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Abstract. Amaranth is called the culture of the future due to its unique food,
feeding and medicinal properties. The acreage of Amaranth in Ukraine is
very small, which can be explained by the lack of adaptive cultivation
technologies, especially for growing this crop for grain. The purpose of
the research was to establish the most productive cultivars for growing in
the conditions of excessive and sufficient moisture in the western forest-
steppe on dark grey soil. For this purpose, field research was conducted in
the experimental field of Lviv National Agrarian University. The total area
of the site was 30 m?, recording - 20 m?2. The studies were conducted in
three repetitions. The authors studied seven of the most common cultivars
of Amaranth in Ukraine: Kharkivskyi 1, Lera, Sam, Studentskyi, Polishchuk,
Aztec, Ultra. It was established that the yield of amaranth considerably
depended on the hydrothermal conditions of the year. It was lower in years
with excessive rainfall in the first half of vegetation (2019 and 2020). The
highest grain yield (2.46-4.35 t/ha) was formed in 2021 when the amount
of precipitation in May,June and July was within the normal range. A strong
inverse correlation was established (r=-0.82-r=-0.95) between the yield
of amaranth cultivars and the amount of precipitation. The highest grain
yield (4.03 t/ha) among the studied amaranth cultivars was obtained in
Kharkivskyi 1. The lowest yield was formed in the Ultra cultivar (1.97 t/ha),
which is less than in the Kharkivskyi 1 cultivar by 2.06 t/ha. The study of
elements of the yield structure showed that the height of the plant had a
positive effect (r=0.63) on the level of amaranth grain yield, while average
relationship was observed between panicle length and yield (r=-0.36).
The weight of 1000 seeds in the cultivars ranged from 0.74-0.88 g. The
low mass of seeds per plant had the greatest impact on yield (~=0.99). The
highest yield of amaranth of the Kharkivskyi 1 cultivar was formed with
the following ratio of the main elements of the crop structure: the number
of plants - 21 p/m? and the mass of seeds from the plant - 19.2 g. To
obtain a high stable yield of amaranth grain, additional research is required
to clarify the main elements of cultivation technology for these soil and
climatic conditions
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INTRODUCTION

Amaranth is grown as a grain, feeding, vegetable, medicinal,
and ornamental crop. It has considerable prospects for
growing in Ukraine. V.V. Saratovsky [1] notes that even
the climatic conditions of the Carpathian region are suit-
able for growing amaranth. Its yield can reach 30 dt/ha,
amaranth seeds contain 12-18% of protein and 5-17%
of oil [2]. Its main value is the ability to accumulate a lot of
protein in the grain and leaves. Amaranth protein has a
high nutritional value and is estimated at 75-80 points,
while cow’s milk protein - 72,wheat - 57, corn - 44, soy -
68 points [3]. The value of amaranth oil lies in the fact
that it contains squalene (8%), which in combination
with tocopherol regulates lipid metabolism. Amaranth
is considered a “natural biopharmaceutical” plant [4].

Amaranth products prevent various diseases. It can
increase immunity, which is very important now, in the
era of coronavirus. Amaranth oil is not inferior in quality
to sea buckthorn oil and is widely used for the treatment
of radiation sickness, burns, etc. [2]. Production areas in
Europe are quite low, only about 1000 hectares. Ama-
ranth is grown in Slovakia, Hungary, and Italy [5]. Accu-
rate statistics on amaranth acreage in Ukraine are not
available. Various figures are given - from 1000 thousand
ha to 5000 thousand ha.

To expand amaranth crops in Ukraine, it is neces-
sary to study and develop intensive cultivation technol-
ogies focused on particular soil and climatic zones [6].
For this relatively new culture, it is necessary to study
and refine most of the elements of technology [4]. In par-
ticular, the impact of climate change and irrigation [7].
The study of sowing methods has shown the advantage
of row spacing of 18 cm over row spacing of 60 cm [8].
There are recommendations to place amaranth accord-
ing to the scheme of 15x15 cm [9]. In the conditions of
the southern steppe,when growing amaranth for grain, it
is proposed to sow with a seeding rate of 2.25 million/ha
with a row spacing of 60 cm [10]. S.G. Kohut [11] stud-
ied the issue of seeding depth. There are recommenda-
tions to sow amaranth to a depth of 1 cm to 3 cm in the
absence of moisture.

There is little data on determining the effect of
fertilisers on amaranth yields, which is often contra-
dictory. Notably, it is advisable to apply the calculated
amount of fertilisers [12], or that the most important
fertilisers are nitrogenous ones [13]. It was established
that the application of complete mineral fertiliser
(NyoPgoK5,) in the conditions of the northern steppe of
Ukraine caused an increase in the yield of amaranth
grain (Amaranthus paniculatus) by 0.42 t/ha, compared
to the control without fertilisers [14]. According to the
authors, this is a low gain in yield. There is practically no
data on the use of macroelements such as magnesium,
sulfur, and calcium in amaranth cultivation technology.
There are no recommendations for the introduction of
microelements. Namely, a scientifically based fertiliser
system allows increasing the yield to 4.0-5.0 t/ha.
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In the technology of growing amaranth, the pos-
sibility of using plant protection products has almost not
been studied. Amaranth, with the existing small areas
of sowing, is almost not affected by diseases but there
are many problematic issues with weed and pest control.
Amaranth grows very slowly at the early stages and can
become infested with weeds. Areas intended for medicinal
purposes use agrotechnical methods of weed control:
several surface treatments before sowing, harrowing,
inter-row aeration, manual weeding. In large industrial
areas, these methods will not be effective and it will be
impossible to obtain high yields without the use of plant
protection. Therefore, it is necessary to study the pos-
sibility of using herbicides, their effectiveness, and the
cultivar reaction of amaranth to them. There are data
on the study of Betanal Max Pro, Dual Gold, Caribou,
Lontrel Grand, Piramin Turbo, Frontier Optima, Fusilad
Forte, Aramo 45 herbicides on amaranth [15]. The most
dangerous and mass pests on amaranth are the following
two types: been aphid (Aphisfabae Scop.) and amaranth
stem borer (Lixussubtilis Boh.). To control them on crops
that are not intended for medicinal purposes, it is recom-
mended to use insecticides Aktara, Ampligo, Engio, Ka-
rate Zeon, Nurel D, Fastak, Mospilan [16].

The purpose of this research was to study the in-
fluence of soil and climatic conditions of the Western
Forest-Steppe on the adaptive potential and productivity
of plants of grain amaranth cultivars.

LITERATURE REVIEW

The use of amaranth cultivars adapted to the growing
conditions is important in terms of ensuring high yields
of this promising crop. Breeding work with amaranth be-
gan relatively recently [17]. Breeding can considerably
improve the quality of amaranth grain and increase its
yield. New cultivars are of great value, which in certain
soil and climatic conditions exceed the yield of the cul-
tivars grown here, given that the cost of producing am-
aranth seeds is minimal.

The research of I.T. Hoptsii et al. [18] determined
a particular morphotype of plants of this culture, which
corresponds to a certain area of use. Grain-type culti-
vars have the following characteristics: low-growing
plants (up to 1 m), unbranched, with a large dense or
semi-dense panicle, with a high percentage of female
flowers, even maturing; white, golden or pink seeds with
a mass of 1000 seeds up to 1 g, crude protein content
up to 18.0 - 19.0%, starch - 58.0-59%, grain yield up to
30 dt/ha; suitable for mechanised harvesting. The grain
group of amaranths is also characterised by such features
as panicle length, panicle productivity, seed moisture
during harvesting, and seed nutritional qualities.

To determine the economically valuable cultivars
for the conditions of the left-bank forest-steppe of Ukraine,
19 types of amaranth were analysed according to a com-
plex of economically valuable features and distributed




according to their economic purpose and practical sig-
nificance. The species Amaranthus hypochondriacus had
the highest seed yield (1.70 t/ha) [18].

The creation of highly productive cultivars for
various soil and climatic conditions will also contribute
to the expansion of amaranth acreage. A considerable
amount of research in this area was carried out in the
M.M. Hryshko National Botanical Garden of the National
Academy of Sciences of Ukraine (Sterkh, Early Cream,
Carmine), Podillia Institute of Feeding and Agriculture
of the National Academy of Sciences of Ukraine (Legin,
Aztec, Orchid, Kotyhoroshok), VV. Dokuchaev Kharkiv Na-
tional Research University (Ultra, Kharkivskyi 1, Nadiia,
Studentskyi, Sam, Roganskyi) [19].

Amaranth belongs to plants of tropical origin with
C,-type of photosynthesis and is characterised by more
efficient use of water and high productivity [5; 20]. There-
fore, the potential capabilities of modern cultivars of this
crop range from 8-15 t/ha, but the average grain yield
in Ukraine is 2.8-3.5 t/ha [6]. The yield of amaranth
grain is often even lower. Thus, in the conditions of the
northern steppe of Ukraine against the background of
NyoPyoK,, for sowing with row spacing of 45 cm and a
seeding rate of 1 kg/ha, a yield of 1.77 t/ha was ob-
tained [14; 21].In the southern steppe, the yield was only
5.5-8.7 st/ha [13]. The Dnipro 1 cultivar,depending on the
fertiliser standards, formed a yield of 9.4-14.7 dt/ha [22].

In Romania, amaranth cultivars of the Amaran-
thus cruentus species formed the following yields: the
Golden Giant cultivar - 2.65 t/ha and the Bolivia culti-
var — 2.38 t/ha [23]. However, there are also high yield
indicators. Thus, it was established that in favourable
conditions of the year, amaranth provided the highest
yield for sowing in the first decade of May and the wide-
row method (45 cm), the Ultra cultivar - 4.9 t/ha and
the Studentskyi cultivar - 5.1 t/ha [6]. In other studies,
the Ultra cultivar is also recommended for growing for
grain [11]. As of 2021, 19 cultivars of amaranth were
registered in Ukraine [19].

MATERIALS AND METHODS

The research was conducted in the experimental field
of Lviv National Agrarian University. The soil of the ex-
perimental site is dark grey podzolic light loam, which
was characterised by the following indicators: humus
content (according to the Tyurin method) - 2.10%, pH -
6.08, easily hydralised nitrogen - 110 mg/kg of soil,
mobile forms of phosphorus (according to the Chirikov
method) - 128 mg/kg of soil, mobile forms of potassium
(according to Chirikov) = 114 mg/kg of soil, copper con-
tent - 1.25 mg/kg and zinc - 1.06 mg/kg, manganese
(according to the Peive and Rinkis method) - 16.0 mg/kg,
boron (according to the Rinkis method) - 0.94 mg/kg,
iron - 128.0 mg/kg.

Hydrothermal conditions differed from the long-
term average data. It was warmer and more precipitation
fell. In 2019, the average temperature for the vegetation
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was 16.1°C, which is 1.3°C higher than long-term data.
In 2020, these figures were 15.3°C and 0.5°C, respec-
tively, and in 2021, 14.8°C, which corresponded to the
long-term average data. In 2019, during the vegetation,
the precipitation was 53 mm above normal, in 2020 -
by 129 mm, in 2021 - by 73 mm. The total area of the
site was 30 m?, recording - 20 m2. The studies were con-
ducted in three repetitions. The cultivation technology
in the experiment was as follows. The predecessor of
amaranth is winter wheat. After harvesting the prede-
cessor, the field was disked and winter plowing was car-
ried out. In spring, soil treatment consisted of closing
the moisture, 2 cultivations, and pre-sowing treatment
using a combined Compactor tool. Mineral fertilisers were
applied according to the norm N, P, K. . Phosphorous
and potassium fertilisers were applied for plowing. Ni-
trogenous fertilisers in spring for pre-sowing treatment.
Sowing was conducted in a wide-row way with row spac-
ing of 45 cm to a depth of 1 cm. A Horsh Pronto 4 DS
seed drill was used. The sowing period is April 25, the
seeding rate is 0.8 kg/ha. Row-to-row treatments and
Fusilad Forte herbicide (1.0 I/ha) were used to control
weeds. Mowing of amaranth was carried out in the phase
of full ripeness of seeds in the lower and middle parts
of the panicle,amaranth was threshed after drying. Sta-
tistical data processing was performed using Microsoft
Excel and Statistica 6.0 programmes.

Cultivars. Seven cultivars of amaranth were studied.

Sam. The cultivar was created by individual se-
lection from a sample A. hypochondriacus (Panishmen).
Entered in the Register of Plant Varieties of Ukraine in
2002.The plant is up to 128 cm tall, the stem and leaves
are red, the seeds are white. Panicle red spreading, up
to 47 cm long. Drought resistance - 7 points, resistance to
shedding and lodging - 9 points.Mid-season - 110 days.
The protein content in seeds is 19.5%.The oil content is
6.7%. Seed yield is up to 25 td/ha. The anti-inflammatory
activity and protective effect of the cultivar’s oil on the
development of experimental insulin resistance were
established.

Lera. The cultivar was created by individual selec-
tion from a sample A. hypochondriacus (K-14). Entered
in the Register of Plant Varieties of Ukraine in 2002.
Plants up to 170-220 cm tall. The stem is green, the leaves
are green with red veins. Panicle up to 54 cm long, red,
compact. White seeds, weight of 1000 seeds - 0.7 g. Re-
sistance to lodging - 9 points, resistance to shedding -
8 points. The cultivar is mid-season - 105 days. The protein
content in seeds is 20.6%, oil - 7.0%. The seed yield is up
to 22 td/ha.The grain is suitable for making flour and oil.

Kharkivskyi 1. The cultivar was created by indi-
vidual selection from the population A. hypochondria-
cus (K-7). Entered in the Register of Plant Varieties of
Ukraine in 2001 as a medicinal plant. Plants up to 160 cm
tall. The stem and leaves are green, the panicle is white,
compact, up to 60 cm long. White seeds, weight of
1000 seeds - 0.65 g, oil content — up to 8% with a high
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squalene content - up to 10%. The vegetation is 110 days.
Grain is used for the production of butter, flour, and
oil cake. Based on the results of medicinal properties
testing at the V.Ya. Danilevsky Institute of Endocrine Pa-
thology Problems, amaranth seed oil of the Kharkivskyi
1 cultivar is recommended for further study in medical
institutions for possible clinical use to prevent and treat
Type 2 diabetes mellitus and stomach ulcers. Seed yield
is up to 50 dt/ha.

Studentskyi. Created by individual selection from
a sample A. hypochondriacus (K-1267). Entered in the
Register of Plant Varieties of Ukraine in 2009. Mid-sea-
son.Plants up to 125 cm tall. The stem is red, the leaves
are green with red veins. Panicle up to 40 cm long, red,
compact. White seeds, weight of 1000 seeds - 0.8 g. Re-
sistance to lodging - 9 points, resistance to shedding -
9 points. The cultivar is mid-season - 100-125 days. The
oil content is 6-10%, and the squalene content in the
oil is 6-8%. The protein content in seeds is 18.6%. Seed
yield is up to 30 dt/ha.

Aztec. Entered in the Register of Plant Varieties
of Ukraine in 1998. Feeding Institute of the National
Academy of Agrarian Sciences of Ukraine. The cultivar is
grain, feeding, mid-season. The vegetation to full ripeness
of seeds is 120 days. The plant reaches 150 centimetres.
The length of the panicle with light brown seeds is 45-
50 c¢cm. The panicle is red, and the stem is the same
colour. The leaves of the plant of this species have a
red-green colour. It is characterised by a high level of
grainyield and green mass. The seed yield is 30-40 dt/ha.
The content of crude protein in dry matter is 17.8%. Grain
is used for making oil and for producing flour, which, in
turn, is used for baking products. Suitable for combine
harvesting.

Ultra. Entered in the Register of Plant Varieties

of Ukraine in 1998.A. hybridus. Early season - 90-95 days.
Plants up to 180 cm tall. The leaves are green, downiness
is absent. Inflorescence - semi-dense compact panicle,
light green, yellow when ripe. The seeds are light yel-
low. The cultivar is resistant to shedding. The seed yield
is 14 dt/ha.The oil content in seeds is up to 5%. The oil
contains 11.25% of squalene, tocopherols — 0.28%.

Polishchuk. Entered in the Register of Plant Vari-
eties of Ukraine in 1999, mid-season. Originator Polissia
Institute of Agriculture. The plant reaches 150 centime-
tres. The length of the panicle with dark brown seeds is
45-50 cm. The panicle is red, and the stem is the same
colour. The leaves of this species are green with red
veins. Grain yield up to 3 t/ha. It is characterised by low
resistance to shedding and high resistance to drought.

The Ultra cultivar, selected by KNAU, was used as
a standard.

RESULTS AND DISCUSSION

Due to global climate change, it is important to estab-
lish the response of amaranth to new growing condi-
tions. The dependence of the level of genetic potential
fulfilment of amaranth cultivars on weather conditions
is quite high. Therewith, the conditions of moisture and
temperature regime that develop during the vegetation
and especially in the first half of vegetation have the
greatest influence on crop productivity in all soil and
climatic zones.

In the studies conducted by the authors, the yield
of amaranth grain varied depending on the hydrother-
mal conditions of the year. In 2019, the yield was lower
compared to 2021 and varied depending on the cultivar
in the range of 2.08-4.11 t/ha (Table 1). The difference
between the lowest yield in the Ultra cultivar and the
highest in the Kharkivskyi 1 cultivar was 2.03 t/ha.

Table 1.Yield of amaranth seeds depending on the cultivar

Cultivars Years Average for crop gain

2019 2020 2021 three years Yield, t/ha %
Studentskyi 2.51 2.22 2.62 2.45 0.48 24.4
Kharkivskyi 1 411 3.67 435 4.03 2.06 104.6
Lera 3.32 3.08 3.44 3.28 1.31 66.5

Ultra (standard) 2.08 1.37 2.46 197 - -
Aztec 2.33 1.68 2.56 2.19 0.22 11.2
Sam 293 2.31 2.98 2.74 0.77 39.1
Polishchuk 2.39 171 2.53 221 0.24 12.2

Notes: HIP,. 2019 - 0.15 t/ha; 2020 - 0.16 t/ha; 2021 - 0.19 t/ha

The decrease in amaranth yield in 2019 is ex-
plained by specific hydrothermal conditions. In general,
vegetation was characterised by higher temperatures
and precipitation compared to the average long-term
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data. However, in May, at an average annual rate of 69 mm,
161 mm of precipitation fell, which is 92 mm higher than
normal (Fig. 1). Due to the constant rains, it was dif-
ficult to effectively control the level of contamination




of amaranth crops. In addition, due to overwatering, air
was displaced from the soil and there was not enough
oxygen in the soil for the normal development of the
root system. This limited the assimilation of nutrients,
slowed down the growth processes in amaranth, inhib-
ited the development of the root system, the increase
in biomass, which ultimately led to a decrease in yield.

Tyrus and Lykhochvor

The works of T.I. Hoptsii note that when establish-
ing the interaction and effect on the sowing-germination
period of climatic conditions of the year, sowing meth-
ods and plant density on the yield of green mass, the
conditions of the research year had a more pronounced
effect for species A. hypochondriacus and A. hybridus -
4.7 and 4.9% than for the species A. cruentus — 2.4% [18].
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Figure 1. Hydrothermal conditions in 2019

The lowest grain yield in all the studied cultivars
was in 2020 and ranged from 1.37-3.67 t/ha (Table 1).
The difference between the lowest yield in the amaranth
Ultra cultivar and the highest in the Kharkivskyi 1 culti-
var is 2.30 t/ha. The reason for the decline in yields in
2020, as in 2019, was excessive precipitation. However,
unlike in 2019, when soil overwatering was observed in
May, in 2020 it was very wet for a longer period of two
months — May and June. Thus, in May, 138 mm of precipita-
tion fell, which is twice as much as normal, by 69 mm (Fig. 2).

June was also rainy, with 140 mm falling, or 56 mm higher
than the long-term average. Notably, in addition to over-
watering, May 2020 was cold. The average monthly tem-
perature this month was only 10.9°C,which is 3.1°C less
than normal. Excessive rainfall combined with low tem-
peratures in May caused a significant reduction in yields
in 2020 compared to 2019 and 2021. Amaranth is of tropical
origin and is characterised by heat-loving and drought
resistance.
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Figure 2. Hydrothermal conditions in 2020

Similar results of studies on the negative impact
of overwatering in May-June 2014 on amaranth yield

in the Polissia zone were also obtained by other re-
searchers [24]. Correlation and regression analysis has

Scientific Horizons, 2021, Vol. 24, No. 10

47



Yield of Amaranth (Amaranthus) depending on the cultivar in the conditions...

shown that the amount of precipitation during the veg-
etation affects the grain yield of all the studied ama-
ranth cultivars. A strong relationship was identified for:
Kharkivskyi 1, Ultra and Lera cultivars, the correlation
coefficient was r=-0.82, =-0.82 and r=-0.83, and for the
Studentskyi, Aztec, Polishchuk, and Sam cultivars it was
r=-0.86, r=-0.87,=-0.91, and r=-0.95, respectively.

This dependence for the Kharkivskyi 1 cultivar can
be described by the regression equation:

Y=0.12X+3.803 (1)

where Y - yield, t/ha;

This equation describes the process of forming
the yield of amaranth, which is confirmed by the multi-
ple correlation coefficient (r=-0.82), the relationship be-
tween the effective feature and the argument is quite
close. The coefficient of determination is R?=0.121.

The hydrothermal conditions of 2021 were the
most favourable for the development of amaranth grain
yields.The yield, depending on the cultivar,varied in the

range of 2.46-4.35 t/ha. The difference between the lowest
yield of the Ultra cultivar and the highest yield of the
Kharkivskyi 1 cultivar is 1.89 t/ha. In the third year of
research, the amount of precipitation in the first half of
the vegetation was within the normal range, as a result
of which there was no soil overwatering. Higher than
normal precipitation in August (144 mm) and Septem-
ber (108 mm) did not have a negative impact on the de-
velopment of amaranth yield (Fig. 3). The sum of tem-
peratures also corresponded to the long-term average,
and what is important, in July it was the highest in three
years of research - 21.7°C, which is 3.1°C higher than
normal. Influence of hydrothermal conditions during
studies on the productivity of paniculate amaranth
(Amaranthus paniculatus) of the American cultivar sam-
ple R-158 was observed in studies in the conditions of
the northern steppe of Ukraine. In particular, the most
favourable growing conditions of amaranth with a hy-
drothermal coefficient of 1.06 were noted [9].
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Figure 3. Hydrothermal conditions in 2021

On average, for three years among amaranth cul-
tivars, the lowest grain yield was obtained in the Ultra
cultivar - 1.97 t/ha (Table 1). The Aztec cultivar also had
a low yield of 2.19 t/ha, which is 0.22 t/ha higher than
the Ultra cultivar (11.2%).The grain yield of the Polishchuk
cultivar was formed almost at the same level - 2.21 t/ha,
or more than the Ultra cultivar by 0.24 t/ha (12.2%).
The Studentskyi cultivar had a yield of 2.45 t/ha, which
is 0.48 t/ha higher than the Ultra cultivar (24.4%). The
Sam cultivar with a yield of 2.74 t/ha exceeded the
Ultra cultivar by 0.77 t/ha (39.1%). Fluctuations in the
yield of Ultra (1.8-4.9 t/ha) and Studentskyi cultivars
(1.6-5.1 t/ha) depending on weather conditions during
the study years were noted in studies conducted in the
left-bank forest-steppe of Ukraine during 2014-2016 [20].
Seed yield of species A. hypohondriacus and A. hybridus

Scientific Horizons, 2021, Vol. 24, No. 10

ranged from 51.8-203.3 g/m? and 104.7-142.2 g/m?
accordingly [17].

As a result of research, it was established that
the highest yield on average for three years was formed
by the cultivars Kharkivskyi 1 and Lera. The Lera cultivar
had a yield of 3.28 t/ha, which is 1.31 t/ha (66.5%) more
than the Ultra cultivar. The highest yield was obtained
in the Kharkivskyi 1 cultivar, which was 4.03 t/ha, or
higher than in the Ultra cultivar by 2.06 t/ha (104.6%).
Compared to the Lera cultivar, the yield increase in the
Kharkivskyi 1 cultivar is 0.75 t/ha or 22.9%.

Analysis of the structural elements shows that
sufficient precipitation provided good vegetative growth.
The biggest plant height was in the Sam cultivar (207.4 cm).
The most productive cultivars were also distinguished
by good growth: in Kharkivskyi 1, the plant height was




193.6 cm, in the Lera cultivar - 195.3 cm (Table 2).As a
result of the correlation and regression analysis, a direct
strong influence of precipitation on the height of the
stem of amaranth plants was identified, namely, for the
cultivars Kharkivskyi 1, Polishchuk, and Aztec, the cor-
relation coefficient was r=0.84, =0.83,=0.79, and for the
cultivars Sam, Ultra, Lera, Studentskyi — r=0.77, =0.74,
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r=0.72, r=0.70, respectively. The relationship between the
height of plants and the temperature regime in the years
of research was also established: the correlation coeffi-
cient for the Studentskyi, Lera, Ultra cultivars was r=0.39,
r=0.37, =0.34, which indicates an average direct and
weak direct relationship - for Polishchuk (r=0.20), Sam
(r=0.30), Aztec (r=0.27), and Kharkiv 1 (r=0.17) cultivars.

Table 2. Elements of the crop structure of amaranth cultivars

Number of plants

Cultivar Plant height, cm Panicle length, cm Speeerdp\l/::‘igr;t 1"3’3:)9:::;5 per m? at the. time
of harvesting

Studentskyi 192.0 49.2 12.4 0.76 20
Kharkivskyi 1 193.6 54.5 19.2 0.88 21
Lera 195.3 61.0 16.4 0.76 20
Ultra 131.5 69.4 11.0 0.78 18
Aztec 171.2 55.2 11.5 0.74 19
Sam 207.4 60.3 15.2 0.75 18
Polishchuk 170.0 64.7 11.6 0.85 19

The length of the panicle was the highest in
Ultra cultivar, but this cultivar was the least productive,
while in the Kharkivskyi 1 cultivar, the panicle length
was one of the shortest and the yield was the highest,
which is conditioned upon botanical and morphological
features and the yield potential of the cultivars. An av-
erage inverse correlation was identified between the
panicle length and the yield of the studied cultivars -
r=-0.36. It was also established that the amount of
precipitation had a direct strong effect on the develop-
ment of panicle length in Aztec (=0.76), Ultra (r=0.75),
Polishchuk (r=0.77), and Lera (=0.71) cultivars, and
correlation coefficient in the Sam, Kharkivskyi 1 and
Studentskyi cultivars was r=0.63, r=0.54 and r=0.58, re-
spectively, which indicates a direct relationship of av-
erage strength. There is a positive average correlation
between the temperature regime and the development
of the panicle length - from r=0.30 to r=0.57.

The weight of 1000 seeds ranged from 0.74-0.88 g.
The largest grain was in the Kharkivskyi 1 cultivar, which
provided this one with the highest yield. A direct aver-
age relationship was established between the weight
of 1000 seeds and the yield of amaranth grain - =0.47.
According to the results of studies in the conditions of
the left-bank forest-steppe of Ukraine, the mass of 1000
seeds fluctuated depending on the conditions of the
year, and amounted to 0.51-0.68 g in the Ultra cultivar
and 0.57-0.71 g in the Studentskyi cultivar [6].

Number of plants per m? at the time of harvesting
varied in a narrow range, from 18 to 21 plants. With such
a relatively small number of plants, a pattern was ob-
served: the higher the density of plants, the higher the
yield. Correlation and regression analysis has shown that

an increase in the number of plants at the time of har-
vesting provides an increase in the yield of amaranth
grain. The correlation coefficient was r=0.76, which in-
dicates a direct strong connection.

The greatest direct impact on the level of grain
yield in amaranth cultivars is the low mass of seeds per
plant, which is confirmed by the correlation coefficient
r=0.99. In the Kharkivskyi 1 cultivar, the grain weight
per plant was 19.2 g, which is 0.14 g higher with the Az-
tec cultivar. A high inverse relationship was established
between the amount of precipitation during the vegeta-
tion and the weight of seeds from 1 plant: =-0.84 for the
Aztec cultivar, r=-0.92 for Ultra and Polishchuk cultivars,
r=-0.83 for the Lera cultivar, =-0.90 for the Studentskyi,
Kharkivskyi 1, and Sam cultivars. A strong direct rela-
tionship was also established between the temperature
regime and the weight of grain from 1 plant: r=0.72 for
Polishchuk and Ultra cultivars, =0.75 for Studentskyi,
Kharkivskyi 1, Sam cultivars, r=0.82 for the Aztec cul-
tivar, and r=0.84 for the Lera cultivar. Thus, the highest
yield of the Lera cultivar (3.28 t/ha) was obtained with
a plant density of 20 pcs/m? and the mass of grain in
the panicle was 16.4 g, and in the Kharkivskyi 1 culti-
var with the highest yield (4.03 t/ha), these structural
elements were higher: 21 plants/m? and the weight of
grain in the panicle was 19.2 g.

CONCLUSIONS

The yield of amaranth, as a drought-resistant crop,
decreased (in 2019 and 2020) with excessive precipi-
tation in the first half of vegetation. The highest yield
(2.46-4.35 t/ha) was formed in 2021 when the amount
of precipitation in May, June and July was within the
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normal range. A strong inverse correlation was estab-
lished (r=-0.82-r=-0.95) between the yield of amaranth
cultivars and the amount of precipitation. In the condi-
tions of the western forest-steppe, with sufficient and
excessive moisture supply on dark grey podzolised light
loamy soil, the highest grain yield (4.03 t/ha) among
the seven studied amaranth cultivars was obtained in
Kharkivskyi 1. The lowest yield was formed in the Ultra
cultivars (1.97 t/ha), which is less than in the Kharkivskyi 1

elements of the crop structure showed that the height
of the plant had a positive effect (r=0.63) on the level
of amaranth grain yield, while average relationship was
observed between panicle length and yield (r=-0.36).
The weight of 1000 seeds in the cultivars ranged from
0.74-0.88 g. The low mass of seeds per plant had the
greatest impact on yield (correlation coefficient ~=0.99).
The highest yield of amaranth in the Kharkivskyi 1 cul-
tivar was formed with the following ratio of the main

by 2.06 t/ha.
Plant height and panicle length did not directly
affect the level of amaranth grain yield. The study of
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YpoXkarHicTb amapaHTy (Amaranthus) 3aneXxHo Big copTy
B yMoBax Jlicocteny 3axiaHoi YKpaiHu

Mapis JibBiBHa Tupycb, Bonogummup Bonoaummuposuu Jinxousop

JIbBiBCbKMIM HaLiOHANbHUI arpapHUM YHiBEpCUTET
80381, sByn. Bonognmumpa Benukoro, 1, M. [lybnsaHu, YkpaiHa

AHoTauig. AMapaHT Ha3MBaTb KyNbTYPOK MabyTHLOIO 3aBASKM MOM0 YHIKaIbHUM XapyOBWUM, KOPMOBMM i NiKapCbKUM
BnacTMBocTaM. [ociBHi naoLLi aMapaHTy B YKpaiHi € oyxe Mani, o MOXHA NOSICHUTY BiACYTHICTIO aAanTUBHUX TEXHONOTIN
BMPOLLYBaHHS, 0CO6IMBO N1 BUPOLLYBAHHS LLiET KyNbTYpU Ha 3epHO. MeTow A0CNiaKeHb 6yN0 BCTAHOBUTU HabinbL
YPOXalHi COPTU AN BUPOLLYBAHHS B YMOBAX HAaAMIpHOrO i 4OCTAaTHbOrO 3BOIOXKEHHS B yMOBaX 3axigHoro Jlicocteny Ha
TEMHO-CipoMy rpyHTi. [1ns uboro NnpoBoAMAM NONLOBI AOCNIAKEHHS HA AOCNIAHOMY noni JIbBIBCbKOro HALLiOHANLHOMO
arpapHoro yHiBepcuTeTy. 3aranbHa niowa AinsHku ctaHoeuna 30 M2, obnikoea — 20 M2 [locnigKeHHs NpOBOAMANCH
y TPbOX NMOBTOPEHHSX. ABTOPU BMBYANK CiM HaMbiNbLL nowmpeHnx B YKpaiHi copTiB amapaHTy: XapkiBcbkuit 1, Jlepa,
Cem, CryneHTCbKuMi, Moniwyk, AuTek, Ynstpa. BCTaHOBNEHO, L0 BPOXaMHICTb aMapaHTy 3HAYHO 3anexana Big, rigpoTepMivHUX
YMOB pOKyY.BoHa Bynia MEHLLO0 Y pOKM 3 HAAMIPHOHO KiNbKiCTO ONaaiB y nepuwiii nonoBuHi Beretauii (20191a 2020 pp.).
HalBua BpoxaiHicTb 3epHa (2,46-4,35 1/ra) dopmysanack y 2021 poui, B IKOMy CyMa OMaAiB y TPaBHi, YePBHi i
NUNHI Byna B MeXax HopMu. BCTaHOBNEHO CWbHWIA 3BOPOTHIM KOpensuinHmi 38%30K (r=-0,82 -r=-0,95) MiXX ypoxaiiHicTio
COpTiB aMapaHTy Ta KifbKiCTio onaais. HalBuLy BpoxarHicTb 3epHa (4,03 1/ra) cepen [OCNIAXKYBAHUX COPTIB aMapaHTy
ofepxaHo B copTy XapkiBcbkuii 1. HaliMeHWwa ypoxaiHicTb popmyBanack y copty Ynbtpa (1,97 1/ra), wo mMeHwe
NopiBHSAHO 3 cOpTOM XapkiBCbkuii 1 Ha 2,06 T/ra. BUBUEHHS eNeMeHTIB CTPYKTYPM YpOXKato NoKasasno, Wo BUCOTa POC/IMHU
Mana no3uTueHui Bname (r=0,63) Ha piBeHb YPOXXAMHOCTI 3epHa aMapaHTy, TOAI K MidK AOBXMHOIK BOOTI Ta YPOXKAMHICTHO
CMoCTepiraBcsa 3BOPOTHIl 3B9130K cepenHboi cunm (r=-0,36). Maca 1000 HaciHuH y copTiB konmBanach B Mexax 0,74-0,88 r.
Haibinbwumii BNIMB Ha BPOXAMHICTb Mana Maca HacCiHHA 3 pocaunHm (r=0,99). HalBuLa BpOXKaHiCTb aMapaHTy cOpTy
XapkiBcbkuii 1 hopMyBanach 3a Takoro CNiBBiAHOLEHHS OCHOBHUX E/IEMEHTIB CTPYKTYPU YPOXKaH): KiNIbKiCTb POC/IUH —
21 p/m? Ta Maca HaciHHS 3 pocuHu — 19,2 1. [Ins oaepskaHHS BUCOKOrO CTabifibHOro YpoyKatko 3epHa aMapaHTy HeobXiaHi
[OATKOBI AOCIKEHHS 3 YTOYHEHHSI OCHOBHMX €/1EMEHTIB TEXHOMOTii BUPOLLYBAHHS A1 AAHUX IPYHTOBO-K/IIMATUYHMX
yMOB

KntouoBi cnoBa: amapaHT, copTu, npupicT Bpoxato, Maca 1000 HaciHWH, rigpoTepMiYHi YMOBU, ENEMEHTU CTPYKTYpU
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