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Abstract

The use of light-emitting diodes (LEDs) in vegetable species is one of the technological procedures
applied to improve the spectral composition of light in protected areas, as well as to stimulate plant growth,
obtaining high values of production and increasing resistance to conditions of culture. The biological material
represented by tomato seedlings, from varieties with nutritional value and with high ecological plasticity, was
studied in terms of characterizing the effects of applying the treatment using light fields emitted by blue, red
and white LEDs, by analysis physiological parameters, such as: photosynthesis intensity (umols CO,m™s ),
transpiration intensity (mmoles H,O m™s '), stomatal conductance (mols H,O m?s ') and intercellular carbon
dioxide (umol CO, mol™ air). In this study, the estimation of the amount of total chlorophyll (mg m?), was
also investigated. The determinations of the physiological parameters were performed in 3 series, and the
recorded results were statistically analysed, by expressing the significance of the differences between the control
and the studied tomato varieties being studied. Thus, after the treatment period, applied in 23 days (Series II),
with monochrome LEDs, at the level of the stomatal conductance parameter, statistically assured values were
registered for the plants in the ‘L-75’ line exposed to White LED and for those in the ‘L-76’ line exposed to the
Blue LED. The analysis of the results from the investigation of the physiological parameters at the level of the
leaves from the experimental samples indicated that after 35 days (Series III), from the application of the
treatments of 30 minutes/day, with White LED light, they ensured the plants tomatoes from the ‘L-76’ line,
distinctly significantly positive values, compared to those of the control plants, at the intensity of
photosynthesis and the internal concentration of CO..
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Introduction

Due to their global importance (Hoza, 2003; Kimura and Sinha, 2008), tomatoes have been breeding
over time to improve their productivity, fruit quality and resistance to biotic and abiotic stressors (Raiola ez al,
2014; Gliman et al, 2015). The use of genetically resistant varieties and hybrids is a sustainable long-term
management solution for disease and pest populations. There are 13 recognized species of wild tomatoes (such
as S. chimielewskii, S. habrochaines, S. penellii, S. pimpinellifolium), all diploid (2n = 24), which have a wide
variety of phenotypes and can be used in crosses with cultivated varieties (Peralta and Spooner, 2000; Indrea ez
al, 2007; Kimura and Sinha, 2008; Lagunovschi-Luchian and Vinitoru, 2016).

The use of genetically resistant varieties and hybrids is an important element of integrated management
that leads to increased sustainability, reduced pesticide and fuel inputs, increased quantity and quality of
production, without affecting biodiversity too much (Stevens and Rick, 1986; Burnichi er a/, 2020).

On December 15, 2020, in an official statement, QU Dongyu, the General Director of Food and
Agriculture Organization of the United Nations (FAO), designated the calendar year 2021 as the
“International Year of Fruit and Vegetables” — IYFV (http://www.fao.org/news/story/en/item/1364762/
icode/). This international event took place through virtual platforms (online) and called for improving the
production of healthy and sustainable food through innovation and technology and to reduce food loss and
waste. Proclaimed at the 74th session of the UN General Assembly, IYFV 2021, it was dedicated to raising
awareness of the important role of fruits and vegetables in human nutrition, food security and health.

Among the factors influencing plant growth, light is considered essential in performing photosynthesis
itself (Kaiser er al, 2018; Zhang et al, 2019), and the amount, composition and duration of its action affect
many other physiological processes (Taiz and Zigler, 2010), both in the case of protected and outdoor
cultivated plants (Asinici er al, 2017).

Although other species of Solanaceaesuch as Capsicum annum (Bradley and Janes, 1985; Dorais, 1995),
can be grown in a long (20 hours) or continuous photoperiod, without adverse effects on plant productivity,
in case of tomatoes, productivity begins to decrease as the number of light hours increases (Vezina er al, 1991;
Zamfir et al, 2020). Pepper plants can adapt to photoperiods longer than 20 hours, by increasing the
carboxylation capacity and by increasing the amount of synthesized carotenoids and xanthophylls (Dorais,
1995; Demers and Gosselin, 2002). With the increase in lighting duration from 12 to 24 hours, the process of
CO; assimilation has significantly increased (Dorais, 1995).

Regarding tomatoes, studies have shown that at photoperiods of 20-24 hours, plants develop chlorosis
on young leaves (Vezina er al, 1991). Studies conducted by Lanoue er al (2019), showed that the reaction of
tomato and cucumber plants to long photoperiods also depends on the spectrum of light to which they are
subjected. They have shown that alternating red light and blue light during a continuous photoperiod can
reduce the adverse effects of continuous lighting. The parameters related to photosynthetic activity were similar
between plants grown at a photoperiod of 12 hours and plants grown at a continuous photoperiod and with
alternating red and blue light. The combination of the two color lights stimulates biomass (Lefsrud ez al, 2008)
and fruit production by up to 20% compared to a single color (Brazaityte ez a/, 2009; Gotto et al, 2013).

In the research conducted by Podgoreanu er a/ (2015), to determine the difference in response of 7
genotypes of Camelina sativa L., to LED lightning, optimal cultivation conditions were ensured by adding
panels with specific LEDs arranged in red and blue strips within the greenhouse compartment used for
experiments. In three of the evaluated genotypes (new hybrid line ‘FP-5-02’, ‘Camelia’ and ‘Calena’) higher
values were recorded by which the calculated average was exceeded, in terms of seed yield, as well as the total
weight of seeds/plant (g), average seed/pod and weight of 1000 seeds/plant (g).

In addition to the stimulating effect, it has on the growth and development processes, blue light
stimulates the resistance of plants to biotic stressors. Kim er 2/ (2013) demonstrated that the use of blue LED
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light lamps in tomatoes grown in the greenhouse increases resistance to Borrytis cinerea, a mechanism that may
be due to proline accumulation. Compared to plants illuminated with white LED light, plants illuminated with
blue light had a 296% higher proline content in leaves and 127% higher in shoots. Also, compared with white
LED light, the accumulation of proline was lower in the case of lighting with red or green LED light. The total
content of phenolic compounds was higher in the case of lighting with blue light, compared with white, red
and green. In addition, within the studies approached by Dhakal and Back (2014), it was shown that lighting
with blue LED light 7 days before harvest can increase the shelf life of tomato fruits by delaying post-harvest
ripening.

The purpose of these experiments was to test the effects produced by light emitting diodes (LEDs) in
monochrome colors, characterized by a narrow spectrum of light, in a greenhouse compartment for growing
tomato plants. The aim was to focus light with necessary wavelength for plant growth and to establish the
factors that can favor the improvement of the management of agrosystems with non-polluting technological

links.

Materials and Methods

The experiments were conducted over a period of three months (October-December 2019), in one of
the compartments located in the “Greenhouse-block of automated research”, within the infrastructure of the
Research Center for the Study of Agri-Food Quality-Hortinvest, University of Agronomic Sciences and
Veterinary Medicine Bucharest, Romania (4egp://erris.gov.ro/RESEARCH-CENTER-FOR-STUDIES-1).

Biological marerials

Seeds from 3 varieties of tomatoes were used, represented by lines (line ‘L-75’, line ‘L-76’, and line ‘L-
1.03’) under study at the time of supply by Vegetable Research and Development Station (V.R.D.S.) Buziu,
Romania, for approval by the national authorities. Their sowing was performed, starting with the first decade
of September 2019, in alveolar trays. The first seedlings were observed 7-8 days after sowing. About 30 days
after sowing the seeds, the seedlings of the 3 varieties of tomatoes studied developed 2-3 layers of leaves at the
level of elongated stems. At this stage, the seedlings were transplanted in pots having 11 cm height and the sides
of 10 ¢m in which 500 ml substrate/pot was added (Figure 1).

Figure 1. Appearance of tomato seedlings in the ‘L-1.03" line developed after 30 days from sowing
(Greenhouse-block of automated research - UASVM Bucharest; Authors photo, the third decade of October 2019)

The second transplantation was performed at 45 days from sowing, in square pots with side dimensions
of 15 cm (750 ml substrate/pot). For the transplanting stages the substrate used was KEKILLA Professional
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type peat, pre-fertilized with macroelements, such as nitrogen (N), phosphorus (P), potasium (K) in a ratio of
15-5-24 kg m™ and natural calcium carbonate (CaCO3). The pH value was around 5.9. Specific care works
were applied to the seedlings namely: watering, removal of yellowing leaves, tying the plants to tutors and facial
at intervals of 7 days, as well as foliar fertilization treatments with universal organic fertilizer, based on
biohumus extract (Lumbreco Romania).

The development of seedlings in all 3 varieties of tomatoes, took place without the registration of attacks
of diseases and pests that affect their growth.

In November and December 2019, due to poor lighting conditions and to increased fog, the light was
supplemented after the application of LED treatments and additional lighting during the day, using 4 halogen

neons arranged at a height of 4 m above.

Experimental procedures

A three-factor experimental scheme was drawn up, as follows: Factor A - 3 lines of Romanian tomatoes
(‘L-75, 'L-76’, ‘L-1.03’); Factor B - light emitted by the LEDs arranged on panels in 3 graduations (Red, Blue,
White), compared to the Control maintained only in natural light (for 9-10 hours/day) and Factor C - 30
minutes of additional LED lighting treatments.

There were performed 3 series of determinations (symbolized by Series I, Series II and Series III) as
follows:

-Series I before applying the additional lighting treatment with monochrome LEDs (seedlings aged 55
days);

-Series IT after 23 days of application of the additional lighting treatment with high power LEDs with
monochrome light (White, Red and Blue) with a duration of 30 minutes/day for seedlings aged 78 days;

- Series III, after 35 days from the application of the additional lighting treatment with high-power
LEDs with monochrome light (White, Red and Blue) lasting 30 minutes/day, at seedlings aged 90 days.

During 35 days, the tomato plants subjected to lightning treatments were monitored daily. In parallel,
seedlings from each variety of tomatoes (‘L-75’, ‘L-76’, ‘L-1.03’), from the experimental variants (Sample and
Control), were provided in 3 repetitions.

LEDs are an alternative to artificial lighting in greenhouses with many advantages. They are light
emitting devices based on semiconductors. In this study, 3 LED panels, model VEGETA, developed by the
company S.C. Electromagnetica S.A., Bucharest, Romania (Azeps://www.eclectromagnetica.ro/en/led-lighting-
solution/), at the dimensions of: 385 mm x 264 mm x 169mm, which provided an intensity of 10,000 Ix. to the
Blue LEDs and the Red LEDs, and of at least 7900 Im respectively, for the luminous flux of the LEDs in neutral
White.

Physiological parameters

At the level of the third leaf at the apex of the main stem of tomato seedlings, determination of
physiological parameters was performed at the light intensity existing in the greenhouse (about 200 pmols m®
*s"), by means of specific measurements.

The physiological parameters, such as: photosynthesis intensity (umols CO,m?s ), transpiration
intensity (mmoles H,O m™s ), stomatal conductance (mols H;O m?s ") and intercellular carbon dioxide
(umol CO; mol™ air), were determined using the portable analyzer LCpro-SD ADC BioScientific for
measuring photosynthesis, equipped with an infrared gas analyzer, between hours 9:00 AM- 11:00 AM.

Simultancously, the amount of total chlorophyll (mg m™) was estimated by the non-destructive method,

using the CCM-300 Opti Sciences chlorophyll meter.
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Statistical analysis

The results recorded by determining the physiological parameters in tomato plants were statistically
analysed, before and after the application of the treatment with monochrome light emitted by LEDs, from the
experimental scheme developed. For the statistical interpretation, the obtained data was analysed and
calculated using Microsoft Excel software. The statistical analysis referred to the significance of the differences
between the control and the tomato varieties studied, for each of the experimental series analysed under
protected conditions.

The experiment was performed in a completely randomized block design. Data were analysed by
unidirectional analysis of variance (ANOVA) and T-Test (P <0.05).

Results and Discussion

Experimental results recorded for physiological indicators

The results obtained for Series I, on the tomato leaves not previously exposed to LED light treatments
are shown in Table 1. For the statistical analysis of the values for the physicological indicators determined on
cach plant of the three varieties, the T test was applied and the evaluation of the results was obtained for each
column, taking as a benchmark the highest value recorded.

The photosynthesis rate was close between the tomato line ‘L-75” and ‘L-1.03, the values being lower
compared to the values of ‘L-76’, which were significantly higher 12.20 (moles CO,m™s™).

Table 1. The values of some physiological indicators registered on the leaves of tomato plants (Series I
(mean + SE; n=3)

Determinations performed
Tomato Net photosynthesis Transpiration Stomatal Internal CO,
lioe rate rate conductance concentration
(umoles CO, m?s™!) (mmoles H,O m?s™) (mols H,O m?s!) (wmol CO; mol?)
‘L-75° 7.50 £ 1.41™ 451+0.13"™ 0.32 £0.04™ 351.80 + 13.07
‘L-76 12.20 £ 3.15 5.87+£0.72 0.47 £ 0.12 339.73 +28.08 ™
‘L-1.03’ 723+ 142" 3.68+051° 035+0.12™ 343.20 £ 33.08 ™

Note: The Significance of differences from the maximum value recorded (by the respective varieties and determination
data) (xxx, 000 - P <0.001; xx, 00 - P <0.01; x, 0- P <0.05; ns - nonsignificant)

Significantly higher values of the transpiration rate were determined for the ‘L-76’ tomato line,
compared to those of the ‘L-1.03" and ‘L-75’ lines, which indicates a relationship with the high photosynthetic
rate, specified above. Also, the stomatal conductance value was higher for ‘L-76’ (0.47 mols H;O m?s™) being
a positive link with transpiration rate and photosynthesis intensity. As regard to the internal CO,
concentration, the results obtained are different as compared to those mentioned in stomatal conductance,
respectively, the higher value was recorded at ‘L-75, but this value was not significantly compared to the other
two obtained values.

Itis estimated that the improvement of cultivation technology in protected areas by using more efficient
and environmentally friendly lighting systems is important (Van Straten e a/, 2010), because light has a major
limitation on vegetative growth but also due to high requirements related to light to obtain a high production,
especially in temperate areas, where the days are short and an increased cloudiness is observed during seedling
production (Gherghi et a/, 2001; Burzo et al, 2004; Delian, 2008).

The results obtained at 23 days after the application of the LEDs light treatments (Series II) are
presented in Table 2 (A-D).
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The values obtained for of ‘L-75 line and ‘L-76’ line tomato plants regarding the photosynthesis rate
were not significantly different compared to the Control, while very significant lower values (3.41 pmoles CO,
m?s") were recorded for plants belonging to ‘L-1.03’ line suplimentary illuminated with White LED.

The transpiration rate, for ‘L-75" line treated with White LED, presented values significantly lower
compared to the Control, and for ‘L-1.03’ very significant lower values were registered when treated with Blue
LED (1.42vs.2.58 mmol H,O m?s”). Regarding ‘L-76’ line (Blue LED), the transpiration rate was significantly
higher as compared to the Control (2.89 vs. 1.61 mmol H,O m™s™).

Table 2. The values of some physiological indicators registered on the leaves of tomato plants, compared
to the untreated control - Series II (mean + SE; n=3)

Tomaro line Experimental variant
White LED | Blue LED | Red LED Control
A.) Net photosynthesis rate (Lmoles CO, ms™")
‘L-75° 6.09 +0.94 ™ 6.62+0.76"™ 723+£0.55™ 7.80 £ 0.29
‘L-76 6.32+0.75™ 7.10 £ 1.57 ™ 539+ 140™ 4.83£0.99
‘L-1.03’ 341+£0.37% 5.30+£0.76™ 473 +1.07™ 5.00 £ 0.31
B.) Transpiration rate (mols H,O m?s™)
‘L-75° 1.57 £0.23° 250+£0.30" 3.00+0.66™ 3.26 + 0.44
‘L-76 1.72 £ 0.49 ™ 2.89+0.53* 2204042 1.61 £0.16
‘L-1.03’ 272+153™ 1.42 £ 0.15 % 322+133™ 2.58 + 0.04
C.) Stomatal conductance (mols H,O m™s1)
‘L-75° 0.17 £0.02 ™ 0.13+0.02™ 0.14 £ 0.04 ™ 0.13 £ 0.03
‘L-76 0.12 £0.04™ 0.15+£0.04* 0.08 £0.02™ 0.05 £ 0.01
‘L-1.03’ 0.07 £ 0.02™ 0.05 +0.00 0.07 £0.01™ 0.10 £ 0.00
D.) Internal CO; concentration (Wmol CO, mol!)
‘L-75 527.13 £ 23.67 = 544.07 £ 36.21~ 488.10 +32.27 ™ 430.80 + 18.91
‘L-76 465.40 + 11.42* 54047 £2.11= 446.67 + 1047 * 401.30 + 16.80
‘L-1.03’ 490.67 £ 15.48* 45327 £22.12™ 459.07 +£22.88 ™ 427.73 £ 15.63

Note: The Significance of differences from control is disclosed (by the respective plant varicties and determination

data) (™, 000 - p < 0.001; =, 00 — p < 0.01; % 0- p < 0.05; ns — nonsignificant)

Stomatal conductance values were significantly higher for ‘L-76’ line (0.15 mols H,O m? s),
illuminated with Blue LED, and the lowest value of 0.05 mols H,O m™ 5™, was registered for ‘L-1.03’ line, also
experimentally treated with Blue LED light.

Regarding the internal CO, concentration parameter, the results obtained indicated distinctly
significant positive values (xx) recorded for the plants belonging to ‘L-75’ line (527.13 umol CO,mol")/White
LED as well as in those belonging to ‘L-76’ line (540.47umol CO, mol™)/Blue LED lighting, followed in
descending order by the significantly positive values (x) recorded by the plants treated with Blue LED, White
LED and Red LED, compared to the minimum value of the Control plants in the ‘L-76’ line (401.3 ptmol CO,
mol™).

In other research, such as the study conducted by Kaiser et al. (2019), on the influence of spectrum light
supplementation on tomato plants, it was also observed that blue and red light had significant effects on
biomass and photosynthesis. An additional 6%-12% of blue light was enough to achieve high productivity.
However, 24% supplementation of blue light was harmful to growth.

Menard er al (2006) determined that supplementation with blue light can increase the rate of
photosynthesis by up to 24%-30%, depending on the species. Thus, they demonstrated that supplementation
with Blue LED light in tomatoes and cucumbers grown in the greenhouse and illuminated with high pressure
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sodium (HPS) lamps increased productivity in both species. The best results were obtained by supplementing
16 pmol m™ s blue light at a photoperiod of 12 hours (Menard ez a/, 2006).

In Table 3 (A-D) are presented the results obtained for the third series (Series III) of determinations
performed after 35 days of treatment application.

Regarding the photosynthesis rate, the highest value was recorded for the Control plants from the ‘L-
1.03’ tomato line (8.27 wmols CO, m™s™). Tomato plants of the ‘L-76’ line treated with White LED 30
minutes/day for 35 days, had distinctly significant positive values (xx), when determining the intensity rate of
photosynthesis (7.55 tmol CO,m™s™), compared to the lowest value of 5.09 mols CO,m™s™”, also determined
for plants from L-76, but illuminated with Blue LED:s.

Table 3. The values of some physiological indicators registered on the leaves of tomato plants, compared
to the untreated control - Series III (mean + SE; n=3)

Tomato Experimental variant
line White LED | Blue LED | Red LED Control
A.) Net photosynthesis rate (Lmoles CO, m™s™)

‘L-75 6.39 £ 0.45™ 6.91 +0.82ns 7.76 £ 1.23™ 6.18 £ 0.52

‘L-76 7.55 £ 0.21= 5.09 £ 0.23% 476 +1.39™ 6.57 £0.14

‘L-1.03’ 5.73 £ 0.56° 5.86 + 0.68° 6.40 + 0.40™ 8.27 £ 1.06
B.) Transpiration rate (mmoles H;O m?s™)

‘L-75 1.04 +0.13° 1.98 £ 0.17™ 1.98 + 0.24"™ 2574042

‘L-76 1.80 £ 0.15™ 1.22 + 0.06° 144 +0.21° 1.67 £ 0.12

‘L-1.03’ 1.12+£0.11° 1.32 £ 0.15% 1.85 £ 0.21™ 1.97£0.23
C.) Stomatal conductance (mols H,O m?s™)

‘L-75 0.08 £ 0.01™ 0.09 £ 0.01™ 0.07 £ 0.01™ 0.10 + 0.02

‘L-76 0.08 + 0.00= 0.04 £ 0.00° 0.05 £0.01™ 0.06 + 0.00

‘L-1.03’ 0.05 £ 0.01™ 0.04 + 0.00™ 0.04 + 0.00™ 0.07 £ 0.01

D.) Internal CO; concentration ((tmol CO, mol™?)

‘L-75 432.40 + 15.09° 456.13 + 9.80™ 402.67 + 18.58° 497.67 + 2451

‘L-76 456.37 + 13.67™ 411.60 +9.70" 458.10 + 10.19* 41820+ 11.55

‘L-1.03’ 413.33 £ 5.46™ 380.60 + 8.90™ 436.87 +20.25™ 397.53 £5.16

Note: Significance of differences from control is disclosed (by the respective plant varieties and determination data)
(==,000 - p < 0.001;=,00 — p < 0.01;% 0- p < 0.05; ns — nonsignificant).

In the case of the transpiration intensity indicator, significantly higher values were recorded for the
plants used as a Control in the tomato line ‘L-75’ (2.57 mmols H;O m™s™), compared to the plants from the
same line illuminated with White LED (1.04 mmols H,O m™s"). For the plants of ‘L-76’ line, decreasing values
were registered following the treatments with White LED < Red LED < Blue LED (1.22 mmols H,O m?s™),
compared to those in Control. In the case of plants of the ‘L-1.03" line, decreasing values were registered
following the treatments with Red LED < Blue LED < White LED (1.12 mmols H,O m™s™).

For the physiological parameter of stomatal conductance, the highest value was recorded as well in the
Control tomato plants from the ‘L-75’ line (0.10 mole H,O m™s™). The lowest value of 0.04 mole H,O m™* s’
" was recorded in both ‘L-1.03’ plants treated with Blue LED and Red LED. In the ‘L-76’ line tomato plants
additionally illuminated with White LED, the recorded value was distinctly significantly positive (xx)
compared to the Control.

In the case of internal CO, concentration, for tomato ‘L-76’ line plants illuminated with Red LED, the
value of 458 tmol CO, mol ", was statistically calculated as a significant positive difference (x) from the Control
plants. The highest value was recorded for the Control plants from the tomato line ‘L-75’ (497.67 pimol CO,

mol ™).
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In Figure 2 are illustrates the tomato plants after this exposure interval to additional treatments with
monochrome LED light (Red, Blue, and White) for 30 min/day.
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Figure 2. Aspects of the development of tomato plants after exposure for 35 days to LED-monochrome
light
(Greenhouse-block of automated research - UASVM Bucharest; Authors photo, 09.12.2019)

The obtained results of Series III samples regarding the physiological indicators demonstrated that the
tomato plants of the 3 varieties have reacted differently according to genotype to additional lighting treatments
with monochrome White, Red and Blue LED light compared to untreated plants in the Control variant.

In one of our previous studies (Diniili-Guidea er al, 2020), it was found that there were no significant
differences within the variants regarding the diameter of the stems measured at the base for the plants in the
tomato line ‘L-75’, the average of the values recorded varying between 0.2 cm and 0.5 cm, with statistically
insignificant assurance (ns -’). These results showed that the stem thickness in tomato plants was largely
influenced by genotypic characters, and in may small amount by light color or duration of exposure of plants
to artificial LED lighting.

However, in a study performed by Gomez and Michel (2015), it was shown that supplementing natural
light with a combination of red and blue light, led to a better growth of tomato seedlings in terms of
morphological parameters analyzed, namely hypocotyl diameter, epicotyl length, dry mass, number of leaves
and leafsize.
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Experimental results recorded for rotal chlorophyll
Data on total chlorophyll estimation are given in Tables 4, 5 and 6. Results recorded before the LED

treatment (Series I) on the third leaf at the apex of the main stem of the 55-day-old tomato seedlings, are shown
in Table 4.

Table 4. Total chlorophyll content (mg m™) of tomato leaves - Series I (mean + SE; n = 3)

Tomato line Recorded values

L-75 617.80  0.69

L-76 609.27 £ 6.79™

‘L-1.03’ 615.27 + 3.09™
Note: The significance of differences from the maximum value recorded (by the respective varicties and determination

data);
(==,000 - p < 0.001;=,00 - p < 0.01; % 0- p < 0.05; ns — nonsignificant)

There were registered close values between 609. 27 (mg m™) for ‘L-76’ line tomato plants and 617.80
(mgm™) for the ‘L-75’ line. Results recorded for Series II samples are presented in Table 5.

Table 5. Total chlorophyll content (mg m?) of tomato leaves- Series II (mean + SE; n = 3)

Tomato Experimental variant
line White LED Blue LED Red LED Control
‘L-75 638.00 £ 3.75™ 640.53 £ 1.96™ 647.20 + 0.40™ 651.00 + 13.42
‘L-76° 641.33 +2.48™ 650.47 + 11.67™ 650.87 + 1.88™ 645.27 £ 4.79
‘L-1.03’ 633.80 + 0.50™ 639.00 + 2.31™ 675.73 + 4.62* 638.20 +2.19

Note: Significance of differences from control is disclosed (by the respective plant varieties and determination data);
(®=,000 - p < 0.001; =, 00 — p < 0.01; % 0- p < 0.05; ns — nonsignificant)

For ‘L-76’ tomato line the values higher than 650.87 (mg m™) was found in the experimental samples
illuminated with Red LED, being followed very closely at this value by the plants of the ‘L-76’ line illuminated
with Blue LED, both higher compared to the value of the Control plants in the ‘L-76’ line. The lowest amounts
were recorded for the plants of the 3 lines illuminated with White LED, the lowest in ‘L-1.03’ (633.8 mgm™).

The results recorded at an interval of 35 days (Series III), compared to the first day of treatment with
light emitted by the monochrome LEDs, at the level of the 3rd leaf at the apex of the main stem are shown in

Table 6.

Table 6. Total chlorophyll content (mg m™) of tomato leaves- Series III (mean + SE; n = 3)

Tomato Experimental variant
line White LED Blue LED Red LED Control
‘L-75 641.53 + 6.09™ 638.13 £ 2.19™ 634.67 £ 0.83™ 637.80 = 5.21
‘L-76 635.60 + 0.69™ 635.30 + 6.64™ 629.80 £ 2.65™ 633.70 + 4.56
‘L-1.03’ 618.13 £ 3.56" 617.86 + 6.37° 629.60 + 1.17% 640.90 *+ 0.40

Note: Significance of differences from control is disclosed (by the respective plant varieties and determination data);

(==,000 - p < 0.001;=,00 - p < 0.01; % 0- p < 0.05; ns — nonsignificant)

The highest value of total chlorophyll amount (mg m™) determined for plants illuminated with White
LED, was 641.5 (mg m?) in ‘L-75’ line, followed by values at 635.6 (mg m?) for ‘L-76’ line and 618.13 for ‘L-
1.03’ .The smallest quantities were registered in the plants belonging to ‘L-1.03’ line in comparison with lines

‘L-75" and ‘L-76’, under all colors of the LEDs light treatment.
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A study performed by Goto (2003), on the effect on plant growth under supplementing blue light in
protected culture spaces, showed that it improves the growth of plant leaves.

Blue light also stimulates chlorophyll synthesis and stomatal opening, thus facilitating carbon dioxide
absorption and photosynthesis, reducing shoot elongation and stimulating the synthesis of antioxidants.

Lefsrud eral (2008), found that the ratio between blue and red light is one of the most important factors
in terms of LED light influence on plant growth.

Conclusions

The effects of additional lighting treatments were different in relation to the genotype. For the plants
belonging to ‘L-76’ line, after 23 days from the application of the additional lighting treatment for 30
minutes/day with Blue LEDs, it was found that the physiological index of the internal CO, concentration had
distinctly significantly higher values, compared to the Control. Values of the stomatal conductance indicator
were also significantly higher.

After 35 days of application of the additional light treatments emitted by White LEDs, very distinctly
significant positive values were registered, regarding the net photosynthesis rate for the plants belonging to ‘L-
76 line, and also for transpiration rate and stomatal conductance indicator, respectively, compared to values
recorded at the same parameter by the untreated Control plants.

However, the results of these studies, regarding the analysis of physiological indicators in tomato plants,
reported less significant effects on the ‘L-1.03’ genotype, due to additional short-term illumination with White,
Blue, and Red monochrome LEDs in the range of time analysed.
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