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EFFECT OF SEED SOWING PERIOD ON
POLYPHENOLIC COMPOUNDS CONTENT
IN BASIL (OCIMUM BASILICUM L.
UNDER GREENHOUSE CONDITIONS

Jlocnionceno enaug pisnux cmpoxie eucisy Hacinmus n’smu copmie 6asuniKy Ha HaAKONUueHHs NoJji-
penonvrux pewosun. Bcmarnosieno, wo copmu 3 (ionemosum 3a6apeieHHsIm JUCMKI8 HAKONUUYIOMb
nonigpenonie Ginvuie nopisnsamno 3 serenumu copmamu na 51,2—66,6 %. Y senenux copmie baovopuil,
Pyman ma Csiieo npocmedncyemocs niosuuens pieis noaighenonis 3 KoICHUM HACMYNHUM 3Pi3y6anHiIMm
3€eJIeHi 3a JHMHE8020 Ma K8IMHes8020 CMPOKY 6UCI8Y HACIHHSL.

Kmouosi cnosa: 6asuiik, noaighenonvii cnoayKu, CmpoKu 6UCI8Y HACIHML, YUCIO 3PI3YEaAHb 3eNeHi.

1. Introduction

The climatic conditions of Ukraine cause seasonal pro-
duction of vegetable products. Thus, the priority role in
providing the population with fresh vegetables in the inter-
season period belongs to the vegetable growing in protected
ground. Greenhouse production has several advantages
over traditional cultivation [1, 2]:

— higher green mass output per unit of area;

— high commodity quality;

— control of diseases and pests;

— temperature control, rational use of water and fer-

tilizers.

Modern horticulture in Ukraine requires the constant
development of production of valuable, rare, non-traditional
for this climatic zone vegetable plants, in particular, spicy
and aromatic [3]. The culture of sweet basil — one-year
spice-aromatic herb from the family Laminaceae is well-
fitting to these criteria [4]. It is well-spread in France,
Hungary, Bulgaria, Germany, Italy, Israel, Egypt, Mexico,
Indonesia and the United States [5, 6]. The attractive-
ness of this spice lies, first of all, in the diversity of
flavours and the leaf colour. The range of basil use is
very wide:

— fresh or dry flowers and leaves are used in food

production for the manufacture of canned food, pickles,

tomato sauces, in sausage and spice production;

— in medicine and cosmetology as a medicinal plant [7];

— in the landscape design, as a decorative culture [8, 9].

Basil contains a large amount of biologically active
substances, which are represented by different classes, but
polyphenolic compounds play one of the main roles. Their
chemical structure includes a large number of hydroxyl
groups, which neutralize free radicals, stop chain reac-
tions, absorb atomic oxygen. Polyphenols are the main
component of the overall antioxidant activity of spicy
aromatic cultures, including those of basil. Studies show
that the antioxidant properties of phenolic compounds are
4-5 times higher than the antioxidant potential of vita-
mins C and E [10]. Therefore, the study of the patterns
of formation of the complex of polyphenolic compounds
in plant products is important.

2. The ohject of research and
its technological audit

The object of the research is the process of formation
of the polyphenolic complex by basil plants.

The polyphenolic complex of basil is represented by a
number of acids: caffeic, rosmarinic, caftaric, chicoric, which
are accumulated in basil in high concentrations [11, 12]
and have a significant effect on the antioxidant status of
the plant [13—15]. The polyphenolic complex of purple basil
type also includes a high level of anthocyanins [12] that
are water-soluble phenolic compounds responsible for the
red and purple coloration. As well as polyphenolic acids,
anthocyanins have antioxidant properties. It is proved that
consumption of plants rich in anthocyanins reduces the
risk of neurodegenerative diseases [16].

However, the formation of polyphenolic compounds is
affected by a number of biotic and abiotic factors, leading
to variation in the level of polyphenols in a very wide
range even for plants of the same cultivar.

3. The aim and ohjectives of research

The aim of the research is to determine the effect of
the seed sowing period on the formation of the polyphe-
nolic complex by plants.

Research objectives:

1. To determine the level of polyphenols accumulation
in cultivars of basil with different colours of leaves.

2. To analyze the dynamics of formation of the complex
of polyphenolic compounds depending on the seed sowing
period in cultivars with different colours of leaves.

3. To reveal the patterns of formation of polyphenols
at repeated cutting off of growing green mass.

4. Research of existing solutions
of the prohlem

Active synthesis of polyphenolic compounds is a pro-
tective reaction of plants to various harmful exogenous
influences [13—15]. Any biotic or abiotic stress (the effect
of pathogenic fungi, bacteria, viruses, temperature fluctua-
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tions, mechanical damage, high light intensity, ultraviolet
irradiation, imbalance of mineral components in the soil,
drought, salinity, action of herbicides and salts of heavy
metals) can lead to the intensification of polyphenolic
compounds biosynthesis in various anatomical parts of the
plant [16]. Also, the level of polyphenols varies depending
on the agrotechnical elements of cultivation (cultivars,
planting schemes, mineral nutrition, substrates, etc.) [11, 17].

Basil with purple leaves accumulates more phenols in
comparison with green-leaf cultivars [18]. For example,
the authors of [19] noted that basil cultivars with purple
leaves contained from 81.7 to 126.2 mg/g of dry weight of
polyphenolic compounds while the green leaves cultivars —
from 35.6 to 62.9 mg/g of dry weight. This fact can be
explained by the presence of anthocyanins in the pigment
complex of purple basil. In other research, the level of
polyphenols ranged from 3.16+0.62 mg/g in DarkGreen
to 5.90+0.29 mg/g in RedOpal [20].

It is known that the level of polyphenolic compounds
may vary depending on the number of cuttings. In stud-
ies of Italian scientists [21], the level of rosmarinic acid
was greater in the case of the second cutting by 74.8 %
in comparison to the first cutting of green mass, and the
level of caffeic and ferulic acids was increasing gradually
till the third cutting. Such changes in the polyphenolic
complex of basil are explained by the reaction of plants
to high stress caused by cuttings.

In addition, there are data that confirm the depen-
dence of the level of polyphenolic compounds of basil
with purple leaves coloration on the plant’s age. So,
the level of polyphenols varied from 3.30 mg/g of dry
weight in young plants to 20.08 mg/g of dry weight in
aged ones [22].

The analysis of modern world scientific literature con-
firms the lack of research in this area, which determines
the relevance and practicality of such research.

5. Methods of research

5.1. Plant materials, growing and harvesting conditions.
The experiment was conducted under the greenhouse condi-
tions in 2014-2016. The cultivars of basil, included in the
State register of plant varieties suitable for dissemination
in Ukraine were used in the research, namely:

— Bad’oryi (as control) and Rutan that have green

leaf coloration;

— Filosof and Purpurova zoria with purple coloration;

— Siaivo with mainly green color with anthocyanin

inclusions.

The determination of the optimal seed sowing period
for basil included the following options of the study:

1 — sowing seeds in the 3rd decade of February;

2 — sowing seeds in the 2nd decade of March;

3 — sowing seeds in the 2nd decade of April.

Seeds were sown in boxes in rows with a row-spacing
width of 5 e¢cm. The temperature during seed germina-
tion was maintained at 22-25°C. Upon the formation
of the first pair of leaves, the plants were transplanted
into 6 x6 cm pots. The seedlings were planted after the
formation of three pairs of leaves. The accounting area
was 2 m? the experiment was repeated five times. Five
research plants were marked in each accounting area,
followed by phenological observations and biometric
measurements.

5.2. The method of determining the polyphenol content.
The content of polyphenolic compounds was determined by
the Folin-Denis reagent according to DSTU 4373:2005 [11].

The obtained data were mathematically computed using
AgrostatNew (Ukraine) and Microsoft Excel software.

6. Research results

Seed sowing periods affected the growth of green mass
after cutting. Sowing of seeds in March and April con-
tributed to the rapid growth of the greenery and allowed
making 5 cuttings of green mass in all cultivars of basil.
After sowing the seeds in February, 5 cuttings of greens
were successfully taken only for cultivars of purple color
Filosof and Purpurova zoria. For the Bad’oryi cultivar,
4 cuttings were made, and only 3 were made for the Ru-
tan and Siaivo cultivars, after which the greenery stopped
growing, the plants stiffened and bloomed. Such increased
resistance of purple basil to the stress conditions, namely
the lack of light, an increase of temperature during the
vegetation period can be explained by the presence of
anthocyanins in the polyphenolic complex of plants. An-
thocyanins accumulate and possess the highest antioxidant
activity in cloudy, cool and extremely hot days [23].

At the time of the first cutting, that is at the beginning
of the budding phase, the greatest amount of polyphenolic
substances was accumulated by cultivars with purple leaves —
Filosof (average — 317.9 mg x 100 g ') and Purpurova zo-
ria (288.4mgx 100 g~! on average), which is significantly
more than in the control cultivar Bad’oryi by 66.6 % and
51.2 %, respectively. The polyphenolic complex of green
cultivars Rutan and Siaivo was also more powerful than
in the control. The level of polyphenols in these cultivars
was in the range of 249.3-254.0 mg x 100 g~'. Two-factor
analysis showed that there is no reliable difference between
these cultivars (Table 1).

In our studies, the dynamics of polyphenols accumu-
lation varied, depending on the number of cuttings and,
especially, on the period of seed sowing. In the green
cultivars (Bad’oryi, Rutan and Siaivo), an increase in the
level of polyphenols with each subsequent cutting of greens
during the February and April seed sowing periods can be
observed. This fact indicates the lignification of vascular
tissues, and hence the aging of the plant.

A slightly different trend can be observed in the Filosof
and Purpurova zoria cultivars with purple leaf coloration. The
difference between the cultivars is not reliable. In February,
the highest level of polyphenols (369.8—385.2mg/100 g)
was observed in the greens of the first cutting. This can
be explained by the activation of the plant protective
mechanism (accumulation of anthocyanins) in stress condi-
tions, namely the low amount of light. For basil of these
cultivars, the level of polyphenols decreased with further
cuttings. For the April sowing period, there is an opposite
tendency of phenolic compounds accumulation in these
cultivars. Due to more favourable conditions at the initial
growth stages, the content of polyphenolic compounds in
the greens of the 1st-3rd cuttings was 233.3-257.0 mg/100 g
in the Filosof cultivar and 173.2-188.6 mg/100 g in the
Purpurova zoria cultivar. Further development of the plant
took place under excessive air temperatures and high light
intensity, which had caused premature aging of the plants,
accumulation of lignins and accumulation of anthocyanins,
as protection against excessive UV radiation at the time
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of the fourth and fifth cutting of greenery [24, 25]. The
authors’ studies show that high temperatures induce ex-
pression of genes, responsible for synthesis of flavonoids
that prevent harmful effects of high temperatures [26].
This may also be due to the accumulation of polyphenols
during aging of the plants [22].

Tahle 1
The content of phenolic compounds in basil, mg/100 g,
(average over 2014-2016 years)
Cutting
Cultivar Sowing periods
I il 111 v '
III dec. of February | 166.9 | 176.2 | 185.0 | 213.1 | -
Bad'oryi | II dec. of March | 237.0 | 241.2 | 221.4 | 215.2 | 216.7
II dec. of April 168.4 | 180.2 | 206.2 | 220.2 | 227.5
Average for cultivar 190.8 | 1899.2 | 204.2 | 216.2 -
III dec. of February | 276.7 | 300.7 | 335.7 - -
Rutan Il dec. of March | 256.1 | 264.8 | 257.2 | 260.2 | 257.8
II dec. of April 215.2 | 223.6 | 253.7 | 267.1 | 278.7
Average for cultivar 249.3 | 263.0 | 282.2 - -
III dec. of February | 385.2 | 370.7 | 345.4 | 338.3 | 314.2
Filosof II dec. of March | 335.3 | 327.5 | 339.0 | 340.6 | 337.2
II dec. of April 233.3 | 232.9 | 257.0 | 359.5 | 380.8
Average for cultivar 3179 | 3104 | 313.8 | 346.1 | 344.1
III dec. of February | 368.8 | 342.4 | 325.9 | 314.4 | 289.0
52”233“3 Il dec. of March | 322.1 | 303.5 [ 315.2 [ 3129 | 311.0
II dec. of April 173.2 | 159.1 | 188.6 | 296.0 | 325.8
Average for cultivar 288.4 | 268.3 | 276.6 | 307.8 | 308.6
III dec. of February | 215.3 | 237.1 | 315.4 - -
Siaivo II dec. of March | 274.8 | 285.0 | 277.0 | 268.8 | 263.7
II dec. of April 271.8 | 277.6 | 299.7 | 307.9 | 313.1
Average for cultivar 254.0 | 266.6 | 297 .4 - -
Aver- III dec. of February | 282,78 | 285.4 | 301.5 - -
age .fEII‘ Il dec. of March | 285,07 | 284.4 | 282.0 | 279.5 | 277.2
sowing
terms Il dec. of April | 212,40 | 214.7 | 241.0 | 290.1 | 305.2
LSDg g5 (for cultivars) 16.3 | 140 | 7.3 - -
LSDg g5 (for sowing periods) 786 7.5 2.6 - -

In case of sowing seeds in March, the level of poly-
phenols in all cultivars did not significantly change during
the sequence of cuttings, indicating the stress decrease
and optimal cultivation conditions.

7. SWOT analysis of research results

Strengths. Among the strengths of this research, it is
necessary to highlight the results concerning the accumula-
tion and change of the content of polyphenolic compounds
in common basil of different cultivars depending on the
period of seed sowing and crop harvesting. The obtained
data make it possible to solve the problem of selecting
the optimal periods of basil seed sowing in greenhouses,
which would enable to obtain the greens with a stable
high content of polyphenolic compounds.

Weaknesses. Seed sowing periods are only one of the
factors that influence the accumulation of biologically ac-

tive substances, including polyphenolic compounds, in the
greens of common basil. The level of polyphenols in vege-
tables also varies greatly depending on various agricultural
practices of cultivation (planting schemes, soil mix, mineral
nutrition, etc.), as well as environmental conditions (light,
humidity, temperature, etc.). It is therefore necessary to
conduct research on basil in greenhouses, which requires
additional costs.

Opportunities. Growing greens in greenhouses allows
solving the problem of seasonality of consumption and
range. Therefore, improvement of technologies of cultivation
of green vegetables with stable quality and high content
of valuable phytonutrients in greenhouses is promising.

Threats. The content of endogenous antioxidants, in-
cluding polyphenols, in vegetables is rather unstable, an-
nual variations of polyphenols are observed depending on
the agro-climatic cultivation conditions.

1. It is found that when grown in greenhouses, the
cultivars with purple coloration of leaves accumulate by
51.2-66.6 % more polyphenols than green varieties.

2. It is shown that seed sowing periods significantly
affect the level of polyphenols in leaves of basil. At early
sowing time (the third decade of February), cultivars with
purple coloration of leaves accumulate more polyphenols in
comparison with those in the later periods of seed sowing.

3. It is found that in the cultivars of basil with the
green colour of leaves, the content of polyphenolic substances
increases with each subsequent cutting of greens in case
of early and late periods of sowing. Average seed sowing
periods (the second decade of March) facilitated the slightest
variation in the content of polyphenols, regardless of the
cutting of greens. The cultivars with purple coloration of
leaves accumulated the highest level of polyphenols for
the first cutting of the February seed sowing period and
for the fourth and fifth cuttings of the greens of the April
sowing period. When sowing seeds in March, the level of
polyphenols in all the cultivars did not significantly change
during cutting, indicating optimum cultivation conditions.
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HCCNEAOBAHUME COAEPM(AHHA NMONMUPEHONBHLIX BEWECTB
B BASM/IHKE (OCIMUM BASILICUM L.) B 3ABHCHMOCTH OT
CPOKOB NMOCEBA CEMAH B TENMHLAX

WcenenoBano BausiHie Pa3iMyHbIX CPOKOB [10CEBA CEMSH MSTH
COPTOB H6a3MINKa Ha HAKOTIJIEHNE MOTN(EHOTbHBIX BENIECTB. YcTa-
HOBJIEHO, YTO COPTa € (HUOJIETOBOI OKPACKOI JINCTHEB HAKATIIHBAIOT
mosmbeHos0B 6OIbIe MO CPABHEHWIO C 3€JE€HBIMI COPTAMHU Ha
51,2-66,6%. Y copros ¢ sesenbivu suctbsimu (Banépeiii, Pyran
u CsiiB0O) TpOCJIeKNUBAETCS TOBBIIICHIE YPOBHS MOJM(MEHOTIOB
C KOK/bIM TOCJEJYIONMM Cpe3aHnueM 3eJeHH MpH (HeBpaIbCKOM
U anpesbCKOM CPOKax I0CeBa CEMSIH.

Kmouesste cnosa: 6a3uinK, MOIM(EHOIbHbBIE COEUHEHNS, CPOKI
MOCeBa CEMsIH, YNCJIO CPE30K 3eJIeHH.
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