEHHS POCTUH 3 BUKOPUCMAHHAM C8IMI00I00HUX Odcepen ceimua. Excnepumenmanvni
00CNiONHCEHHSL NPOBEOCHO 3 BUKOPUCMAHHAM MiHi-menauyb muny «@uaopa». B saxocmi pociun 6UKOPUCMAHO
6i00ipne nacinns nepyio muny Claudio. Picm pociun 6i06ysagcs six npu nocmiiHomMy OnpoMIHeHHI, MaK i npu
000amMKOBOMY  IMHYIbCHOMY. sl NOCMiliHO20 ONPOMIHEHHA BUKOPUCIAHO €eHep2OOWAOH] KOMNAKMHI
mominecyenmnui aamnu muny Osram Duluxstar 18W/840, a maxodic c8imno0ioouni ddxcepena ceimia, 3i0pani y
suenadi mampuys 0,3 m x 0,3 m. Ceimaodioona mampuys ckradanacs si 192 uepsonux CIJ muny MTK2-10R02WC-
20cd ma 97 cunix CH muny MTK2-5B02WC-2cd 3 kymom ceivenns 20°. Qs 60kK06020 OnpominenHs.
BUKOPUCTNOBYBANU CIMPIUKU 3 CUHIMU MA YepPBOHUMU C8Imaodiodamu. s iMAYIbCHO20 ONPOMIHEHHS MAKOIC
suKopucmanu n’sme c8imiodioonux mampuys posmipamu 0,3 m x 0,3 m. Ilepwa cknadanacs 3 288 ceimnoodiooie
muny MTK2 — 4,8 6inoeo csiuenns, opyea — 3 192 uepgonux ceimnoodiodie muny MTK2-10R02WC-20cd ma 97
cunix cimnodiodie muny MTK2-5B02WC-2cd, mpems — 3 5 decsaimusamuux c6imno0iodie binozo, uemeepma — 3
5 Oecamusamuux c8imn00i00i8 CUHLO2O0, A N'AMA —3 5 decAMUBAMHUX C8IMA00I00I8 YEPBOHO2O KOIbOPY CEIYEHHS.
IIposoounucs sumipiosants napamempie pocmy i pO36UMKY POCIUHU, A came: CUpoi ma cyxoi macu Hao3emHol
YaACMUHYU MAa JUCMKIG, IHOEKCY pocmy, HAOWi TUCMKOBOI NOGEPXHI, YUCMOi NPOOYKMUGHOCMi homocunmesy ma
nizmenmno20 ckaady (xaopoginy a, xaopoginy b i ocnosnux xapomunoioie) npu 16-mu 200unHoMy CEIMAOEOMY
pedicumi 1 NOCMIUNIL memMnepamypi cepedosuya, HageoeHti ix NOPIGHAIbHI XapaKmepucmuKu npu pisHux ymosax
ONpOMIHeHHA. 3a pe3yibmamamit OYiHIOBAHHS GUKOPUCTNANHSA POCIUHAMU eHepeli ONMUYHO20 SUNPOMIHIOBAHHS
NOKA3aHO, WO DLNbULY YACMUHY eHepeli pOCIUHY BUKOPUCTOBYIONMb HA QOMOCUHMEHT NPOYecU, a MeHwy — Hd
CRpUHAMMS menja ma Hepezyibogani npoyecu. Ilokaszano, wo 000amkoge iMnyibcHe ONPOMIHEHHS NPU3600UMb
00 3pOCMaHHsi MOPHOMEMPULHUX NOKAZHUKIE POCIUH MA KOHYenmpayii xaopoginie a ma b i kapomuroiois.

Knwwuosi cnosea: imnynvche onpoMiHeHHs, ONPOMIHIOSANbHUL NPUCMPIl, CEIMAOKYIbMYPA POCIUH,
Mmpueanicms iMnyabey.
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