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Abstract 

Transplants of tomato cultivar ‘Hybrid Tarasenko’ and ‘De Barao’ were grown under the additional lighting of different high-

intensity light sources in greenhouses. As lighting sources were tested: mercury arc lamps with a luminophores covering 

(MALF 400), standard high-pressure sodium lamps (HPS 400) and high-pressure sodium lamps with additive of Cesium 

(HPS-Cs 400) and amalgam content: Hg-20 %, Na-75 %, Cs-5%. It was established that introduction of Cesium 5% in the 

amalgam composition of high-pressure sodium lamps, leads to increase of radiation intensity in red (600-700 nm) and near 

Infrared region to 58%. The growth dynamic and the most important morphological attributes of the transplant were 

investigated. Our investigations revealed that the increase of red light proportion in spectral composition of such lamp 

radiation promoted an intensification of tomato plants growth processes and photosynthesis. Increase in yield was result of the 

carried-out greenhouse experiment with tomatoes plants which is grown up when lighting by HPS-Cs 400 lamps. The yield of 

‘Hybrid Tarasenko’ and ‘De Barao’ tomato cultivars, grown under HPS-Cs 400 lighting, exceeded the yield of plants grown 

under HPS 400 lighting by 7.4% and 6%, respectively. The irradiation of ‘Hybrid Tarasenko’ and ‘De Barao’ tomatoes plants 

by HPS-Cs 400 lamps promoted to the more significant yield increase on 22.8% and 24.5%, respectively, as compared with 

the plants cultivated under the lamps of MALF 400. 
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Introduction 

The most widespread cultures grown up in the closed soil in 

the majority world countries are tomatoes plants. The ways 

of the tomatoes production intensification at decrease in 

energy consumption in the closed soil, are based on plants 

supplemental artificial lighting. It was established that for 

most crops a 1% light increment results in 0.5% to 1% 

increase in harvestable product, including for 0.8-1% for 

closed soil grown vegetables [1]. The use of different spectral 

ranges radiation for pre-sowing seed treatment has a 

positive effect on the biometric parameters of plants grown 

and in the open soil [2]. The most important problem to 

achievement of high production for vegetables cultivated in 

closed soil is establishment and optimization of mane 

optical radiation parameters such as radiation spectra, light 

level, and photoperiod. The energy efficiency of 

supplemental lighting systems is reached due to use of 

highly effective light sources with spectral composition of 

radiation which favorably influences on biological 

processes. Among the different spectra used in supplemental 

lighting, red (600 to 700 nm) is often considered the most 

efficient in driving photosynthesis [3]. Red and far-red (700-

800 nm) light are sensed by the phytochromes that trigger 

several morphological and developmental processes that 

impact productivity and yield quality [4]. However, it is 

established that plants do not develop normally when grown 

solely under monochromatic red light (“red light 

syndrome”). The plants lighting only by red light leads to 

leaf curling and decreases in photosynthetic capacity, leaf 

thickness and leaf pigmentation [5, 6]. The best wavelengths 

of visible light for photosynthesis fall within the blue range 

(425–450 nm) and red range (600–700 nm). The natural 

sunlight in greenhouses includes 27–31% of blue light, 

which may be sufficient even in winter [7]. Blue light 

produces “sun-type” leaves even when overall light intensity 

is low and suppresses symptoms damage of the plants and 

promotes to their normal development [8, 9]. It was 

established that addition of 6-12% of blue light against the 

background of the overall photosynthetic active radiation 

(PAR), can be advantageous for growth and yield, while 

adding 24% blue light can lead to inhibition of tomatoes 

plants [9]. A significant amount of red light (80-90%), for 

example, from light emitting diodes (LEDs), can lead to leaf 

curling and yield decreases by 3-6% concerning lighting by 

sources, in which radiation spectra a share of red light does 

not exceed 37% (lamp HPS 400) [10]. 
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The effect of different proportions of PAR on growth and 

production the tomatoes plants (Lycopersicon esculentum 

cv. Tradiro F) under 100% artificial lighting was studied. 

Heights of tomato plants grown under the lamps with 37.3% 

red and 6.1% blue in PAR, for 26% exceeded height of the 

plants grown under the lamps with reduced portion of red 

light (17.1%) and increased portion of blue light (34.2%). 

However, chlorophyll content measurements showed that 

leaves had significantly on 40% higher chlorophyll than 

those under lamps with higher portion of blue in the 

spectrum (34.2%) [11]. 

High-pressure sodium lamps (HPS 400) are currently the 

predominant greenhouse lighting source due to its ability to 

deliver adequate photosynthetically active radiation for 

plant growth. HPS 400 lamps have high electrical 

efficiencies, a long operating life and a wide spectrum of 

light, which is suitable for many plant species. These lamps 

emit light in the visible (400–700 nm) and the invisible 

(700–850 nm) ranges, but the peak emission is in the yellow 

light (~589 nm) region. Often, high amount of yellow light 

causes the stem elongation of plants and worsens their 

quality [12]. Furthermore, HPS 400 lamps are 25% efficient, 

and the waste thermal energy can be used to increase 

ambient greenhouse temperature. It was estimated that, the 

heat emitted from HPS 400 lamps provided between 25% 

and 41% of the heating requirements for a greenhouse 

operation. These lamps usually require reflectors to direct 

the light from the lamps onto plants, thereby providing 

satisfactory light distribution and efficiency, but also 

blocking the direct sunlight from reaching the plants to 

avoid tissue scorching [13].  

Plants are known needs in the even light distribution over 

the crop canopy, but in the greenhouse with high plant 

density, most of the supplemental lighting can only be 

intercepted by the upper part of the plant canopy and 

therefore side is necessary lighting. As a suitable source for 

additional lighting of tomatoes plants the combinations with 

HPS 400 lamps and light-emitting diodes (LED) are widely 

applied. The light spectrum of LEDs is a mixture of 90% 

red (640 nm dominant wavelength) and 10% blue (450 nm 

dominant wavelength). The use of such hybrid lighting 

promoted the increase in tomatoes productivity by 32.9%, as 

compares the HPS 400 lighting which lead to increase in 

productivity by 21.8% for ‘Ruifen882’ tomato cultivar as 

was shown in study [14]. Thus, HPS 400 are neither 

spectrally (deficient in blue) optimal for creation of full-

fledged artificial lighting in greenhouses.  

At present, light-emitting diodes (LEDs) are widely used as 

the basic and supplemental lighting for plant cultivation in 

the closed soil. LEDs have a spectral range of radiation from 

near-infrared (IR) to near-ultraviolet (UV). They are 

characterized by high radiation efficiency, long lifetime, low 

radiation temperature, relatively narrow radiation spectra, 

and short switching periods [15]. However, due to the high 

cost of LED lighting systems and the need for customization 

for the specific crops, their use is not always reasonable. 

Thus, despite a numerous researches, the search for light 

sources with effective spectral composition of radiation, as 

well as optimization of the main parameters of optical 

radiation for the different plant species are still necessary. 

This article aims to evaluate the growth dynamics and 

chlorophyll content of tomato plants ‘De Barao’ and 

‘Hybrid Tarasenko’ cultivars grown under lighting by 

standard high-pressure sodium lamps (HPS 400), high-

pressure sodium lamps with additive of Cesium (HPS-Cs 

400), and mercury arc lamps with a luminophores coating 

(MALF 400). 

 

Material and Methods 

The experiment was carried out in the greenhouses of 

Poltava State Agrarian University, Poltava, Ukraine. 

Tomatoes (Lycopersicon esculentum Mill) of the 

cultivars‘Hybrid Tarasenko’ and ‘De Barao’ were sown in 

the trays filled with typical light loamy chernozem that 

served as a substrate (pH 6.9–7.0). The substrate was 

enriched with mineral fertilizer AQUA (Ukraine) includes 

the macroelements: nitrogen - 21%, phosphorus - 21%, 

potassium - 21%, and microelements: Mg, Fe, Mn, B, Cu, 

Zn, Co, Mo and amber acid. 

Plants were watered when necessary. Day/night temperature 

till germination was 26/24 °С, and a 14-h photoperiod was 

maintained. After the germination, photoperiod was 16 h 

and the day/night temperature was 22/18 °C. The relative air 

humidity was 70%. After germination, tomato transplants 

were cultivated for 28 days being lighted by lamps with 

different spectral ranges of radiation: standard high pressure 

sodium lamps (HPS 400); high-pressure sodium lamps with 

additive of Cesium (HPS-Cs 400), and mercury arc lamps 

with a luminophores coating (MALF 400) (Table 1). The 

lamps were installed at a height of 2 m from the plants, the 

lighting surface was 15 m2, and the distance between the 

lamps was 3 m. The planting density of tomatoes was 2.5 

plants per square meter. The light intensity from the lamps 

at a seedling level was maintained at 110-130 W m-2. 

The morphological parameters were determined on the 28th 

day after germination. Five plant samples of each cultivar 

were selected in quadruple repetitions. Plant height was 

measured to the tip of the youngest leaf. The number of 

fully expanded leaves was counted; the first internode 

length was measured. The results were expressed as mean 

values using MS Excel software.  

In order to determine chlorophyll content, leaves of one 

layer were collected at the top of a plant. Six leaf discs with 

a diameter of 1.6 cm were randomly collected from each 

leaf and these samples were used for measuring chlorophyll 

content. Ethanol was used as a solvent; absorbance was 

measured at 665, 649 and 470 nm using a UV-Vis 

spectrophotometer (UV-1800; Shimadzu). Chlorophyll 

concentration was calculated using the equations derived 

from [16]. Tomatoes were harvested on the 90th day. 

The effect of lighting types on plant growth and leaf 

pigment content was assessed by one-way analysis ANOVA 

(variance analysis), followed by the protected Fisher’s test 

with the least significant difference (LSD) with 95% 

confidence. 

 

Results and Discussion 
In the present study, high-pressure sodium lamps with 

addition of Cesium (HPS-Cs 400) having the discharge tube 

filled with the amalgam of the following composition: Hg-

20%, Na-75%, Cs-5% have been offered for lighting tomato 

plants. These lamps have the same design as the HPS 400, 

but the difference is only in the filling: instead of sodium 

amalgam, sodium-cesium amalgam is dosed into the burner. 

In order to determine the optimal cesium content in the 

amalgam, lamps with the following amalgam composition 

have been manufactured: 1 – 20 at% Hg, 77 at% Na, 3 at% 
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Cs; 2 – 20 at% Hg, 75 at% Na, 5 at% Cs; 3 – 20 at% Hg, 73 

at% Na, 7 at% Cs; 4 – 20 at % Hg, 70 at% Na, 10 at% Cs. 

The effectiveness of lighting was evaluated by the pigments 

content in leaves of the studied tomato cultivars (Figure 1). 

 

 
*1 – 20 аt% Hg, 77 аt% Na, 3 аt% Cs 

2 – 20 аt% Hg, 75 аt% Na, 5 аt% Cs 

3 – 20 аt% Hg, 73 аt% Na, 7 аt% Cs 

4 – 20 аt% Hg, 70 аt% Na, 10 аt% Cs 
 

Fig 1: Chlorophyll a and b content in tomato plant leaves grown 

under HPS-Cs 400 lamps with different cesium content in 

amalgam (LSD05=147 mkg g-1) 

 

The highest total chlorophylls content in leaves of ‘De 

Barao’ (1340 mkg g-1 of wet weight) and ‘Hybrid 

Tarasenko’ (1240 mkg g-1 of wet weight) cultivars was 

observed under lighting by a lamp, the discharge tube of 

which contained amalgam with 5 at% Cs (Figure 1). When 

tomato plants were lighted by lamps containing 3 at% and 7 

at% Cs in the amalgam the total pigments content in leaves 

of ‘De Barao cultivar was decreased on 7,5%. The increase 

in the cesium content in the lamp amalgam up to 10 at% 

resulted in the decrease of the pigments content by 13.4%. 

A similar trend of change in the total pigments content in 

tomatoes leaves was observed for ‘Hybrid Tarasenko’ 

cultivar. Thus, based on the obtained data, the most 

effective amalgam composition in HPS-Cs 400 lamps has 

been determined – 20 at% Hg, 75 at% Na, and 5 at% Cs.  

The lamps with this amalgam composition were used in the 

further studies. As follow from Table 1 the addition of 5 

at% Cs into the lamp amalgam leads to a redistribution of 

the radiation energy intensity regarding the radiation of HPS 

400 lamp. The spectral distribution of the radiation energy 

in the PAR region of HPS-Cs 400 lamp is as follows: 14% 

of the radiation in the blue region (400-500 nm), 31% in the 

green region (500-600 nm) and 55% in the red region (600-

700 nm) and near-infrared PAR region. A redistribution of 

the relative spectral radiation energy as a result of cesium 

addition to the amalgam of HPS 400 lamp is confirmed by 

the authors of the study [17]. 

 
Table 1: The main characteristics of the tested lamps 

 

Lamp type Hg, mg 

Light 

efficiency 

РAR, % 

Proportion of PAR,% 

400-500 nm 

(Blue) 

500-600 nm 

(Green) 

600-700 nm 

(Red) 

HPS 400 17 27 7 56 37 

MALF 400 76 12 26 56 18 

HPS-Cs 400 10 29 14 31 55 

HPS-К-Cs- 

400 
12 24 15 32 53 

 *Photosynthetic active radiation (PAR), **Mercury content (Hg, 

mg) 

 

We have also tested a high-pressure sodium lamp with 

addition 1% potassium (K) into the amalgam. So, the 

following amalgam composition has been obtained: 20 at% 

Hg, 75 at% Na, 4 at% Cs, 1 at% K. The addition of 

potassium to the amalgam of HPS-Cs 400 lamp increases 

the radiation energy in the red spectral region (509-767 nm). 

The light efficiency of lamps with such amalgam is reduced, 

both due to the increase in the heat loss of the discharge and 

due to the raise of the radiation intensity in the red spectral 

region. Thus, HPS-Cs 400 lamps are the most suitable for 

improving light transmission quality, which provide the 

largest number of lines in the red spectral region and 

partially in the blue-green region, compared to HPS 400 

lamps with potassium addition. 

One of the important characteristics of lamps is the light 

efficiency in the PAR region. The indicators of lamps light 

efficiency with different amalgam fillings are shown in 

Figure 2. 

 

 
 

Fig 2: Dependence of light efficiency () on the lamps specific 

power (P1) with various filling of a digit tube: Na-Hg (HPS 400); 

Na-Cs-Hg (HPS-Cs 400), Na-K-Cs-Hg (HPS-Cs-К 400) 

 

As follows from Figure 2, the light efficiency()) of PAR 

under the raise of the lamp specific power (P1) in the range 

of 27-60 W cm-1 increases for HPS 400 lamp up to 28%. 

The light efficiency of HPS-Cs 400 lamp exceeds this 

indicator of HPS 400 lamp by 1-2% at a specific power of 

50-65 W cm-1 and is 29±2%. For HPS-Cs-К 400 lamp with 

addition of 1 at% potassium and 4 at% cesium in the 

amalgam, the light efficiency at a specific power of 50–65 

W cm-1 is 27%, which is less than this indicator for HPS-Cs 

400 lamps. It should be noted that HPS-Cs 400 lamps have a 

significant stability reserve during exploitation and a fairly 

long lifetime (25000 hours). 

We have carried out a comparative analysis of the 

effectiveness of lighting tomato plants by HPS-Cs 400 

lamps, HPS 400 and MALF 400. The lighting effectiveness 

has been evaluated according to the comparison of some 

morphological characteristics of tomato transplants (Figures 

3, 4, 5), yield indicators (Figure 6, Table 2) and pigments 

content in plant leaves (Table 3). 

Known, insufficient intensity and quality of light limit the 

growth and development of tomatoes, and the quality of 

tomatoes plants worsens under such growing conditions. 

Properly grown tomato seedlings should be compact, with 

hard stems, large and intensely green leaves. These 

seedlings guarantee the best possible root development after 

transplanting and affect the yield quality and quantity. In 

our experiments the stem height of tomato plants ‘De Barao’ 

cultivar being additionally lighted by HPS-Cs 400 lamps 
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was by 2.9% and 9.8% higher than under lighting by HPS 

400 and MALF 400 lamps, accordingly. 

Tomatoes of ‘Hybrid Tarasenko’ cultivar turned out to be 

more sensitive to lighting by HPS-Cs 400 lamps. The 

increase in the seedling height of this tomatoes’ cultivar as a 

result of lighting by HPS-Cs 400 lamps was 5.9% and 

11.9%, accordingly, comparatively to the plants lighted by 

HPS 400 and MALF 400 lamps (Figure 3). 

 

 
 

Fig 3: The height of tomato transplants seedlings grown under 

different light sources illumination: 1 - HPS-Cs 400, 2 - HPS 400, 

3 - MALF 400 (LSD05=1.2 cm) 
 

A redistribution of the blue and red light percentage in the 

luminous flux of radiation in the PAR region under lighting 

by HPS-Cs 400 lamp in comparison with lighting by HPS 

400 lamp had a significant effect on the morphological 

parameters of tomato transplants. Although the blue color 

percentage (14%) compared to red color (55%) in the 

radiation flux in the PAR region under lighting by HPS-Cs 

400 lamp is insignificant, it nevertheless, this circumstance 

weakens the effect of only red light on the plant 

development and, due to an increase of supplemental blue 

light, promotes the formation of the solar type rays. 

As is known, the oversaturation of red light in the radiation 

flux of lamps causes a significant decrease in the number 

and thickness of leaves, the photosynthetic pigments content 
[18, 19]. While lighting by lamp HPS-Cs 400, such deviations 

were not observed due to the addition of 14% radiation in 

the blue region. As confirmed in the study [18], even 7% of 

blue light is sufficient to prevent any dysfunctional 

photosynthesis. The ratio of blue and red light in the 

radiation of light sources is important for the regular photo 

morphogenesis of various plants. The experiment results 

proved that plants grown under lighting by HPS-Cs 400 had 

the largest number of fully formed leaves (Figure 4) and the 

longest first internode (Figure 5).  

 

 
 

Fig 4: The number of leaves in tomatoes plants grown under 

different light sources illumination: 1 - HPS-Cs 400, 2 - HPS 400, 

3 - MALF 400 (LSD05=1.0 cm) 

 

The number of leaves of ‘De Barao’ plants under 

supplemental lighting by HPS-Cs 400 lamps was by 7.4% 

and 14.8% higher than under lighting by HPS 400 and 

MALF 400 lamps, respectively (Figure 4). Tomatoes of 

‘Hybrid Тarasenko’ cultivar developed even higher number 

of leaves under lighting by HPS-Cs 400 lamps. Obviously, 

the blue color that is presented in the HPS-Cs 400 lamp 

radiation contributed to the intensive formation of leaves on 

the plants of this cultivar, the number of which was by 

11.5% and 19.3% higher than under lighting by HPS 400 

and MALF 400 lamps, respectively. Lighting of ‘De Barao’ 

tomatoes by HPS-Cs 400 lamp had a similar effect on the 

length of the first internode, which was increased by 3.8% 

in comparison to tomato plants grown under HPS 400 lamps 

and by 9.5% compared to the plants lighted by MALF 400 

lamps. A significant elongation of the first internode by 

6.1% and 11.2%, respectively, was also observed in 

tomatoes of ‘Hybrid Tarasenko’ cultivar (Figure 5). 

 

 
 

Fig 5: The first internode length of tomatoes plants grown under 

different light sources illumination: 1 - HPS-Cs 400, 2 - HPS 400, 

3 - MALF 400 (LSD05=0.9 cm) 

 

The effect of the spectral composition of the studied light 

sources on the total fresh weight ‘De Barao and ‘Hybrid 

Tarasenko’ tomato seedlings are shown in Figure 6. As 

follows from the obtained data, lighting of tomato seedlings 

by HPS-Cs 400 lamp increased the total fresh weight by 

7.5% for ‘De Barao’ cultivar and by 5.9% for ‘Hybrid 

Tarasenko’ cultivar in comparison to the results of lighting 

by HPS 400 lamp. Lighting of tomato seedlings by MALF 

400 lamp with the main radiation flux (56%) in the green 

region (500-600 nm) and only 18% in the red one was 

insufficient for the active plant growth. As a result, there 

was the decrease in the total fresh weight of ‘De Barao’ 

seedlings cultivar by 15.1% and ‘Hybrid Tarasenko’ cultivar 

by 9.8% in comparison with those obtained under lighting 

by HPS-Cs 400 lamp. Discrete influence of green light on 

the plant biology, regulation of vegetative development, 

photoperiod of flowering, modulation of stem growth, 

expression of chloroplast genes have been described in the 

study [20]. 

 

 
 

Fig 6: The total fresh weight of tomatoes plants grown under 

different light sources illumination: 1 - HPS-Cs 400, 2 - HPS 400, 3 - 

MALF 400 (LSD05=0.86 cm) 
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The specifically effects of narrow regions of the radiation 

spectrum presented in the tested light sources can be 

estimated both on the basis of the accumulation of the total 

biomass of tomato plants and the yield. It is known that 

tomato cenoses are capable of providing a sufficiently high 

productivity in the red rays. We have evaluatd the tomato 

plants productivity depending on the spectral composition of 

light sources (Table 2). 

 
Table 2: Yield of the tomatoes plants 

 

Lamp type 

Yield per plant, kg 
Yield per plot square 

meter, kg 
 

Hybrid 

Tarasenko 
De Barao 

Hybrid 

Tarasenko 
De Barao 

HPS-Cs 6,48 8,64 16,2 17,28 

HPS 400 6 8,12 15 16,9 

Malf 400 5 6,5 14,5 16,25 

 

Supplemental lighting of tomato plants during the growing 

season by HPS-Cs 400 lamp increased the yield per one 

plant of ‘De Barao’ cultivar by 1.52 kg and of ‘Hybrid 

Tarasenko’ cultivar by 0.48 kg comparatively to the plants 

that were lighted by HPS 400 lamp. Yield per one tomato 

plant additionally lighted by MALF 400 lamps, was by 2.14 

kg lower for ‘De Barao’ cultivar and by 1.48 kg lower for 

‘Hybrid Tarasenko’ cultivar. 

The yield per square meter of the plot provided a similar 

correlation. The lowest yield of both tomato cultivars per 

square meter was observed on the plots where plants were 

lighted by MALF 400 lamp (18% red light). A raise of red 

light percentage in the relative spectral radiation energy of 

HPS 400 lamp (37% red light) contributed to an increase of 

the yield ‘De Barao’ cultivar by 3.8% and of the ‘Hybrid 

Tarasenko’ cultivar by 3.4%. A significantly greater 

increase in tomato yield per square meter was recorded on 

the plots where plants were lighted by HPS-Cs 400 lamps 

(55% red light). An increase of tomatoes yield per square 

meter of this plot was 6.3% for ‘De Barao’ cultivar and 

10.5% for the ‘Hybrid Tarasenko’ cultivar comparatively to 

the yield obtained on the plot lighted by MALF 400 lamp. 

Thus, our results confirm that the biomass and plant yield 

respond favourably to the distribution of light radiation 

spectral energy in the PAR region. 

The informative indicator of the plants photosynthetic 

apparatus is the amount of pigments in the tissues, which 

determines their functional state and changes that occur 

during growth and development. The photosynthetic 

apparatus responds to the different light modes and 

intensity, adapts and has its own activity. The degree of 

plant sensitivity to the light of various spectral compositions 

can be determined by the photosynthetic pigments content 
[21]. Chlorophyll a and b molecules are main pigments for 

photosynthesis, which allow plants to absorb and transfer 

light energy in the reaction centers of the photosystems. 

Chlorophyll b is an accessory pigment that absorbs light 

energy and passes it to chlorophyll a to drive photosynthesis 
[22]. 

We have determined the content of chlorophylls a and b and 

carotenoids in leaves of 28-day-old tomato plants (Table 3). 

The highest Chl a and Chl a+b content was determined in 

leaves of both tomato cultivars irradiated with the HPS-Cs 

400 lamp in comparison to the control. The Chl a and Chl 

a+b content exceeds these indicators in leaves of ‘De Barao’ 

tomato cultivar grown only under natural light by 73% and 

50%, respectively, and in leaves of ‘Hybrid Tarasenko’ 

tomatoes by 14.8% and 21%, respectively (Table 3). 

When lighting by HPS 400 lamp, the Chl a content in leaves 

of ‘De Barao’ cultivar was by 5% higher than in the control, 

but by 64.4% less than under lighting by HPS-Cs 400 lamp. 

The use of HPS 400 lamp for lighting of ‘Hybrid 

Tarasenko’ tomatoes resulted in the decrease of Chl a 

content both as in comparison to the control (by ֊ 3%), as in 

comparison to the plants grown under lighting by HPS-Cs 

400 lamp (by 18%). The total Chl a+b content in leaves of 

‘De Barao’ tomatoes grown under lighting by HPS 400 

lamp was equal to the control level, but by 50.4% less than 

in leaves of plants lighted by HPS-Cs 400 lamp. The 

photosynthetic apparatus of ‘Hybrid Tarasenko’ tomato 

cultivar responded positively to lighting by HPS 400 lamp, 

which lead to the increase in the total Chl a+b content by 

3.4%. But, this indicator turned out to be 17% less than 

while using HPS-Cs 400 lamp. 

 
Table 3: Effects of supplementary lighting from different light sources on chlorophyll a and b content, chlorophyll a/b ratio and carotenoids 

content in tomato leaves 
 

Tomatoes cultivar De Barao Hybrid Tarasenko 

Lamp type HPS 400 MALF 400 HPS-Cs 400 Control HPS 400 MALF 400 HPS-Cs 400 Control 

Chl a, mg g-1 0,74±0,03 0,68±0,03 1,22±0,17 0,70±0,07 0,80±0,07 0,71±0,04 0,94±0,07 0,82±0,04 

Chl b mg g-1 0,21±0,02 0,17±0,07 0,21±0,03 0,25±0,08 0,30±0,05 0,23±0,08 0,34±0,06 0,24±0,05 

Chl a+b, mg g-1 0,95±0,03 0,85±0,07 1,43±0,04 0,95±0,03 1,10±0,02 0,94±0,03 1,28±0,13 1,06±0,37 

Сt, mg g-1 0,45±0,05 0,26±0,03 0,27±0,08 0,29±0,03 0,32±0,08 0,26±0,06 0,27±0,02 0,28±0,07 

Chl a/b 3,50±0,41 3,90±0,22 5,71±0,4 2,80±0,65 2,70±0,38 3,10±0,67 2,80±0,52 3,40±0,46 

*Control - Natural light, Chl a - chlorophyll a, Chl b - chlorophyll b, Сt - carotenoids 
 

Carotenoids are represents another photosynthetic pigment 

group. Although they do not directly participate in the 

reactions of photosynthesis, but play the role of the 

photosynthetic antennas, participate in harvesting light 

energy for photosynthesis and protect the chlorophyll 

molecule that is sensitive to light. 

The dynamics of the carotenoids content in leaves of the 

studied tomato cultivars in response to lighting by the 

different types of lamps correlates with the regularity of 

changes in the Chl a and Chl b content. The lowest of 

yellow pigment content was observed in plants leaves with a 

high total Chl a+b content (lighted by HPS-Cs 400 lamp). 

As noted above, the total content of Chl a+b in leaves of 

‘De Barao’ cultivar, lightened by the HPS-Cs 400 lamp was 

by 50% higher than under natural light, and the carotenoids 

content was by 6.6% lower. However, the using of HPS 400 

lamp with radiation of more yellow-red colour for lighting 

of this tomato cultivar promoted a significant accumulation 

of carotenoids in leaves, the content of which was by 53.6% 

higher than the control at almost permanent total Chl a+b. 

The positive dynamics of ‘Hybrid Tarasenko’ tomatoes 

cultivar both in terms of lighting by HPS-Cs 400 lamp and 
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HPS 400 lamp should be noted. The use of MALF 400 

lamps for supplemental lighting definitely leads to the 

suppression of the photosynthesis process in the leaf blade 

of plants, which is confirmed by a decrease Chl a content by 

3.2% in ‘De Barao tomatoes cultivar and by 15.1% in 

‘Hybrid Tarasenko’ tomatoes cultivar. The total Chl a+b 

content in leaves of these tomatoes cultivars is also lower by 

11.7% and 12.8%, respectively (Table 3). In the present 

study, HPS-Cs 400 lamp has 55% of spectral radiation 

energy in the red region of the PAR. The intensity of the 

radiation energy in this region has been increased by 

addition of 5% cesium into the amalgam composition. Thus, 

the resulting ratio of red and blue light promoted expansion 

of tomato leaves, stomata opening and, therefore, access to 

CO2, which ultimately has enhanced photosynthesis. The 

obtained results are confirmed by the data of studies [23, 24]. 

However, the authors of the study (Yan et al., 2018), 

comparing the lighting effectiveness of ‘Ruifen 882’ 

tomatoes cultivar by HPS 400 lamps and by HPS 400 lamps 

with the addition of LED, the radiation spectrum of which 

was a mixture of 90% red (640 nm) and 10% blue (450 nm), 

established the opposite regularity. Lighting of tomato 

plants only by HPS 400 lamps boosted the chlorophyll raise 

by 13.1%, while hybrid lighting by HPS 400 lamps with 

additional illumination from LEDs – by 10% comparatively 

to the control. It can be assumed that a significant amount of 

red light resulted in the reduction of tomatoes 

photosynthetic ability and the decrease in their 

pigmentation, which correlate with the studies [5, 6]. The 

effectiveness by the different lamps lighting on 

morphological parameters of studied tomato cultivars and 

photosynthetic parameters, as well as chlorophyll content 

and as yield were evaluated by analysis of variance 

(ANOVA). The correlation analysis results showed that the 

tomatoes yield in greenhouse conditions largely depends on 

the ratio of the Chl a/b content in plant leaves (Figure 7).  

The yield tomatoes dependence on the chlorophyll a content 

also characterized by a direct average correlation, but the 

correlation coefficient is 0.58. In turn, the direct correlation 

dependence between the Chl a content and the seedlings 

height of tomato plants (r = 0.50), the number of leaves per 

plant (r = 0.65), the length of the first internode (r = 0.61), 

and weight of the plants (r = 0.67) was established with the 

indicated coefficients. 

According to the results of multi-factor analysis of variance, 

it has been revealed that the cultivars properties, the lighting 

factor and interaction: cultivars properties - lighting 

significantly affects the productivity of tomato plants. The 

value of least significant difference (LSD05) was 0.31 kg m-2 

for interaction factor, 0.2 kg m-2 for cultivar factor and 0.16 

kg m-2 for lighting factor. 

A similar dependence was observed for other parameters 

such as the seedlings height, the number of leaves on a 

plant, the length of the first internode, the mass of plants, 

and the photosynthetic pigments content determining during 

the research. Correlation analysis of these parameters 

indicates their close relationship, which can be used as an 

indication for yield predicting.  

 

 
 

Fig 7: The tomatoes yield dependence on the ratio of the Chl a/b content in plant leaves 
 

In particular, there is a close direct correlation between the 

yield, the length of the first internode and the seedlings 

height with r = 0.80-0.92 (p ≤ 0.01), and between the 

number of leaves on the plant, the Chl a content and the 

yield with r = 0.54-0.66. Thus, taking into account the 

established patterns, it is possible to regulate the growing 

tomatoes technology using the above parameters. One of 

such elements is the regulation of the wavelength lighting 

intervals (Figure 8). 
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Fig 8: Regression plots of tomato cultivars yield as a function of the spectral range (green and red) wavelength in the lamps radiation, nm 
 

Further correlation analysis of the lighting spectrum 

influence on the formation of yield indicators shows that the 

lighting spectrum composition significantly affects the value 

of tomatoes yield. An excessive amount of green light in 

lamp radiation (500-600 nm) negatively affects the tomatoes 

yield (r = - 0.49), while an increase of red light proportion 

(600-700 nm) leads to an increase in yield (r = 0.54) (p ≤ 

0.05). 

 

Conclusions 

The efficiency of supplemental lighting of tomato plants 

grown in greenhouses by high pressure sodium lamps with 

addition of 5 at% cesium in amalgam is shown. It has been 

determined that the introduction of 5 at% Cs into the 

amalgam of the lamp results in a redistribution of the 

spectral energy of light radiation in the PAR region 

comparatively to the radiation of standard high-pressure 

sodium lamp. The spectral distribution in the PAR region of 

HPS-Cs 400 lamp is: 14% (400-500 nm), 31% (500-600 

nm), 55% (600-700 nm). It was shown that the raise of red 

light proportion up to 55% determines the significant 

morphological changes in tomato plants such as the increase 

of shoots height, the number of formed leaves, and the first 

internode length. A significant effect of radiation of this 

spectral composition on the photosynthesis has been 

established. The total photosynthetic pigments content in 

leaves of ‘De Barao’ and ‘Hybrid Tarasenko’ tomato 

cultivars under lighting by high pressure sodium lamp with 

addition of cesium was 1.4 and 2.5 times higher than under 

lighting by MALF 400 and HPS 400 lamps, respectively. 

The additional light of the indicated spectral ranges 

significantly increased the tomato yield both per one plant 

and per plot square meter. The yield growth per one plant 

grown under lighting of HPS-Cs 400 lamps compared to 

plants lighted by HPS 400 lamps was 7.4% (‘Hybrid 

Tarasenko’) and 6% (‘De Barao’). A more significant yield 

increase was obtained at comparison to the plants 

illuminated by MALF 400 lamps - 22.8% for tomatoes of 

the ‘Hybrid Tarasenko’ cultivar and 24.5% for the ‘De 

Barao’ cultivar. 

 

Conflict of interest statement 

We declare that we have no conflict of interest 

 

References 

1. Marcelis LFM, Broekhuijsen AGM, Meinen E et al. 

Quantification of the growth response to light quantity 

of greenhouse grown crops. Acta 

Horticulturae,2006:711:97-103. 

2. Semenov A, Korotkova I, Sakhno T, Marenych M et al. 

Effect of UV-C radiation on basic indices of growth 

process of winter wheat (Triticum aestivum L.) seeds in 

pre-sowing treatment. Acta agriculturae 

Slovenica,2020:116/1:49-58. 

https://doi.org/10.14720/aas.2020.116.1.1563 

3. Hogewoning SW, Wientjes E, Douwstra P et al. 

Photosynthetic Quantum Yield Dynamics: From 

Photosystems to Leaves. The Plant Cell,2012:24:1921-

1935. https://doi.org/10.1105/tpc.112.097972 

4. Kump B. The role of far-red light (FR) in 

photomorphogenesis and its use in greenhouse plant 

production. Acta agriculturae Slovenica,2020:116/1: 

93-105. https://doi.org/10.14720/aas.2020.116.1.1652 

5. Trouwborst G, Oosterkamp J, Hogewoning SW et al. 

The responses of light interception, photosynthesis and 

fruit yield of cucumber to LED-lighting within the 

canopy. Physiologia Plantarum,2010:138(3):289–300. 

https://doi.org/10.1111/j.1399-3054.2009.01333.x 

6. Zhang Y, Kaiser E, Zhang Y et al. Red/blue light ratio 

strongly affects steady-state photosynthesis, but hardly 

affects photosynthetic induction in tomato (Solanum 

lycopersicum). Physiologia 

Plantarum,2019:167(2):144-158. 

https://doi.org/10.1111/ppl.12876 

7. Hogewoning SW, Douwstra P, Trouwborst G et al. An 

artificial solar spectrum substantially alters plant 

development compared with usual climate room 

irradiance spectra. Journal of Experimental 

Botany,2010:61(5):1267-1276. 

https://doi.org/10.1093/jxb/erq005 

8. Zheng J, Hu MJ, Guo YP. Regulation of photosynthesis 

by light quality and its mechanism in plants. The 

Journal of Applied Ecology,2008:19(7):1619-1624. 

9. Kaiser E, Ouzounis T, Giday H et al. Adding Blue to 

Red Supplemental Light Increases Biomass and Yield 

of Greenhouse-Grown Tomatoes, but Only to an 

Optimum. Frontiers in Plant Science,2019:9:2002. 

https://doi.org/10.3389/fpls.2018.02002 

10. Dueck TA, Janse J, Eveleens BA et al. Growth of 

tomatoes under hybrid LED and HPS lighting systems. 

Acta Horticulturae,2012:952:335-342. 

11. Zheng Y, Zhang P, Dixon M. Evaluation of Four Lamp 

Types for the Production of Tomato Plants in 

Controlled Environments. Hort 

http://www.botanyjournals.com/


International Journal of Botany Studies  www.botanyjournals.com 

233 

Technology,2005:15(3):646-652. 

https://doi.org/10.21273/HORTTECH.15.3.0646 

12. Glowacka B. Effect of light colour on the growth of 

tomato (Lycopersicon esculentum Mill.) transplant. 

Acta Scientiarum Polonorum. Hortorum 

Cutlus,2002:1(2):93-103. 

13. Gomez C, Morrow RC, Bourget CM et al. Comparison 

of intracanopy light-emitting diode towers and 

overhead high-pressure sodium lamps for supplemental 

lighting of greenhouse-grown tomatoes. 

HortTechnology,2013:23(1):93-98. https://doi.org/ 

10.21273/HORTTECH.23.1.93 

14. Yan W, Zhang Y, Zhang Y, Cheng R et al. Effects of 

Supplementary Artificial Light on Growth of the 

Tomato (Solanum lycopersicum) in a Chinese Solar 

Greenhouse. The Horticulture Journal,2018:87(4):516-

523. https://doi.org/10.2503/hortj.OKD-165 

15. Brazaitytė A, Duchovskis P, Urbonavičiūtė A et al. The 

effect of light-emitting diodes lighting on the growth of 

tomato transplants. Zemdirbyste-

Agriculture,2010:97(2):89-98. 

16. Wellburn AR. The spectral determination of 

chlorophylls a, and b, as well as total carotenoids, using 

various solvents with spectrophotometers of different 

resolution. Journal of Plant Physiology,1994:144:307-

313. https://doi.org/10.1016/S0176-1617(11)81192-2 

17. Pichler G, Zivcec V, Beuc R et al. UV, Visible and IR 

Spectrum of the Cs High Pressure Lamp. Physica 

Scripta,2003:T105:98-100. 

18. Hogewoning SW, Trouwborst G, Maljaars H et al. Blue 

light dose-responses of leaf photosynthesis, 

morphology, and chemical composition of Cucumis 

sativus grown under different combinations of red and 

blue light. Journal of Experimental 

Botany,2010:61(11):3107-3117. 

https://doi.org/10.1093/jxb/erq132 

19. Trouwborst G, Hogewoning SW, Olaf van Kooten, 

Harbinson J, Wim van Ieperen. Plasticity of 

photosynthesis after the ‘red light syndrome’ in 

Cucumber. Environmental and Experimental 

Botany,2016:121:75-82. 

https://doi.org/10.1016/j.envexpbot.2015.05.002 

20. Folta KM, Maruhnich SA. Green light: a signal to slow 

down or stop. Journal of Experimental 

Botany,2007:58(12):3099-3111. 

https://doi.org/10.1093/jxb/erm130 

21. Zavorueva EN, Ushakova SA, Volkova EK et al. Fine 

Chloroplast Structure in Cucumber and Pea Leaves 

Developed under Red Light. Russian Journal of Plant 

Physiology,2000:47(6):740-747. 

https://doi.org/10.1023/A:1026650926957 

22. Ouzounis T, Fretté X, Ottosen C-O, Rosenqvist E. 

Spectral effects of Leds fluorescence on chlorophyll in 

pigmentation Phalaenopsis ‘Vivien’ and ‘Purple Star’. 

Physiologia Plantarum,2015:154(2):314-327. 

https://doi.org /10.1111/ppl.12300 

23. Boccalandro HE, Giordano CV, Pluschok EL et al. 

Phototropins But Not Cryptochromes Mediate the Blue 

Light-Specific Promotion of Stomatal Conductance, 

While Both Enhance Photosynthesis and Transpiration 

under Full Sunlight. Plant Physiology. 2012; 158: 

1475–1484. https://doi.org/10.1104/pp.111.187237 

24. Savvides A, Fanourakis D, Wim van Ieperen. Co-

ordination of hydraulic and stomatal conductances 

across light qualities in cucumber leaves. Journal of 

Experimental Botany,2012:63(3):1135-1143. 

https://doi.org/1135–1143. 10.1093/jxb/err348  

http://www.botanyjournals.com/

