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THE EFFECT OF BLUE AND RED LIGHT ON PHYSIOLOGICAL AND
BIOCHEMICAL CHARACTERISTICS OF WHEAT PLANTS

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 H,O, 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 H,O, 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
H,0, degradation according to the procedure [14].
A drop in optical density was recorded for 1 minute
after adding a solution of 100 pl of 0.1 M H,0, 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 +
o). 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 H,0;, Carbohydrates CAT,umo_l/ APO, pmol / Protein,
spectrum mkmol/g mg/g mg protein mg protein mkg / ml
Saratovskaya-29 White 1,1+ 0,08 40+2,3 0,6 +0,02 1,0+ 0,08 41422
Control 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 43423
Saratovskaya-29 White 2,8+0,09 50+£2.2 1,8+ 0,09 8,1+0,09 46+2,2
100 mmol NaCl Red 1,9 +0,06 60+3,4 0,7+0,05 2,2+ 0,07 42+15
Blue 1,6 0,05 40+ 45 0,6 £ 0,04 1,3+0,04 52+3,3
Barakatli 95 White 1,8 +0,07 32+51 1,8+0,07 0,6 0,03 100+3,6
Control 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+33 1,7 +0,08 0,5+ 0,06 100+2,7
. White 3,4 +0,04 60+2,6 2,2+0,04 0,6+0,5 108+3,5

Barakatli 95
100 mmol NaCl 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 This work is supported by Azerbaijan National
1. Blue and red light prevent the formation of Academy of Sciences under the Azerbaijan-Belarus

hydrogen peroxide in wheat cells under the action ~ Project: "Phytochrome regulation of photochemical

of sodium chloride.

processes as a factor in increasing the stress tolerance

2. Blue light stimulates synthesis of proteins, ~ °f cultivated plants.”

and red light stimulates synthesis of carbohydrates
in wheat cells.
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BIIJIMB CUHBOI'O I YEPBOHOI'O CBITJIA HA ®I3IOJIOI'TYHI I BIOXIMIYHI XAPAKTEPUCTUKHU
POCJIMH NNIIEHUIIT

Mema. JlocnipKeHO BIUIMB CHHBOTO 1 Y€pPBOHOTO CBiTJIa HAa aKTHBHICTH NMEPOKCHAA3H, KaTajla3u i ackopOaTy, BMICT
OUIKIB 1 PO3YMHHHUX BYIJICBOMIB Y JUCTKAaX COPTIB MIICHHMIN MiA Hi€l0 XJopuay Harpiro. Memoou. O6'ekTaMu H0CITI-
JoKeHHst Oy copt M'sikoi mrenutti CapatoBebka-29 (Triticum aestivum L.) i tBepmoi minenwtii bapakarmi-95 (Triticum
durum Desf.). Pociunau BupolieHi B 1a00paTOpHUX yMOBaX Y PiIKOMY UBHIbHOMY cepepoBuini Kuoma. Excriepumen-
TaJIbHI POCIMHY BHPOIILYBAJH il MPO30PHMH IUTIBKAMH, IO TPOIYCKAIOTh CBITJIO Ha JOBXHHAX XBWIb 420-480 HM
(cume cBiTIO) 1 640-680 HM (depBOHE cBiTiO). [IpoTsarom BererariitHoro nepioxy, motmwxas 00 11:00, 3pa3ku moBHic-
TIO C(OPMOBAHMX IJUCTKIB Opanmu i (i3ioNorivHuX i Oi0XIMIYHHX TOCTIIKEeHb. Pe3yrsmamu. Tlin miero Xinopumy
HATPil0 HAKONMYEHHS TEPEKUCY BOAHIO B OiToMy CBiTII OyJio BHUIIE, HIK B CHHBOMY 1 YepBOHOMY. HH3bKa aKkTHBHICTH
KaTaxa3® CHocTepiraiacs 3a BIUIUBY CHHBOTO 1 YEpPBOHOTO CBITJA MiJ Hi€0 XJOPHIY HATpilo B 000X copTax. Y copTy
xJ1i0HOT menuIi CapatoBchka-29 piBeHb MEPEKUCY BOJHIO 1 aKTUBHICTh ()ePMEHTIB KaTajla3u Ta acKopOaTy MepOKCH-
a3y OyB HIDKYMM, HDK y copty mimneHuii Barakatli-95. Bucnoseku. CvHe CBITJIIO CTUMYJIIOBAJIO CHHTE3 OLIKIB, TOL 5K
YEepBOHE CBITJIIO CTUMYJIIOBAJIO CHHTe3 ByrieBoAiB. CHHE 1 UepBOHE CBITJIO MepelKokany yreopernto H,O, min nieto
NaCl.

Knrouogi crosa: cuHE CBITII0, YepBOHE CBITIIO, KaTaja3a, acCkopOaT mepoKcuaasa, OLIKU, BYTJIeBOIH.
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