SCIENTIFIC HORIZONS

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 25(11), 51-62

UDC 635.4:635.7 (477.46)
DOI: 10.48077/scihor.25(11).2022.51-62

Efficiency of the Sowing Date of Spinach
in the Southern Steppe Conditions of Ukraine
Olena Ulianych?, Vitaliy Fedorenko?, Liudmila Riabovol®*, Kostiantyn Shevchuk?, Liliia Voievoda?

!Uman National University of Horticulture
20300, 1 Instytutska Str., Uman, Ukraine

2Institute of Plant Protection National Academy of Agrarian Sciences of Ukraine
03022, 33 Vasylkivska Str., Kyiv, Ukraine

Article’s History: Abstract. The population of Ukraine should receive fresh greens from early
Received: 09/14/2022 spring to autumn from open field production and the period of growing
Revised: 10/28/2022 spinach will ensure the supply of fresh greens. The purpose of the research
Accepted: 11/21/2022 was to study the possibility of extending the period of fresh greens supplying

from the open field due to the extension of the seed sowing period in the
Suggested Citation: open field.The research was conducted in 2019-2021 in the conditions of the

Ulianych,O.,Fedorenko,V.,Riabovol,L., Southern Steppe of Ukraine. For the research, field, statistical, calculation-
Shevchuk, K., & Voievoda, L. (2022). analytical and laboratory methods were used. The varieties Fantaziia and
Efficiency of the sowing date of spinach  Malakhit were studied. The behaviour of plants after six sowing dates was
in the Southern steppe conditions examined. The control variant was the variety Fantaziia for sowing in the
of Ukraine. Scientific Horizons, 25(11), 1%t decade of April. It was found that plants of both varieties of spinach had
51-62. a larger leaf surface (114.2-127.7 cm?) in the early sowing period. Plants
which were sown in August had a smaller leaf surface - 86.0-106.2 cm?.
The highest yield of marketable green mass was obtained for sowing in
the 3 decade of April and 2™ decade of May. The variety Fantasia provided
22.9-23.0 t/ha, and the variety Malakhit provided 23.3-23.9 t/ha. The
sowing date had a significant influence on the main chemical parameters of
spinach of the Fantaziia and Malakhit varieties. The higher indicators were
the sowing dates in the third decade of April and the second decade of May,
when the brix reached the level of 6.4-6.8%, the sugars content - 2.3-2.4%
and the content of vitamin C - 58-70 mg/100 g. It was established that
the soil and climatic conditions of the Southern Steppe of Ukraine were
suitable for sowing spinach in six dates and would ensure an uninterrupted
supply of products from the 3 decade of April to the end of September
inclusive, and in years with favourable weather conditions in the 2™ to
34 decades September to mid-October. Such approach will solve the problem
of seasonality in the consumption of fresh vegetables. The sowing dates are
recommended to agricultural producers of spinach in order to extend the
period of receiving fresh greens from the 3 decade of April to the end of
September and in some years to the middle of October

Keywords: total leaves surface, leaves number, plant height, weight of the
plant, beginning of rosette growth, technical maturity

Copyright © The Author(s). This is an open access article distributed under the terms of the
™ Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author



52

Efficiency of the Sowing Date of Spinach in the Southern Steppe Conditions of Ukraine

INTRODUCTION
Establishment of optimal sowing dates for uninter-
rupted supply of marketable greens and consumption
during the spring-summer-autumn period in fresh form,
correlation between plant growth and productivity, de-
termines the relevance of this study. It is known from
research of Hospodarenko et al. (2008) that from early
to late sowing, the accumulation of dry matters and brix
consistently decreases. The intensity of the processes of
plant and stem death during the spring-summer vege-
tation period decreases. According to the research of
Ulianych et al. (2018), at the optimal sowing date plants
are programmed for high yield, but their productivity de-
creases both at early and at late sowing date. In the first
case, the plant forms a larger vegetative mass and, be-
cause of overgrowth, intensively uses reserve substances
and becomes less resistant to adverse conditions. In ad-
dition, the plant of the early sowing is more damaged
by pests, diseases, and is often weedier. Because weeds,
by their biological characteristics, are more competitive
with plants, they outgrow and shade them, take more
nutrients and moisture. All this leads to slowdown in
the growth of cultivated plants, thinning of crops and
a decrease in yield founded by Korniyenko et al. (2015).

Plants of the late sowing grow and develop more
slowly, do not have time to form a full-fledged rosette
and sufficient above-ground mass and secondary root
system shown in research of Ulianych et al. (2015).

The study of the dependence of the sowing date
on soil fertility of Galla et al. (2013) and Barcelos et
al. (2017) showed that it was necessary to sow earlier
on poor soils, and later fertile ones, so that the plants
did not overgrow. The optimal sowing date on fertilized
fields is shifted 10-15 days later, compared to sowing
on a less fertilized field mentioned in research of Gut-
tierrez-Rodriguez et al. (2013). Positive impact on yield
has organic fertilizers and sea weed extractions men-
tioned in researches of Kim et al. (2018), Xu & Leskovar
(2015) and Fan et al. (2013). Using of bio stimulants,
besides regular fertilizing has positive impact on yield
and leaves quality was found in research of Fiorentino
et al. (2018) and Kulkarni et al. (2019).

Sowing date is important as environmental tem-
perature influencing on plants. In autumn, and spring
the effect of the maximum, minimum and average
temperature was dominant, but in summer, only the
average and maximum temperature seemed significant
concluded in research of Zuska et al. (2019). The sowing
date varies depending on the biological characteristics
of the variety,and for classic varieties, the interval of the
optimal sowing period is longer. Studies of Khareba et
al. (2012) are recommending calendar dates for sowing
6-12 days later, compared to previously grown varieties,
which is due to the biological features of the modern
variety. And this is a shortened epicotyl, faster passage
of the interphase period, more intense formation of
plastic substances and formation of above-ground mass.
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The results of observations of the growth and
development of plants in the autumn period showed by
research of Golubkina et al. (2017). It showed that the
degree of plant development, especially the accumula-
tion of dry matter,was not directly related to the level of
adaptive characteristics. They are formed higher during
optimal and late sowing. Plants of different ages do not
equally consume water from the soil. Van Treuren et al.
(2012) shows then crops of early sowing, as they are
more physiologically old, use less water than plants of
optimal and late sowing.

For vegetables, in particular of spinach, the sowing
date is important, because the optimal sowing date will
help to increase the yield due to the full growth and de-
velopment of the plant mentioned by M. Pollock (2012).
Therefore, in order to obtain a high yield of green mass
several times during the growing season in the Southern
Steppe of Ukraine, research was conducted to study the
effectiveness of the sowing date for growing spinach.
As a result of the conducted experimental study, new
elements of the technology of growing spinach were
investigated. For the first time, in the study of by Panda
et al. (2017), the biological ability of new varieties of
spinach to form a high yield of marketable green mass
and their actual productivity has been theoretically
substantiated and experimentally proven.

The aim of the current research was to find the
optimal timing of sowing spinach seeds and obtaining
high yields.

MATERIALS AND METHODS

The research on determining the optimal sowing date
of spinach in the Southern Steppe of Ukraine was con-
ducted in 2019-2021 in open field conditions on a field
with drip irrigation. The influence of the sowing date on
the growth, development and yield of spinach varieties
Fantaziia and Malakhit was determined. The methodical
recommendations of Bondarenko and Yakovenko (2001)
were used.

In order to ensure a constant supply of fresh
products during the period from spring to autumn, the
following six sowing dates were studied: the 1% and
34 decades of April, the 2" decade of May, the 2" decade
of June, and the 1%t and 3 decades of August. The con-
trol variant was drilled in first decade of April. The re-
search was conducted on light sandy chornozems. The
humus horizon in the 0-20 cm soil layer contained 1%
of humus, and 0,6% of humus in the 20-40 cm soil layer.
Chemical characteristics of the soil: organic carbon -
2.1%, pH 6.9-7.4, P - 92 mg/kg-1, K - 101 mg/kg-1, N-
NO, - 17 mg/kg-1. The electrical conductivity (EC) of
the soil was measured by using a conductometer. P, K
were determined by the AB-DTPA method according to
Ryan et al. (2001). The sowing conducted by the density
of 150 000 seeds per hectare. The total acreage for the
experiment was 360 m?, for the single plot it was 60 m2,




The experiment was designed as a Full Randomized
with four replications.

Biometric research. The length and width of the
leaf, the surface of the leaf plate and the total leaf
surface of the plant were determined. The height of
the plant and the number of leaves on the plant were
count. The sowing dates of spinach, plant productivity,
vitamin C were studied. All analyses were performed in
four repetitions.

Plant material. Spinach (Spinacea oleraceae L.)
varieties Fantaziia and Malakhit.

The analysis of vitamin C was held as follows:
Lyophilized samples of leaves (0.2 g) were crushed and
adding to 30 ml of a 3% metaphosphoric acid solution
with followed homogenized at 11,000 rpm for 2 min
by using a homogenizer (T25 basic ULTRA-TURRAX -
IKAWerke GmbH. & Co. KG, Staufen, Germany). The vol-
ume was adjusted to 50 ml with a 3% solution of met-
aphosphoric acid. The 2 ml of extract was centrifuged
at 12000 rpm for 3 min. The supernatant was filtered
through polyvinylidene difluoride membrane filter of
0.45 um (Whatman International Ltd., Maidstone, UK).
The fresh samples were analysed by using an HPLC sys-
tem equipped with a PU (pump 2089),MD (2010 UV),AS
(autoinjector 2057) variable wavelength detector (JAS-
CO Corp., Tokyo, Japan). The separation made on a Crest
Pak C18S column (15094.6 mm, inner diameter, 5 pm,
JASCO Corp.). The peak was reading at 254 nm using
a UV detector. The quantification was determining by
external calibration with the ascorbic acid.

Weather conditions during the research years.
According to the data of the Nova Kakhovka hydro-
meteorological station (n.d.), the hydrometeorological
conditions of 2019 were characterized as a slightly
lower amount of precipitation compared to the aver-
age long-term indicators. The amount of precipitation
for this period in 2020 was significantly higher than in
2019. 2021 was the rainiest year. The most precipita-
tion fell in June, which allowed for better forming of
leaf mass the plants. The air temperature in 2019-2021
at the sowing time was slightly higher than the perennial
one, which had a positive effect on the development of
spinach plants.

Statistical analysis. The nutritional and chemical
compositions were analysed in four replications. Results
were expressed as averages. Chemical composition was
analysed using analysis of variance with P<0.05 for
yield, plant weight and productive moisture storage by
using the program of statistical analysis (SAS) v.9.1.3.

RESULTS AND DISCUSSION

The sowing of the spinach at different dates shows a
positive effect on the results of farming and allowed
obtaining reliable data on the plasticity of the crop in
terms of growing conditions. The assessment of the in-
fluence of the date of the seeds sowing on the growth
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and development of the spinach under the conditions
of growing in open field was conducted based on the
fixation of the duration of the phenological phases of
plant growth, their development and other indicators.
The analysis of the data obtained as a result of research
on the growth of the spinach plants and their develop-
ment in the Southern Steppe of Ukraine showed that
the duration of the periods from the germination to the
onset of the main phenological phases was the short-
est for sowing seeds in the | and Il decades of August,
regardless of the studied variety. The mass germination
appeared on the 8™ day in the control variety and on
the 7t day in the Malakhit variety due to sowing seeds
in the | decade of April. The mass germination of both
researched varieties was noted for 6 days due to sow-
ing seeds in the Il decade of April and Il decade of May,
as well as in the Fantasia variety due to sowing in the
Il decade of June. During the August sowing dates, mass
germination was recorded at 5™ day, regardless of the
studied variety, which can be associated with the influ-
ence of high environmental temperatures.

The phase of the appearance of the first true leaf
in spinach was recorded after 10-17 days, depending
on the variant of the experiment, and it was noted after
12-17 days for the Fantasia variety, and 10-15 days for
the Malakhit variety. The plants reached the technical
phase of maturity on the 40" day after the appearance
of germination in both studied varieties due to sowing
seeds in the Il decade of April and on the 41 day due
to sowing seeds in the Il decade of May. The summer
sowing date showed that the onset of the technical ma-
turity phase did not depend on the variety and occurred
on the 37™ and 38" day.

The study of the effect of the variety and date
of sowing seeds on the duration of the growth phases
proves that for all sowing dates the advantage is ob-
served in plants of the Malakhit variety - the phase of
technical maturity came 1-4 days earlier than in the
Fantaziia variety. In its turn, studies showed that the dif-
ference in the speed of passage of phenological phases
by spinach plants was more pronounced depending on
the date of sowing than on the variety.

The influence of the sowing date of spinach and
the variety is characterized by differences in biometric
indicators. The evaluation of the plants of the Fantaziia
and Malakhit varieties in the phase of the beginning
of rosette growth shows that plants had height of 6.3-
7.3 cm due to the sowing in the Il decade of April and
in the Il decade of May and were taller compared to the
plants of later sowing. This fact can be explained by the
fact that at lower temperatures the growing season is
longer. An exception to this pattern can be considered
the sowing period in the | decades of April, when at the
beginning of the growing season, low temperatures, on
the contrary, slowed down the growth and development
of spinach plants (Table 1).
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Table 1. The height of the spinach plant depends on the variety, cm

Beginning of rosette growth Technical maturity
Variety Sowing date
2019 ‘ 2020 ‘ 2021 2019-2021 2019 ‘ 2020 ‘ 2021 2019-2021
April | decade” 4.8 5.4 5.1 5.1 244 23.8 26.2 24.8
April Il decade 6.8 74 71 71 30.5 254 30.8 28.9
May Il decade 6.8 73 6.7 6.9 27.5 26.3 26.1 26.6
Fantaziia
June Il decade 6.7 6.3 6.5 6.5 19.3 19.7 19.2 19.4
August | decade 5.3 5.4 4.9 5.2 16.2 159 15.7 159
August Ill decade 5.4 5.6 7.1 6.0 174 16.7 16.9 17.0
April | decade 5.8 5.5 5.1 5.5 294 24.8 30.4 28.2
April Ill decade 7.4 72 72 73 255 26.4 25.2 25.7
May Il decade 5.7 7.1 6.2 6.3 24.8 28.5 26.3 26.5
Malakhit
June Il decade 4.8 5.4 5.1 5.1 21.1 22.8 18.6 20.8
August | decade 5.3 5.7 5.4 5.5 17.8 16.9 18.1 17.6
August Il decade 6.2 5.8 5.1 5.7 16.9 17.8 17.5 17.4
LSD 0.4 0.3 0.5 1.4 1.2 0.8

0.5

Note: * — control variant
Source: compiled by the authors

It was noted that the height of spinach plants de-
pended to a considerable extent on the sowing date and
not on the variety.On average, over the years of research,
the height of city spinach plants in the phase of green
technical maturity, was 24.8-28.2 cm, depending on the
variety due to sowing in the | decade of April. The re-
search indexes differed and in the Fantaziia variety they
increased to 26.6-28.9 cm, while in the Malakhit variety,

on the contrary, they decreased to 25.7-26.5 cm due to
the sowing of spinach in the Ill decade of April and in
the Il decade of May. The indexes of both studied variet-
ies exceeded the control by 1.8-4.1 cm and 0.9-1.7 cm,
respectively. It has been established that in spinach the
number of leaves per plant determines the potential
value of the yield, therefore, in the conducted observa-
tions, attached great importance to this index (Fig. 1).
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Figure 1. The dynamics of the leaves number increase of the spinach in different periods of growth and development
depending on the variety and sowing date (2019-2021)

Source: compiled by the authors

In the phase of the beginning of plant rosette
growth the number of leaves was, depending on the
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investigated variety, from 5.0 to 6.0 pcs/plant. Obser-
vations of 2019-2021 showed us that early sowing




dates, especially the Ill decade of April, the Il decade
of May and the Il decade of June, were more conducive
for the Fantaziia variety, as one plant formed a larger
number of leaves from 5.7 to 6.0 cs/plant. At the time
when a significantly lower number of leaves from 5.0
to 5.2 pcs/plant was observed due to late sowing and
sowing in the | decade of April. In its turn, in the Mal-
akhit variety, the number of leaves varied slightly re-
gardless of different sowing dates and ranged from 5.0
to 5.4 leaves per plant.

It was noted that the studied varieties had different
numbers of leaves at the phase of the beginning of the
rosette growth. High variability of the index was noted
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in the Fantaziia variety with the highest index due to the
sowing in the Il decade of May. During the studies of the
influence of the variety and sowing date on the number
of leaves and their growth throughout the growing sea-
son, it should be noted that at the harvesting date the
number of leaves increased by 2.5-3.5 times, from 5.0-
6.0 to 14-21 pcs/plant. One of the important indexes of
spinach plant growth, which determines their value as
a green plant, is the leaf surface and the total leaves
surface. The determination of these indexes depending
on the date of sowing was conducted at the beginning
of the rosette growth and in the phase of technical
maturity of the greenery before the bolting (Table 2).

Table 2. The spinach leaf surface in different mode of growth and development depending on the variety and sowing date, cm?

Beginning of rosette growth Technical maturity
Variety Sowing date
2019 ‘ 2020 ‘ 2021 ‘ 2019-2021 2019 2020 2021 ‘ 2019-2021

April | decade” 18.8 17.7 18.5 18.3 110.3 108.3 107.2 108.6
April Il decade 20.4 21.7 23.8 22.0 122.4 120.6 122.0 1217
Fantaziia May Il decade 21.5 20.8 19.9 20.7 128.5 128.7 1259 127.7
June Il decade 21.8 20.9 20.5 211 105.8 107.8 1114 108.3
August | decade 17.4 16.7 17.1 171 96.4 86.3 76.2 86.3
August Il decade 18.4 18.1 18.5 18.3 84.6 88.4 85.1 86.0
April | decade 24.1 213 21.7 224 120.1 110.6 115.2 115.3
April Ill decade 25.7 221 229 23.6 130.1 121.4 124.7 125.4
) May Il decade 223 21.5 22.2 220 115.7 110.5 116.5 114.2
Malakhit June Il decade 21.7 20.7 225 21.6 114.4 1177 118.0 116.7
August | decade 194 18.3 18.8 18.8 111.5 101.5 105.6 106.2
August 1ll decade 19.1 18.1 18.3 18.5 109.9 102.2 104.1 105.4

LSD 0.5 0.2 0.3 4.3 39 2.8

0.5

Note: * — control variant
Source: compiled by the authors

It was established that plants of the Fantaziia
variety had a larger leaf surface due to sowing in the
| decade of April - 22.0 cm? The smallest leaf surface
in the Fantaziia variety was found due to sowing seeds
in the | decade of August - 17.1 cm?2. At the same time,
in the Malakhit variety, the smallest leaf surface was
observed due to sowing in the last term - 18.5 cm?,and
the largest due to the Ill decade of April - 23.6 cm?
The study of the influence of sowing dates on the leaf
surface index proves that it is larger at the beginning of
growth due to sowing in the Ill decade of April and the
[l decade of May, regardless of the variety.

At the phase of technical maturity, before har-
vesting the spinach plant in both researched varieties, a
smaller leaf surface was observed in the August sowing
dates and was from 86.3 to 86.0 cm? due to the Fanta-
ziia variety and from 106.2 to 105.4 cm? due to the Mal-
akhit variety. At the technical maturity mode, plants of
the Fantaziia variety of spinach had a larger leaf surface
due to sowing in the Ill decade of April and Il decade of

May - 121.7 and 127.7 cm?, respectively,and in the Mal-
akhit variety due to sowing in the Ill decade of April -
125.4 cm?.The study of the influence of the sowing date
on this index proves that the surface of the leaf plate
in spinach plants had bigger values at the beginning
of growth in the early dates, apart from the first one.

During 2019-2021,the dynamics of the growth of
the leaf surface depending on the date of sowing were
studied in detail, and data were obtained and factors
that could influence the increase in the leaves surface
during the growing season and on the eve of harvest-
ing, depending on the variety and the date of sowing in
open field were analysed. The data received shows that
the leaves surface of the spinach plants in 2019-2021
at the beginning of growth was found to have a larger
the leaves surface of Fantaziia spinach plants that were
sown in the Il decade of May - 1.72 thousand m?%/ha,
which exceeded the control by 0.40 thousand m?/ha. In
the Malakhit variety, during the three early sowings, the
index almost did not vary and was in the range from
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1.71 to 1.73 thousand m%*/ha, which exceeded the con-
trol by 0.39-0.41 thousand m?/ha. A smaller leaves sur-
face was obtained in the summer sowing dates in both
studied varieties of spinach.

It was established that the August sowing dates
did not contribute to obtaining a large leaves surface,
and for sowing in the | and Ill decades of August it
amounted to 1.21-1.29 thousand m%/ha in the Fantaziia
variety, according to the sowing date, which was lower
than control by 0.11-0.03 thousand m%/ha. In plants of
the Malakhit variety, this index in August was 1.34 and
1.25 thousand m?/ha, respectively. At the technical matu-
rity mode, the leaf surface reached the value of 25.6 thou-
sand m?/ha of Fantaziia variety due to sowing in the
| decade of April. In the Malakhit variety during the early
sowing date the leaf surface was 23.9 thousand m?/ha,
which is lower than the control by 1.7 thousand m?/ha.

The larger leaves surface was formed by spinach
varieties Fantaziia and Malakhit due to the seeds sow-
ing in the Il decade of April - 30.8-33.4 thousand m?/ha,
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according to the variety, which exceeded the control
by 5.2-7.8 thousand m?/ha. In the second decade of
May plants had a leaf surface in this phase of 31.1-
32.3 thousand m?/ha, according to the variety, which
exceeded the control by 5.5-6.7 thousand m?/ha. The
leaves surface largely depended on the weather con-
ditions of the year. Thus, plants grown in 2020 had the
smallest leaf surface, which is explained by the unfa-
vourable weather conditions of the year, especially the
lack of moisture during the period of intensive plant
growth and development.

Observation of the growth and development of
plants showed that in the first period of growth, spin-
ach grows slowly and forms an insignificant leaf mass,
but during the period of technical maturity the plant
significantly increases in size. In the phase of intensive
growth, plants sown in the open field in the Ill decade
of April had a larger leaves surface, regardless to the
variety. At the time of the plant density forming the leaf
surface was from 28.9 to 32.9 thousand m?/ha (Figs.2; 3).
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Figure 2. The dynamics of the leaves surface increase on the beginning of rosette growth of spinach varieties Fantaziia
and Malakhit depending on the sowing date (2019-2021), thousand m?/ha

Source: compiled by the authors
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Figure 3. The dynamics of the leaves surface increase on the technical maturity phase of spinach varieties Fantaziia
and Malakhit depending on the sowing date (2019-2021), thousand m?/ha

Source: compiled by the authors
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The tendency of the leaves surface decreasing with
each next sowing in the variety Fantaziia was observed.
Thus, the leaves surface reached 33.4 thousand m?/ha
due to second sowing date in the |ll decade of April. It
decreased to 31.1 thousand m?/ha due to Il decade of
May and to 23.5 thousand m?/ha due to Il decade of
June. In the late summer sowing dates, the leaf sur-
face had a minimum value and amounted to 20.7 thou-
sand m?/ha due to sowing in the | decade of August,
and 21.9 thousand m%*/ha due to Il decade, which was
caused by high temperature conditions of growth.

In spinach varieties Fantaziia and Malakhit be-
fore harvesting the green mass, the plants had the
largest leaves surface after sowing in the Il decade of
April - 33.4-30.8 thousand m?/ha and 31.1-32.3 thou-
sand m?/ha in the Il decade of May. Plants of the Fanta-
ziia variety sown in the Il decade of May had a smaller
leaves surface on the plant - 31.1 thousand m?/ha. In the
late summer sowing dates, the leaves surface of Fanta-
sia variety was minimal and was 20.7 thousand m?/ha
during sowing in the Il decade of August,and 21.9 thou-
sand m%/ha in the IIl decade, which was caused by high
temperature conditions.

An index of the efficiency of varieties and growing
periods of spinach in the open field is the output from
one plant and from a unit of acreage. The results of the
conducted research show that the variety and sowing
date have a significant effect on the weight of the plant
since the connection between the yield of commercial
greens and the weight of one plant is quite high. It has
been proven that the largest weight of a spinach plant
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was obtained by using early sowing dates and when
sowing spinach in the | decade of April. At the begin-
ning of the rosette growth the mass of the Fantaziia
variety over the years of research reached 2.0 g, in the
[l decade of April - in the Il decade of May - 2.5-2.8 g.

In the Malakhit variety, in the | decade of April at
the beginning of rosette growth, the weight of the plant
reached 2.5 g.In the Ill decade of April and the Il decade
of May it reached from 2.7 to 2.8 g, respectively. Next
years the weight of the plant was on the level from 2.3
to 2.8 g in accordance to sowing date. With the use of
early sowing dates for sowing of spinach in the | decade
of April in the phase of technical maturity, the mass of
the Fantaziia plant over the years of research reached
57.5 g,in the Ill decade of April - Il decade of May - from
66.4 to 70.0 g. At the next years the plant weight index
was smaller and amounted to 60.5-65.0 g,depending on
the sowing date. In the Malakhit variety, in the | decade
of April in the phase of technical maturity, the weight of
the plant reached 57.0 g, in the Il decade of April and
the Il decade of Maywas from 62.4 to 67.3 g,respectively.

Therefore, later sowing dates in the Southern
Steppe of Ukraine coincide with high temperatures during
the growth of plants. It has a detrimental effect on
plants, and therefore, in later sowing dates, especially
in late summer, they were smaller in weight. The main
assessment of the level of influence of the variety and
sowing date on the growth and development of spinach
plants of the Fantaziia and Malakhit varieties is conducted
based on the results of the analysis of the productivity
of marketable green mass (Table 3).

Table 3. The yield of spinach depending on the variety and sowing date, t/ha

Variety Sowing date 2019 2020 2021 2019-2021 £ to control
April | decade® 19.6 20.5 18.9 19.7 0
April Il decade 20.9 24.7 23.3 23.0 33
May Il decade 21.7 23.8 23.2 229 3.2
Fantaziia
June Il decade 21.3 22.2 21.9 21.8 2.1
August | decade 19.9 21.8 21.5 211 1.4
August 1l decade 20.6 22.7 219 21.7 2.1
April | decade 19.8 22.8 19.6 20.7 1.1
April lll decade 22.5 25.5 23.6 239 4.2
May Il decade 20.4 24.7 24.9 23.3 3.7
Malakhit
June Il decade 20.8 22.8 22.7 22.1 2.4
August | decade 19.9 20.2 21.6 20.6 0.9
August 1l decade 20.6 21.6 22.8 217 2.0
Factor A 0.3 04 0.2
LSD,, Factor B 0.7 0.6 05
Interaction AB 14 13 1.1

Note: * - control variant
Source: compiled by the authors

According to the table data, it is possible to trace
the change in yield index of spinach depending on the

variety and date of sowing in open field and the year of re-
search, when the weather conditions were not the same
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and mostly dry in 2019. Accordingly, the yield analysis
shows that it was lower in 2019 by 19.6-22.5 t/ha, which
is explained by unfavourable weather conditions during
the growing season.The years 2020 and 2021 were char-
acterized by more favourable conditions, in which the
yield of marketable green mass was higher and during the
early sowing dates it reached the level of 23.2-24.7 t/ha
in spinach of the Fantaziia variety and 23.6-25.5 t/ha
in the Malakhit variety. It was received significant yield
growth at level from 3.3 to 6,0 t/ha. At the next sow-
ing dates in the Il decade of June and | and Il decades
of August, the productivity of the Fantaziia variety was
21.5-22.7 t/ha and Malakhit 20.2-22.8 t/ha respectively.

On average, over the years of research, the high-
est yield, depending on the variety, was obtained for
sowing in the Ill decade of April and the Il decade of
May in the Fantaziia variety — from 22.9 to 23.0 t/ha, in
the Malakhit variety - from 23,3 to 23.9 t/ha, which is

Other factors 9%

Cyear 49%

higher than the control by 3.3-4.2 t/ha. A low yield was
obtained from plants sown in the | decade of April and
in summertime. So, when sowing spinach varieties Fan-
taziia and Malakhit in the | decade of April, the yield was
only 18.9 and 19.6 t/ha, respectively, according to the
studied variety. In the Il decade of June, the yield of both
varieties decreased to the level of 21.8-22.1 t/ha, which
was higher than the control by 2.1-2.4 t/ha. During the
late summer sowing dates in August, the yield of com-
mercial greens was 20.6-21.7 t/ha, which is higher than
the control by 0.9-2.1 t/ha.

The LSD,, in quantitative terms, according to
factors A and B for spinach yield was 0.2-0.7 t/ha, which
indicates reliable values between their replications and
variants. Three factors together (year - 49%, genetical
potential of variety - 34%, sowing date - 8%) form 91%
of the spinach yield in the conditions of the Southern
Steppe of Ukraine (Fig. 4).

Avariety 34%

B sowing date 8%

Figure 3. The dynamics of the leaves surface increase on the technical maturity phase of spinach varieties Fantaziia
and Malakhit depending on the sowing date (2019-2021), thousand m?/ha

Source: compiled by the authors

As a result of the conducted research, there was
a need to establish important characteristics for spinach,

which was conducted on the basis of calculations of correla-
tions between biometric and productive indexes (Table 4).

Table 4. Matrix of correlation analysis of biometric and productive indexes of the spinach (2019-2021)

Index Plant height, cm

The leaves number, pcs/plant Plant weight, g

Plant height,cm -

The leaves number, pcs/plant 0.23 - -
Plant weight, g 0.33 0.98 -
Yield, t/ha 0.57 0.75 0.91

Source: compiled by the authors

It was found that there is a strong positive cor-
relation between plant weight and the number of leaves
(r=0.98), the yield of spinach and the plant weight (r=0.91).
In parallel with the study of productivity, an assessment
of the quality of products of spinach varieties was con-
ducted according to chemical parameters in commercial
products before harvesting,depending on the variety and
date of sowing in open field (Table 5). The analysis of the
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obtained data showed that the variety and sowing date
influenced the main indexes of the chemical composi-
tion of the green mass of the spinach varieties Fantaziia
and Malakhit. The higher content of chlorophyll (a+b) -
0.445 ml/l was observed in plants that were sown in
the 11l decade of April. The content of nitrates in spinach
plants was at a low levelin the range from 48 to 55 mg/kg
and did not exceed the MAC for green leaves of spinach.
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Table 5. Indexes of the chemical composition of spinach in different periods of growth
and development depending on the variety and date of sowing (2019-2021)

Variety Sowing date Brix,%  Chlorophyll (a+b), ml/l Nitrates, mg/kg Sugar, % Vitamin C,mg/100 g

April | decade” 6.3 0.449 51 2.2 55

April lll decade 6.7 0.449 52 2.3 61

) May Il decade 6.4 0.442 49 2.3 59
Fantaziia

June Il decade 6.4 0.429 53 2.2 55

August | decade 5.4 0.429 52 2.1 54

August Il decade 5.8 0.408 54 2.1 54

April | decade 6.1 0.440 47 2.1 53

April Il decade 6.2 0.442 51 2.2 57

May Il decade 5.2 0421 52 2.3 59
Malakhit

June Il decade 5.3 0.422 52 2.2 55

August | decade 5.3 0.420 52 2.1 54

August Il decade 5.5 0.421 53 2.1 55

Note: * — control variant
Source: compiled by the authors

The brix in spinach leaves of varieties Fantaziia
and Malakhit was at the level of 5.1-6.8% and was higher
than sowing in the Ill decade of April and Il decade of
May - 6.4-6.8%,which exceeded the control by 0.3-0.7%.
The mass share of sugars, depending on the variety and
date of sowing in open field, fluctuated between 2.1-
2.4% and was almost at the same level. Plants grown
during the early sowing dates were characterized by a
higher sugar content. The content of vitamin C was in
the range of 52-70 mg/100 g, depending on the date of
sowing. Moreover, the vitamin C content was dominated
by the sowing dates in the | and Il decade of April - 50-
60 mg/100 g and Il decade of May - 58-70 mg/100 g.
So, the date of sowing had a significant influence on
the main chemical parameters of the spinach varieties
Fantaziia and Malakhit, and in the leaves, the higher
parameters were noted for the dates of sowing in the IlI
decade of April and the Il decade of May, where the brix
reached the level of 6.4-6.8%, sugars content — 2.3-2.4%,
vitamin C content - 58-70 mg/100 g.

The sowing date has quite significant influence
on the plant’s phenotype. It was proved by conducted
research. The leaf surface and total leaves surface were
under attention in research as direct influencer on pro-
ductivity and result production in general. The leaf sur-
face depended on growing conditions and variety. The
general tendency was observed then due to mile tem-
perature conditions plants have more time for forming
big leaves and higher number of them. On the other
hand, increasing of temperatures of environment make
growing period shorter and leaves size smaller. The
research of Mudau et al. (2018) confirms than term of
growing is directly influencing on leaf size and as resalt
on biomass production itself. Longer growing time is
showing significant difference in leaf size and biomass
production. It needs to indicate than by research of Conte

et al. (2008) was proved than climatic conditions slightly
influenced visual quality of spinach leaves.

A. Bottino et al. (2009) and Gutiérrez-Rodriguez
et al. (2013) conclude that dry matter is a direct indica-
tor of leaves quality and their storage ability. The dry
maters were in scope of the conducted research. The
study showed that the degree of plant development, es-
pecially the accumulation of dry matter, was not direct-
ly related to the level of adaptive characteristics. The
influence of the sowing date on the dry matter content
was observed. It was found decreasing of their content
at latest sowing dates. The highest content was found at
Spring sowing and partly during Summer growing at hot
climatic conditions. It a bit contradictory with research
of V. Chernyshenko et al. (2017). The plants are forming
higher content of dry matter during optimal sowing. Dry
matter was depended on research variety as well in re-
search of Alessa et al. (2017). It was shown in current
research than varieties differently react on growing condi-
tions and general tendence was not observed.

The sowing date still under attention of Ukrainian
scientists and foreigners as well. The sowing date is
quite important because it can determine growing re-
sult can has significant impact on spinach plants’ pro-
ductivity. The tendency of increasing of plant habitus
and prolongation of the growing terms due to mild
growing conditions observed. Similar tendency was shown
by research of Polish scientist by E. Kunicki et al. (2010)
which was conducted in two sowing dates only. How-
ever, instead of sowing at Spring and Autumn were in-
vestigated late Spring and Summer sowing dates for
prolong possibility to obtain fresh greens during whole
open field season. It was risky to grow spinach at hot
conditions because yield can by decreased by 30% and
more what was found by research of Tai et al. (2020).
Conducted research partly confirmed such tendency.
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The decreasing of yield was observed with growth of
the day temperatures during the growing period for sum-
mer sowing dates. But decreasing was on the level not
mote then 10-14%. The higher impact on yield had cold
weather and wet soil at the earliest sowing date. It was
observed decreasing of yield more than 15% compere to
the best variant of research. Flood and water stress was
studies by C. Pereira et al. (2019) and M. Seymen (2021)
and reported than overwatered soil has negative effect
on the spinach plans’ characteristic and yield itself.

Studying the timing of sowing garden spinach,
we believe that in the conditions of the Steppe of
Ukraine, these issues are quite relevant because spring
and autumn allow to extend the timing of production
and obtain high yields.

CONCLUSIONS

The study of the influence of the sowing date on the
leaves number revealed that when sowing of spinach
varieties Fantaziia and Malakhit in the 3 decade of
April and the 2" decade of May formed a higher num-
ber of leaves. The Fantaziia variety had 18-19 pcs/plant
and Malakhit - 18-20 pcs/plant. More favourable con-
ditions in 2020 made it possible to obtain an additional
2-4 leaves per plant. Spinach plants of both varieties
had a larger leaf surface at the beginning of rosette
growth during the early sowing dates - 114.2-127.7 cm?.
Plants sown in August had a smaller leaf surface -
86.0-106.2 cm?,

Depending on the variety, the highest yield of
marketable green mass was obtained for sowing in the
3@ decade of April and the 2" decade of May in the Fan-
taziia variety — 22.9-23.0 t/ha, in the Malakhit variety -
23.3-23.9 t/ha, which was higher compared to control
by 3.2-4.2 t/ha. The LSD,, in quantitative expression
according to factors A and B for spinach yield was 0.2-0.7,
which indicates reliable values between their reps and
variants. Three factors together (year, variety and sowing
date) form 91.3% of the spinach yield.

It was established that the climatic and soil condi-
tions of the Southern Steppe of Ukraine were suitable for
sowing spinach in six sowing dates. The conveyor grow-
ing will ensure an uninterrupted supply of green products
from the third decade of April to the end of September. In
some years until mid-October. It will partially solve the
problem of overcoming seasonality in the consumption of
fresh green vegetables. The date of sowing had a signif-
icant influence on the main chemical parameters of spin-
ach varieties. The higher indexes were noted for the dates
of sowing in the 3" decade of April and the 2" decade of
May, where the brix reached the level of 6.4-6.8%, sugars
content - 2.3-2.4%, vitamin C content - 58-70 mg/100 g.

Taking into consideration the importance of fresh
greens consumption during full year and positive impact
on health, prospect research may be based on extension
of terms of receipt of the fresh greens on account of using
temporary tunnels in early spring and fixed tunnels and
greenhouse in autumn-winter growing seasons.
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E¢deKTUBHICTb CTPOKIB CiB6M LUNMHATY B yMoBax NiBaeHHoro Creny YKpaiHu

OneHa IBaHiBHa Ynsauuul, Bitaniit Metpoeuu Pepopenko?, Jiogmuna OnerisHa Ps6oBon?,
Kocrantun Mukonaiiosuu Weeuyk?, Nlinia IropisHa Boesopa*

1YMaHCbKMI HaLiOHaNbHWUI YHIBEPCUTET CafliBHULTBA
20300, Byn. IHcTUTYyTCbKA, 1, M. YMaHb, YKpaiHa

2|HCTUTYT 3axMCTy pocimH HauioHanbHOT akageMii arpapHMx Hayk YkpaiHu
03022, Byn. BacunbkiBcbka, 33, M. Kuis, YkpaiHa

AHoTauif. HaceneHHs YKpaiHi NOBUHHO OTPUMYBATKM CBiXY 3€M€Hb Bif paHHbOI BECHWU A0 OCEHI 3 BIAKPUTOrO IPYHTY i
CTPOKM BUPOLLYBaHHS WNWHATY 3a6e3MneyaTb NOCTaYaHHs CBiXOi 3eN1eHi. MeTor focnigkeHb 6yn10 BUBYEHHS MOXIMBOCTI
NOAOBXEHHA Nepiofy HAAXOLXKEHHS CBIXOI 3eM1eHi WNUHATY 3 BIAKPUTOrO MPYHTY 3@ PaXyHOK PO3LLUMPEHHS CTPOKIB
BMCIBaHHS HACiHHA Yy BiOKpUTOMY I'pyHTi. JocnimkeHHs nposoannnck y 2019-2021 pp. B ymoBax [liBaeHHoro Creny
YkpaiHn.Y pocnimxeHHi 6yno BUKOPUCTAHO NOMbOBI, CTAaTUCTUYHI, PO3PaXyHKOBO-aHaNITUYHI Ta 1abopaTopHi MeToAM.
HocnipxyBanucs coptu PaHTasis Ta Manaxit. BUB4anu noBemiHKy POCAUH 3aNeXHO Bif LWECTU CTPOKIB CiBOW.
KoHTponbHMM BapiaHToM 6yB copT PaHTasig 3a CTPOKOM ciBby | faekana KBiTHS. BuseneHo, wo pocivHmn 060x copTis
WNUHATY Manu BinbLuy MMCTKOBY MOBEPXHHIO 33 paHHiX CTpokiB ciBby 114,2-127,7 cM2 PocnnHu, ki BUCiBanu B cepnHi,
Manu MeHLUY NoLLy MCTKOBOT noBepxHi — 86,0-106,2 cM2 HalbinbLimnii ypoxkai TOBapHOI 3eN1€H0i Mack OTPUMaHO
3a ciBbu y Il pekapni kBiTHS Ta |l nekaai TpaBHa i copt MaHTasia 3abe3neuns 22,9-23,0 1/ra, a copT Manaxit - 23,3-
23,9 1/ra. CTpok ciB6M MaB 3HAYHMI BMMB HA OCHOBHI XiMiYHi MOKA3HMKM WNWHATY ropofHbOro copTiB MaHTasis i
ManaxiT i BULLMMM NOKA3HUKAMU Bif3HAYanucs CTpoku cisbum y I11-i nekani keitHA Ta |1-i nekani TpaBHs, ae BMicT
CyX0i PO3YMHHOI pevyoBMHM LOCAraB piBHA 6,4-6,8 %, MacoBa YacTka uUykpiB - 2,3-2,4 %, BMicT BiTaMiHy C -
58-70 mr/100 r. BctaHoBneHO, WO rpyHTOBO-KNiMaTUYHi ymMoBM [liaeHHoro Creny YkpaiHu npupaTHi ang cisbu
LUNMHATY FOPOAHbOIO Y WiCTb CTPOKIB i 3abe3neyaTb be3nepebiliHe HaaxomKeHHs npoaykuii 3 111-i nekaau KBiTHS 0
KiHLS BEpeCcHS BKNOYHO, a Y POKU 3 CNPUATANBUMM NOrogHUMK ymoBamu y |I-ri—111-i1 nekapax BepecHs 0o cepefmHu
YKOBTHS, LLO BUPILLIMTb NPOGEMY CE30HHOCTI Y CMOXMBAHHI CBiXXMX OBOYiB. PeKOMeHAYEMO CinbrocnBMpoOHMKaM
[OCNIoKEHI CTPOKM CiBOM LWNKUHATY, WO6 NPOAOBXKUTY TEPMiH OTPMMAHHS CBIXKOI 3€/1eHi 3 TPETbOI AeKaau KBITHS A0
KiHLS BEPECHS | B OKPEMi POKM A0 CEPEAUHM XKOBTHS

KntouoBi cnioBa: 3aranbHa nnowa AUCTKIB, KifbKiCTb IMCTKIB, BUCOTA POCIMHKU, Maca POCUHM, MOYATOK POCTY pO3ETKMH,
TEXHIYHa CTUMICTb

Scientific Horizons, 2022, Vol. 25, No. 11




