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Y cmammi npedcmaeneno pesyromamu eKcnepumMeHmanbHo20 00CAI0NCeHHs 6NAUBY CHeKM -
PAAbHO20 CKAADY C8iMA00I00H020 0CEIMACHHS HA PICM, PO3BUMOK MAa NPOOYKMUBHICMb 080~
Yegux Kyabmyp y 3aKpumomy rpyumi. AKmyaivHicmos memu 3yM0o8AeHa 3HAYHUMU 8Mpamamu
8pOJICATIHOCMI Y BIOKPUMOMY TPYHMI, Yepe3 KaimamuuHi pusuxu, deepadayiro rpyHmie ma He-
cmabinbHiCcMb NOOOHUX YMOB, A MAKOIC CKOPOHEHHAM NOCIGHUX NAOU, YHACAIOOK 0EHHUX OIll.
11i vunHuKU 3HUNCYIOMDb epeKmUBHICIMb MPAOUYITIHO20 3eMAepOOCMEa, 00MeNCYIHU MONCAU-
8icmb cmabinbHo20 3a0e3neueHHs HaceAeHHA AKICHUMU ogouamu. B ymosax konmpoavosanoeo
cepedosuuya menauyb puUUKU 8mpam MOoJcHa MIHIMIZyeamu, 0co6AU80 3a 3aCMOCYBaAHHS
LED-¢imoaamn 3 adanmusHum cnekmpom, wo 0onomazae onmumizyeamu (homocunme-
MUYHY aKMUBHICMb POCAUH Ma NideUwUmMU epeKkmMUHICMb 8UKOPUCMAaHHS eHepeii. Memoro
docaioncerns 6yn0 BU3HAYEHHS ONMUMANbHUX CNeKMPANbHUX NAPAMEempié 0ceimaeHHs 045
niosuwenus npodykmuerocmi nomioopie (Solanum lycopersicum, copm «Hymar») ma caramy
(Lactuca sativa, copm «QOdeca 75»). Excnepumernm npogoouiu y HaA8UanbHill menauyi 3 6u-
xopucmarnuam LED-¢gimoasamn nomyxcricmro 100 Bm y vomupvox pexcumax: nogHuil cnekmp
(KOHMPOAY), NepesaldcHo CUHIN, NepesadcHo 4epeoHuUll ma KOMOIHOBAHUL 3i GKAOYEHHAM
ingpauepsonoeo (I4) ma ynempagionemosozo (Y®@) eunpominroeanns. [Ipomseom eocomu
MUdICHIG ecemauyii GUKOHY8ANU WOMUICHEB] BUMIDIOBAHHS 8UCOMU POCAUH, NAOWI AUCMKOBOT
noeepxui, macu diomacu, emicmy xa0poiny, Kinbkocmi K8imok, macu naooie i 8poxcailHocmi.
Cmamucmuury 06po0OKy 30ilicHI08aAAU MeMOOOM 00HODAKMOPHO20 OUCHEDPCILIHOZ0 aHANIZY
(ANOVA) 3 pienem 3nauywocmi p<0,05. Haibinow epekmuenum euseuecs KomoiHo8anuii
cnekmp, aKuil 3a6e3neuus MaKcUMAanbhi NOKA3HUKY époxcaiinocmi nomioopie (4,9 ke/m2) ma
oiomacu canamy (186 e/poca.), a makoxic cnpusé eGpMOHIlIHOMY PO3GUMKY 6ecemamugHux i
eenepamusnux opearie. Cumiil cnekmp cmumyn08ae HaKonuveHHs xaopoginy, aire mae 00-
MediceHUll 6NAU8 Ha 2eHepamugHi npoyeci, mooi K 4ep8oHULl NOCUAI08AE NA0OOHOUIeHHS, NPO-
me 3HUICY8A8 6ecemamuenuil picm. Ompumani pezyaomamu niOmMeepoICyr oMy OUINbHICMb
eukopucmanns adanmuenux LED-gimocucmem i3 kepogaHum chekmpom K iHHOBAYIHHO20
ma exepeoeeKmueHo20 iHcmpymenmy 04s ni0GUWeHHs NPOOYKMUBHOCH 0804e8UX KYAbIMYD
¥ 3akpumomy rpyumi. Lle mae ocobauee 3nauenns 0as nicaa80€HHO20 8iOHOBACHHS A2PAPHOO
cexmopy Ykpainu ma smiuneHHs npo0oeoavioi be3neku Kpainu.

Karuosi crosa: onumanvue oceimaenus, LED-gimonamna, obmemnceni pecypcu, osouesi
KyAabmypu, a0anmugHe azposupoOHULmeo, Gomocunmes, meniuuHe eUPOULY8aHHs:.

INTRODUCTION

In the context of post-war reconstruction
of Ukraine, a comprehensive approach to en-
suring the country’s food security is of par-
ticular relevance. An important component of
this process is the modernization and activa-
tion of the agro-industrial sector, in particu-
lar in regions where, due to war destruction,
mine danger or climate change, open soil has
become unsuitable for traditional agriculture.
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In this context, greenhouse vegetable growing
acts as a strategically important direction,
allowing for stable cultivation of vegetable
products throughout the year. Greenhouse
farms ensure uninterrupted supply of fresh
vegetables, herbs and berries even in winter,
thereby reducing dependence on imported
products. This is especially critical in con-
ditions of unstable logistics and currency
fluctuations. In addition, the development
of the greenhouse sector contributes to the
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economic revitalization of the affected terri-
tories, enabling small and medium-sized busi-
nesses to restore agricultural production at
lower costs than in the case of field farming.
Therefore, investments in greenhouse farming
are not only tactical, but also strategic in im-
portance for restoring Ukraine’s agricultural
potential.

The effectiveness of growing vegetable
crops in the closed ground largely depends
on the characteristics of artificial lighting.
Recent scientific works [1-5] confirm the
significant influence of the spectral composi-
tion of light on the physiological processes
of plants: photosynthesis, biomass forma-
tion, flowering and fruiting. Unlike natural
lighting, phytolamps allow you to adjust the
light parameters precisely, providing optimal
growth conditions by controlling the radia-
tion spectrum. This is especially important
in Ukrainian conditions with short daylight
hours, limited energy supply and the need
for efficient use of resources. In this regard,
the study of the reaction of plants to changes
in the spectral composition of light becomes
particularly relevant and contributes to the
development of innovative technologies for
sustainable greenhouse and vertical farming.

Modern LED phytolamps make it possible
to create specialized spectral lighting modes
with an emphasis on red (660 nm), blue
(450 nm) and other ranges that affect plant
photomorphogenesis [1]. At the same time,
the effectiveness of various spectral combi-
nations depends on the type of crop, its de-
velopment phase, microclimate conditions
and technological approach to cultivation.
Despite the wide popularity of phytolamps
in greenhouse production, it has not been suf-
ficiently studied which spectral combinations
are optimal for different phases of vegetable
crop development. The issue of balancing
high yields and energy efficiency of lighting
systems remains unresolved. This necessi-
tates the need for adaptive, energy-efficient
solutions to ensure maximum productivity in
closed ground conditions.

Therefore, the aim of the work is deter-
mination of optimal spectral modes of LED
phytolamps for stimulating growth and gen-

erative indicators of tomatoes and lettuce in
closed soil under conditions of limited re-
sources, to improve food stability in Ukraine
in conditions of post-war recovery.

ANALYSIS OF LATEST RESEARCH
AND PUBLICATIONS

LED phytolamps for irradiating plants are
no different in design from conventional LED
lighting devices — emitting crystals, under
the influence of electric current, generate a
light flux of a certain wavelength.

The difference between phytolamps and
LED devices is observed in the composition
of the spectrum — not a narrow interval of
warm white glow like incandescent lamps, but
a wide range from ultraviolet to red rays [2].
This emitted spectrum is the main advantage
of LED phytolamps for plants — LEDs emit
light of the spectrums most needed by indoor
plants.

Phytolamps are special light sources that
mimic natural sunlight and provide plants
with the necessary spectrum for their growth
and development. They are especially useful
in conditions where natural light is insuf-
ficient, such as in winter or when growing
plants indoors.

Different light spectra have a significant
impact on the photosynthetic activity of
plants, and this issue has been studied ac-
tively in many scientific works. In [3], the
authors R. Roberta, G. Cocetta and S. Proietti
examine the mechanisms by which different
spectral components of light — particularly
the red, blue and green spectra — can en-
hance or reduce the efficiency of photosyn-
thesis in plants. Their study emphasizes the
importance of light interactions with plant
photosystems at the chloroplast level, where
the spectral composition of light directly af-
fects the energy balance of the photosynthe-
tic apparatus.

In the study [4] (S. Arena, T. Tsonev) exa-
mine in detail the influence of light spectra, in
particular red and blue, on the photosynthetic
activity of plants. The authors emphasize that,
to optimize photosynthesis, plants use diffe-
rent spectral components of light depending
on intensity and environmental conditions.
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They also emphasize the importance of the
combined use of these spectra to maximize
the efficiency of photosynthesis, since each
spectrum stimulates different photosystems
of plants.

In work [5] (L. Gennaro, B. Mele and
V. Luca) focus on how the spectral composi-
tion of light, particularly the red and blue
ranges, affects the rate of photosynthetic pro-
cesses and overall plant growth. They focus
on analyzing how changes in light intensity
and spectrum can alter the productivity of
photosynthesis under different conditions,
particularly in laboratory experiments.

In the works [6; 7] the authors D. Shuang-
shuang, S. Pengfei, I. Dyachenko and L. Ro-
manenko investigated and analyzed the effect
of light on photosynthetic activity with a spe-
cial emphasis on the role of photosynthetic
pigments such as chlorophyll and carotenoids.
The studies showed how different light spect-
ra affect energy production in chloroplasts,
which is critical for efficient photosynthesis.
At the same time, it was shown that certain
spectral components could both cause stress
in plants and stimulate their activity under
favorable conditions.

Research [8] by M. Haidekker, K. Dong
and E. Mattos presented us with methods for
assessing photosynthesis by measuring chlo-
rophyll fluorescence, an accurate indicator of
photosynthetic activity. They describe how
different light spectra change fluorescence pa-
rameters, allowing precise measurements of the
efficiency of photosynthetic processes. In par-
ticular, chlorophyll fluorescence is a very sen-
sitive indicator for studying how light of dif-
ferent wavelengths affects photosynthesis.

Overall, these studies confirm that the
spectral composition of light is an important
factor for optimizing photosynthetic proces-
ses. The red and blue spectra are particularly
important for stimulating the photosystem.
Therefore, the correct use of the spectral
characteristics of light is an important pre-
requisite for increasing yields, especially un-
der artificial lighting conditions, such as in
greenhouses or vertical farming systems.

Therefore, after analyzing the results of
these works, it is possible to present new

methods of plant irradiation in greenhouse
conditions, which involve the optimal com-
bination of spectral components, taking into
account energy efficiency, to increase yield.

MATERIALS AND RESEARCH
METHODS

The study used four spectral modes of
LED phytolamps (full, blue, red and com-
bined spectrum with IR and UV compo-
nents), which were applied to tomatoes of
the Chumak variety and lettuce of the Ode-
sa 75 variety in a training greenhouse. The
lamp power was 100 W, the distance to the
plants was 25-30 cm, the photoperiod was
16 h/day, the light flux intensity was 400—
700 pmol-m~2s-! depending on the growth
phase. All plants were grown in a peat-coco-
nut mixture (pH 5.8-6.2, EC 1.8-2.2 mS/cm)
under standard agrotechnical conditions
(t° during the day 23+ 1°C, at night 18 £1°C;
humidity 60—70%; drip irrigation). In each
variant, 3 replicates were planted: 10 tomato
plants and 15 lettuce plants.

During 8 weeks, height, number of leaves,
leaf surface area, biomass mass, number of
flowers, fruit mass, yield, chlorophyll content
(according to Arnon) [9] and dry matter were
determined. The selection of indicators took
into account the biological characteristics of
crops: for tomato, mainly generative para-
meters (number of flowers, fruit mass, yield)
were evaluated, while for lettuce — vegetative
(leaf surface, biomass, dry matter content).
This made it possible to objectively assess the
impact of spectral modes of LED phytolamps
on the economic value of crops.

Statistical analysis of the results was per-
formed using one-way ANOVA with a signifi-
cance level of p<0.05 for each culture sepa-
rately. The least significant difference (LSD)
test was used to determine the significance of
differences between mean values [10; 11].

RESULTS AND DISCUSSION

Based on studies [11; 12], diagrams
(Fig. 1, a) were constructed, which illust-
rate the influence of light waves of diffe-
rent lengths on the photosynthetic activity
of plants. The diagrams show that blue light
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Fig. 1. Characteristics of light influence:
a — influence of light spectrum on photosynthesis; b — influence of light wavelength on plant growth

(approximately 450 nm) and red light (ap-
proximately 650 nm) are most effective in
stimulating photosynthesis. According to the
results of the study [13], we also constructed
a graph (Fig. 1, b), which reflects the general
relationship between the wavelength of light
and plant growth.

The greatest growth is observed in the
red (650—-700 nm) and blue (450 nm) spec-
tra, which correspond to the main photosyn-
thetically active ranges. Thus, it makes sense
to apply the combined use of these spectra
in phytolamps, providing a comprehensive
stimulation of growth and productive pro-
cesses, which can be the basis for effective
greenhouse production in the conditions of
modern agricultural technologies.

Table 1. Experimental lighting options

Version Spectrum type Spectral ratio (%)
. 100%
Option I | Full spectrum (380-780 nm)
. 70% blue,
Option IT | Mostly blue 30% red
. 70% red,
Option ITT | Mostly red 30% blue
Combined 50% red,
Option IV | with IR and 30% blue,
uv 10% IR, 10% UV

In accordance with the purpose of this
work, we conducted experimental studies on
the influence of the spectral composition of
LED phytolamps on the growth, development
and yield of vegetable crops on the basis of
a training greenhouse. Tomatoes (Solanum
lycopersicum variety «Chumak») and leaf
lettuce (Lactuca sativa variety «Odesa 75»)
were selected as seedlings.

To conduct the experiment, 4 experimen-
tal lighting options were created using 100
W LED phytolamps installed at a height of
25 c¢m above the plants (Table 7).

All other growing conditions were stan-
dard and identical:

» Temperature: +23°C during the day,

+18°C at night;

¢ Air humidity: 60-70%;

* Photoperiod: 16 hours/day;

e Substrate: peat-coconut mixture;

» Watering: drip, automated;

* Feeding: NPK12-12-18 solution with

trace elements.

Parameters studied: saverage plant height
(cm); number of true leaves (pcs); leaf surface
area (cm?); weight of raw biomass (g); chlo-
rophyll a+b content (according to Arnon)
(mg/g); yield (kg/m?).

Data were collected weekly for 8 weeks of
vegetation. The obtained data were subjected
to statistical processing by one-way ANOVA

132

AGROECOLOGICAL JOURNAL -« No. 4 - 2025



OPTIMIZATION OF THE SPECTRAL COMPOSITION OF PHYTOLAMPS IN CLOSED SOIL ...

with a significance level of p<0.05 for each
crop separately.

The study found that the spectral com-
position of lighting significantly affects the
growth, development and productivity of
vegetable crops in closed ground. The sum-
marized data on the experimental variants are
presented in Tables 2—-3.

Based on the summarized data in Tables
2 and 3, it is possible to construct diagrams
showing influence of different spectral modes
of LED phytolamps on plant height, chloro-
phyll content, and yield, Fig. 2.

The presented data show that the best re-
sults for all studied indicators were achieved
when using a combined spectrum of lighting.

Table 2. Influence of the spectral composition of phytolamps on tomato performance

Indicator (ful(l) E}S?S‘?Tlllm) O?IEIISE)H Op(trlg(ril)m (ggggﬁli}il)
Plant height, cm 45.2+2.0 386 1.7 49.7+2.3 524 %25
Number of flowers, pcs. 15+2 11+2 18+ 3 20+ 2
Fruit weight, g/plant 243 + 15 211 £ 12 267 =17 288 £ 14
Yield, kg/m? 41+03 3.6+0.2 45+0.3 49+0.3
Chlorophyll content, mg/g 1.82+0.11 2.06 +0.13 1.67 £0.12 1.94 £ 0.10

Table 3. Influence of the spectral composition of phytolamps on lettuce performance

. Option I Option 11 Option 111 Option IV
Indicator (full spectrum) (blue) (red) (combined)
Plant height, cm 175+ 1.3 149+ 11 204 £1.5 221£1.6
Leaf surface, cm? 282 + 14 316 + 16 268 + 13 305+ 15
Mass of raw biomass, g 158 +9 134+ 8 172 £ 10 186 + 12
Chlorophyll content, mg/g 2.08 +0.12 247 +0.14 1.77 £ 0.11 2.38+0.13
Dry residue, % 6.2£0.3 6.5£0.2 6.8+0.3 71+03
501 1751
150+
40
125+
304 100+
20- 731
50+
104
251
ot lm (B [Ha . . .
Full Blue Red Combined Full Blue Red Combined
Plant height, cm Plant height, cm
I Yield, kg/m2 [ Biomass weight, g
Il Chlorophyll, mg/g I Chlorophyll, mg/g
a b
Fig. 2. Effect of the spectral composition of phytolamps on:
a — tomato; b — lettuce
2025 + No 4 + ATPOEROJIOITYHUI sKYPHAJI 133



0. SADOVYI, V. MARDZYAVKO, A. RUDENKO

Analysis of the results shows that it was
with the combined spectrum that tomatoes
demonstrated the highest values of key agro-
physiological parameters. The yield in this
variant reached 4.9 kg/m?, which is 16.7%
higher than the indicators of the control (full
spectrum) lighting and 36% higher than the
variant with a predominance of the blue
spectrum.

A similar trend is observed in terms of
fruit mass and the number of inflorescences.
The increase in total biomass and the inten-
sive growth of plant mass are explained by the
synergistic effect of spectral components: the
blue spectrum stimulates leaf development,
red — promotes flowering and fruit formation,
infrared improves root system growth, and
ultraviolet activates plant resistance mecha-
nisms.

Although blue light provided the highest
chlorophyll concentration (2.06 mg/g), it
was unable to compensate for the decrease in
overall productivity, probably due to insuf-
ficient stimulation of generative processes.
Red spectrum, on the contrary, significantly
increased fruiting, but in the absence of suf-
ficient vegetative support, it negatively af-
fected the overall chlorophyll content and
plant development rate.

In the case of lettuce, the advantage of
the combined spectrum was also recorded,
which provided the maximum indicators of
biomass (186 g), height (22.1 ¢cm) and dry
matter content (7.1%), indicating harmo-
nious growth and high quality of the pro-
duct. The blue spectrum demonstrated the
highest chlorophyll content (2.47 mg/g)
and leaf surface area (316 cm?2), but lagged
behind in terms of crop weight. This con-
firms that the blue range is critically impor-
tant in the early stages of plant development,
but the presence of red and infrared light
is necessary to ensure maximum producti-
vity.

Therefore, using adaptive LED lighting
with a combination of red, blue, infrared and
ultraviolet spectra creates the most favorable
conditions for the balanced development of
both vegetative and generative organs of ve-
getable crops.

CONCLUSIONS

The results of the analysis of the spectral
impact of LED phytolamps on the processes
of vegetable crops confirm the key role of
the combined spectrum in increasing the effi-
ciency of greenhouse cultivation. It was found
that the combination of red, blue, infrared and
ultraviolet light contributes to the harmoni-
ous development at the main stages of plant
vegetation. The use of the combined spect-
rum provides the highest tomato yield (up to
4.9 kg/m?) and lettuce biomass growth (up
to 186 g per plant), while simultaneously im-
proving quality characteristics such as chlo-
rophyll and dry matter content.

Of particular note is the adaptability
of LED phytolamps, which allow for rapid
change of spectral ratio depending on the
growth phase or external factors. Unlike tra-
ditional light sources, such lamps allow for
precise adaptation of the spectrum in real
time, which makes them not only agrotechni-
cally efficient, but also economically benefi-
cial for greenhouse farming. This allows for
optimization of lighting, reduction of energy
consumption, reduction of the need for addi-
tional equipment and increase of the overall
profitability of growing crops in conditions of
limited resources.

Therefore, the introduction of intelligent
LED systems with adaptive spectral control
should be considered as an important ele-
ment of technological modernization of the
greenhouse sector, especially relevant in the
context of post-war reconstruction and res-
toration of the country’s food security and
quality.
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