friried applied
b sciences

Article

Assessment of Ultraviolet Impact on Main Pigment Content in
Purple Basil (Ocimum basilicum L.) by the Spectrometric
Method and Hyperspectral Images Analysis

Yuri A. Proshkin !

, Alexandr A. Smirnov 1*

, Natalya A. Semenova 1(), Alexey S. Dorokhov !, Dmitry

A.Burynin 1, Alina S. Ivanitskikh ! and Vladimir A. Panchenko 12

check for

updates
Citation: Proshkin, Y.A.; Smirnov,
A.A.; Semenova, N.A.; Dorokhov,
A.S.; Burynin, D.A.; Ivanitskikh, A.S.;
Panchenko, V.A. Assessment of
Ultraviolet Impact on Main Pigment
Content in Purple Basil (Ocimum
basilicum L.) by the Spectrometric
Method and Hyperspectral Images
Analysis. Appl. Sci. 2021, 11, 8804.
https:/ /doi.org/10.3390/
app11198804

Academic Editor: Ana M. Cavaco

Received: 11 August 2021
Accepted: 18 September 2021
Published: 22 September 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Federal Scientific Agroengineering Center VIM, (FSAC VIM), Federal State Budgetary Scientific Institution,
109428 Moscow, Russia; yproshkin@gmail.com (Y.A.P.); natalia.86@inbox.ru (N.A.S.);
dorokhov.vim@yandex.ru (A.S.D.); burynin@gmail.com (D.A.B.); alinena@yandex.ru (A.S.L);
pancheska@mail.ru (V.A.P))

Department of Theoretical and Applied Mechanics, Russian University of Transport, 127994 Moscow, Russia
*  Correspondence: as984788@gmail.com; Tel.: +7-9057-236-219

Abstract: This research is aimed at the assessing the impact of the ultraviolet radiation in the A, B, and
Cranges (as additives to the main light) on general plan condition, the stress experienced by them, the
pigment concentration in the leaves and leaf reflective characteristics. Under studying, there were the
photo-protective reactions of the purple variety basil plants. The plants were grown in plastic pots in
a phyto-chamber equipped with an automatic microclimate system. The phyto-chamber was divided
into four compartments where, in addition to the main lighting, there were installed the additional
LEDs emitting their radiation in the ranges UV-A, UV-B, and UV-C. Plant reactions were evaluated
by the contents of the main pigments as detected by the spectrometric method. Then correlations
were revealed between those values and the vegetative indices obtained based on the hyperspectral
images. A strong correlation (R? > 0.83) was observed between the values of the vegetative indices
ARI and mARI and the anthocyanins concentration in basil leaves. A weak correlation (RZ = 0.0479)
was found between the ARI and mARI values and the carotenoids index CRI700, which is attributed
to the shielding effect of the anthocyanins. Deviations in the results are influenced by leaf surface
unevenness, its thickness and density. Additional research is needed including developing reflection
indices taking into account the shielding effect of the purple pigments.

Keywords: basil; ultraviolet radiation; photosynthetic pigments; hyperspectral images; vegetative indices

1. Introduction

The negative anthropogenic impact on the Earth biosphere results in such serious
climatic changes as the growth of atmosphere and ocean annual average temperatures,
the formation of greenhouse gases in large amounts, the ozone layer depletion and conse-
quently rises the UV radiation intensity. The impacts studying of the UV radiation shows
that it affects the ecosystems’ biodiversity negatively and results in migrations and/or
extinction of large species of animals and plants [1-4]. The ozone layer depletion and
the inevitable rise of the levels of UV-A, UV-B and UV-C radiation affects negatively the
organisms’ physiology, increases the frequency of cancer diseases in animals and inhibits
plants’ vegetation and productivity [5,6]. In many publications devoted to this problem,
the influence was studied of the light spectral composition on the plants’ growth and de-
velopment; and the mechanisms of plant protection from the UV radiation were described
including pigment synthesis and accumulation processes, the features of accumulation of
the secondary metabolites and the functions of those substances [7-10].

It is well-known that in small doses, UV radiation can stimulate metabolic processes,
thereby inducing a strengthening effect in plants [11]. When the plants are exposed to
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small doses of UV radiation, some insignificant changes occur in their morphological
parameters, such as the plants’ fresh and dry mass, the average leaf area and the plant
height. That is why the plants’ mechanisms of adaptation and photoprotection are studied
mainly by the following metabolic parameters: the concentration of pigments and micro-
and macro-nutrients, the content of nitrates, sugars and acids in the leaves, and the fruits
of the plants. Mostly, the studies on this topic are carried out in an artificial environment,
where conditions are created enabling the control of UV radiation exposure doses and du-
ration. Many papers are devoted to studying of the influence of the sulthydryl compounds
(thiourea and dithiotreitol) and other active additives on the flavonoids concentration and
accumulation rates as far as the flavonoids reduce significantly the stress caused by UV
radiation [12-15]. First of all, the results of the studies of UV radiation’s effect on plants
are important for enterprises growing agricultural products in an artificial climate. After
all, the addition of UV spectrum rays to the main illumination will allow obtaining green
and vegetable crops with the specified characteristics in terms of the contents of acids,
sugars, anthocyanins and antioxidants and thereby increasing the nutritional value and
taste qualities of the products.

Pigment concentration measurement by the chemical method takes quite a long time,
limiting the ability to analyze a large number of samples, so sub-sampling is used instead.
Modern digital technologies allow estimating the pigment concentration in a leaf by the
analysis of its reflection spectra (analysis of the hyperspectral images) [16-19]. Based on
such data, plant stress states can be determined [20-22] as well as the content of substances
of interest, for example, shikimic acid [23]. Such measurements are carried out in a non-
invasive way and require much less labor. However, in cases of the analysis of the purple-
leaved crop, difficulties are encountered with assessment of the chlorophyll concentration.

Analysis of the published research on the UV radiation influences on green crops has
revealed that only a few works are devoted to the effects of UV-A and UV-C on the purple-
leaved crops. Additionally, the non-invasive methods are developed quite poorly for the
pigment concentration measuring [24,25]. Taking the above into account, it was decided
to study the photo-protective reactions of the red-leaved green crops under exposure to
UV-A, UV-B, and UV-C radiation in addition to the main light. The plant reactions were
evaluated by the change in the pigment concentration (by chemical method) and by the
correlations presence between the obtained values and the vegetative indices calculated
with aid of the hyperspectral images.

The aims of the conducted research were: to evaluate the effects of different UV
radiation ranges (UV-A, UV-B, and UV-C) on the pigment concentration in plant leaves
and the reflective characteristics of leaves; to give a general assessment of a stress state for
the studied plants; to make a comparison between the results of the pigment concentration
measurements obtained by the invasive biochemical method and the same obtained by the
non-invasive research method (the optical method based on spectral analysis of the digital
images made by a hyperspectral camera).

2. Materials and Methods
2.1. Vegetable Material

The experiment was carried out on the following purple-leaved varieties of the sweet
basil (Ocimum basilicum L.): “Red Ruby”, “Gastronome” and “Markus” (“Prestige seeds”
Ltd., Moscow, Russian Federation). Sweet basil is a herbaceous plant with a high content of
essential oils that significantly affect both the taste and the flavor characteristics of the plant
leaves. These essential oils are the secondary metabolites with pronounced antioxidant,
antifungal, and antibacterial properties.

“Red Ruby” is an early-middle variety of basil. The plants are compact, not large. This
variety is intended for growing both in protected soil (regardless in seedling or seedless
culture) and in open ground. It has a strong clove aroma.

“Markus” is an early-middle variety of basil, too. It is recommended for growing
both in open and protected ground. The variety adapts easily to various substrates, has a
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high cold resistance and is resistant to edge burn. It is rich in essential oils that give it the
clove aroma.

“Gastronome” is a midseason-ripening, cold-resistant and leveled basil variety with
stable color and the specific clove aroma.

2.2. Cultivation Conditions

The plants were grown in 1-L volume plastic pots. Seven seeds were sown in each
pot; after germination, only three plants were left in each. As a substrate, the neutralized
high-moor peat Agrobalt-C (“Rostorfininvest” CJSC, Moscow, Russian Federation) was
used. Four groups of the basil plants of the three varieties (“Markus”, “Gastronome”, “Red
Ruby”) were planted, five pots in each group; in total, sixty plants of each variety. For
60 days, the plants were cultivated in the phyto-chamber equipped with the automatic
microclimate system under the following conditions: at the temperature range in day /night
of 26/20 + 1.0 °C and at the relative air humidity of 60 £ 10%. Watering was carried out
by the drip method. The nutrient solutions were prepared on the basis of de-ionized water.
The chemical composition of the nutrient solution was as follows: N-NO3 9.64 mM/L;
N-NH4 1.07 mM/L; P-PO4 1.00 mM/L; K 5.77 mM/L; Ca 2.00 mM/L; Mg 1.65 mM/L;
S-S0O4 1.75 mM/L; Fe 15.00 uM/L; B 20.00 uM/L; Cu 1.00 uM/L; Zn 5.00 uM/L; Mn
10.00 uM/L; Mo 1.00 uM /L.

2.3. Irradiation Conditions

The volume of the phyto-chamber was divided by opaque panels into four equal
compartments. In three of the four zones, in addition to the main lighting, there were
installed additional LEDs emitting their radiation in the UV-A, UV-B, and UV-C ranges.
(The fourth zone was for control). The spectral characteristics of the emitters in each zone
are shown in Table 1. The UV irradiators consisted of an aluminum radiator with printed
circuit boards with LEDs attached to them. The technical specifications of the installed
LEDs are presented in Table 2. As a percentage of visible light, the intensity of the used UV
emitters, comparable to that of sunlight, are for the Moscow summer season for 2019 and
2020 (with the exception of UV-C, which is absent under normal conditions, but it can be
present in places with ozone holes in earth’s atmosphere).

Table 1. Spectral properties of radiation sources.

Main Lighting, UV-Radiation,
Experiment Wm~2 W m—2
Ne- Variant B G R FR UV-A UV-B UV-C
400-500 nm 500-600 nm 600-700 nm 700-800 nm 315-400 nm 280-315 nm 100-280 nm
1 UV-A 1.5+0.2 - -
2 UV-B 5405 95403 15.8 1.5 - 0.015 £ 0.005 -
3 Ve +04 +£0.1 ) ) 0.010
+ 0.002
4 Control - - -
Table 2. Characteristics of UV-LEDs.
Type of UV-LEDs
Characteristics . ; -
UV-A Raytron Solution UV-B Szyunju UV-C Epistar
Peak current, mA 750 40 40
Output power, W 2426 24 46
Direct voltage, V 32+38 5+8 5+8
Viewing angle, ° 60 120 120
Peak wavelength, nm 365 310 275

In the photosynthetically active radiation zone, the exposure was provided by the
combined LED-based irradiators of various spectral compositions. The light period dura-
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tion was 16 h. The average irradiation intensity was 30 + 1,2 Wm™~2, which corresponds to
the lower recommended level required for the normal basil cultivation.

The UV irradiators worked simultaneously with the main light. The UV irradiance
was monitored with the portable UV radiometer TKA-PCM (STP “TKA”, Saint-Petersburg,
Russian Federation).

2.4. Analysis of Pigment Content

The quantitative analysis of the pigment content was carried out on the 30th, 45th and
60th days of the cultivation. Five plants of each variety were chosen, with the 3rd leaf from
the top taken for analysis.

In order to determine the quantitative content of the chlorophylls and the carotenoids,
samples weighing 0.1 g were selected. The pigments were extracted from the plant tissues
using 100% acetone. Weighing was performed on the laboratory electronic scales Sartorius
LA230S laboratory scale (error rate 0.0001 g). After the filtration, the obtained extract
was analyzed in the spectrophotometer SPECS SSP-705 (manufactured by “Spectroscopic
systems” CJSC, Russia). The optical density was determined at the following wavelengths:
644 nm (peak absorption of the chlorophyll b), 662 nm (peak absorption of the chlorophyll
a) and 440 nm (peak absorption of the carotenoids) as described by Semenova et al. [26].
The absorbing layer thickness in the cuvettes was 10 mm. The quantitative concentration
of pigments was calculated by Holm-Wettstein method (for 100% acetone).

In order to determine the quantity of the anthocyanins, samples weighing 0.3 g
were taken. Then the pigments were extracted from the plant tissues with use of the
1% hydrochloric acid solution; the tissues were kept in a water bath for 15 min at the
temperature of 4045 °C. After filtration, the samples remaining on the filter were extracted
again using the 1% hydrochloric acid solution. The obtained extract was analyzed in the
spectrophotometer SPECX SSP-705. The optical density was determined at the wavelengths
of 510 nm and 657 nm (adjusted for the green pigment content accordingly) [27]. The
thickness of the absorbing layer in the cuvette was 10 mm. The total content of the
anthocyanins was calculated by cyanidin-3,5-diglycoside.

2.5. Vegetative Indices Calculation

The spectral characteristics of the leaves’ reflectivity were measured with aid of the
portable hyperspectral camera Specim IQ (Spectral Imaging Ltd., Oulu, Finland). The
reflection spectra were obtained for each individual pixel of the image in the range of
400-1000 nm (spectral resolution 7 nm, 204 spectral bands, spatial sampling of 512 pixels).
Based on them, the vegetative indices were calculated. As the light source for Specim
IQ, four halogen lamps were used. They were installed symmetrically relative to the
camera position.

The spectral characteristics of the leaves’ reflectivity were measured on the 30th day
of the cultivation. After the obtained hyperspectral images processing, the following
well-known indices for the plants state assessment were calculated: the photochemical
reflection index PRI (often used as the stress indicator), the indices ART and mARI (used
to assess the anthocyanins content in plant leaves), the chlorophyll indices MND7g5 and
MNDy50 /700 and the carotenoid index CRIzgg [28,29]. The indices were calculated using the
following formulas:

PRI = ((Rs31 — Rs70))/ ((Rss1 + Rs70)) @

ARI = (1/Rs50) — (1/R700) )

mARI = Rgso ((1/Rs50) — (1/R700)) ®3)
MND705 = (R750 — R705)/ (R750 + R705 — 2-Ruaas) 4
R750/700 = R750/R700 ®)

CRlzp0 = (1/Rs19) — (1/Rypp) (6)
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The peak sensitivity of the reflection index to the anthocyanins concentration is found
in the band of 550 nm. The 700 nm band is the chlorophyll absorption band; it is used
in connection with the bands overlap of the light absorption by the chlorophyll and the
anthocyanins. The band of 850 nm for the mARI index was taken as the closest one sensitive
to reflection from the near-infrared range.

2.6. Statistical Analysis

The biochemical parameters were processed by applying ANOVA. To estimate the
statistical significance of the considered parameters, the F-test and the least significant
difference test were applied in the RStudio software.

3. Results and Discussion
3.1. Analysis of Basil Plants Habitus

The exposure to UV-A, UV-B, and UV-C had a significant impact on the basil growth
and development. It was found that the UV-A and UV-B irradiation did stimulate the basil
plants growth and development, although there was observed a variety-specific reaction
of the “Red Ruby” variety to the UV-A and UV-B irradiation. In contrast to above, the
UV-C irradiation caused substantial growth inhibition and burns on the leaves of all basil
varieties (Figure 1).

45 day 60 day

Red ruby

Gastronome

Markus

Figure 1. Basil plants of varieties “Red Ruby”, “Gastronome” and “Markus” on 45th and 60th days
of cultivation; from left to right: control, UV-A, UV-B, and UV-C.

3.2. Analysis of Pigment Content

In the case of the “Red Ruby” variety: on the 30th and 45th days of the cultivation,
the UV radiation had no significant effect on the chlorophyll concentration in leaves; the
average concentration in all groups was 4.8-5.5 mg/g (Figure 2). In all the observed groups,
the average carotenoids concentration in the leaves was approximately 1 mg/g (Figure 3).
No significant effect of the UV radiation on the average carotenoids concentration in the



Appl. Sci. 2021, 11, 8804

6 of 13

leaves was revealed. The ratio of total chlorophyll to carotenoids showed that the plants
actively photosynthesized; there were no signs of a physiological aging.
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Figure 2. Average concentration of chlorophylls (a+b) in leaves, mg/g. Obtained on 30th, 45th and 60th
days of cultivation of following basil varieties: “Red Ruby” (a), “Gastronome” (b) and “Markus” (c).

The “Gastronome” variety showed the greatest increase in the concentration of chloro-
phylls (by 17%) and carotenoids (by 25%) in the group with UV-A radiation on the 45th
day of the cultivation. In the other variants of the UV irradiation, there was no significant
differences from the control group.

The “Markus” variety showed a noticeable UV radiation effect on the average con-
centration of leaf total chlorophyll, mainly, on the 30th day of the cultivation. All the UV
irradiation sources reduced the total chlorophyll concentration; along with this, the pattern
changes in the carotenoid concentration differed from that of the chlorophyll. Carotenoids
reduce the stress effect and protect the chlorophyll molecules from destruction caused by
the light during the photo-oxidation [30]. Judging on the change in the ratio of carotenoids
and chlorophylls, it can be concluded that the UV-C irradiation caused the greater stress
and provoked the protective reaction emergence of the photosynthetic system of the basil
plants of the “Markus” variety during the active growth period (on 30th day).

Analyzing the anthocyanin concentration in the plant leaves, it is found that in the
“Red Ruby” variety, the average anthocyanin concentration in the leaves depends strongly
on the exposure of the UV-A, UV-B, and UV-C irradiation. The UV-C radiation had the
greatest effect on the 60th day of the cultivation (Figure 4). All groups differed with the UV
radiation range, and there was observed a significant increase in anthocyanin concentration
in leaves between the 45th and 60th day of cultivation by about 20-30%. In the case of the
“Gastronome” variety, the average anthocyanin concentration in the leaves on the 60th day
of the cultivation under the UV irradiation of different ranges has no significant difference
from the control group. In the experiment variants of the “Markus” variety, the average
anthocyanin concentrations obtained on the 30th, 45th and 60th days of the cultivation are
the highest in the variants with the UV-B and UV-C radiation.
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Figure 3. Average concentration of carotenoids in leaves. Obtained on 30th, 45th and 60th days of
cultivation of following basil varieties: “Red Ruby” (a), “Gastronome” (b) and “Markus” (c).
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Figure 4. Average anthocyanins concentration on 30th, 45th and 60th day of cultivation of basil “Red
Ruby” (a), “Gastronome” (b) and “Markus” (c).
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The high anthocyanins concentration in the variety “Red Ruby” on the 60th day of
the cultivation indicates a greater response to the UV stress caused by the high-intensity
lighting and the UV irradiation during budding and flowering than in the varieties “Gas-
tronome” and “Markus”.

Most probably, the higher carotenoids concentration in the varieties “Gastronome’
and “Markus” is attributed to the fact that due to the lower anthocyanins concentration,
they take on the photo-protective function.

7

3.3. Analysis of Vegetative Indices

In the case of the hyperspectral analysis conducted with the purple-leaved crops, some
difficulties arise in the indices’ calculation based on the light reflection in the spectrum green
region. It is well-known that in the basil varieties with purple leaves, the anthocyanins are
concentrated in the adaxial and abaxial epidermal cells in form of vacuolar solutions [31].
The anthocyanins can screen more than 90% of the green light giving protection to the
mesophyll of the basil leaves from the photo-oxidative stress [32]. Figure 5 shows the
reflection spectra of the purple and green leaves of the “Markus” basil variety. At a high
anthocyanins concentration, the light absorption in the green part of the spectrum increases
and so does the reflection in the near-infrared range. That is why it is impossible to identify
the relationship between the PRI index and the stress states of the purple basil. So, in the
future in order to assess the stress conditions, we used the vegetative indices associated
with the photosynthetic pigment concentration.

P
>
N

=
= .
‘ UL

=
=

Intensity (rel. units)

0.6 %T
A\

0.2

é-lll“l‘\'lll‘l}
=

400 500 600 700 800 900
Wavelength (nm)

Reflectance spectrum of
purple leaf

Reflectance spectrum of

o green leaf

Figure 5. Reflection spectra (A) and appearance (B) of purple and green basil leaves of “Markus” on
30th day of cultivation.

The main advantage of the spectral method based on the reflection spectra analysis
for the assessment of the pigment content consists in the fact that it is possible to determine
their concentrations both for the whole plant and for an individual leaf (Figures 6 and 7).
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Red Rubin UV- Gastronome UV-A Markus UV-A

Red Rubin UV-B - Markus UV-B
s Index ¥ cs

Index
3 <8

Red Rubin UV-C

Index

Red Rubin Control

Index Values

Figure 6. Graphic image of mARI index of basil leaves in false colors on 30th day of cultivation.

The analysis revealed the uneven distribution of the indices of Ry59/Rygg for chloro-
phylls and mARI for anthocyanins over the leaf area (Figures 6 and 7). Similar results were
obtained for other indices under study (the data are not provided). This can be attributed
to the varietal characteristics of the purple basil, which, depending on a variety, is char-
acterized by instability of the purple pigments (anthocyanins) in both individual leaves
and the whole plant [33]. Additionally, the uneven distribution of the index is affected by
shadows due to uneven lighting and the glare of reflected light from the glossy surface of
the leaf. To process the obtained hyperspectral images, the software “Envi 5.2” was used,
the vegetative indices average values were obtained for whole plants on the 30th day of
cultivation. For analyzing, from images of individual leaves, several areas were selected
not containing any glare and shadows; then the average index value for the selected areas
was determined (Table 3).
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Figure 7. Graphic image of Rysp/Ryqp index of basil leaves in false colors on 30th day of cultivation.

Table 3. Average values of vegetative indices for basil varieties “Red Ruby”, “Gastronome” and “Markus” on 30th day

of cultivation.

Plant Variety Sample Group Index ARI Index mARI Index Ry50/Ry7gg Index MNDyg5 Index CRIgg
Control 9.07 9.15 3.14 0.52 6.77
" . UV-A 10.28 10.21 3.22 0.5 9.07
Red Ruby UV-B 12.14 11.36 3.15 0.50 9,47
UVv-C 10.73 10.52 3.65 0.59 8.00
Control 9.81 10.01 2.78 0.49 6.91
5 B UV-A 12.13 11.71 3.59 0.55 8.97
Gastronome UV-B 9.21 8.73 416 0.59 7.94
UV-C 11.87 11.84 3.39 0.55 9.13
Control 9.32 9.30 4.30 0.65 6.74
) 3 UV-A 9.01 8.99 3.29 0.52 7.79
Markus UV-B 9.48 9.32 3.81 0.57 6.84
UV-C 10.16 10.23 4.48 0.61 6.92
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In order to test the effectiveness of the proposed method, the correlation was estimated
between the obtained values of the vegetative indices ARI and mARI and the anthocyanins
concentration value in the basil leaves obtained by the chemical method (Figure 8).
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Figure 8. Evaluation of correlation between pigment concentration and vegetation indices obtained
on 30th day of cultivation. (a) Correlation between CRIygy index and carotenoids concentration;
(b) correlation between the Rys09/Rs509 index and a+b chlorophylls concentration; (c¢) correlation
between MND705 index and a+b chlorophylls concentration; (d) correlation between ARI index and
anthocyanins concentration; (e) correlation between mARI index and anthocyanins concentration.

The determination coefficients R2 = 0.82 for ARI and R2 = 0.85 for mARI indicate a high
degree of correlation, which indicates the acceptability of this method for the anthocyanins
content assessment in plant leaves. For the carotenoids, a weak correlation was observed
(R? = 0.0479), which is explained by the shielding effect of the anthocyanins as far as the
CRIyyy index is determined at the reflection band of 510 nm, which coincides with the
maximum absorption of the anthocyanins [32]. The weak correlations of the Rysp/Ry7q0 and
MNDyg5 indices obtained for the chlorophylls can be explained by the large unevenness
of the reflection spectra over the leaf area (Figure 6), which is typical for the purple basil.
After all, on the crops with the green leaves, the strong correlations of these indices with
the chlorophyll content were revealed [34]. Additionally, the deviations present in the
results are influenced by such factors as the geometry of a leaf, the uneven lighting, the
morphological features (thickness and density of the sheet), etc.
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For a more accurate assessment of the stress factors” impact on the concentrations of the
chlorophylls and the carotenoids in the purple-leaved crops and on the overall productivity,
it is necessary to conduct some additional research and develop such reflection indices that
take into account the shielding effect of the purple pigments.

4. Conclusions

The highest concentration of anthocyanins in leaves was recorded for the “Red Ruby”
variety under continuous UV-C irradiation (30% higher than in controls); it was relatively
lower in the samples under UV-B and UV-A (20-25% higher than in controls). Most
probably, the higher anthocyanins concentration in the case of the “Red Ruby” variety
compared to the “Gastronome” and “Markus” varieties under the UV irradiation of the
studied ranges indicates a greater adaptability of the “Red Ruby” variety to the stresses
caused by the UV radiation. The strong correlation between the obtained values of the
vegetative indices ARI and mARI and the anthocyanins concentration in the basil leaves
shows the possibility of using hyperspectral cameras to study the biochemical processes
occurring during the plants’ vegetation. These results can be used for the development
of light growing quantitative recommendations, for productivity increasing, and for food
products obtaining with a high content of the anthocyanins. However, for the indices of
chlorophyll and carotenoids, the correlations are found to be low, which is primarily due
to the shielding effect of the anthocyanins and the uneven color of the leaves.
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