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Abstract 

It produces lights of different qualities with different lighting elements used in agricultural practice. This 

situation creates different effects on living things. In this study, the effect of incandescence, electric discharge 

and electroluminescence light, which is the most used light production method in lighting applications, on 

Triticum aestivum L. (Wheat) and Hordeum vulgare L. (Barley) was investigated. For this purpose, different 

lighting environments where sources of light with LED, incandescence, sodium vapor, mercury vapor and metal 

halide discharge were used were created, and all variables except for the sources of light were kept the same. 

Wheat and barley plants were grown in these environments, and harvested after 15 days. After the harvesting 

processes had been completed, wet weight, height, amounts of electrolyte leakage, chlorophyll and carotene 

amounts, SOD (superoxide dismutase) and (CAT) Catalase enzyme activities were determined. Differences 

between the plants grown under the light parameters were determined by evaluating the data with SPSS. There 

were statistically significant differences between the data obtained from wheat and barley grown under different 

lamps.  
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Farklı Şekillerde Üretilen Işığın Triticum aestivum L. (Buğday) ve Hordeum vulgare L. 

(Arpa) Üzerindeki Etkileri 

Öz 

Tarımsal uygulamada kullanılan farklı aydınlatma elemanları ile farklı niteliklerde ışıklar üretmektedir. Bu 

durum canlılar üzerinde farklı etkiler oluşturmaktadır. Bu çalışmada, aydınlatma uygulamalarında ışık üretim 

yöntemlerinden en fazla kullanılan termik, deşarja dayanan ve elektrolüminesans yol ile üretilen ışığın Triticum 

aestivum L. (Buğday) ve Hordeum vulgare L. (Arpa) üzerindeki etkisi incelenmiştir. Bu amaçla, LED, 

enkandesan, sodyum buharlı, civa buharlı ve metal halojenli deşarj ışık kaynaklarının kullanıldığı farklı 

aydınlatma ortamları oluşturulmuş ve ışık kaynağı haricinde diğer tüm değişkenlerin aynı olması sağlanmıştır. 

Sonrasında bu ortamlarda buğday ve arpa bitkileri yetiştirilmiş ve 15 gün sonunda hasat edilmiştir. Hasat 

işlemleri tamamlandıktan sonra bitkilerin yaş ağırlıkları, boyları, elektrolit sızıntı, klorofil ile karoten miktarları, 

Süperoksit dismutaz (SOD) ve Katalaz (CAT) enzim aktiviteleri belirlenmiştir. Elde edilen veriler SPSS 

İstatistik Paket Programı’nda değerlendirilerek çalışılan ışık parametreleri altında yetiştirilen bitkiler arasındaki 

farklılıklar belirlenmiştir. Farklı lambalar altında yetiştirilen buğday ve arpalarda elde edilen veriler arasında 

istatistiksel olarak anlamlı farklılıklar olduğu gözlenmiştir. 

 

Anahtar Kelimeler: Yapay ışık kaynakları, tarım, Triticum aestivum L., Hordeum vulgare L.. 
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1. Introduction 

Light has been an irreplaceable source of energy since the existence of humanity, and the need 

for light increases daily. In order to provide sustainable light sources when the sun was not 

enough for lighting, people invented artificial sources of light [1]. Artificial light sources are 

used for many purposes. Venue design, environmental luminance, plant growth rooms, among 

others are examples of intended uses with different purposes and functions [2]. Artificial light 

is generally produced via three different light production methods. These are produced via 

incandescence, an electrical discharge [3] and electroluminescence [4]. The foundation for light 

production methods is based on the principle of conversion of electric energy to light. Since 

each of these light production methods differs from one another, each source of light has 

different physical and structural properties [5]. 

Producing light via the incandescence method is the oldest known method. Electrical current is 

conducted through a metal wire in the lamp and light is obtained when the metal wire becomes 

incandescent in this method of production [6]. The first incandescent lamp was researched by 

H. Goebel in 1854, and T. Edison invented lightbulbs in 1879, which have been technologically 

improved until the present day [7]. 

In the method based on electrical discharge, the gas between the two plates in the lamp starts to 

ionise by interacting, and light is produced. Radiation for this production method occurs in two 

ways: in the visible wavelength zone or in the ultraviolet radiation zone. Discharge lamps are 

described as low-pressure lamps or high-pressure lamps in accordance with the pressure of the 

gas in the tube. Discharge lamps need auxiliary sources during operation. Therefore, they are 

operated with ballast and ignitor [8]. The purpose of the ballasts used in discharge lamps is to 

prevent the current from short-circuiting by limiting ionization, in other words, discharge 

current [9]. It is quite important for a discharge lamp to be suitable for the ballast and it is 

preferred for ballasts to be electronic and electromagnetic [10]. If the current provided by the 

ballast is less than it should be, it causes inefficient current to be conveyed to the lamp. This 

leads the lamp to illuminate inefficient luminous flux and causes it not to reach the necessary 

brightness [11]. Therefore, it is important to pay attention to the compatibility of lamps and 

ballast. These blasters, called starters or ignitors, are electronic devices, which provide suitable 

voltage and energy to start and maintain luminescence discharge [12]. 

Light production with the electroluminescence method was developed in recent years as solid-

state semiconductor-based devices. This method is where electric energy is converted into 

direct luminous energy [13]. LEDs, which produce light through this method, are small and 

durable. LED, which means light-emitting diode, is a semiconductor-based lighting equipment 
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consisting of semiconductor equipment, called n-types or p-types, which have undergone some 

processes. The property that distinguishes LEDs from other diodes is that they emit light 

through photons in p-n joint parts [14].  

In addition to other environmental parameters, plants need substantial amounts of light. Light 

affects the physiological development of plants as well as the formation of blooming and floral 

organs and the morphology of organs. Briefly stated, plants need light for growth, development 

and various metabolic purposes. Applying insufficient light has some negative impacts on 

plants as does having excess light [15]. The sources of light that are needed for plant 

development can be the sun or artificial lights [16].  

The beams emitted by the sun to the earth have various wavelengths. The light spectrum 

contains a wide range of wavelengths including infrared, visible light and ultraviolet [17]. The 

range that plants use for photosynthesis includes the 390–760 nm wavelengths [18]. Besides 

being a source of energy for plants used for photosynthesis, light is a factor that affects various 

developmental processes [19]. Photosynthesis, a photochemical process, is a function of 

wavelength of the light source. The speed of photosynthesis depends on both wavelengths and 

the addition of light sources with different wavelengths can cause photosynthesis speed to 

increase. Consequently, this situation is an important aspect when it comes to artificial lighting 

[20]. 

The lives of all living creatures depend on green plants that photosynthesise. Therefore, plants 

form the basic level of most food chains. Leaves are the main organ of plants that have an 

effective part in photosynthesis [21]. The most important pigment of plants that is used in 

photosynthesis is chlorophyll [22]. Chlorophyll generates the carbohydrates, which have the 

most significant role in the growth and development of plants using sunlight [23]. There are 

eight different chlorophylls in plants, and the most important ones are chlorophyll a and 

chlorophyll b. Light is a basic need for these coloured pigments to function. Chlorophylls 

absorb photons at certain wavelengths of 430 nm (blue) and 662 nm (red) while the green color 

is reflected strongly [24].  

In this study, the effects of the placement of artificial sources of light and light production 

methods on agricultural production and the effects of light on plants were analysed. The lengths, 

wet weights, electrolyte leakage, chlorophyll and the activities of CAT and SOD enzyme plants 

were investigated and analysed.  
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2. Material and Methods 

 

Fertile soil mixed with manure from the fields where agriculture activities have been performed 

and seeds of wheat (T. aestivum L.) and barley (H. vulgare L.) that can be easily grown in a 

laboratory environment were used in the study. Soil, consisting of 25% of pearlite, and 25% of 

manure, was prepared. Then 750 g of this mixture was put into 1kg plastic pots. Three pots each 

were prepared with seeds of barley and wheat for each source of light application. After the 

seeds to be planted had been weighed, 7 g of wheat or 5 g of barley were planted in each pot. 

Next, the seeds were covered with 100 g of soil. The pots were placed under incandescent 

lamps, LEDs, metal halide discharge lamps, sodium vapour lamps or mercury vapour discharge 

lamps (Table 1). Since wheat and barley are long-day plants, they were subjected to 13–14 

hours of light exposure [25]. After germination, the plants were grown and harvested, barley 

after 11 days and wheat after 15 days, by being cut at the soil surface. The lengths of the plants, 

which had been grown under five different lighting mechanisms, were determined and their wet 

weight values were measured. Then, samples were collected from harvested plants, and 

amounts of electrolyte leakage, chlorophyll, carotene, CAT and SOD enzyme activities values 

were determined. 

Table 1. Lamp Parameters 

 

Lamp Types Lamp Power 

(W) 

Color correlated 

temperature - CCT (˚K) 

Illumination level 

(Lux) 

SodiumVapor 70 2003 1548 

Incandescent 42 2759 279 

Metal Halogen 400 5767 6082 

LED 18 6729 475 

Mercury Vapor 125 3985 3076 

  

Determination of Electrolyte Leakage 

First, each of the 12 test tubes received 0.1 g of fresh plant material taken from plant leaves. 

The tubes were then filled with 4 mL of distilled water and stored at 4 °C for 1 day. An electrical 

conductivity meter was then used to quantify the levels of ions in distilled water from the 

samples collected to determine cell damage [26]. 

Determination of Chlorophyll and Carotenoid 

First, 0.5 g of harvested leaves was placed in a porcelain mortar and ground in the porcelain 

mortar to homogenize in 20 mL of 80% acetone.  The mixture was filtered through filter paper 
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and placed in a centrifuge tube that was filled up to 10 mL.  The solution was then centrifuged 

for 10 minutes. Finally, the absorbance values of the resulting combination at 663, 646, and 440 

nm were determined individually using a spectrophotometer. 

The following formulas were used to calculate the amount of chlorophyll: 

Chla = 12.25 A663 – 2.55 A646 

Chlb = 20.31 A646 – 4.91 A663 

Chla + Chlb = 17.76 A646 + 7.34 A663 

Carotenoid (Car) = 4.69 A440 – 0.267 Chla+b  

The results were obtained as mg mL-1 [27, 28]. 

Antioxidant Activity 

After weighing 0.5 g of tissue and placing it in the porcelain mortar, 5 mL of cold homogenate 

buffer (0.1 M KH2PO4 at pH 7.0 with 1% PVP and 1 mM EDTA) was added. The mixture was 

transferred to a centrifuge tube and centrifuged for 15 minutes at 15000 g and 4 °C. The 

supernatant antioxidant produced from centrifugation was employed as a source for enzyme 

activity deaths [29]. Whether the plants were under stress physiologically was assessed by 

measuring antioxidant enzyme (superoxide dismutase, catalase, and peroxidase) activities in 

response to increases in reactive oxygen species during watering and soil stress conditions. 

Each antioxidant enzyme had its own set of substances and methodologies [30]. 

Catalase Enzyme Activity 

The method was used to determine the activity of Catalase (CAT). This method of measuring 

activity is based on the premise of seeing a drop in absorbance in a CAT activity measurement 

setting when H2O2 is transformed into O2 and H2O at 240 nm [31]. A 5 mM H2O2 solution was 

used to assess catalase activity in the extraction solution derived from plant samples. Following 

the addition of 103.5 mM of KH2PO4 buffer and 40 mM of H2O2 substrate solution to 3 mL 

quartz vials, 20 L of enzyme extract from leaves and 50 L of enzyme extract from roots were 

added. The absorbance of the vial against a blank was observed at 240 nm for 3 minutes at 1 

minute intervals after it was placed in the spectrophotometer. The absorbance per minute was 

estimated from the point where the absorbance dropped linearly. A standard curve was used to 

convert these average absorbance values into mol H2O2. One enzyme unit was identified as the 

amount of enzyme that reduced absorbance by 1 mol at 25 °C in 1 minute, and the results are 

provided as enzyme units per gram of tissue (EU g-1 tissue) [31, 32]. 

Superoxide Dismutase Enzyme Activity 

The inhibition of the photochemical reduction of nitro blue tetrazolium (NBT) by superoxide 

dismutase (SOD) activity was determined spectrophotometrically [33]. 3.84 mL 
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spectrophotometer vials were filled with a reduction mixture containing 50 mM of KH2PO4 (pH 

7.8), 13 mM of methionine, 75 M of NBT, 2 M of riboflavin, and 0.1 mM of EDTA or 2.84 mL 

of a comparable reduction mixture that did not contain riboflavin. The mixture was then 

pipetted with 100 mL of enzyme extract. After pipetting and mixing 60 mL of 100 m of 

riboflavin solution into the tube, the reaction was begun by placing the tube under a white light 

source. The color fading density of NBT was measured in 15 minutes against a blank at 560 

nm. The blank was an enzyme-free sample that went through the same procedure. The amount 

of enzyme producing 50% inhibition of NBT reduction detected at 560 nm was recognized as 

one enzyme unit in this analysis, and values were determined as EU g-1 tissue [32]. 

Statistical evaluations were then performed using data obtained from this study. Average values 

of data and standard errors were calculated using SPSS 22 at a 95% confidence interval.  

3. Result and Discussion 

Significant data was obtained for wheat and barley are grown under five different lighting 

mechanisms. When the data were evaluated, the average weight measurement was 13.5–19 g 

in barley, and 13–18 g in wheat. The weight was at its lowest under the metal halide lamp for 

both of the plants (Fig. 1). When length data was evaluated, it was 12.2–13.7 cm in barley, and 

13–18 cm in wheat (Fig. 1). Plant length was also at its shortest under the metal halide lamp for 

both of the plants. Electrolyte leakage from barley was 63.63 ± 6.5 μS cm−1 to 115 ± 7.7 μS 

cm−1. This value was 53.33 ± 3.1 μS cm−1 to 82.27 ± 3.65 μS cm−1 in wheat (Fig. 1). 

Chlorophyll a values of barley were 7.68 ± 0.21 mg mL-1 to 13.54 ± 0.06 mg mL-1, and the 

values of wheat were 9.73 ± 0.24 mg mL-1 to 14.49 ± 0.4 mg mL-1 (Fig. 2). Chlorophyll b values 

of barley were 4.56 ± 0.44 mg mL-1 to 6.28 ± 0.12 mg mL-1, and the values for wheat were 4.41 

± 0.13 mg mL-1 to 6.41 ± 0.26 mg mL-1 (Fig. 2). When chlorophyll a + b values were evaluated, 

these values were 12.25 ± 0.64 mg mL-1 to 19.83 ± 0.18 mg mL-1 for barley and 14.06 ± 0.50 

mg mL-1 to 20.75 ± 0.86 mg mL-1 for wheat (Fig. 2). Regarding carotene values, they were 8.40 

± 0.99 mg mL-1 to 19.8 ± 0.45 mg mL-1 for barley and 10.12 ± 0.87 mg mL-1and 20.22 ± 0.82 

mg mL-1 for wheat (Fig. 3).  
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Figure 1. Weights, length and amount of electrolyte leakage barley and wheat plants grown under different light 

sources (*p<0,05; **p<0,01; ***p<0,001 significant). 
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Figure 2. Chlorophyll a, chlorophyll b, chlorophyll a + b amounts of barley and wheat plants grown under different 

light sources (*p<0,05; **p<0,01; ***p<0,001 significant). 
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Figure 3. Caretenoid, CAT and SOD enzyme activity of barley and wheat plants grown under different light 

sources (*p<0,05; **p<0,01; ***p<0,001 significant). 
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g-1 for wheat (Fig. 3). When the length and weight data of the plants grown under the lamps 

were compared, the values for plants grown under metal halide lamps were lower than those of 

plants grown under other light sources. The amounts of chlorophyll a and b and carotene were 

at their highest under metal halide lamps and they were at their lowest under incandescent 

lamps.  

The amount of electrolyte leakage was lower under incandescent lamps compared to other 

sources of light. CAT and SOD enzyme activities were higher in barley and wheat that were 

grown under metal halide lamps. In conclusion, since the light intensity of metal halide lamps 

was higher, the amount of chlorophyll in plants was also higher. In addition, the increase in the 

temperature of the environment due to the intensity of the light caused negative impacts on the 

development of plants. Therefore, it is necessary to consider the distance of lighting while using 

artificial lights for growing plants. 

Unlike other studies in the literature that were based on different production methods of light, 

this study has examined the effects of the light produced by various methods, on barley and 

wheat. Aydınşakir (2005)  [34] analysed the development of goldenrod under incandescent and 

sodium vapour lamps and determined that the use of sodium vapour lamps led to the best results 

in yield, length of the stalk and bunch, stem diameter, flower offshoot and wet weight values 

of the plants. Demirsoy et al. (2016) [35] analysed proportional leaf weight, proportional stem 

weight, proportional root weight, leaf zone, leaf thickness, specific leaf zone and proportional 

leaf zone parameters of eggplant (Solanum melongena L.) seedlings during two different 

periods (autumn and spring) with three different sources of light (high-pressure sodium vapour 

lamp (HPS), incandescence lamp (IL) and light-emitting diode (LED). They determined that 

artificial lighting applications increased the proportional stem weights and proportional leaf 

weights of eggplant seedlings. When lengths of eggplant seedlings were compared, those grown 

under incandescent lamps had the shortest length for both periods. Uzun (1996) [36] stated that 

change in eggplant plant length increased linearly with heat and curvilinearly with light. 

Kandemir (2005) [37] confirmed that when the intensity of the light increased, the plants 

became shorter and stem diameter increased, and they determined that the formation of plants 

with thin stems occurred in low light. Islam et al. (2012) [38] compared LED and traditional 

high-pressure sodium vapour lamps while growing Euphorbia pulcherrima. Plants grown both 

in greenhouses and in plant growth rooms were compared in terms of both high-pressure sodium 

vapour lamp and LEDs; plants grown under LEDs were 20–34% shorter. Mitchell et al. (2015) 

[39] analysed a number of characteristics and effects related to incandescence lamps, metal 

halide lamps, fluorescent lamps, high-pressure sodium vapour discharge lamps and LED 
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sources of light that are commonly used on garden plants, on plants under separate titles in his 

collection. They concluded that high-pressure sodium vapour lamp increased the yield and 

quality of tomatoes and increased the numbers and zones of leaves per seedling of tomatoes, 

pepper, cucumber and eggplant. Sumarni et al. (2022) [40] investigated the effects of red-blue 

LED and white fluorescent lamps on the growth and yield of aroponic potato seeds grown in 

the highlands. Artificial lighting was applied to on the plant at 110 cm, 120 cm and 130 cm 

distances. As a result of the experiments, it was observed that the red-blue LED lamp 

combination with a height of 110 cm had the highest efficiency. Yeh and Chung (2009) [41] 

mentioned that fluorescent, high-pressure sodium vapor, metal halogen lamps and incandescent 

lamps have long been used in tissue culture and growth chambers. And with that, they examined 

the potential of LEDs in indoor plant growing. As a result, they suggested that LEDs, which 

provide higher energy efficiency, are the primary light source. Köksal (2013) [42]  used 

artificial lighting with red-orange LED light and determined that there were statistical 

differences in terms of plant height, biomass weight, number of flowers and leaves.  

With the help of technology currently under development, the technological progress in 

artificial lights has enabled more opportunities for studies in the field of plant biology. Applying 

lower light intensity to plants has a limiting impact on photosynthesis as does apply applying 

high amounts of light above critical value. A suitable lighting source should be provided 

through artificial lighting for plant growth. In this way, the technical properties of light sources 

are quite important. In order to utilise productivity in agricultural production ideally, studies 

need to be continued to understand the interaction of the quality of light and other 

environmental parameters.  

4. Conclusion 

In this study, the effects of three commonly used sources of light on wheat and barley were 

analysed, and the data obtained corresponded with previous literature. The following results 

can be withdrawn from this study: 

The effect of lower intensity light on plants has a limiting impact on photosynthesis as does 

apply high amounts of light above a critical light intensity value. Suitable lighting source should 

be provided through artificial lighting methods for improved growth in wheat and barley plants. 

For the maximum weight and length of wheat and barley plants, sodium vapour, incandescent 

lamps and LEDs perform better than those of other sources of lighting, respectively. Carotenoid 

levels and SOD activity in both plants are mainly improved with sodium vapour lamps whereas 

CAT activity was dominantly influenced by metal halogen lights especially effective on wheat 
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plant. Chlorophyll levels (i.e. a, b and a+b) improve mainly with sodium vapour and metal 

halogen lamps irrespective of the type of plant. 
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