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Aim. The effect of blue and red light on the 

activity of catalase and ascorbate peroxidase, the 

content of proteins and soluble carbohydrates in the 

leaves of wheat varieties under the action of sodium 

chloride were investigated. Methods. The objects of 

research were bread wheat Saratovskaya-29 (Triti-

cum aestivum L.) and durum wheat Barakatli-95 

(Triticum durum Desf.). Plants were grown in la-

boratory conditions in an aqueous medium using a 

Knoop nutrient medium. Experimental plants were 

coated with transparent films transmitting light at 

wavelengths of 420-480 nm (blue light) and 640-

680 nm (red light). During the growing season, 

samples of fully formed leaves were taken for phy-

siological and biochemical studies every week at 11 

a.m. Results. Under the action of sodium chloride, 

the accumulation of hydrogen peroxide in white 

light was higher than in blue and red light (table). 

Low catalase activity was also observed in blue and 

red light under the influence of sodium chloride in 

both varieties. In bread wheat variety Saratovskaya 

-29 level of hydrogen peroxide, the activity of cata-

lase and ascorbate peroxidase enzymes was lower 

than that of the Barakatli-95 durum wheat variety. 

Conclusions. Blue light stimulated the synthesis of 

proteins, while red light stimulated the synthesis of 

carbohydrates. Blue and red light prevented the 

formation of H2O2 under the influence of NaCl. 

Keywords: blue light, red light, catalase, as-

corbate peroxidase, proteins, carbohydrates. 

 

One of the essential factors necessary for the 

growth, development, and productivity of plants is 

the intensity and spectral composition of light. In 

conditions of insufficient provision of sunlight, the 

process of photosynthesis disrupted, growth, devel-

opment, yield, and plant resistance reduced. There 

are numerous works in the literature on the study of 

the intensity and spectral composition of light on 

growth and development, photosynthesis, and plant 

productivity [1, 3, 8, 9, 10-12, 13, 16]. Light also 

acts as an effective regulator that controls the mor-

phogenesis of plants during the individual devel-

opment of plants [15]. The spectral composition of 

light affects the growth and development of wheat 

seedlings. Under optimal growing conditions in red 

light, there is a tendency to stimulate the growth of 

both the aerial part and the roots, compared with 

seedlings grown in white and blue light. More car-

bohydrates synthesized in the leaves under red light 

than under blue light and, on the contrary, more 

proteins synthesized under blue light than under red 

light [3-7].  

The study of the effect of red light on the 

synthesis of proteins and carbohydrates in plant 

leaves is of both theoretical and practical value. Our 

research aimed to study the blue and red light phy-

siological and biochemical characteristics of wheat 

genotypes. 

 

Material and methods 

Two varieties of winter wheat Saratovskaya-

29 (Triticum aestivum L.) and Barakatli-95 (Triti-

cum durum Desf.) were used in the work. Plants 

were grown in laboratory conditions in an aqueous 

medium using a Knoop nutrient medium. Experi-

mental plants were coated with transparent films 

transmitting light at wavelengths of 420-480 nm 

(blue light) and 640-680 nm. (Red light). During 

the growing season, samples of fully formed leaves 

were taken for physiological and biochemical stu-

dies every week at 11 a.m. Photosynthetic pigments 

were determined by homogenizing the leaves on 

96% ethanol, with further centrifugation at 200 g, 

on a spectrophotometer at wavelengths of 665, 649, 

and 440.5 nm, using the coefficient Wintermans, 

De Mots, 1965 [2]. The content of soluble sugars 

was determined by the accelerated bichromate me-

thod, at a wavelength of 630-570 nm [2]. The pro-

tein content was determined on a SP 2000 spectro-

photometer at a wavelength of 230 and 260 nm, 

according to the method of Kalb, Bernlohr [2]. The 

determination of hydrogen peroxide was carried out 

using a method based on the formation of a colored 
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compound - a titanium peroxide complex [14]. The 

concentration of Н2О2 was calculated from the 

standard calibration curve of the level of hydrogen 

peroxide and expressed in mmol / g wet weight. 

Catalase activity (Cat) was measured by the rate of 

Н2О2 degradation according to the procedure [14]. 

A drop in optical density was recorded for 1 minute 

after adding a solution of 100 μl of 0.1 M Н2О2 to 

the enzyme extract and the enzyme activity ex-

pressed in mmol of decomposed peroxide / g wet 

weight per minute. The activity of ascorbate perox-

idase (APO) was determined at pH 7.0 by the de-

crease in light absorption at 290 nm. The protein 

content was analyzed according to the Bradford 

method, using BSA as a standard [2]. 

The experiments were performed in triplicate 

biological repetition and each reproduced indepen-

dently 2-3 times. The figures and tables show the 

average values and their standard deviations (M ± 

σ). The significance of differences between the 

options was evaluated using t-student test. 

 

Results and discussion 

The influence of blue and red light on physi-

ological and biochemical parameters was unidirec-

tional, but there were varietal differences. In blue 

light, plants grew more intensely than in red light. 

Under the influence of sodium chloride, the accu-

mulation of hydrogen peroxide in white light was 

higher than in blue and red light (table).  

Low catalase activity was also observed in 

blue and red light under the action of sodium chlo-

ride in both varieties. In bread wheat variety Sara-

tovskaya-29 level of hydrogen peroxide, the activi-

ty of catalase and ascorbate peroxidase enzymes 

was lower than that of the Barakatli-95 durum 

wheat variety. The accumulation of carbohydrates 

and proteins was different: red light contributed to 

the synthesis of carbohydrates, and blue light con-

tributed to the synthesis of proteins. The rapid 

growth of plants and the low content of hydrogen 

peroxide under the influence of salt in blue light 

can be explained by the effect of blue light on the 

metabolic processes of the cell. 

There is evidence that during drought and sa-

linization, blue light contributes to synthesis of low 

molecular weight compounds that increase the wa-

ter retention capacity of the cell [17, 18]. In this 

work, it has also been shown that under the salini-

zation condition, the seedling growth rate decreased 

by 20% in blue light, while in red light, it fell by 

50%.  

Many authors have noted the regulatory ef-

fect of blue light on plant metabolism through cryp-

tochromes. Blue light photoreceptors are flavins 

and carotenoids. The yellow pigment riboflavin, a 

receptor of blue, is the near-ultraviolet light called 

cryptochrome. It is present in all plants. In the ul-

traviolet part of the spectrum (320-390 nm), anoth-

er receptor system is probably working, including 

pyrazine-pyrimidine derivatives or pterins. Recep-

tors undergo redox transformations, quickly trans-

ferring electrons to other acceptors. Plant photo-

tropism is determined by the receptor complex of 

the stem apex, which includes cryptochrome and 

carotenoids. Blue light receptors were found in the 

cells of all tissues, localized in the plasmalemma 

and other membranes. The photomorphogenic ef-

fect of red light on a plant was carried out through 

phytochromes F660 and F730. 

 

Table. The effect of blue and red light on the physiological and biochemical parameters of wheat 

leaves* 

Wheat variety 
Light 

spectrum 

H2O2, 

mkmol/g 

Carbohydrates 

mg / g 

CAT,μmol / 

mg protein 

APO, μmol / 

mg protein 

Protein, 

mkg / ml 

Saratovskaya-29 

Control 

White 1,1 ± 0,08 40 ± 2,3 0,6 ± 0,02 1,0 ± 0,08 41 ±2,2 

Red 0,9 ± 0,07 34 ± 1,5 0,5 ± 0,01 1,3 ± 0,09 37 ±1,4 

Blue 1,6 ±0,09 30 ± 1,3 0,4 ± 0,03 0,2 ± 0,07 43 ±2,3 

Saratovskaya-29 

100 mmol NaCl 

White 2,8 ±0,09 50 ± 2.2 1,8 ± 0,09 8,1 ± 0,09 46 ± 2,2 

Red 1,9 ±0,06 60 ± 3,4 0,7 ± 0,05 2,2 ± 0,07 42 ± 1,5 

Blue 1,6 ±0,05 40 ± 4,5 0,6 ± 0,04 1,3 ± 0,04 52 ± 3,3 

Barakatli 95 

Control 

White 1,8 ±0,07 32 ± 5,1 1,8 ± 0,07 0,6 ± 0,03 100±3,6 

Red 0,9 ±0,04 30 ± 2,4 1,0 ± 0,06 0,8 ± 0,02 95 ± 1,5 

Blue 1,7 ±0,05 24 ± 3,3 1,7 ± 0,08 0,5 ± 0,06 100±2,7 

Barakatli 95 

100 mmol NaCl 

White 3,4 ±0,04 60 ± 2,6 2,2 ± 0,04 0,6 ± 0,5 108±3,5 

Red 2,9 ±0,09 65 ± 1,7 2,2 ± 0,09 0,8 ± 0,07 100±2,4 

Blue 3,0 ±0,06 50 ± 2,8 1,8 ± 0,08 0,5 ± 0,04 110±1,5 
Notes: *Each value represents the mean ± SD (standard deviation) for the mean n = 3 independent experiments p = 0.05. 
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Conclusions 

1. Blue and red light prevent the formation of 

hydrogen peroxide in wheat cells under the action 

of sodium chloride. 

2. Blue light stimulates synthesis of proteins, 

and red light stimulates synthesis of carbohydrates 

in wheat cells. 

This work is supported by Azerbaijan National 

Academy of Sciences under the Azerbaijan-Belarus 

project: "Phytochrome regulation of photochemical 

processes as a factor in increasing the stress tolerance 

of cultivated plants." 
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ВПЛИВ СИНЬОГО І ЧЕРВОНОГО СВІТЛА НА ФІЗІОЛОГІЧНІ І БІОХІМІЧНІ ХАРАКТЕРИСТИКИ 

РОСЛИН ПШЕНИЦІ 

Мета. Досліджено вплив синього і червоного світла на активність пероксидази, каталази і аскорбату, вміст 

білків і розчинних вуглеводів у листках сортів пшениці під дією хлориду натрію. Методи. Об'єктами дослі-

дження були сорт м'якої пшениці Саратовська-29 (Triticum aestivum L.) і твердої пшениці Баракатлі-95 (Triticum 

durum Desf.). Рослини вирощені в лабораторних умовах у рідкому живильному середовищі Кнопа. Експеримен-

тальні рослини вирощували під прозорими плівками, що пропускають світло на довжинах хвиль 420-480 нм 

(синє світло) і 640-680 нм (червоне світло). Протягом вегетаційного періоду, щотижня об 11:00, зразки повніс-

тю сформованих листків брали для фізіологічних і біохімічних досліджень. Результати. Під дією хлориду 

натрію накопичення перекису водню в білому світлі було вище, ніж в синьому і червоному. Низька активність 

каталази спостерігалася за впливу синього і червоного світла під дією хлориду натрію в обох сортах. У сорту 

хлібної пшениці Саратовська-29 рівень перекису водню і активність ферментів каталази та аскорбату перокси-

дази був нижчим, ніж у сорту пшениці Barakatli-95. Висновки. Синє світло стимулювало синтез білків, тоді як 

червоне світло стимулювало синтез вуглеводів. Синє і червоне світло перешкоджали утворенню H2O2 під дією 

NaCl. 

Ключові слова: синє світло, червоне світло, каталаза, аскорбат пероксидаза, білки, вуглеводи. 


