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Tomato is a widely cultivated and economically important crop worldwide. This study
Received: January 17, 2024 aimed to test the effect of light spectra used in indoor cultivation on the growth, biochemi-
Accepted: February 05, 2024 cal profile, and resistance of Solanum lycopersicum ‘Bawole Serce’ seedlings against A/-
Online publication: May 06, 2024 ternaria alternata, Alternaria solani and Botrytis cinerea. During the phase of first leaf
emergence, the seedlings were transferred to a semi-sterile growth room with a controlled
*Corresponding address: environment (20°C, 18-h photoperiod, 50 umol - m2- s™! PPFD, 65% RH) for a 3-week
alicja.tymoszuk@pbs.edu.pl cultivation period. Five light treatments differing in red/blue (R/B) light ratio were tested:

I (LED tube; R/B 5.55), II (fluorescent tube; R/B 0.72), III (fluorescent tube; R/B 1.19),
IV (LED panel; R/B 0.51), V (LED panel; R/B 0.20). The best parameters in terms of shoot
length, shoot fresh and dry weights, and number of leaves were obtained in treatment I, in
contrast to [V and V. Plants from treatments IV and V had the smallest leaf area, perimeter,
vertical length, and horizontal width. As for the root system, the highest fresh weight, area,
length of the longest root, total length, and the number of root tips and forks were found
in treatments I and II. The least developed root systems were observed in IV and V. The
greatest chlorophyll, carotenoids and anthocyanins accumulation was enhanced by treat-
ment II. Treatments I-III stimulated the biosynthesis of phenolic compounds. The high-
est superoxide dismutase activity was detected in plants from treatments I and II. As for
A. alternata and A. solani, the level of disease symptoms was significantly higher for treat-
ments [V and V than for I-III. The highest/lowest level of B. cinerea infection was found
in treatments II/I, respectively. The least susceptible to infection by all tested pathogens
were leaves from treatment I. Light spectrum composition is of practical importance for
tomato seedling production.
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Introduction

Tomato (Solanum lycopersicum L.) is a broadly culti-  vegetables consumed worldwide (Abdeldym et al.
vated fruit belonging to the Solanaceae family. It is  2020). Global tomato production reached 180,766,329
a crop of economic importance and one of the top  million tons in 2019 (El-Mansy et al. 2021). The
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nutritional composition of tomato fruit is rich in va-
rious biologically active compounds. Notable groups
include carotenoids, such as lycopene, which is associ-
ated with antioxidant properties and has been linked
to potential health benefits, particularly in cardio-
vascular health and cancer prevention (Mazidi et al.
2020). Additionally, tomatoes contain flavonoids, such
as quercetin and kaempferol, known for their antioxi-
dant and anti-inflammatory properties (Raiola et al.
2014; Cuevas-Cianca et al. 2023). Vitamin C, another
essential component, contributes to immune function
and collagen synthesis (DePhillipo et al. 2018).

Over the years, the demand for high-quality to-
matoes has led to the development and implementa-
tion of controlled cultivation methods in greenhouses,
growth rooms or vertical farms with regulated envi-
ronments — the so-called controlled environment ag-
riculture (CEA) (Dsouza et al. 2023). These indoor
methods aim to optimize growth conditions, improve
crop productivity, and enhance fruit quality through
the precise manipulation of various environmental
factors, including temperature, humidity, light, carbon
dioxide (CO,) level, and nutrient availability (Sotelo-
-Cardona et al. 2021). By carefully managing these pa-
rameters, growers can manipulate plant growth and
development, optimize photosynthesis and fruit set,
and regulate plant health (Amirahmadi et al. 2023).
Controlled cultivation methods offer numerous ben-
efits, including improved crop quality, year-round pro-
duction, reduced water usage, and minimized reliance
on agrochemicals. Additionally, CEA methods can
help to develop methods of combating pathogens that
pose a threat to the cultivation of tomato (Meiramku-
lova et al. 2021).

Light is a crucial factor that profoundly influences
the growth and development of plants. Through pho-
tosynthesis, plants harness light energy to convert
CO, and water into glucose and oxygen, fueling their
growth and providing the foundation of most terres-
trial ecosystems (Nguyen et al. 2021). In addition to
photosynthesis, light plays a significant role in various
physiological processes, including seed germination,
photomorphogenesis, photoperiodism, and flowering.
Moreover, it can influence the production of secondary
metabolites, such as sugars, flavonoids, and aromatic
substances in plants; thus, it can be used for the pro-
duction of vegetables with increased levels of antioxi-
dant compounds (Wang et al. 2022). These compounds
not only contribute to the nutritional value of crops but
also are involved in protecting against oxidative stress
and certain chronic diseases, including cardiovascular
disease, cancers, and age-related macular degenera-
tion (Mazidi et al. 2020). Therefore, the intensity, dura-
tion, and spectral composition of light can affect the
enzymatic and non-enzymatic defense mechanisms in
plants, ultimately impacting their health and resistance

to pathogens. Light has been shown to influence the
susceptibility of vegetable plants to various bacterial
(Leuconostoc mesenteroides) and fungal (Botrytis ci-
nerea, Fusarium graminearum and Penicillium digitat-
um) pathogens (De Lucca et al. 2012; Rasiukeviciaté
et al. 2021). For instance, UV-B radiation can induce
the production of flavonoids and phenolic compounds
in lettuce, which have antimicrobial properties (Liu
et al. 2023). Furthermore, light quality and intensity
can affect the expression of defense genes, such as those
encoding pathogenesis-related proteins and enzymes
participating in the synthesis of phytoalexins (Esco-
bar-Bravo et al. 2019). Understanding the interactions
between light and disease resistance mechanisms can
provide insights into developing sustainable strategies
for disease control in tomato cultivation.

The availability and spectral composition of light
in the growing environment can be manipulated using
various lighting technologies, such as light-emitting
diodes (LEDs), enabling precise control over plant
growth and physiology (Fylladitakis et al. 2023). LEDs
have several beneficial properties compared to former-
ly used lamp types, e.g. fluorescent tubes (FL). Among
them are their low energy consumption and radiant
heat output, rapid response time, long duration, and
the availability of precise control of narrowband-emit-
ting diodes (Proietti et al. 2021). Presumably, this lat-
ter characteristic allows for the scheduled induction
of physiological responses of plants based on the light
spectrum, ensuring the development of suitable de-
fense systems against fungal pathogens of tomato.

Among some of the most common pathogens
found in tomato, one can mention Alternaria alter-
nata and Alternaria solani — the cause of early blight
and Botrytis cinerea — the causal agent of gray mold.
These three fungal pathogens can severely affect to-
mato plants, leading to significant yield losses and re-
duced fruit quality (Adhikari et al. 2017; Soltis et al.
2019). Understanding the role of light in the manage-
ment of A. alternata, A. solani and B cinerea opens
up possibilities for light-based disease management
strategies in tomato cultivation. By utilizing specific
light wavelengths and intensities, growers can create
an unfavorable environment for fungal growth and
infection. However, to date, only the effect of mono-
chromatic LED lights (blue, red and far-red) on the re-
sistance to gray mold in tomato has been studied (Kim
et al. 2013 ; Courbier et al. 2021).

This study aimed to test the effect of five light treat-
ments differing in the share of ultraviolet, blue, green,
red and far-red light in their spectral composition on
the shoot and root system growth, metabolite profile
(content of chlorophylls, carotenoids, anthocyanins
and phenolic compounds), and resistance of S. lyco-
persicum ‘Bawole Serce’ seedlings against A. alternata,
A. solani and B. cinerea. This knowledge will contribute



IS

www.czasopisma.pan.pl P N www.journals.pan.pl

Tymoszuk A. et aIL htspectrum affects growth, metabolite profile, and resistance...

to the advancement of tomato seedling production
and the development of more targeted and sustainable
disease management strategies against A. alternata,
A. solani, and B. cinerea infections.

Materials and Methods

Plant material, cultivation, light treatment

Seeds of tomato (Solanum lycopersicum L.) ‘Bawole
Serce’ were bought at PlantiCo Ltd. (Zielonki Parcela,
Poland). On March 22, 2023, the seeds were surface
disinfected before sowing. After rinsing under run-
ning tap water, the seeds underwent a series of treat-
ments, including immersion in a 5% (v/v) detergent
solution for 10 min, a 70% (v/v) ethanol solution for
5 min, and a 1.5% (v/v) NaClO solution for 20 min
(all chemicals were supplied by Chemia Sp. z o.0.,
Bydgoszcz, Poland). Afterward, the seeds were rinsed
twice in sterile bi-distilled water, for 5 min. Then, the
seeds were sown individually into 0.25-1 plastic pots
(7 x 7 x 9 cm), filled with a professional substrate for
vegetable seedlings composed of white peat, mixed
peat fiber, wood chips, and mineral fertilizer accord-
ing to the manufacturer’s protocol; pH 5.6 (Profi-Sub-
strat, Gramoflor GmbH & Co. KG, Vechta, Germa-
ny). Pots with seeds were maintained in a glasshouse
(53°07’12.0"N 18°00°29.4”E) with a natural photoperiod.

On March 31, 2023, during the first leaf emergence
phase, the uniformly developed plants were placed
in a semi-sterile growth room with a controlled en-
vironment (20°C, 65% RH, 18-h photoperiod). Pots
with plants were evenly distributed on shelves, with
50 plants per light treatment. Five different light
treatments were tested (I-V) (Fig. 1). The Photosyn-
thetic Photon Flux Density (PPFD) value was set at
50 umol - m™ - s7' for all light treatments by adjust-
ing the distance between the light source and the shelf
surface using an FR-10 photometer (Optel, Opole, Po-
land) at the central point of an empty shelf. A spectro-
radiometer (Spectro Light, £6dz, Poland) was used to
measure the light spectrum parameters (presented in
Table 1 and Fig. 2).

The plants were grown for 21 days. The seedlings
were watered daily but no fertilization or plant protec-
tion were applied. Next, a comparative analysis of the
plants was carried out.

Analysis of plant morphology
and biochemical activity

Whole plants were taken out of the pots, cleared of
the substrate, and subjected to morphological meas-
urements. Data, such as the shoot length (cm), shoot
fresh weight (mg), shoot dry weight (mg), number of
leaves, length of the longest root (cm), and root system
fresh weight (mg), were collected. Subsequently, leaves

Fig. 1. Growth room with different light treatments (I-V) used in the experiment; general view (on the left), individual shelves (on the
right). Treatments: | (LED tube; R/B 5.55), Il (fluorescent tube; R/B 0.72), lll (fluorescent tube; R/B 1.19), IV (LED panel; R/B 0.51), V (LED
panel; R/B 0.20)
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Table 1. Characteristic of light treatments (I-V) used in the experiment
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Fig. 2. Spectral characteristics of the light treatments (I-V) used in the experiment: action spectrum relative intensity (McCree 1971)
(at the top) and calculated color temperature (CCT) (CIE 1976) (at the bottom). Treatments: | (LED tube; R/B 5.55), Il (fluorescent tube;
R/B 0.72), lll (fluorescent tube; R/B 1.19), IV (LED panel; R/B 0.51), V (LED panel; R/B 0.20)
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and root systems were scanned (Epson STD4800 scan-
ner, Suwa, Japan) and subjected to further biometric
measurements, including the leaf area (cm?), leaf pe-
rimeter (cm), maximal leaf vertical length (L) (cm),
maximal leaf horizontal width (W) (cm), and leaf
W/L ratio using the imaging software WinFOLI-
A™ (Reagen Instruments, Quebec, Canada), as well
as the total length of root system (cm), root system
area (cm?), root diameter (mm), root system volume
(cm?), number of root tips, number of root forks, and
number of root crossings using the imaging software
WinRHIZO™ (Reagen Instruments, Quebec, Canada).

The whole leaves were used as fresh tissue samples
for the biochemical assay. Chlorophyll a and b, and ca-
rotenoids were extracted by employing Lichtenthaler’s
(1987) method, utilizing 100 mg samples and 100%
acetone (supplied by Chemia Sp. z o.0., Bydgoszcz,
Poland). For anthocyanins (cyanidin-3-glucoside),
200 mg samples were treated with methanol contain-
ing 1% HCI (v/v) (Chemia Sp. z o.0., Bydgoszcz, Po-
land) based on the procedure of Harborne (1967). The
same extract was utilized to determine the total phe-
nolic content using the Folin-Ciocalteau protocol (Wa-
terhouse 2001), employing gallic acid (Sigma-Aldrich,
St. Louis, MO, USA) as the calibration standard.

To assess enzymatic activity, 100 mg samples were
initially homogenized in a phosphate buffer (100 mM;
pH 7.4) containing 1 mM EDTA, 1 mM dithiothrei-
tol (DTT), and 2% (w/v) polyvinylpyrrolidone (PVP)
(Chemat, Gdansk, Poland), following the method out-
lined by Homaee and Ehsanpour (2016). After cen-
trifugation (13,000x g for 20 min at 4°C) (Centrifuge
MPW-260R, MPW MED INSTRUMENTS, Warsaw,
Poland), the supernatants were utilized for determin-
ing total protein content (Bradford 1976) and the ac-
tivities of specific antioxidant enzymes. Superoxide
dismutase (SOD; EC 1.15.1.1) activity was assessed fol-
lowing the procedure of Giannopolitis and Ries (1977),
while guaiacol peroxidase (GPOX; EC 1.11.1.7) activ-
ity was measured using the protocol modified by No-
wogorska and Patykowski (2015) based on the Maehly
and Chance (1954) method.

The SmartSpec PlusTM spectrophotometer (Bio-
Rad, Hercules, CA, USA) was utilized for spectropho-
tometric assessments at specific wavelengths (A ):
530 nm for anthocyanins (cyanidin-3-glucoside), 645
and 662 nm for chlorophyll a and b, 470 nm for ca-
rotenoids, 765 nm for phenolics (gallic acid), 595 nm
for proteins, 560 nm for SOD, and 470 nm for GPOX.
Metabolite (chlorophyll a and b, carotenoids, antho-
cyanins, total phenolics) contents were computed per
gram of a fresh weight (FW) sample (mg - g~' FW), and
SOD/GPOX enzymatic activity U (umol - min™") was
calculated per milligram of protein.

Analysis of plant resistance against fungal
phytopathogens - detached leaf assay

The Botrytis cinerea and Alternaria solani isolates
utilized in this study originated from the pathogenic
fungi collection maintained at the Department of
Biology and Plant Protection, Bydgoszcz University
of Science and Technology, Poland. The A. alternata
1411 isolate originated from the Gene Bank of the
Institute of Plant Protection — National Research In-
stitute in Poznan. The pathogens demonstrated high
pathogenicity to the tomato plants in a preliminary
study (data not shown). Material for inoculation
was prepared as follows: each pathogen was trans-
ferred from stored slants into Petri dishes filled with
a potato dextrose agar (PDA) medium (BD Difco™,
New Jersey, USA), acidified with 50% citric acid
(4 ml per 1) 1 week before the experiment. Dishes
were incubated in darkness at 20-22°C. Following in-
cubation, the spores produced by the mycelium were
dispersed in distilled water. The concentration of
colony-forming units (CFU) was microscopically as-
sessed using a Thoma hemocytometer and adjusted to
1.5x10°¢ CFU - ml™.

Assays were performed on tomato leaves detached
from plants cultivated previously in the tested light
treatments (I-V) for 3 weeks. Detached tomato leaves
were washed with sterile water and placed on Whatman
filter paper in Petri dishes soaked with 6 ml of sterile
water to avoid dehydration. The leaves were inoculated
with 10 ul drops of the pathogen’s CFU suspensions.
Dishes were sealed with Parafilm™ (Amcor, Zurich,
Switzerland) and incubated under tested light treat-
ments I-V. The percentage of the diseased area of the
leaves infected with pathogens was visibly assessed after
7 days.

Statistical analysis

The experiment was set up in a completely rand-
omized design. Each experimental object consisted of
50 plants forming individual repetitions (20 plants were
designated to biometrical analysis, 10 plants to bio-
chemical analysis, and 20 plants to analysis with fungal
phytopathogens). To assess the impact of light treat-
ments on observed traits, one-way analysis of variance
(ANOVA) was performed. Mean values and standard
deviations (SD) for traits were analyzed, and homo-
geneous groups were identified using Fisher’s least
significant differences (LSDs) at the 0.05 significance
level. The analysis was performed using the Statistica
13.3 software package from StatSoft Polska, Cracow,
Poland.
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Results

Results of the biometrical analysis of the aerial parts
of tomato plants showed that the best parameters in
terms of shoot length, shoot fresh and dry weights, as
well as the number of leaves were obtained in treat-
ment I (AP673L LED tube T8), i.e. the one with the
highest R/B ratio. High values of fresh weight were also
found if treatment III was used (FLUORA L 36W/77
fluorescent tube T8). On the other hand, the lowest
values of these parameters were found in treatments
IV and V; i.e. those with a high blue light content. Like-
wise, plants grown under treatments IV and V had the
least developed leaves with small leaf area, perimeter,
vertical length, horizontal width and W/L ratio. The
highest values of these parameters were reported in
treatments I, IT and III (leaf area and perimeter), treat-
ments I and II (horizontal width and W/L ratio), as
well as treatment III (vertical length) (Figs 3 and 4).

As for the root system, the highest fresh weight,
area, length of the longest root, and total length of the
root system, as well as the number of root tips and
forks were found in treatments I and III. There were
no differences between plants grown under treatments
I-IIT in terms of root system volume and number of
crossings. Root diameter was the least divergent as
there were no differences between treatments I, II, IV
and V. The least developed root systems were found
in treatments IV and V, except for the root diameter,
which was the lowest in plants grown under treatment
111 (Fig. 5).

The highest contents of chlorophyll a, chlorophyll
b, chlorophylls (a + b), carotenoids, and anthocya-
nins were found in plants grown under treatment II.
A distinctive content of chlorophyll b was also found
in treatment III, while treatments I and III stimulated
the biosynthesis of phenolic compounds. Generally,

tomato plants grown under lights with a high blue
content (treatments IV and V) had the lowest concen-
tration of pigments. There was no effect of light treat-
ment on the activity of guaiacol peroxidase. On the
other hand, the highest activity of SOD was detected in
plants grown under light treatments I and II, while the
lowest was with treatments IV and V, although it was
not significantly different from treatment III (Table 2).

The tested light spectrum compositions affected
pathogen development. Significant differences in leaf
infection by the tested pathogens were observed in the
light treatments. The severity of disease symptoms also
varied depending on the pathogen species (Table 3).

The highest level of disease symptoms was recorded
in A. solani. The most infected by this pathogen were
leaves in treatments V and IV, in which the percentage
of the surface with disease symptoms was 59.13% and
51.38%, respectively. Significantly lower infection was
observed in treatments III and II, 15.13% and 13.48%,
respectively. These treatments formed a statistically
homogeneous group. The least susceptible to infection
by this pathogen were leaves in treatment I, where the
percentage of infection was 6.85%. The leaves of plants
in treatments I and II were infected at a statistically
similar level.

Alternaria alternata infected tomato leaves at
a lower level than A. solani, not exceeding 18.13% in
treatment IV. The leaves of plants in treatment V were
infected at a slightly lower level of 15.88%. The occur-
rence of disease symptoms in these two treatments
was at a statistically similar level and was significantly
higher than in the other three light treatments. Leaves
in treatment I were the least infected by A. alternata, at
the level of 7.78%, creating a statistically homogeneous
group with a combination of treatments II and III. The
severity of disease symptoms in these treatments was
11.78% and 10.25%, respectively.

Fig. 3. Solanum lycopersicum L.'Bawole Serce’seedlings after 3 weeks of cultivation in the growth room, depending on the light treat-
ments (I-V) used in the experiment; bar = 5 cm. Treatments: | (LED tube; R/B 5.55), Il (fluorescent tube; R/B 0.72), lll (fluorescent tube;

R/B 1.19), IV (LED panel; R/B 0.51), V (LED panel; R/B 0.20)
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Fig. 4. Parameters of the aerial parts of Solanum lycopersicum L. ‘Bawole Serce’ seedlings, depending on the light treatments (I-V)
used in the experiment (means + SD for each parameter followed by the same letter do not differ significantly at LSD ).

Treatments: | (LED tube; R/B 5.55), Il (fluorescent tube; R/B 0.72), Il (fluorescent tube; R/B 1.19), IV (LED panel; R/B 0.51), V (LED panel;
R/B 0.20)
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Table 2. Content of primary (chlorophyll a, chlorophyll b) and secondary (carotenoids, anthocyanins, phenolic compounds)
metabolites, the activity of superoxide dismutase (SOD) and guaiacol peroxidase (GPOX) in Solanum lycopersicum L. ‘Bawole Serce’
seedlings, depending on the light treatments (I-V) used in the experiment. Treatments: | (LED tube; R/B 5.55), Il (fluorescent tube; R/B
0.72), lll (fluorescent tube; R/B 1.19), IV (LED panel; R/B 0.51), V (LED panel; R/B 0.20)

Trait — biochemical assay Light treatment
I I 1} v \Y

Chlorophyll a content (mg - g™' FW) 1.00+£0.13b 1.25+£0.11a 1.06+0.05b 0.61+0.11d 0.73+£0.08 c
Chlorophyll b content (mg - g™' FW) 0.39+0.05b 0.45+0.03a 0.42+0.04ab 0.25+0.05c 0.28+0.02c¢
Chlorophylls (a+ b) content (mg - g™' FW) 1.39+0.18b 1.70£0.14a 1.48+0.08b 0.86+0.16 c 1.01+£0.10c
Carotenoids content (mg - g™' FW) 0.22+0.03b 0.28+0.02a 0.24+0.01b 0.13+£0.03 ¢ 0.16£0.02 ¢
Anthocyanins content (mg - g™' FW) 0.29+0.06 b 035+0.05a 0.27+0.02b 0.18+0.01c¢ 0.17+0.03 ¢
Total phenolic content (mg - g™' FW) 3.66+0.26 abc 390+ 0.40a 386+0.34ab 3.40+0.12c 3.56 +0.15 bc
GPOX activity (U) 340+061a 3.36+148a 249+0.82a 341+£1.00a 3.56+1.89%a
SOD activity (U) 3829+695ab 43.93+8.18a 3406 +£541bc 30.32+6.73¢C 27.96+4.29 c

Means + SD in rows followed by the same letter do not differ significantly at LSD, .

FW - fresh weight

Table 3. Percentage of leaves diseased area in Solanum lycopersicum L.'Bawole Serce’ seedlings, depending on the light treatments
(I-V) used in the experiment. Treatments: | (LED tube; R/B 5.55), Il (fluorescent tube; R/B 0.72), lll (fluorescent tube; R/B 1.19), IV (LED

panel; R/B 0.51),V (LED panel; R/B 0.20)

Light treatment

Phytopathogen I " m v v
Alternaria alternata 778 +4.74b 11.78+8.00 b 10.25+9.36b 18.13+£12.84a 15.88+8.54a
Alternaria solani 6.85+6.09c 13.48 £ 10.70 bc 1513+ 11.74b 51.38+2242a 59.13+3092a
Botrytis cinerea 6.08+7.22¢ 13.75+1045a 8.83+10.91 abc 11.48 £12.59 ab 8.20 +13.67 bc

Means + SD in rows followed by the same letter do not differ significantly at LSD,

The lowest level of disease symptoms was observed
in the experiment with B. cinerea. The average level of
infection in treatments with this pathogen was 9.67%
(A. solani — 29.19%, A. alternata — 12.76%). The high-
est level of leaf infection by B. cinerea occurred in treat-
ments II, III and IV and amounted to: 13.75%, 8.83%,
and 11.48%, respectively. These treatments created
a statistically homogeneous group. The occurrence of
disease symptoms was slightly lower in treatments I
and V, 6.08% and 8.20%, respectively.

Discussion

In our research, tomato plants cultivated under light
treatments with higher R/B ratio (I-III) presented ge-
nerally higher shoot and root biometric parameters
and had a higher content of metabolites than light
treatments IV and V with a lower R/B ratio. Similarly,
the fresh and dry weights of plants and leaf length in
Spinacia oleracea L. were positively influenced by the
irradiation with red light (629 nm) in comparison
to white, blue (468 nm), and green (524 nm) light

(Battistoni et al. 2021). LED AP673L (treatment I in
this study) was previously tested in another experi-
ment and also significantly stimulated the vegetative
growth of tomato and cucumber (Cucumis sativus L.)
seedlings during indoor production (Tymoszuk et al.
2023). Taking into consideration the composition of
the light spectra tested in this study, it can be presumed
that light sources emitting wide spectrum light, con-
sisting not only of blue, and red, but also green light,
stimulate to a greater extent the plant vegetative growth
and development in comparison to light sources with
a low R/B ratio and a low share of green light in the
emitted spectrum. Although green light is often re-
garded as the least efficient wavelength in the visible
spectrum for photosynthesis, it has the ability to pene-
trate the tissues deeper than red or blue light and, con-
sequently, boost the efficiency of photosynthesis. Stu-
dies have also confirmed that green light affects plant
architecture (Liu and van Iersel 2021).

Considering the importance of tomato in human
diets worldwide, studies on modern lighting systems in
indoor cultivation are needed. Light affects plant growth
and development, from seed germination to flowering,
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by triggering various cellular responses resulting in
physiological and metabolomic alternations of plants
(He et al. 2022). Red light is mainly perceived by
phytochromes, whereas blue light by cryptochromes
and phototropins. Red and blue light are essential for
photosynthesis. Red light most often stimulates plant
growth by the induction of stem elongation, which
was also confirmed in our study. On the other hand,
blue light modulates phototropism, stomatal open-
ing, chloroplast relocation, inhibition of hypocotyls
elongation and leaf expansion, as well as regulating
responses against biotic environmental stresses (Kim
et al. 2013). Light can influence the production of
secondary metabolites in tomato plants. For instance,
specific blue light wavelengths, have been shown to
enhance the accumulation of antioxidants, such as ly-
copene, carotenoids, phenolic compounds, flavonoids,
and vitamin C, as well as overall antioxidant activity
in tomato fruits (He et al. 2022). Nevertheless, such
dependency was not confirmed in our study. Among
the tested light spectrum compositions, treatment II
was characterized by the highest share of green light
(45%) in its spectrum, and plants cultivated under this
light source had the highest concentration of evaluated
primary (chlorophylls) and secondary (carotenoids,
anthocyanins, phenolic compounds) metabolites. In-
terestingly, as reported by Zhang et al. (2020) supple-
mentary red light also increased carotenoid content in
tomato fruits. This could be linked with the elevated
expressions of genes encoding ripening-related regula-
tors and the biosynthesis of ethylene.

Our study revealed that plants from treatments
I-III (with the highest R/B ratios) reached the
highest biometric and biochemical parameters, includ-
ing SOD activity and phenolic compounds content, and
were simultaneously highly resistant to A. alternata and
A. solani infection. In this case, proper growth pro-
cesses and resistance to diseases were related traits.
The lower susceptibility of tomato to both pathogens
in these treatments could be a result of the higher pro-
duction of SOD. This enzyme is considered the primary
defense protein against oxidative burst — the result of
biotic stress caused by pathogens (Das and Roychoud-
hury 2014). Therefore, it is recognized as the main
component of the plant cell defense system against
oxidative stress (Zuchowski 1999). Also, phenolic
compounds are involved in plant defense mechanisms
against infection by pathogens, e.g. A. alternata and
A. solani (Dixon and Paiva 1995). These compounds
are part of the plant’s secondary metabolites and con-
tribute to the reinforcement of cell walls, making it
difficult for pathogens to penetrate. They can also di-
rectly inhibit the growth of pathogens by disrupting
their cellular structures and metabolic processes. More
over, phenolic compounds have antioxidant proper-
ties, which can counteract the oxidative stress imposed

www.czasopisma.pan.pl P N www.journals.pan.pl

IS

by pathogens. Therefore, phenolic compounds are
considered part of the broader spectrum of induced
resistance mechanisms in plants against pathogens
(Walters and Fountaine 2009).

In comparison to Alternaria spp. pathogens, the
highest level of B. cinerea infection occurred in treat-
ment II and was the lowest in treatment I (with the
highest share of red light, 61%). In contrast to our
results, monochromatic blue LED light (460 nm),
compared to red (635 nm), green (520 nm) or white
(420-680 nm) light, suppressed the development by
B. cinerea the most, which was simultaneously ac-
companied by the intensified accumulation of phe-
nolic compounds and increased activity of SOD and
APX (ascorbate peroxidase) in tomato leaves and
stems (Kim ef al. 2013). On the other hand, red light
(650-660 nm) and purple light (400-410 nm) inhib-
ited B. cinerea infection in tomato. Interestingly, the
disease suppression mechanisms of these two LED
lights were different. While the red light inhibited
gray mold predominantly by regulating the tomato
defense mechanism (increased activity of superox-
ide dismutase, catalase and peroxidase), purple light
caused the photo-inhibition of B. cinerea mycelium
development (Hui et al. 2017). Contrary to our re-
search, no biometric analysis of plants developed un-
der the tested light spectra was provided in the above-
mentioned studies, and simultaneous evaluation of
plant architecture and resistance to pathogens was not
presented.

Growers can optimize lighting conditions to en-
hance disease resistance and increase tomato plant
growth and accumulation of beneficial secondary me-
tabolites. Based on the obtained results, recommend-
ing treatment I for the production of tomato seedlings
seems to be the most reasonable, due to the desired ef-
fects of the light spectral composition on plant growth,
development and resistance to pathogens. Moreover, in
treatment I, light was generated by a LED source, while
in treatments II and III by fluorescent tubes. From
a practical and economic perspective, LEDs have
greater potential for horticultural production than
fluorescent light sources, due to their longevity, bet-
ter energy efliciency, flexibility of use, and lower heat
generation (Miler et al. 2019).

Conclusions

Based on the obtained results of the effect of different
light spectrum compositions: I (LED tube; R/B 5.55),
IT (fluorescent tube; R/B 0.72), III (fluorescent tube;
R/B 1.19), IV (LED panel; R/B 0.51), V (LED panel;
R/B 0.20), used in indoor cultivation on the growth,
metabolite profile, and resistance of Solanum lycoper-
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sicum ‘Bawole Serce’ seedlings against fungal phyto

pathogens, it can be stated that:

1. The highest biometric parameters of aerial parts of
plants were found in treatments I-III with higher
R/B, as opposed to treatments IV and V with a high
blue light content.

2. The best developed root systems were reported in
treatments I and II, in contrast to treatments IV
and V.

3. Generally, treatments I-III stimulated to a greater
extent the accumulation of chlorophylls, caro-
tenoids, anthocyanins and phenolic compounds, as
well as the activity of superoxide dismutase when
compared to treatments IV and V.

4. The level of A. alternata and A. solani disease symp-
toms was significantly higher for treatments IV and
V than for I-III, whereas the highest/lowest level
of B. cinerea infection was found in treatments II/1,
respectively.

Light spectrum composition is of practical impor-
tance for tomato seedling indoor production. The pre-
cise control over light offers opportunities to promote
plant productivity and resistance against phytopatho-
gens. The knowledge gained from our study can be ap-
plied to improve production and disease management
of tomato seedlings. In the future, it is worth continu-
ing the research and evaluating the quality, yield and
disease resistance of tomato plants developed from
seedlings produced under the tested light treatments
at further stages of cultivation.
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