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Abstract

The use of artificial lighting increases productivity and quality and is becoming more important in agriculture, especially
in closed areas where natural light is insufficient. In in vitro propagation, the source, color, and quality of the artificial light
are as important for healthy plant growth as the preparation of the nutrient medium and the presence of a healthy donor
plant. In this study, the effects of light quality (white, red, and blue LEDs) on plant growth, chlorophyll content, electrolyte
leakage (EL), MDA, and antioxidant enzyme activity were investigated in ‘Michele Palieri’ and ‘Italia’ grape varieties
under in vitro conditions. Blue LED treatment supported shoot elongation, fresh-dry weight, chlorophyll a/b ratio, and
the SPAD index, while a positive effect of white LED treatment was observed in terms of increasing chlorophyll content
and carotenoids. The varieties showed variable responses to antioxidant enzyme reactions. In the ‘Michele Palieri’ grape
variety, red LED light was more effective for increasing total soluble protein content, white and blue LEDs were more
effective in terms of SOD enzyme activity, and white LED light was more effective for increasing APX enzyme activity.
In the ‘Italia’ grape variety, blue LED treatment was effective in increasing total soluble protein content, white LED light
was effective in increasing SOD enzyme activity, and red LED treatment was effective in increasing APX enzyme activity.
As a result, it was revealed that different quality LED light treatments have different effects on yield and quality among
grape varieties.
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Introduction

Light is one of the environmental factors necessary for
healthy plant growth and development in plant production
(Hernandez and Kubota 2016). The use of artificial light-
ing is gaining more importance in agriculture because it
increases yield and quality, as well as enabling cultivation
especially in indoor areas where natural light is insufficient.
Light-emitting diodes (LEDs), a type of artificial lighting,
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are currently used in plant production and research. Light-
emitting diodes can be tuned to a specific spectral range,
have a long life, are durable and small in size, and, most im-
portantly, have alternative usage possibilities, e.g., because
they stay cool.

The LEDs used in plant production have been used
to regulate various morphological and physiological char-
acteristics and photosynthetic abilities of in vitro grown
plantlets, including growth characteristics, plant nutri-
ent content, antioxidant enzyme activities, total flavonoid
content, phenolic acids, leaf structure and anatomy, and
chlorophyll content fluorescence, especially by adjusting
specific wavelengths (Wang et al. 2009; Simlat et al. 2016;
Zhao et al. 2020).

Light-emitting diodes, which allow accurate control of
changes in the spectral composition of light, have begun
to be frequently preferred to improve plant production and
quality due to their effectiveness in different physiologi-
cal processes from photosynthesis to secondary metabolism
(Dueck et al. 2016; Lazzarin et al. 2021).
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It has been stated that using a suitable light source is nec-
essary for plant regeneration and in vitro metabolite syn-
thesis to be successful in tissue culture, and that providing
appropriate light intensity is one of the most fundamen-
tal problems (Gupta and Agarwal 2017; Samuoliené et al.
2017). Studies have found that the anatomical, morpho-
logical, physiological, and transcriptomic properties (leaf
properties, shoot properties, rhizogenesis, organogenesis,
photosynthetic properties, etc.) of plants grown in in vitro
culture are regulated according to the spectral distributions
of LEDs (Gupta and Jatothu 2013).

In addition, LEDs are preferred for improving plant
growth, nutritional quality, and yield, because they provide
optional light quality. A systemic approach needs to be
developed for more efficient use of LEDs in plant produc-
tion. The development of a species-specific light recipe to
optimize LED lighting has great potential for increasing
yield and quality in plants (Al Murad et al. 2021).

Studies investigating the reactions of varieties to differ-
ent LED lights, especially in in vitro conditions, are limited,
and no studies comparing varieties have been found. This
study aimed to determine plant growth and development
parameters, chlorophyll quality, and the physiological and
enzymatic activity of white, red, and blue LEDs in ‘Michele
Palieri’ and ‘Italia’ grape varieties in vitro, and to determine
their reactions on a variety basis.

Materials and Methods

Plant Materials, in Vitro Propagation, and Light
Treatment

In the current study, ‘Michele Palieri’ and ‘Italia’ table
grape varieties were propagated in vitro. To obtain the
explants used in the study, cuttings of ‘Michele Palieri’
and ‘Italia’ varieties were obtained from the vineyard of
Tokat Gaziosmanpasa University Agricultural Application
and Research Center. Cuttings of ‘Italia’ and ‘Michele
Palieri’ grape varieties were kept in storage at +4 °C until
the shooting process. The cuttings were kept in water in the
climate chamber to form shoots, and micro-cuttings con-
taining one active bud taken from the formed shoots were
used as explants. Surface-sterilized explants were prepared
to have a 0.5cm long axillary bud. To prepare the MS
basic nutrient medium, 3% sucrose, powdered ready MS
medium (Murashige and Skoog 1962; Sigma, M5519 C),
and 0.5mgL-' BAP (6-benzylaminopurine, B3408, Sigma)
were used. After adjusting the MS medium to pH 5.8,
7 gL' agar was added to the medium. The nutrient medium
was sterilized in an autoclave at 121 °C and 1.05 atm pres-
sure for 15min before use. For planting, 15ml of nutrient
medium was placed in test tubes and one explant was
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planted in each tube. After the micro-cuttings had been
planted, they were brought to the growth chamber, which
was set at 24+2°C and had a photoperiod of 16/8 (light/
dark). After 3 weeks, micro-cuttings obtained from micro-
shoots were subcultured. MS medium was prepared with
3% sucrose, 0.5mgL~" BA, and 7gL-' bacto agar. Micro-
cuttings were brought to the plant growth room with a tem-
perature of 24+2°C and a photoperiod of 16/8 (light/dark)
for 4 weeks. The light sources used in the experiment
were white, blue, and red LEDs. White LED light had
a photosynthetic photon flux (PPF) of 4320lumen (Im),
blue LED light had a wavelength of 450nm and a PPF of
34 umol/s (Planktekno brand, PLO90018D120ECC model),
and red LED light had a wavelength of 660 nm and a PPF of
34 umol/s (Planktekno brand, PLO90018D120ECC model).

Determination of Growth Traits

Due to the intensive use of rootstocks in viticulture today,
explants were not rooted in the study and only shoot data
were taken. The shoot lengths of the plantlets were mea-
sured in millimeters with a digital caliper. The fresh-dry
weights of the shoots of the plantlets were measured in
grams on a digital scale with a sensitivity of 0.001g, and
the dry weights were measured after the shoots had been
dried in an oven at 65 °C for 72h.

Determination of SPAD Index and Chlorophyll
Content

The SPAD index, determined by chlorophyll meter (SPAD-
502, Konica Minolta Sensing, Inc., Tokyo, Japan), of each
leaf was measured to reveal the dynamic effects of leaf
chlorophyll content after 4 weeks of LED treatments.

In order to determine the concentration of chlorophyll-a
(chl a), chlorophyll-b (chl b), total chlorophyll (total chl),
chlorophyll a/b (chl a/b), and carotenoids, leaf samples be-
longing to the varieties ‘Italia’ and ‘Michele Palieri’ grown
under in vitro conditions were studied: 0.1g of fresh leaf
sample was weighed on a precision scale and 10ml of
80% (v/v) acetone was added. It was kept in a dark place
without sunlight for 24 h. The absorbances of the prepared
samples were measured at 480, 645, and 663nm wave-
lengths (A480, A645, A663) on a UV-Vis spectrophotome-
ter (Model T60U, PG Instruments). The amounts of chl a,
chl b, total chl, chl a/b, and carotenoids in fresh leaves were
calculated as indicated in the formulas below, and the anal-
ysis results were expressed as mg/g fresh weight (FW) in
the plant (Witham et al. 1971).

Chla (mgg™") = [(12.72 x A663 —2.59 x A645) x v]/
(1000 x W),



Applied Fruit Science (2025)67:128

128 Page 3 of 9

Chlb(mgg™") = [(22.88x A645-4.67 x A663)]/(1000x W),
Total Chl (mgg™ )FW = [(20.2 x A645) + (8.02 x A663)]x

v/(1000 x W),

Clh(a/b) = (Chla/Chlb)
Carotenoid (mg.g™") = (1000 x 470 — 2.05 Chla — 114.8x

Chlb)/245,

where v is the total volume of the acetone extract (mL) and
W is the FW (g).

Determination of Electrolyte Leakage (EL, %), MDA
(Lipid Peroxidation), and Enzymatic Activity

To determine electrolyte leakage (EL) in ‘Italia’ and
‘Michele Palieri’ grape varieties under different LED treat-
ments, 0.3g of leaf sample was placed in a test tube and
then 15ml of pure water was added before incubation for
24h in a shaker at 100rpm under room conditions. After
incubation, the electrical conductivity (EC1) of the solution
was measured using an EC meter. Then, the same samples
were autoclaved at 121°C for 20min. When the sample
temperature dropped to 25°C, the electrical conductivity
(EC2) value of the solution was measured again. The EL
in the leaves was calculated as EC1/EC2 and expressed as
percentage (%).

Malondialdehyde (MDA) content was determined ac-
cording to the method of Heath and Paker (1968). Homog-
enization of the leaf sample was carried out by adding 1%
TCA to 0.4g of leaf sample. The homogenate was cen-
trifuged (15000 rpm/15 min) and 0.5 ml of supernatant was
taken to continue the process. Then 1 ml of 20% TCA (con-
taining 0.5% TBA w/v) was added to the supernatant and
incubated in a water bath at 95°C for 30 min, whereafter
the reaction was terminated with a cold-water bath. The
samples were then centrifuged (15 min at 1000 rpm). Super-
natant absorbance values were measured separately at 532
and 450 nm. Following error corrections, the MDA content
of the samples was calculated by using an extinction coef-
ficient of 155 mMcm™.

Table 1 Effects of LED treatments on growth traits

Total protein content as well as APX and SOD activi-
ties were determined by the method of Mohammadi et al.
(2021), and care was taken to not disrupt the cold chain
during the analysis. For this purpose, 0.5 g of leaf sample
from each treatment was homogenized, phosphate buffer
containing 1% PVP and 2mM Na,EDTA was used, and the
homogenate was prepared with this mixture. The mixture
obtained by homogenization was centrifuged at 5000 rpm
for 20min at 4°C to prepare supernatants. Total soluble
protein content was determined by the Bradford (1976)
method: 20 uL of the supernatants from each treatment were
mixed with 1 ml of Bradford solution, and the absorbance
of the reaction mixture was read at 595 nm using a UV-Vis
spectrophotometer within 5 min. The results were reported
as mgg' FW. The method of Nakano and Asada (1981)
was used to determine APX activity. The reaction mixture
was prepared from 50uL of crude enzyme extract, 25uL
of H,O, (0.05M), and 10uL of phosphate buffer (pH 6.8,
0.1 M), and this mixture was incubated at room temperature
for 5Smin. Then, 25 uL of sulfuric acid solution (5% w/v)
was added and the absorbance was recorded at 290nm at
15-s intervals for 2min. The APX activity was determined
as Umg! protein, and SOD activity was determined based
on the photoreduction of nitroblue tetrazolium according
to Sirhindi et al. (2016). The absorbance of the prepared
samples was measured at 560nm and expressed as Umg™!
protein.

Statistical Analyses

The experiment was set up with three replications and
15 plants in each replication. After the data obtained in
the experiment had been analyzed with variance analysis
(ANOVA), the significance of the differences between the
treatment means was determined with the Duncan multiple
comparison test (at p<0.05 and p<0.01 levels).

Variety Light treatment Shoot length (mm) Fresh weight (g) Dry weight (g)
‘Ttalia’ White LED 43.195A-a 0.656 B-a 0.073 B-a
Red LED 39.693 A-a 0.780 A-a 0.116 A-a
Blue LED 46.932 A-a 0.790 A-a 0.083 B-a
‘Michele White LED 44.075 A-a 0.583 AB-a 0.036 B-b
Palieri’ Red LED 39.760 A-a 0.470 B-a 0.040 B-b
Blue LED 38.752A-a 0.726 A-a 0.080A-a

*The difference between the means shown in capital letters in the same line for each variety is not significant (p < 0.05 level)
**The differences between the means shown in lower-case letters in the same column for each variety are not significant (p < 0.05 level)
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Fig. 1 Images of the develop-
ment of the varieties after the
treatments. a ‘Italia’ white LED;
b ‘Italia’ red LED; ¢ ‘Italia’ blue
LED; d ‘Michele Palieri’ white
LED; e ‘Michele Palieri’ red
LED; f ‘Michele Palieri’ blue
LED

Result and Discussion
Growth Traits

In the present study, the influence of light quality on the
growth traits of ‘Italia’ and ‘Michele Palieri’ grape cultivars
cultured in vitro was investigated (Table 1). Images of the
development of the varieties after the treatments are given
in Fig. 1. Except for shoot length, the other two growth
parameters showed statistically significant differences un-
der different LED treatments. In terms of fresh weight, the
increasing effect of blue LED light was observed in both
varieties. In ‘Michele Palieri’ grape variety, the decreas-
ing effect of red LED light on fresh weight was remark-
able compared to white and blue LED treatments. When
dry weight was examined (Table 1), the increasing effect
of blue and red LED treatments were observed. Red LED
treatment had an increasing effect on dry weight in ‘Italia’
grape variety compared to other treatments.

Li et al. (2017) investigated the growth and development
parameters under different LED lights in the ‘Manicure
Finger’ grape variety and stated that shoot length showed
a decreasing effect in blue light and an increasing effect
in red light. Poudel et al. (2008) stated in their study with
three grape varieties that red LED treatment increased shoot
length in all varieties. In our study, no effect of LED treat-
ment on shoot length was observed. It can be postulated
that the reason for this variability in shoot length is due
to the different synergistic interactions between blue/red
receptors and phytochromes, which reveal the stimulat-
ing or inhibitory properties depending on the species and
variety (Kim et al. 2004). It has been reported that red
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and blue LED applications increase biomass in many plant
species (such as Carpesium triste, Rehmannia glutinosa,
Achillea millefolium, Densribium, blueberry, sugar cane,
and Chrysanthemum) in tissue culture (Kim et al. 2004;
Poudel et al. 2008; Lin et al. 2011; Alvarenga et al. 2015;
Manivannan et al. 2017; Hung et al. 2016; Zhao et al. 2020).
In our study, the positive effect of blue LED treatment on
fresh and dry weight is parallel to the literature. Plants,
which can detect changes in light quality through pho-
toreceptors, can regulate their growth development through
these signaling pathways (Ward et al. 2005). This is be-
cause in the visible spectrum (400700 nm), plants predom-
inantly absorb blue (400-500nm) and red (600-700nm)
wavelengths, and these regions account for 90% of pho-
tosynthetic pigment absorption (Terashima et al. 2009). In
photosynthesis, leaves absorb light in the blue (430 nm) and
red (660nm) spectral range (Curran 1980). Red light reg-
ulates the functioning of the plant photosynthetic system
and the transport of assimilates (Baroli et al. 2008), and
blue light is reported to play a role in stomatal opening
(Gruszecki et al. 2010). Mengxi et al. (2011) stated that un-
der in vitro conditions, red and blue LED treatments alone
or in combination provided improvements in fresh and dry
weights of Oncidium plants. Similarly, it has been stated
that blue and red light sources can be used effectively for
healthy plant growth in tissue culture (Wheeler et al. 1991).
In general, our results clearly show that blue LED light can
be incorporated into in vitro conditions.
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Table 2 Effects of LED treatments on SPAD index and chlorophyll content

Variety Light treatment Spad Clha Chll b Total Chl Chl a/b Carotenoid
“Italia’ White LED 2475 A-a 0.60 A-b 0.24A-b 0.85A-b 243 B-b 0.29A-b
Red LED 2448 A-a 0.32B-b 0.08 B-b 0.40 B-b 4.43A-a 0.17 B-b
Blue LED 27.76 A-a 0.28 B-b 0.06 B-a 0.34 B-a 5.16A-a 0.14B-b
‘Michele White LED 26.15 B-a 1.30A-a 0.37A-a 1.67A-a 3.52B-a 0.51 A-a
Palieri’ Red LED 27.00 B-a 0.63 B-a 0.19 B-a 0.83 B-a 3.19B-a 0.31 B-a
Blue LED 31.76 A-a 0.47 B-a 0.10C-a 0.57 B-a 4.61A-a 0.20C-a

Chl a chlorophyll a, Chl b chlorophyll b, Total Chl total chlorophyll, Chl a/b chlorophyll a/b
*The difference between the means shown in capital letters on the same line for each variety is not significant (p < 0.05 level)
**The differences between the means shown in lower case letters in the same column for each variety are not significant (p < 0.05 level)

SPAD Index and Chlorophyll Content

In the present study, the influence of light quality on
the SPAD index and chlorophyll content of ‘Italia’ and
‘Michele Palieri’ grape varieties cultured in vitro was in-
vestigated (Table 2). There was no statistical difference in
the SPAD index of the ‘Italia’ grape variety. There was
a statistical difference in the ‘Michele Palieri’ grape vari-
ety, and a positive effect of the blue LED treatment was
observed. In addition, there was no statistical difference
between the varieties in terms of this parameter. When
chl a and total chl parameters were examined, statistical
differences were observed, and positive effects of white
LED treatment were observed in both varieties compared
to blue and red LED treatments. There were also statistical
differences in terms of chl b and carotenoid parameters,
and in both species, red and blue LEDs had a reducing ef-
fect compared to white LED. When chl a/b was examined,
effects of red and blue LEDs were observed in the ‘Italia’
grape variety, while blue LED light came to the fore sta-
tistically in the ‘Michele Palieri’ grape variety. Carotenoid
content showed statistical differences, and it was observed
that in the ‘Michele Palieri’ grape variety, red and white
LED treatments had a more positive effect than the blue
LED treatment, and in the ‘Italia’ grape variety, white
LED had a more positive effect than the other two LED
treatments.

White LED increased the accumulation of chlorophyll
and carotenoids in both cultivars but did not increased
chlorophyll a/b. Zhao et al. (2020) stated that white light
positively affected the chlorophyll content and carotenoid
content in the Carpesium triste Maxim plant under in vitro
conditions compared to blue or red light. In a similar study,
it was mentioned that blue LED treatment of Gerbera
Jamesonii plants had a decreasing effect on the chl a and
chl b contents in in vitro conditions (Meng et al. 2019).
In a study conducted with the Camptotheca acuminata
plant, chl a, chl b, total chl, and carotenoid contents were
found to have higher values in the white LED treatment
compared to the blue and red LED treatments, and chl a/b
values gave the highest values in the blue LED treatment,

which is consistent with our own study. It was observed
that parallel results were obtained. While white LED light
significantly increased the chlorophyll and carotenoid con-
tent, these parameters had lower values in blue and red
LED treatments. These decreases in chlorophyll concen-
tration may also be due to excessive-irradiance-induced
pigment damage (Shao et al. 2014). Chlorophyll a/b values
increased under red and blue LEDs, and this increase was
associated with a decrease in chlorophyll b in blue and
red LEDs in both grape varieties. It can be said that the
high level of chlorophyll a/b in blue light is caused by
changes in the organization of light-harvesting and electron
transport components resulting from a significant decrease
in chl b content under blue LED treatment (Yu et al. 2017).
Increases in chlorophyll a/b values indicate strong light
adaptation, higher electron transport ability of chlorophyll,
and higher activation of the Calvin cycle enzymes (Evans
1988).

Carotenoids act as accessory pigments in the antenna
systems to collect light energy and improve photosynthetic
efficiency; therefore, they are important components of the
reaction center complex. Matsuda et al. (2008) reported that
the simultaneous increase in carotenoid content would off-
set the increased photosynthetic production. In the study, it
was observed that white LED treatments gave the high-
est carotenoid content in both varieties. Blue LED was
observed to have a more positive effect on the ‘Michele
Palieri’ grape variety compared to red LED treatment. It is
stated that the absorption of light in the wavelength of the
blue region of the spectrum is at a high level, and this is
provided by carotenoids, which are the auxiliary photore-
ceptors of chlorophyll (Lanoue et al. 2021; Liu et al. 2018).
The study shows that white LED treatments are more ef-
fective, especially in terms of chlorophyll content.

Electrolyte Leakage (EL, %), MDA (Lipid
Peroxidation, Mmol), and Enzymatic Activity

In this study, different LED lights did not create a statisti-

cal difference in electrolyte leakage (EL) and MDA except
for in the ‘Italia’ x white LED treatment (Table 3). Elec-
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Table 3 Effects of LED treatments on electrolyte leakage, malondialdehyde (MDA)

Variety Light treatment Electrolyte leakage (%) MDA (mmol)

‘Italia’ White LED 13.978 A-b 11.437A-b
Red LED 24.505 A-a 17.979 A-a
Blue LED 25.773 A-a 18.546 A-a

‘Michehe Palieri’ White LED 38.953 A-a 22.198 A-a
Red LED 32.883 A-a 18.223 A-a
Blue LED 35.833A-a 20.765 A-a

*The difference between the means shown in capital letters on the same line for each variety is not significant (p <0.05 level)
**The differences between the means shown in lower-case letters in the same column for each variety are not significant (p < 0.05 level)

Table 4 Effects of LED treatments on enzymatic activity

Variety Light treatment Total soluble protein SOD APX
‘Ttalia’ White LED 2.24C-a 385.523 B-a 5.09 B-a
Red LED 2.65 B-b 180.373C-b 8.97 A-a
Blue LED 3.00A-a 403.650 A-a 0.14C-a
‘Michehe White LED 1.94C-b 381.380A-a 1.16 A-b
Palieri’ Red LED 3.36A-a 246.260C-a 0.05 B-b
Blue LED 2.02 B-b 273.533 B-b 0.05 B-b

*The difference between the means shown in capital letters on the same line for each variety is not significant (p <0.05 level)
**The differences between the means shown in lower-case letters in the same column for each variety are not significant (p < 0.05 level)
**%¥SOD (superoxide dismutase, EC: 1.15.1.1.), APX (ascorbate peroxidase, EC: 1.11.1.11)

trolyte leakage occurs when electrolytes leak from the cell
membrane due to weakening of the membrane as the stress
increases, which is the first place where damage occurs
in plants experiencing abiotic and biotic stress. MDA (lipid
peroxidation) is an analysis method used in the biochemical
evaluation of stress factors in many stress studies. Lipid per-
oxidation, referred to as MDA, is known as the final product
of cell membrane reactive damage to cellular mechanisms
(Ali et al. 2005; Liu et al. 2006). In general terms, it is
reported that MDA content affects the stress resistance of
the plant, and the extent of damage increases as its amount
increases (Liu et al. 2018). The results of our study revealed
that LED treatments applied to both grape varieties did not
cause stress-induced membrane damage in plants.

In the present study the influence of light quality on the
enzymatic activity of ‘Italia’ and ‘Michele Palieri’ grape
cultivars cultured in vitro was investigated. All parame-
ters showed statistically significant differences from differ-
ent LED treatments (Table 4). Total soluble protein content
showed variable responses under different LED treatments.
It had the highest value in the red LED treatment in the
‘Michele Palieri’ grape variety, and blue LED treatment
had an enhancing effect in both varieties. SOD activity
had the highest value in the blue LED treatment of the
‘Michele Palieri’ grape variety. Red LED treatment led to
a decrease in this parameter in both varieties. APX activ-
ity had the highest value in the red LED treatment in the
‘Italia’ grape variety and showed a decreasing trend under
blue LED treatment in both varieties.
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Superoxide dismutase is quantified by determining the
concentrations of H,O, and O, and is central to the de-
fense mechanism of plants. It is the first enzyme of the
detoxification process and catalyzes the dismutation of su-
peroxide into hydrogen peroxide and oxygen (Raychaud-
huri and Deng 2000, Molassiotis et al. 2006). It is found
in all living things (from microorganisms to humans), in
aerobic organisms, and mostly in intracellular organelles
(chloroplast, cytosol, mitochondria, peroxisome, apoplast)
that produce reactive oxygen species (Pereira et al. 2003).
Ascorbate peroxidase protects cells against H,O» not only
under stress conditions but also under normal conditions.
It is found in intracellular organelles such as chloroplasts,
cytosol, mitochondria, peroxisomes, and apoplasts. The ob-
served increase in APX activity in different plant species
under abiotic stresses suggests a possible role for APX in
the removal of H,O, from the cell (Davis and Swanson
2001, Bueno and Piqueras 2002). In the study, it was ob-
served that the varieties showed different responses in an-
tioxidant enzyme reactions according to different LED light
sources (Table 4). In the ‘Michele Palieri’ grape variety, red
LED light was more effective in increasing the total soluble
protein content, white LED and blue LED were more effec-
tive in increasing SOD activity, and white LED was more
effective in increasing APX activity. In Italia grape variety,
total soluble protein content was positively affected by blue
LED, SOD enzyme activity by white LED and APX enzyme
activity by red LED. Antioxidant enzymes not only protect
plants against biotic or abiotic stress conditions but also
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positively regulate plant growth, differentiation, and yield
(Genkov and Ivanova 1995; Blazquez et al. 2009; Shafi
et al. 2015). Shohael et al. (2006) stated that light qual-
ity can affect antioxidant enzyme metabolism. In the study,
both grape varieties showed variable responses to differ-
ent light sources in terms of antioxidant enzyme activity.
Mastropasqua et al. (2012) reported that the APX enzyme
activation of oat leaves was higher in the blue spectrum,
and Nascimento et al. (2013) similarly stated that blue light
positively affected the antioxidant activity of Kalanchoe
pinnata. In addition, in a study conducted on pea seedlings
and rice husks, red light affected antioxidant enzyme ac-
tivity. In a study examining antioxidant enzyme activity
under different LED light sources in Camptotheca acumi-
nata seedlings, it was stated that blue and red LED light in-
creased SOD activity (Yu et al. 2017). The abovementioned
studies have indicated that antioxidant enzyme activities in
plants grown with different light sources or spectra may
result in variability or show complex responses, and that
these results are due to different morphogenetic, photosyn-
thetic, and antioxidant responses that may vary among plant
species and varieties due to spectral light changes (Yu et al.
2017).

Conclusion

The study attempted to examine the responses of ‘Italia’ and
‘Michele Palieri’ grape varieties grown under in vitro con-
ditions to white, blue, and red LED treatments. The study
showed that the effects of blue LED treatment on plant de-
velopment, biomass increase, and SPAD index and of white
LED treatment on chlorophyll and carotenoid content were
positive in both varieties. In addition, EL. and MDA values,
which are the most important indicators of stress in plants,
showed that these treatments did not cause any harm to
the plant. Antioxidant enzyme analyses showed that the
reactions of the varieties varied depending on the treat-
ments. Growing healthy plants under in vitro conditions is
possible by providing the desired nutrient medium for the
plant as well as ideal environmental conditions. White light
played an important role in ensuring the development of
micro-cuttings, since it also contains the blue and red main
light colors. At the end of this study, it was concluded that
in cultivations where the use of artificial light sources is
mandatory or in cases where sunlight is insufficient, the
best LEDs of basic colors or their combinations should be
determined according to the plant type or even variety. The
study also showed that in in vitro propagation where white
light is used, using different LED light sources during the
appropriate period and interval within the photoperiod will
ensure healthy production.
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