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Yield and quality of rolled cereal from spelt wheat grain
depending on the duration of irradiation with an ultrahigh-frequency
electromagnetic field

Abstract. Spelt wheat has great prospects in the technology of manufacture of products of the highest biological value.
In the technology of rolled cereal, water-heat treatment is energy-consuming. Therefore, the study of technological
parameters of ultrahigh-frequency electromagnetic field irradiation in the technology of spelt wheat cereal is
relevant. The purpose of the study is to examine the yield and quality of rolled spelt wheat depending on the duration
of exposure to an ultrahigh-frequency electromagnetic field. The study used laboratory (determination of croup yield)
and statistical methods. It was identified that the total yield of cereal with the use of the grain of the Holikovs ka variety
substantially increased to 97.3% with the use of irradiation for 60-80 seconds. The yield of premium rolled cereal is
the highest with irradiation for 80-100 seconds. Water-heat treatment of cereal from the Holikovs'ka variety grain
did not substantially increase the yield of cereal. The highest total yield of rolled cereal was obtained in the LP 1152 line
with a duration of irradiation of 100-120 seconds - 93.2-94.9%. The highest yield of rolled cereal of the highest grade
was obtained with an irradiation duration of 120-140 seconds. Notably, water-heat treatment substantially affected
the yield of cereal (96.0-96.1%). In the technology of production of rolled cereal from spelt wheat of the Holikovs ka
variety using an ultra-high frequency electromagnetic field, the duration of irradiation is 80-100 seconds without
moistening. When using cereal No. 1 from spelt wheat of the LP 1152 line, it is necessary to moisten it by 0.5% with an
irradiation duration of 120-140 seconds. The duration of cooking of premium rolled cereal is 10.7-11.3 minutes. The
materials of the study are of practical value for low-productivity cereal enterprises in the production of spelt wheat
cereal products. If the electromagnetic field is used in the technological process, it is possible to use improved modes

Keywords: microwave oven, cooking time of cereal, peeling index, cooking time, grain crop

INTRODUCTION

According to FAO (Food and Agriculture..., 2021), wheat
is the main cereal crop with a gross grain production
of about 765 million tonnes. Evidently, wheat grain is
the main raw material for food production. Spelt wheat
has great prospects in the technology of manufacture
of products of the highest biological value. In addition,
it has a number of advantages during cultivation. Mod-
ern spelt wheat varieties are characterised by the high-
est resistance to major fungal diseases and are able to
form a grain crop on low-fertile soils. The grain forms a

higher protein content, which is more balanced in amino
acid composition. Therefore, research on expanding the
range of grain products and improving the technological
modes of their production is relevant.

Cereal products are an important component of
nutrition and raw materials for the production of other
products. Among them, rolled cereals are the most pop-
ular, especially in the technology of fast-cooking cereals
or cereals that do not require cooking. Thus, according
to the State Statistics Service of Ukraine (State Statistics

Suggested Citation:
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Service..., 2022), 165.28 thousand tonnes of rolled cereal
were produced in 2021, while rice - 11.70, and other types
of cereal - 49.43 thousand tonnes.

Water-heat treatment is performed in overpres-
sure apparatuses with a continuous or periodic principle
of operation. Notably, this process is energy-intensive,
which increases capital investment. In addition, depre-
ciation operations during the technological process are
high, and the danger to service personnel increases
(Schmidt et al., 2018). Thus, the study on the effective-
ness of using new methods of water-heat treatment of
raw materials in the technology of cereal products is rel-
evant. Especially for processing grain that has the high-
est biological value.

Ultrahigh-frequency electromagnetic field ra-
diation (UHF-EMR) exposure is quite common in food
technology. In addition, it is a promising method of con-
ducting water-heat treatment in the technology of cereal
products. Its use affects the physical and chemical pa-
rameters of raw materials. Usually, UHF-EMR increases
the temperature of the grain and causes denaturation of
its biochemical components, while reducing the number
of microorganisms (Lamacchia et al.,, 2016). The effi-
ciency of UHF-EMR depends on the technological prop-
erties of raw materials, their humidity, the duration of
irradiation, the power of the electromagnetic field, and
its frequency (Qu et al., 2017).

Currently, in the technology of rolled cereal, wa-
ter-heat treatment with water vapour under pressure is
used. It is performed using the steaming and infrared ra-
diation. Therewith, the humidity of the finished product
increases substantially. After the precedure, it is neces-
sary to use drying. An ultrahigh-frequency electromag-
netic field causes internal heating of materials due to fluc-
tuations in electric charges. The key dipole is water. When
the grain is heated, some of the moisture converts into a
gaseous state. Due to this, the grain volume increases and
a certain part of the moisture evaporates (Lucas, 2018).

UHF-EMR exposure does not affect the amount
of protein in the grain. At high temperatures (>65-75°C),
thermal denaturation of glutenin proteins occurs in the
grain (Ma & Baik, 2021). After tempering the grain with in-
frared radiation at a temperature of 102°C for 90 seconds,
there is a substantial decrease in the activity of vitamin B,
(Aguilar et al., 2019). After keeping the grain at a tempera-
ture close to 100°C, processes similar to cooking occur.
This increases the nutritional value of the product and the
absorption of nutrients (Ma & Baik, 2021).

Currently, the demand for a sparsely distributed
tetraploid type of wheat - spelt wheat, is growing inten-
sively (Triticum dicoccum Schuebl (Schrank.)) due to the
highest biological value of grain and a number of eco-
nomically valuable properties during cultivation. In sci-
entific sources, it is known as hulled wheat and emmer.
Marketing of producers of this crop contributes to an in-
crease in demand. They offer it as an alternative to soft

\U)

wheat (de Sousa et al., 2021). The emphasis is reduced to
the following advantages: the highest content of protein,
vitamins, microelements, and the possibility of using it
for people with allergy to gluten group protein (Lindfors
et al., 2019). Although it is warned that with celiac dis-
ease, it should be excluded from the diet. For the most
part, spelt wheat is grown in organic farming. This is fa-
cilitated by high tolerance to certain diseases, unpreten-
tiousness to the soil, and the ability to grow in mountain-
ous areas (Dubois et al., 2017).

The growing popularity of spelt wheat as an envi-
ronmentally friendly product with increased nutritional
value actively encourages researchers to examine pos-
sible applications to obtain food products of improved
quality (Silletti et al., 2019). Now spelt wheat grain is a raw
material for the production of flour (varietal and whole
grain) and many types of cereal. One of the options for
processing spelt wheat grain is the production of rolled
cereal. This type of cereal has gained popularity among
the population as a full breakfast. They are made in dif-
ferent sizes and from a variety of grain raw materials:
oats, triticale, spelt, buckwheat, corn. Spelt wheat cereals
are known to have excellent taste properties. Semolina
has better culinary properties compared to soft wheat
and is similar to durum wheat (Dhanavath & Prasada Rao,
2017). In general, the culinary quality of spelt wheat ce-
reals has certain characteristic features: a well-defined
smell and taste that differs from conventional wheat ce-
real and a crumbly consistency of porridge with yellow
or cream colour. Due to the properties of the shells, there
is no need for strict grain peeling modes (Liubych et al.,
2020). However, to improve the functional properties of
spelt wheat grain, it is better to remove a certain num-
ber of shells since their surface contains bacterial and
fungal microflora and soil particles adversely, and they
affect the work of the gastrointestinal tract of a person
with chronic diseases. It is known that a decrease in the
content of shells in grain negatively affects the yield of
cereal, including rolled ones (Liubych et al., 2022).

Thus, spelt wheat has prospects for obtaining
high-quality grain products. Therewith, the use of UHF-
EMR irradiation in cereal technology has not been suffi-
ciently investigated. Therefore, it is necessary to conduct
more detailed studies in the laboratory to examine the
effectiveness of the UHF field.

The purpose of the study is to determine the effect
of the duration of ultrahigh-frequency electromagnetic
field irradiation and water-heat treatment on the yield
of spelt wheat cereal products.

MATERIALS AND METHODS
The experimental part of the study was conducted in the
educational-scientific laboratory of the Department of
Food Technologies “Assessment of the quality of grain
and its processed products” of the Uman National Uni-
versity of Horticulture during 2020-2021. Spelt wheat of

Plant and Soil Science (13) 3
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the Holikovs'ka variety (spring type of development) and
the LP 1152 line (winter type) grown in the Right-Bank
Forest-Steppe were used. The grain of both samples had
a vitreous endosperm (>70%), the grain moisture content
was 12.5%, and the protein content was 14.3 and 15.2%, re-

Experiment scheme

The experiment scheme was developed in accordance
with the Rules for organizing and conducting the tech-
nological process at the cereal factories (Kroshko et al,
1998), which included the technological components
shown in Fig. 1. The experiment is repeated three times.

spectively.
(Primary grain cleaning)

Laboratory air separator PETKUS K-293

Laboratory sieving RLU-1

)

Using laboratory peeler USHZ-1 (radial speed - 3000 rpm) during 180

C Grain peeling ) (‘ seconds D
~ Moistening gradient: 0; 0.5;1.0%. )
(ixr/l\gi;aelrrr?:iz;tlia—trlge;b Irradiation of grain in RAINFORD RMW-301 DGC/S microwave. Duration
' of exposure, seconds: 20; 40; 60; 80; 100; 120; 140; 160; 180 -
Roller flattening machine VPK-200, distance between rollers - 1 mm, )

Grain rolling speed of rotation - 350 rpm
_/
Rolling products Laboratory sieving RLU-1. Sieves with round holes, mm: @ 6.5; 3.2; 2.0 mm;
separation sieve N2 0.67 -

Figure 1. Experiment scheme

Grain peeling

After peeling the grain in the laboratory husker
USHZ-1, whole cereal from spelt wheat No. 1 was ob-
tained. The weight of the peeling sample was 150 g.
The separation of flour from the pile was conducted
on laboratory sieving RLU-1 (sieve No. 0.67). The grain
peeling index was 13-15%.

Conducting water-heat treatment of whole wheat spelt
cereal No. 1

Water-heat treatment (WHT) of grain was conducted by
drip method, and the amount of water was determined
by the formula (1):

_ . (100-A)

B=3 (100—5) 1 M
where W is the required mass of water for water-heat
treatment of grain, g; G — grain weight during analysis, g;
M - grain moisture before processing, %; R — required
grain moisture, %.

Water-heat treatment and flattening of whole spelt
wheat cereal No. 1

Raw materials were irradiated with an electromag-
netic field in a RAINFORD RMW-301 DGC/S microwave
oven with a rated power of 1000 W and a microwave
frequency of 2450 MHz. The sample weight in the stud-
ies was 100 g. The sample was evenly distributed (layer
thickness <1 cm) on a round plate (245 mm). After pro-
cessing, the raw material was rolled, while it was not
allowed to cool down. For flattening, a VPK-200 roller
flattening machine was used, the distance between the
rolls was 1 mm. Rifled rolls (grooved slope 4°, relative po-
sition - horizontal), rotation speed 350, 450 rpm.

Determining the yield of cereal

Cereal products were cooled in a ventilated box to room
temperature. The cereal products were then separated
by RLU-1 sieving. For this purpose, sieves of different
sizes were used. As a result, five varieties of the product
were obtained (Table 1).

Table 1. Characteristics of products after flattening

Product name Sieves sizes Flake diameter, mm
stuck together grains Sieves with 6.5 mm holes 1%
. sieve passage with 6.5 mm holes B
premium rolled groats sieve descent with 3.2 mm holes 6.5-32
. sieve passage with 3.2 mm holes )
first grade rolled groats sieve descent with 2.0 mm holes 3220
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Table 1, Continued

Product name

Sieves sizes

Flake diameter, mm

(grits) crumb

sieve passage with 2.0 mm holes
sieve descent with No. 0.67 holes

2.0-0.67

feed flour

screen passage with holes No. 0.67 >

Culinary evaluation of cereal

The culinary evaluation was performed by cooking ce-
real in measuring cylinders. Since the duration of irra-
diation did not affect the smell and taste of porridge, the
duration of its cooking was determined. The readiness of
porridge was determined organoleptically.

The competence of the commission was deter-
mined based on a previously improved methodology
(Liubych et al, 2020). The commission that conducted
the culinary assessment of cereal products included four
experts. The overall competence of the commission was
82 points. Therefore, it can be argued that the compe-
tence of the commission was very high.

Statistical analysis

Statistical analysis was performed using the STATISTICA
12 programme (StatSoft, Inc., USA). Variance analysis of
the results was performed by the least squares method
using the Student’s criterion. Differences were consid-
ered statistically substantial if the probability exceeded
95% (p<0.05). All analyses were performed in three repe-
titions. Experimental results are expressed as mean +SD
(standard deviation).

RESULTS AND DISCUSSION
Yield of rolled croup by UHF-EMR irradiation
Modelling of the process of water-heat treatment by
irradiation with a UHF-EMR field is conducted using

specialised laboratory equipment or household appli-
ances. Structurally, they differ from industrial equip-
ment. In addition, especially in household microwave
ovens, there is no possibility of a perfect study of all the
parameters of the technological process. However, the
yield trend and the quality of the finished product will
correspond to the production parameters. In addition,
investigating the effectiveness of UHF-EMR on industrial
equipment requires substantial costs (Mazima et al., 2018).
The results of statistical processing indicate that
with anincrease in the duration of exposure to UHF-EMR
from 20 to 80 seconds, the total yield of cereal products
substantially increased (from 93.8 to 97.3%) (Table 2).
With an increase in the duration of irradiation to 100-180
seconds, this indicator substantially decreased to 85.5-
95.3% compared to the option where cereal was treated for
80 seconds. The decrease in the yield of cereal is due to an
increase in the yield of crumb and flour. Moistening of ce-
real No. 1 before irradiation substantially reduced the yield
of cereal products by 0.5% compared to options where no
moistening was performed. The exception was the irradia-
tion of cereal for 20-40 seconds. The yield of cereal was at
thelevel of options without moistening. Notably, the moist-
ening of cereal No. 1 before irradiation by 1.0% had a sim-
ilar trend compared to options where humidity increased
by 0.5%. During the moistening of cereal No. 1 from spelt
wheat, the total yield of cereal products decreased due to a
substantial increase in the yield of crumb and flour.

Table 2. Yield of cereal from spelt wheat depending on the duration of irradiation and water-heat treatment
(Holikovs'ka variety), %

Yield of cereal products
Duration of
exposure, Rolled groats, variety Flour
seconds Crumb total
higher first
Without moistening
20 34+0.2 454+07 450+1 93.8+0.3 6.2+0.3
40 24.3+11 547+0.9 16.1+0.5 951+0.2 49+0.2
60 670412 23.2+0.9 7104 973+0.2 27+0.2
80 82.1+07 12.5£0.6 27+01 97.3+0.2 27+0.2
100 77.8+0.5 12.4+0.5 51+0.2 95.3+0.2 7.6x0.3
120 687+01 14.9+07 8.8+04 924+0.3 7.6%0.3
140 584+15 18.2+09 137+0.6 904+0.5 9.6+0.5
160 44.8+0.9 257+1.2 16.0+£0.3 86.5+0.6 13.5£0.6
180 39.6+24 23.6%10 22.2+09 85.5+0.5 14.5+0.5

@

Plant and Soil Science (13) 3



Hospodarenko et al.

Table 2, Continued

Yield of cereal products
Duration of
exposure, Rolled groats, variety Flour
seconds Crumb total
higher first
Moistening of cereal No. 1by 0.5%

20 204+11 53116 20.7+£0.6 94.2+0.3 5.8+0.3
40 43.8+2.0 39.3+17 12.0+0.5 95.0+0.2 5.0+0.2
60 62.0£1.6 26713 64+0.3 951+0.2 49+0.2
80 78707 10.9+0.6 5.0+0.3 94.6x04 54+04
100 73.8+07 12.2+0.6 6.9+0.3 92.9+0.2 9.6+0.3
120 66.8+0.7 14.9+0.7 8.8+04 904+0.3 9.6+0.3
140 570+19 21.3£10 10.2+04 88.5+0.6 11.5+0.6
160 432422 20.8+0.9 19.8+0.8 83.8+0.5 16.2+0.5
180 36.7+17 191+0.9 257+11 815+11 18.5+11

Moistening cereal No.1by 1.0%

20 19.7+0.9 53.0+1.5 2.0+09 94701 5.3+01
40 404+21 381+19 16.4+0.5 94.9+0.3 51+0.3
60 60.1£19 24517 10.1+0.5 94.7+01 5301
80 79.2+0.7 14.1+0.5 3.5+0.2 96.8+0.1 3.2+01
100 71.5%1.2 16.5+£0.6 6.5:t04 94.5+04 87+0.2
120 66.1+10 17.8+0.8 74+£04 91.3+0.2 87+0.2
140 60.0+17 21.6+10 91+04 90.7+04 9.3:04
160 544+2.0 221+10 11.3+0.5 87.8+0.5 12.2+0.5
180 47.8+19 234+11 13.9+0.6 851+0.5 14.9+0.5

The yield of premium rolled cereal varied differ-
ently. Thus, the lowest yield was provided by irradiation
for 20 seconds - 3.4%. The highest yield was provided by
irradiation for 80 seconds - 82.1%. Therewith, exposure
for 100 seconds substantially reduced this indicator to
77.8%, but it was substantially higher compared to expo-
sure for 60 seconds. Moistening of cereal No. 1 substan-
tially increased the yield of rolled cereal of the highest
grade during the duration of irradiation for 20-40 sec-
onds. With an increase in the duration of exposure, the
yield of premium rolled cereal was substantially lower
compared to non-moistening options. A similar trend
was identified when moistening cereal No.1by 1.0%. The

yield of first grade rolled cereal, the yield of flour and
crumb was inversely proportional to the indicator of pre-
mium cereal products.

Thus, in the technology of rolled cereal from
shelled spelt wheat of the Holikovs ka variety, the duration
of irradiation for 60-80 seconds is sufficient, provided that
the total yield of cereal products is high without moist-
ening. It is necessary to irradiate the peeled grain with
a duration of 80-100 seconds without moistening to ob-
tain a high yield of rolled cereal of the highest grade.

The yield of cereal (highest and first grade) from
cereal No. 1 spelt wheat of the Holikovs ka variety can be
expressed by a multiple nonlinear models (2, 3):

for highest grade = -15.4208+1.6357 x + 6.4776 y-0.0075x2-0.0291 xy + 0.1186y? (2)
for first grade = 68.8229-0.9049 x-6.6215 y+0.0036x? + 0.0108 xy + 5.5779y? (3)

where x - the duration of grain irradiation in a micro-

wave oven, seconds; y — water-heat treatment mode, %.
The highest total yield of cereal products (94.9%) in

the LP 1152 line was obtained by irradiation for 120 seconds,
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provided that no moistening is conducted (Table 3). With the
extension of the duration of exposure, thisindicator substan-
tially decreased to 89.5-92.3%. In this scenario of water-heat
treatment, the yield of cereal was at the level of 507-64.3%.

(&
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Table 3. Yield of spelt wheat cereal depending on the duration of irradiation
and water-heat treatment (LP 1152 line), %

Yield of cereal products
Duration of
exposure, Rolled groats, variety Flour
seconds Crumb total
higher first
Without moistening

20 3.6+0.2 47.3%17 40.3+11 91.2+0.5 8.8+0.5
40 87+04 44.3+15 39.7+0.9 92.7+0.3 7.31£0.3
60 13.5+04 404+2.0 391+13 93.0+0.3 70+0.3
80 20707 44119 28.8+10 93.5+0.2 6.5+0.2
100 449+19 299+13 184+07 93.2+0.2 6.8+0.2
120 64.3+07 18.5+0.9 12.1+0.5 94.9+0.3 51+0.3
140 507114 277+13 13.9+0.5 92.3+0.3 77+0.3
160 42317 324+14 170+0.6 917+0.3 8.3+0.3
180 30.5+1.3 40.3+04 187+0.8 89.5+0.7 10.5£0.7

Moistening of cereal No.1by 0.5%

20 19.9+04 43.3%19 29.7+1.2 92.9+0.3 71+0.3
40 301+14 40.2+07 24.3+0.8 94.6+0.2 54+0.2
60 414+2.2 36.6x16 17.2+0.5 95.2+0.2 4.8+0.2
80 511+13 289111 15.5+0.8 95.5+0.2 4.5+0.2
100 617+16 17.5+0.7 16.8+0.7 96.0+0.2 4.0+0.2
120 70.5£14 151+0.7 10.5+0.5 96.1+0.2 39+0.2
140 64.6+16 19.3+0.9 8.8x04 927+0.3 73+0.3
160 42.2+17 389+10 9404 90.5x04 9.5+04
180 331+16 42.2+18 11.3+0.5 86.6+£0.6 134+0.6

Moistening cereal No.1by 1.0%

20 244+0.5 401+04 287106 93.2+0.3 6.8+0.3
40 351+1.8 32.3+19 26.1+1.2 93.5+0.3 6.5+0.3
60 46.3£10 28.6%11 18.8+0.9 937+0.3 6.3+0.3
80 60.2+0.9 19.5+0.9 15.3+0.6 95.0+0.3 5.0+0.3
100 68.8+0.8 174+07 8.0+0.3 94.2+0.2 5.8+0.2

120 731+0.3 12.4+0.5 74+0.3 929+0.3 71+0.3
140 62.4+0.6 22.8+09 59+0.3 911+04 89+04
160 44.5+07 34.5+15 10.5+0.3 89.5+04 10.5+04
180 36.6x0.5 38.2+16 11.8+07 86.6+£0.8 134+0.8

Notably, moistening cerealubstantially increased of irradiation did not substantially affect the yield of this
the yield of products to 19.9-70.5% with the duration of grain. Therewith, the total yield of cereal products was
irradiation for 20-140 seconds. Increasing the duration = substantially higher with irradiation for 20-120 seconds.
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The highest yield of premium rolled cereal was obtained
during the duration of UHF-EMR irradiation for 120-140
seconds. The yield of rolled cereal increased due to a de-
crease in the yield of first grade cereal, crumbs, and flour.

Moistening of cereal No. 1 from spelt wheat by
1.0% did not substantially affect the overall yield of ce-
real products compared to options where moisture was
increased by 0.5%. Therewith, the yield of rolled cerea-
lubstantially increased during the duration of irradiation
for 20-120 seconds - 24.4-731%. The highest yield of this

For higher grade = -33.5914+1.3257 x + 58.087 y-0.0053x?-0.1701 xy-21.9329y>
For the first grade = 69.2838-0.7404 x-18.5229 y + 0.0033x2+0.0822 xy + 1.5036y?

where x - the duration of grain irradiation, seconds; y -
water-heat treatment mode, %.

Results of the examination of the effect of microwave pro-
cessing and moistening on the yield of spelt wheat groats

932
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926 9
924
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920
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914
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910

Total yield of cereal, %

Without WHT With WHT

cereal was obtained for the duration of irradiation for
100-120 seconds - 68.8-73.1%.

Thus, in the technology of production of rolled ce-
real from spelt wheat of the LP 1152 line using UHF-EMR,
the duration of irradiation for 120-140 seconds is suffi-
cient with moistening of cereal No. 1 by 0.5% and with-
out water-heat treatment. If cereal No. 1is moistened by
1.0%, the duration of irradiation can be 100-120 seconds.

The yield of cereal from the LP 1152 line is de-
scribed by the following multiple models:

(4)
(5)

Using the methods of dispersion analysis, a reliable ef-
fect (p<0.05) of varietal characteristics, the duration of ir-
radiation in a microwave oven and the WHT on the total
yield of cereal and the yield of rolled cereal of the highest
grade was established (Fig. 2, Fig. 3).
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Figure 2. Variance analysis of the influence of technological parameters on the yield of cereal
(vertical bars indicate a 0.95 confidence interval)
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Figure 3. Results of variance analysis of the dependence of the influence of technological parameters
on the yield of cereal (vertical bars indicate a 0.95 confidence interval)
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The total yield of cereal products when using
spelt wheat of the LP 1152 line and the Holikovs'ka va-
riety without the WHT did not differ substantially. The
moisture content of cereal No. 1 had different effects
depending on the variety or line. Thus, the total yield of
cereal when using the LP 1152 line increased, but when
using the Holikovs'ka variety, it decreased. The reason
for the opposite effect is the morphological features of
the grain. There was an increase in the yield of premium
rolled cereal after moistening for both varieties.

Exposure to the UHF electromagnetic field for 60-
100 seconds provided the highest total yield of cereal prod-
ucts (94.3-95.4%). However, to obtain the highest yield,

(1) Variety/line
(2) UHF-EMRI
1by3

2by3

(3) WHT

1by2

43
M 300

022

1 1 1 1 1 1 1
p=005

Standardized Effect Estimate
(Absolute Value)

rolled cereal of the highest grade should be irradiated for
80-120 seconds. An increase in the duration of irradia-
tion (>120 seconds) led to an increase in the grinding of
flakes, as a result - a decrease in the yield of premium
cereal and cereal in general.

Notably, the total yield of cereal depended more
on the variety, and moistening had a low level of influ-
ence (11?=0.53). But the yield of rolled cereal of the high-
est grade depended most substantially on the duration
of exposure to the microwave field. Varietal character-
istics were affected the least by strong exposure levels
(N?=0.87). These judgments are confirmed by Pareto di-
agrams (p<0.05) (Fig. 4).

(2) UHF-EMRI
(3) WHT

(1) Variety/line
1by2

1by3

2by3

Ll 1 1 1 1 1 1
p=005

Standardized Effect Estimate
(Absolute Value)

Figure 4. Pareto diagram showing the influence of varietal characteristics, duration of UHF-EMR irradiation
and WHT on the total yield of cereal and premium cereal

Theresults obtained indicate that the efficiency of
water-heat treatment depends on the technological pa-
rameters of spelt wheat grain. Thus, if the grain of spelt
wheat of the Holikovs ka variety is processed using UHF-
EMR, it is not necessary to moisten cereal No. 1. When
producing rolled cereal from spelt wheat of the LP 1152
line, moistening cereal No. 1 substantially increases the
yield of cereal products, especially premium rolled cereal.
During the irradiation of cereal No. 1, changes occur with
biochemical components that contribute to the develop-
ment of flakes and retain their shape after cooling. This
statement is proved in the papers of other researchers
(Aguilar et al,, 2018; Mobolade et al.,, 2019). In addition, it
was identified that the yield of cereal varies depending on
the operation parameters of the UHF-EMR equipment it-
self. This changes the structure of the final product.

In the research of other researchers (Liangchen
et al., 2022; Wang et al., 2018), it is proved that the yield
of rolled cereal can depend on the protein content in
the grain. The protein is able to form strong complexes
that have the ability to retain endosperm pstudys after
its flattening. Especially if the cereal is low in moisture
before rolling. Thus, in the studies, the protein content
in the grain of spelt wheat of the Holikovska variety was
substantially lower compared to the grain of the LP 1152
line. In addition, it is known that the effectiveness of
UHF-EMR also depends on the moisture content of the

o

grain, starch content, fibre, hardness, and thermophysical
parameters of the grain.

The efficiency of water-heat treatment can alsovary
depending on the rate of penetration of free moisture into
the grain. Therefore, the effectiveness of moistening can
also vary depending on the variety of spelt wheat, which is
confirmed in the work (Ding et al.,, 2018; Barba et al., 2020).
In addition, the technological properties of wheat grains of
sparsely distributed species differ substantially from soft
wheat and durum wheat (Mefleh et al., 2019).

In addition to the protein content, other techno-
logical parameters of the grain may affect the efficiency
of water-heat treatment using UHF-EMR. Therefore,
further research will be aimed at investigating such fea-
tures to develop optimal UHF-EMR modes regardless of
the spelt wheat variety. This is especially important for
large batches of grain of this crop, since it can include
several varieties.

Culinary evaluation of premium rolled cereal

An important technological indicator of the culinary
quality of cereal is the duration of its cooking (Lamacchia
et al., 2016). Due to irradiation in a microwave oven, the
product is heated. As (Wang et al., 2018) state, heating
causes an intense transition of water to a gaseous state,
loosening the internal structure of the endosperm. The
result of these processes is a change in the duration of
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cooking cereal (Figure 5). After processing in a micro-
wave oven for 20 seconds without WHT, the cooking time
of rolled cereal of the highest grade was 18.3 minutes for
the Holikovs ka variety and 177 minutes for the LP 1152

line. An increase in the duration of irradiation (up to 180
seconds) led to a reduction in the cooking time to 15 and
13.7 minutes, respectively. Moistening also led to a reduc-
tion in the cooking time by 6-15%.

Holikovs'ka variety
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Figure 5. Duration of cooking of rolled cereal of the highest grade,
depending on the variety and mode of water-heat treatment

Notably, cereal made from spelt wheat of the LP
1152 line were characterised by a shorter cooking time
of 2-3 minutes compared to the Holikovs ka variety. The
duration of cooking rolled cereal (LP 1152 line) of the
highest grade after 180 seconds of irradiation coincides
with the results obtained after rolling a similar whole ce-
real after steaming and moistening for 3 minutes (grain
peeling index 11.6%) (Liubych et al., 2022).

Changes in the duration of microwave exposure
and moistening did not affect organoleptic parameters
and overall culinary assessment. However, the culinary
quality of cereal depended on the varietal characteristics
of spelt wheat. Similar patterns were obtained by other
researchers (Barba et al., 2020). According to (Liubych
et al, 2020), increasing the protein content of wheat
grains improves the smell and taste of the finished prod-
uct. The results obtained are similar to the known results
of the study. Thus, rolled cereal from spelt wheat of the
LP1152line prevailed by 1 point in taste, smell, colour,and
consistency during chewing. Porridge from both variet-
ies had a very high overall culinary rating (8.2-9 points).

Since organoleptic parameters do not change de-
pending on the duration of irradiation in a microwave
oven, it is worth choosing production modes that will
provide the highest yield of cereal of the desired variety.

Although the study has certain disadvantages,
namely the low level of investigating of the parameters
of the microwave electromagnetic field and the frequency
of processing raw materials, which is due to the specific
features of the laboratory installation. However, the re-
sults obtained indicate a reliable and positive effect of
UHF-EMR on the yield of rolled cereal, regardless of the
grade of processed raw materials. Therefore, a more de-
tailed study of the parameters of grain processing in the
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microwave electromagnetic field and its testing under
production conditions are promising.

The results obtained and presented in the paper
are of practical importance for production. The use of
the proposed method in the conditions of existing pro-
duction facilities of low productivity will substantially
reduce costs for depreciation and maintenance of hot air
conditioning systems, and abandon the use of energy car-
riers (fuel or gas). For the design of new enterprises, the ab-
sence of the need for moistening after grain processing in
the microwave electromagnetic field substantially reduces
the cost of construction, and therefore, the risk of capital
investment. Notably, the duration of irradiation may vary
depending on the level of moisture content of the cereal.
This makes it necessary to determine the optimal modes
during UHF-EMR. Further research of economic indicators
related to the integration of this technology is required.

CONCLUSIONS

As a result of the study, optimal UHF-EMR modes of ce-
real No. 1 from spelt wheat were determined. The influ-
ence of the duration of irradiation and moistening on the
yield and duration of cooking rolled cereal of two variet-
ies of spelt wheat was identified. It was determined that
during the production of rolled cereal from spelt wheat
of the Holikovs ka variety, moisture did not substantially
affect its yield. Therewith, the total yield of cereal prod-
ucts was also the highest. Moistening of cereal No. 1from
speltwheat of the LP 1152 line substantially increased the
total yield of cereal products and premium rolled cereal.
Therewith, for 0.5% moistening, irradiation for 120-140
seconds was effective, and for 1.0% - 100-120 seconds.

Changing the duration of treatment in a mi-
crowave oven did not affect the culinary quality. The
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duration of cooking of rolled cereal depends on the du-
ration of exposure in the microwave, the moisture index,
and varietal characteristics. Spelt wheat groats of the
LP 1152 line are characterised by a shorter cooking time.
In the technology of production of rolled cereal
from spelt wheat of the Holikovs ka variety, when using
UHF-EMR, the duration of irradiation is 80-100 seconds
without moistening. The use of such parameters pro-
vides a yield of premium rolled cereal of 77.8-82.1%, first
grade - 12.4-12.5%, crumb - 2.7-51%, and flour - 2.7-7.6%.
The duration of cooking of premium rolled cereal is 16.0
minutes. When using cereal No. 1 from spelt wheat of the
LP 1152 line, it is necessary to moisten it by 0.5% with an

irradiation duration of 120-140 seconds. At such param-
eters of UHF-EMR, the yield of premium rolled cereal is
64.6-70.5%, first grade — 151-19.3%, crumb - 8.8-10.5%,
and flour - 3.9-7.3%. The duration of cooking of premium
rolled cereal is 10.7-11.3 minutes.

Promising areas are the research of the use of
irradiation with whole grain No. 1 obtained from spelt
wheat varieties, which have technological properties
different from the Holikovs'ka variety and the LP 1152
line. In addition, it is necessary to establish the dura-
tion of storage of spelt wheat cereal products exposed
to radiation. The research on ways to store such cereal
is promising.
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Fpuropiit Mukonainosuu NocnopgapeHko, Bitaniii Bonogumuposuu Jliobuu,
Bonogumup Biktoposuu HoBikoB, IBaH AHaTonilioBKY JleweHKo, OneHa OnekcaHgpisHa OnidHUK

YMaHCbKUIM HauioHaNbHUM YHIBEPCUTET CaaiBHMLTBA
20305, Byn. IHCTUTYTCbKa, 1, M. YMaHb, YepKacbka o6nacTb, YKpaiHa

Buxipg i aKicTb NOLWEeHOI KPYNHU i3 3epHa nweHuui nonéu
3aNneXHo Big TPUBANOCTI ONpPOMiHEHHS eNlIeKTPOMarHiTHUM nosiemM
HaABMUCOKOI YaCTOTU

AHoTauiq. TTieHuId 1107168 Ma€e BEJIMKY IIEPCIIEKTUBY B TEXHOJIOTII BUPOGHUIITBA IIPOAYKTIB BUIIOI 6iomoriyHol
IiHHOCTI. V TexHOoJoril IUToIeHol Kpynyu BOZOTEIIOBE O6pPO6JIEHHA € €HEepProBUTpaTHUM. TOMY LOCIIIKeHHs
TEeXHOJIOITYHUX ITapaMeTpiB OIPOMiHEHHA eJIeKTPOMAarHiTHUM II0JIeM HaJBHCOKOI YaCTOTH Y TEXHOJIOIIl KpyIiu
i3 3epHa nuieHuUI Moa6U € aKTyaJbHUMU. MeTa AOCIIIKEeHHS — BUBUYEHHS BHUXOJY Ta AKOCTI IIIOLIEHOI KPYIU
i3 mmeHuIi monbu 3aeKHO BiJ TPUBAJIOCTI OMPOMIHEHHS €JIeKTPOMATHITHUM II0JIEM HAIBUCOKOI 4acTOTU. Y
IOCTIIPREHHAX BUKOPUCTAHO Jab0paToOpHUN MeTof (BU3HAUYEeHHS BUXOAY KPYI) i CTATUCTUYHUI. BCTAHOBIIEHO,
IO 3araJbHUN BUXiA KpynM 3a BUKOPUCTAHHSA 3epHa cOpTy [OiKOBCBbKa JOCTOBIpHO 3pocTaB Jo 973 % 3a
OTIPOMiHeHHS BIIPOZOBK 60-80 c. Buxiz Kpymu IUIIOIIEHOI BUIIOTO COPTY HAaMBUIIKI 32 OIIPOMiHEHHS BIIPOJIOBXK
80-100 c. BomoTernoBe 06po6ieHHs KPyIIx i3 3epHa copTy [0TiKOBCHKA JOCTOBIPHO He MiIBUIIYBaJIO BUXIJ KPYIIN.
HaWBUIINUNM 3aTaIbHUM BUXiZ, IUTIOMIEHOI KPYIIY OTPUMAaHO B JIiHii LP 1152 33 TpHUBaJIOCTI OIIPOMiHEHHS BIIPOAOBIK
100-120 c - 93,2-94,9 %. HaliBUIIMI BUXiJ, IUTIONIEHOI KPYITX BUIIIOTO COPTY OTPYMAaHO 3a TPUBAJIOCTI OIIPOMiHeHHS
120-140 c. Crig Big3HaAUUTH, 110 TPOBEAEHHS BOLOTEIUIOBOTO 06p06IeHHS JOCTOBIPHO BIUIMBAJIO Ha BUXiJ KPYIIU
(96,0-96,1 %). V TexHosOrii BUPOGHUIITBA IUTIOIIEHUX KPYII 3 MIIEHUL [T016u cOpTY [0IIKOBChKA 38 BUKOPUCTAHHSA
€JIEKTPOMATHITHOTO II0JI1 HAZBUCOKOI YacTOTH TPUBAJICTH ONMPOMIHEHHA CTaHOBUTH 80-100 ¢ 6e3 IMpoBemeHHS
3BOJIOKEHHS. 3a BUKOPUCTaHHS Kpyrnu N21 i3 mureHuli mon6u mixii LP 1152 HeobXiTHO MTPOBOAUTU 3BOJIOXKEHHS
Ha 0,5 % 3 TpUBAaJIiCTIO OIIpoMiHeHHA 120-140 c. TprBaIiCcTh BapiHHS KPYIIU IUIIOLIEHOI BUIIOTO COPTY CTaHOBUTD
10,7-11,3 xB. Marepianu CTaTTi MAIOTh IPAKTUYHY L[iHHICTD 4JI1 KPYIT SHUX MiAIIPUEMCTB MaJiol IPOAYKTUBHOCTI ITif,
Yac BUPOOGHUIITBA KPYII'THUX IIPOAYKTIB i3 MIleHUIi T0161. 32 YMOBU BUKOPUCTaHHS eJIeKTPOMAarHiTHOTO IO B
TeXHOJIOITYHOMY IIpOoLieci MOKJIMBE 3aCTOCYBaHHA YAOCKOHAJIEHUX DEXXUMIB

KrnouoBi cnoBa: MiKpOXBIJIBOBA TIiU, TPUBAJTICTh BapiHHA KPYIIY, iHJIEKC JIYIIEHHS, TPUBAJIiCTh BapiHHS, 3€pHOBA
KyJIbTypa
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Dynamics of soil fertility indicators in the Chernivtsi region

Abstract. Agrochemical assessment of soils is important for the development of measures for the rational use of
soils. The purpose of the study was to establish the dynamics of changes in soil fertility indicators in the Chernivtsi
region during 2011-2020. Laboratory and field methods, analysis, and generalisation were used. The reaction of the
soil, humus content, the nitrogen content of easily hydrolysed compounds, mobile phosphates, and exchangeable
potassium were determined in soil samples. It was identified that the acidity of the soil solution in the region is
dominated by soils close to neutral (31.8%) and neutral (36.5%). The weighted average salt pH is 5.8, which corresponds
to a close to the neutral reaction of the soil solution. Compared to the previous round of the examination (2011-
2015), the weighted average pH indicator did not change in terms of the level of humus supply, soils with an average
humus content (66.7%) predominate, and the weighted average humus content in the region is 2.7%. Compared to
the previous round of the examination, the weighted average humus content increased by 0.1% in terms of nitrogen
content, which is easily hydrolysed, most lands have very low (48.3%) and low (48.7%) indicators. The weighted average
content of easily hydrolysed nitrogen for the reporting period is 106.4 mg/kg of soil, which corresponds to the low
availability of this element. Compared to the previous round of the examination, the weighted average content of
easily hydrolysed nitrogen increased by 0.9 mg/kg of soil. The region is dominated by land with an average content
of mobile phosphorus compounds (31.5%), and the weighted average content of mobile phosphorus compounds is
56 mg/kg, which corresponds to the average availability. Compared to the previous round of the examination, the
weighted average phosphorus content increased by 4.0 mg/kg. The content of mobile potassium compounds is
dominated by soils with a very high content of potassium (51.5%), although the weighted average content of mobile
potassium compounds is 78 mg/kg, which corresponds to the average availability of this macronutrient. Compared
to the previous round of the examination, the weighted average phosphorus content increased by 15.4 mg/kg. The
results of the paper can be used in the process of training specialists in soil science and agronomy, and will also be
useful for land users of the Chernivtsi region when planning measures for the rational use of soils

Keywords: soil reaction, soil humus content, easily hydrolysed nitrogen compounds, mobile phosphorus,
exchangeable potassium, agrochemical examination

INTRODUCTION
The rational use and protection of land resources are  the main national wealth - land. For practical solutions
one of the most important socio-economic issues of to problems of preserving soil fertility, it is necessary
the present time. Its multidimensional nature deter- to have objective and reliable information about their
mines a systematic approach to solving practical prob-  ecological-agrochemical state (Bandurovych et al., 2017,
lems of organising the effective and integrated use of — Hryshchenko et al, 2019). That is why in Ukraine, to
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timely establish the nature and dynamics of changes in
the soils of agricultural land, protect them, and restore
fertility in accordance with the Law of Ukraine “On Land
Protection” (2003), it is necessary to conduct their eco-
logical-agrochemical certification. Ultimately, the data
obtained allow for establishing the state of soil fertil-
ity and its changes and developing agrotechnical, ag-
rochemical, technological, and economically justified
measures to preserve and restore soil fertility.

Bulygin et al. (2020) note that the quality of soils
can be assessed by the totality of their properties, which
can be both positive and negative, which is associated
with the specific features of their use.

Balyuk et al. (2018) indicate that the most press-
ing issues of modern times are those that ensure an in-
crease in the level of the information content of data on
the soil cover of Ukraine, its formation under the influ-
ence of both natural and anthropogenic factors.

Soil degradation processes are developing over
large areas and the current state of land resources in
Ukraine is of concern. The main reasons are non-com-
pliance with an ecologically balanced ratio of agricultural
land, forest-covered areas, reservoirs, and a substantial
increase in anthropogenic load on soil cover in recent
decades, which has negatively affected the sustainability of
agricultural landscapes (Berezhniak et al., 2020). Losses of
humus and nutrients in Ukraine were recorded in 43%
of all areas (Truskavets'kyy & Tsapko, 2016). The impor-
tance of soils is noted in supporting food production and
providing ecosystem services, but the soils are under
pressure due to population growth, higher demand for
food, and competition in land use. For the sustainable
use of soil resources, there is a growing demand for up-
to-date soil information (Chen et al., 2022).

With the introduction of Soil Day (World Soil
Day.., 2021) in December 2013, the term soil health is
gaining popularity. Healthy soil is a dynamic living sys-
tem that can ensure the cultivation of plants, breeding
of animals, maintain their health, improve water and air
quality, control the availability of nutrients, accumulate
carbon in the soil, etc. Soil health is considered the foun-
dation of plant health and productivity, and the basis of
sustainable agricultural production (Handayani § Hale,
2022). The fact that land use should be conducted based
on land use stabilisation by optimising natural compo-
nents, introducing adaptive farming systems, and the
latest technologies for realising the high biological po-
tential of modern crop varieties is also mentioned by
Novakovs'kyy & Novakovs'ka, (2017).

Dem’yanyuk & Boyko (2019) note that the issue of
soil condition for various reasons on the land territories
of Ukraine is currently being considered insufficiently.
Soils need a comprehensive assessment of their con-
dition for forecasting and timely prevention of degra-
dation processes, protection, and rational use of land
(Balyuk et al., 2017; Graham, 2021; Hunchak, 2022;).
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Cherlinka V. et al. (2019) indicate that in the cur-
rent conditions, there is a growing need for updated land
taxation methods based on accurate information about
the ground cover. Ukraine has a large area of land, so field
examinations often do not cover the entire territory, which
can lead to errors in determining soil varieties and their
properties. That is why the examination of indicators of
effective soil fertility in a particular territory is relevant,
which is what the paper is devoted to.

Smaha § Kazimir (2013) note that various genetic
soil types are common in the Chernivtsi region. Sod-
brown-earth and podzolic brown-earth soils were formed
on eluvial-diluvial deposits, and in foothill areas, 25 thou-
sand hectares are occupied by brownish-podzolic soils.
In the forest-steppe districts of the region, 68.3 thou-
sand hectares are occupied by light grey and grey forest
soils, 90.8 thousand hectares - by dark grey forest soils.
Podzolic chernozems cover an area of 41.9 thousand hect-
ares and are confined to plateaus and shallow slopes of
slightly hilly terrain. Such soils as light grey, grey, dark
grey forest, podzolic chernozems, semi-hydromorphic
meadow-chernozem and hydromorphic meadow-swamp
are common in all administrative regions with the ex-
ception of Vyzhnytsia and Putyla districts. Brown moun-
tain-forest soils are common in Storozhynets, Vyzhnytsia,
and Putyla districts, sod-brown-earth and brown-earth-
podzolic soils are typical for the Putyla district, and
brown-earth-podzolic soils are common for Hertsa,
Storozhynets, and Vyzhnytsia districts.

The purpose of the study - examine agricultural
land, assess the state of the main indicators of soil fertil-
ity in the Chernivtsi region, and determine the dynamics
of changes in these indicators for 2011-2020.

MATERIALS AND METHODS
The Chernivtsi branch of the state institution “Institute
of Soil Protection of Ukraine” researched soils to deter-
mine the main indicators of soil fertility. The study was
conducted in 2016-2020 according to the methods de-
scribed in the methodology for agrochemical certifica-
tion of agricultural land (Yatsuk et al., 2019).

Soil samples were taken from a depth of 0-30 cm
in accordance with DSTU 4287:2004 (2005). The combined
sample consisted of 20-25 point samples weighing about
500 g. If there are two soil types or agricultural production
groups of soils within the same basic site, point samples
were taken from the type that prevailed in terms of area. If
the areas of the two types were equivalent, then two sam-
ples were taken. When taking soil samples on agricultural
land, a distance of at least thirty meters from buildings,
forests, forest belts, warehouses of organic and mineral
fertilisers, roads, and other linear objects was observed.
In addition, when selecting combined samples, agricul-
tural crops that were grown in the fields were considered:
combined samples were taken for each crop. The average
sample is made from an area of 50 hectares, provided that
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the granulometric composition is uniform. If the granulo-
metric composition was different, two or more averaged
samples were taken for each soil type. Soil samples were
dried for analysis. An average sample from at least 5 differ-
ent locations was taken with a spatula from the dried soil
sample. They determined the humus content by the Tyurin
method (DSTU 4289:2004, 2005), the reaction of the soil me-
dium according to DSTU ISO 10390:2007 (2007), the con-
tent of easily hydrolysed nitrogen compounds according to
DSTU 7863:2015 (2015), mobile phosphates and exchange-
able potassium according to DSTU 4115-2002 (2003).
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During the period from 2016 to 2020, the
Chernivtsi branch of the state institution “Institute of soil
protection of Ukraine” examined 182.4 thousand hect-
ares of agricultural land in Vyzhnytsia, Hertsa, Hlyboka,
Zastavna, Kelmentsi, Kitsman, Novoselytsia, Putyla,
Sokyriany, Storozhynets, and Khotyn districts.

RESULTS AND DISCUSSION
Figure 1 shows that in the Chernivtsi region, the largest
areas are occupied by soils with a neutral and close to
neutral reaction of the soil environment.

w highly acidic (pH 4.1-4.5)

= medium acidic (pH 4.6-5.0)
slightly acidic (pH5.1-5.5)

m close to neutral (pH 5.6-6.0)

m neutral (pH 6.1-7.0)

m weak alkaline (pH 7.1-7.5)

medium alkaline (pH 7.6-8.0)

Figure 1. Distribution of the area of agricultural land in Chernivtsi region by the reaction of soil solution, %

Based on the results of the analysis of the reaction
of the soil medium (salt pH), the areas under study were
distributed as follows (Fig. 1): very highly acidic soils with
a pH of less than 4.0 are absent in the area, highly acidic
lands with a pH of 4.1-4.5 occupy 4.5 thousand hectares,
whichis 2.4% of the land area under study, medium acidic
with pH 4.6-5.0 - 11.9 thousand hectares (6.5%), slightly
acidic (pH 5.1-5.5) - 36.8 thousand hectares (20.2%), close
to neutral (pH 5.6-6.0) - 57.9 thousand hectares (31.8%),
neutral (pH 6.1-70) - 66.6 thousand hectares (36.5%),
weak and medium alkaline (water pH 7.1-8.0) - 4.6 thou-
sand hectares (2.6%). The weighted average pH of salt
in the 11th round of examinations was 5.8, which corre-
sponds to a close to neutral reaction of the soil solution.

Compared to the previous round of the examination
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(20112015), the weighted average pH value did not change
(Fig. 2). However, there was a decrease in the area of acidic
soils by 6%. The area of land with a close to neutral reaction
of the soil environment increased by 3.7%, and neutral land
decreased by 0.2%. Analysing the results of the study of the
reaction of the soil environment in the context of districts,
it was identified that in the Hertsa district, the weighted
average pH indicator decreased by 0.2 compared to the
previous round of the examination, and in the Kitsman
and Hlyboka districts — by 01 units. This is due to the lack
of measures for liming acidic soils. As for Kelmentsi,
Zastavna, Storozhynets, and Putyla districts, their weighted
average pH indicator remained at the level of the previous
round. In Novoselytsia, Vyzhnytsia, Sokyriany, and Khotyn
districts, there is a slight increase in the pH value.
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M 10th round (2011-2015)

¥ 11th round (2016-2020)

Figure 2. Dynamics of changes in the reaction of the soil (salt pH) of the lands of the Chernivtsi region for the 10th-
11th round of agroecological examinations
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Soil organic matter (SOM) is an important indica-
tor of its fertility since changes in its content can indicate
the presence or absence of soil degradation processes.
SOM directly or indirectly improves soil health. That is
why efforts must be made to persuade farmers or other
land users to increase resource efficiency and the ability
to preserve soil to maximise the benefits of agriculture
(Sharma et al., 2021; Yu et al., 2022). Humus is the main
component of SOM and its importance, first of all, lies in

3p 13
139
14.9

the fact that it serves as a reserve fund of the soil in rela-
tion to nitrogen, which, as is known, is not part of min-
eral compounds. In addition, 40-80% of all phosphorus
is also located in its organic matter. Humus also affects
the physico-chemical, biological, agrochemical proper-
ties of soils, and their water and air regimes, on which the
productivity of agricultural crops depends. The weighted
average humus content in the region is 2.7%, which cor-
responds to reserves of 81 tons per 1 ha (Fig. 3).

m low (1.1-2.0%)

m average (21-3.0%)
increased (3.1-4.0%)

m high (4.1-5.0%)

m very high (>5.0%)

66.7

Figure 3. Distribution of the area of agricultural land in Chernivtsi region by humus content, %

In terms of humus content, the soils of the
Chernivtsi region were distributed as follows: soils with
a very low humus content in the region are absent, with
a low content occupy 25.3 thousand hectares (13.9%),
with an average - 121.5 thousand hectares (66.7%), with
increased content - 272 thousand hectares (14.9%), with
a high content - 59 thousand hectares (3.2%), with a
very high content - 2.4 thousand hectares (1.3%). Thus,
the region is dominated by soils with an average humus
content. Thus, two-thirds of the soils of the region have

an average potential fertility in terms of humus content,
which is why it is necessary to pay special attention to
the preservation of organic matter in the soil and pre-
vent the development of dehumification processes in
the soils. Therewith, 19.4% of the land is characterised by
a humus content of more than 3%.

In general, the weighted average humus content
in the region increased by 0.1%, which indicates effective
land use and 3revention of losses of organic matter in
soils (Fig. 4).
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Figure 4. Dynamics of changes in humus content indicators of the examined lands of the Chernivtsi region
for the 10th-11th round of agroecological examinations, %

The largest increases in humus content were ob-
served in Zastavna (+0.3%), Hlyboka, Vyzhnytsia, and
Khotyn (+0.2%) districts. However, there are areas where
a decrease in the weighted average humus content was
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recorded: in Kitsman district, the decrease was 0.2%,
and in Kelmentsi and Storozhynets districts - 0.1%. This
indicates an irrational use of soil. Yatskiv (2008) indi-
cates a decrease in the humus content in the soils of the
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Chernivtsi region from 2003 to 2008 by 01% from 2.5 to
2.4. Poznyak et al. (2020) note that the most productive
soils with a high content and reserves of humus, a suffi-
cient level of supply of nutrients, and favourable physical
properties are used as arable land, the share of which in
the Chernivtsi region is 60.2%. The reasons for the de-
crease in humus content are an increase in the area of
row crops sown against the background of an insuffi-
cient number of perennial grasses, etc. In addition, the
removal of crop by-products from the fields and an un-
balanced crop fertilisation system lead to soil dehumifi-
cation. Therewith, the introduction of straw provides an
increase in the stability of soil aggregates and bacterial
diversity (Tonkha et al., 2019). A decrease in the percent-
age of areas with low humus content and an increase
in areas with medium and very high humus content is
present in the region.

Nitrogen is one of the main elements of plant nu-
trition, which is necessary for their growth and devel-
opment. The level of nitrogen nutrition determines the
size and intensity of the synthesis of proteins and other
nitrogenous organic compounds in the plant, which
substantially affect the growth processes. Insufficient
nitrogen supply delays plant growth, reduces the size of
the assimilation surface of leaves, the duration of their
functioning in the active state, and the level of yield and
worsens its quality (Tonkha et al., 2019; Tsentylo § Tsyuk,
2019). According to the nitrogen content of compounds
that are easily hydrolysed, the area of the examined land
is distributed as follows: land with a very low nitrogen
content - 881 thousand hectares (48.3%), with a low -
887 thousand hectares (48.7%), with an average - 2.0
thousand hectares (1.1%), and with an increased nitrogen
content - 3.5 thousand hectares (1.9%) (Fig. 5).

m very low (<101 mg/kg)
= low (101-150 mg/kg)
average (151-200 mg/kg)

m increased (>200 mg/kg)

Figure 5. Distribution of the area of agricultural land in Chernivtsi region by nitrogen content,
which is easily hydrolysed, %

The weighted average content of easily hy-
drolysed nitrogen for the period of 2016-2020 is
1064 mg/kg of soil, which corresponds to reserves
of 319 kg/ha. During the two rounds of examinations,
the weighted average content of easily hydrolysed ni-
trogen increased by 0.9 mg/kg (Fig. 6). The greatest
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increase in easily hydrolysed nitrogen content was ob-
served in Kelmentsi (+14 mg/kg), Hlyboka (+12 mg/kg),
and Novoselytsia (+11 mg/kg) districts. A decrease
in the weighted average indicator was identified in
Putyla (-18 mg/kg), Khotyn (-14 mg/kg), and Vyzhnytsia
(-9 mg/kg) districts.
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Figure 6. Dynamics of changes in the content of nitrogen, which is easily hydrolysed in the soils of Chernivtsi region
according to the 10th-11th round of agroecological examinations, mg/kg
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The effective fertility and effect of fertilisers are
influenced by the phosphorous regime of the soil. The
level of providing the soil with phosphorus mobile com-
pounds is an important indicator of effective fertility
since this element is involved in metabolic processes,
and is part of DNA, RNA, and other substances, which is
why its content in soils affects crop yields. A special fea-
ture of phosphorus is that in most varieties of soils, it is
in poorly soluble mineral and organic forms inaccessible
to plants (Yaliang et al., 2022; Kramariov et al., 2015).

According to the results of the agrochemical ex-
amination of agricultural land in the region, the content

>

of mobile phosphorus compounds is distributed as
follows: with a very low content - 4.5 thousand hect-
ares (2.5%), with a low content - 21.9 thousand hectares
(12.0%), with an average content - 57.5 thousand hect-
ares (31.5%), with an increased content - 52.3 thousand
hectares (28.7%), with a high content - 33.6 thousand
hectares (184%), with a very high content - 12.5 thou-
sand ha (6.9%) (Fig. 7) the weighted average content of
mobile phosphorus compounds is 56 mg/kg. Compared
to the previous round of the examination (2011-2015),
the weighted average phosphorus content increased by
4.0 mg/kg (Fig. 8).

m very low (<21 mg/kg)

m low (21-50 mg/kg)
average (51-100 mg/kg)

m increased (101-150 mg/kg)

m high (151-200 mg/kg)

315
m very high (>200 mg/kg)

Figure 7. Distribution of the area of agricultural land in Chernivtsi region
by the content of mobile phosphorus compounds, %
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Figure 8. Dynamics of changes in the content of mobile phosphorus compounds in the soils of Chernivtsi region
according to the 10th-11th round of agroecological examinations, mg/kg

In general, the content of mobile phosphorus
compounds increased in all districts of the region, but
most of all in Khotyn (+26 mg/kg), Zastavna (+23 mg/kg),
Kitsman, and Sokyriany (+22 mg/kg) districts.

According to the results of an agrochemical ex-
amination, agricultural land in the region is distributed
according to the content of exchangeable potassium

Plant and Soil Science (13) 3

compounds as follows: with very low content and low
content — absent. With an average content - 12.2 thousand
hectares (6.7%), with an increased content - 21.3 thou-
sand hectares (11.7%), with a high content - 54.9 thousand
hectares (30.1%), with a very high content - 93.9 thousand
hectares (51.5%) (Fig. 9). The weighted average content of
exchangeable potassium compounds is 78 mg/kg.
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6.7

m average (41-80 mg/kg)
m increased (81-120 mg/kg)
high (121-180 mg/kg)

m very high (180 mg/kg)

Figure 9. Distribution of the area of agricultural land in Chernivtsi region by the content of mobile potassium
compounds, %

The weighted average potassium content increased
by an average of 154 mg/kg in the region (Fig. 10). In
general, the content of mobile potassium compounds
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increased in all districts of the region, but the largest in-
crease is observed in Sokyriany (+21 mg/kg), Zastavna,
Vyzhnytsia (+19 mg/kg), and Kelmentsi (+17 mg/kg) districts.
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M 11th round (2016-2020)
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Figure 10. Dynamics of changes in the content of mobile potassium compounds in the soils of Chernivtsi region
according to the 10th-11th round of agroecological examinations, mg/kg

Khrystenko (2016) notes that the low availability
of mobile phosphates in the arable land of the Chernivtsi
region in 2016 amounted to 37 mg of P205/kg of soil and
is due to the high acidity of brown-earth-podzolic soils.
The researcher draws attention to the fact that often the
assessment of soil fertility, due to under-examination of
the least fertile soils, is somewhat overestimated. In the
study, the weighted average value of mobile phosphates
was 56 mg/kg for the period from 2016 to 2020, which in-
dicates a positive trend.

CONCLUSIONS

1. According to the results of agrochemical examina-
tions of agricultural land in the Chernivtsi region, it was

)

identified that the reaction of the soil environment in the
region is dominated by soils close to neutral (31.8%) and
neutral (36.5%).

2. In terms of humus content soils with a humus
content of 31-4% account for 66.7% of the total, and the
weighted average for the region is 2.7%.

3. In terms of easily hydrolysed nitrogen content,
most lands have very low (48.3%) and low (48.7%) nitro-
gen content. 31.5% of all lands have an average phospho-
rus content, and the weighted average content of this
macronutrient is 56 mg/kg of soil. In terms of the content
of exchange potassium, lands with a very high content of
potassium (51.5%) predominate with a weighted average
of 78 mg/kg of soil.
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The research on a comprehensive assessment of  points and the development of measures to protect and
land quality in the Chernivtsi region based on bonitet restore soil fertility is considered promising.
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Muxaitno Bonogumuposuu MN'yHuak?!, Muxaiino Metposuy Conomiiuyk?,
OneHa BonogmmupisHa lMikoBcbKa®

YepHiBelbka dinia oep»aBHOi YCTaHOBU «IHCTUTYT OXOPOHM FPYHTIB YKpaiHW»

58029, Byn. lepoiB MamngaHy, 194-A, M. HepHiBLi, YKpaiHa

2YKpaiHCbKa HayKOBO-4OCIAHA CTaHLig KapaHTUHY POCAUH IHCTUTYTY 3axmcTy pocnmnH HAAH
60321, Byn. HaykoBa, 1, c. BosaHu, YepHiBelbka o6nacTb, YKpaiHa

3HauioHanbHUIM yHiBepCcUTET BiopecypciB i MPUPOaOKOPUCTYBaHHS YKpaiHu

03041, Byn. lepois O6opoHMU, 15, M. Ku1iB, YKpaiHa

OdvHaMiKa NoKa3HMKIB POAIYOCTI 'PYHTIB YepHiBeubKoi o6bnacTi

AHoTauiq. [y po3pobKU 3aXOAiB 3 pallioHAJIBHOTO BUKOPUCTaHHS I'PYHTIB B&JKJIMBOIO € arpoxiMiuHa OIfiHKa
IPyHTIB. MeToI0 JOCTiIKeHb 6y/I0 BCTAHOBIEHHA OUHAMIKY 3MiH ITOKA3HUKIB POMIOYOCTI I'PYHTIB YepHiBEIIbKOI
obtacri rpotarom 2011-2020 pp. B pob0Ti 6y/1u BUROpUCTaHi 1abopaTopHi, IT0JI0Bi METOIH, aHAJIi3 Ta y3araJbHEeHHS.
V 3pasKax I'pyHTY BH3HaualIW peaKllilo IPyHTOBOrO CepefioBUINA, BMICT IyMycy, BMICT a30Ty CIOJYK, IO JIETKO
rigposisyioTh, pyxomMux docdaTiB Ta 06MIHHOTO Kastifo. BCTAHOBIIEHO, 110 3@ KUCJIOTHICTIO IPYHTOBOTO PO3YUHY
B 06J1aCTi MepeBasKaTh 3eMJIi 6JIM3bKI 10 HelTpanbHuX (31,8 %) Ta HelTpasibHi (36,5 %). CepeqHbO3BAKEHUN
MTOKa3HUK pH conboBe - 5,8, 1110 BiATOBimae 6/IM3bKil 10 HEUTPaIbHOI peaKIil I'PyHTOBOTO PO3YMHY. B opiBHAHHI
i3 monmepenHiM TypoM obcreskeHHs (2011-2015 pp.) cepeAHbO3BasKEHMM MOKAasHUK pH He 3MiHUBCA 3a piBHEM
3a6e3meyeHHs IyMyCy ITepeBaskaloTh IPYHTHU 3 CEPEAHIM Horo BMicToM (66,7 %), a cepeHbO3BAXKEHUH YMICT [yMyCy
110 06J1acTi CTAaHOBUTD 2,7 %. B MOPIBHAHHI 3 IONIEpeIHIM TYPOM O6CTEKEHHS CEpPeJHBO3BAIKEHUN YMICT TyMycy
36impImBCea Ha 0,1 % 3a BMiCTOM @30Ty, 10 JIETKO TiApoITi3yeThes HAaNbiIblie 3eMeJTb MaloTh AysKe HU3bKUL (48,3 %)
Ta HU3BKUU HOT0 BMICT (48,7 %). CepeIHpO3BaykEeHU TOKa3HUK YMICTY a30Ty, LI0 JIETKO TiAPOJTi3yeThcs 3a 3BITHUN
niepioft cTaHOBUTH 106,4 MI/KT IPYHTY, ILI0 BiITTOBiZae HU3bKi 3a6€31eYeHOCTi JaHUM eJIEMEHTOM. [IpU OpiBHAHHI 3
TIOTIepeIHIM TypOM 06CTeKEHHS CepeIHbO3BAYKEHUM ITOKA3HUK YMICTY a30TY, 1110 JIETKO TipoJIi3yeThcs 36ibIINBC
Ha 0,9 MI/Kr IpyHTY. B 061acTi mepeBakaloTb 3eMJIi 3 cepefHiM BMICTOM pyxoMmux crionyk docdopy (31,5 %), a
CepeIHBO3BAKEHUI ITOKA3HUK YMICTy pyXoMUX CIONYyK ¢ocdopy CTaHOBUTH 56 MI/KT, IO BifIIOBiIae cepenHin
3a6e3revyeHOCTi. B TOPiBHAHHI 3 IOIIEpeIHIM TYpOM 06CTesKeHHS cepeIHbO3BaYKEHU MTOKA3HUK yMicTy docdopy
36inbmuBcs Ha 4,0 MI/KT. 3a BMiCTOM 06MiHHUX CITOJIYK KaJIifo IIepeBayKaloTh 3eMJIi 3 Iy’Ke BUCOKUM HOT0 BMiCTOM
(51,5 %), xoua cepeIHbO3BAKEHMH [TOKA3HIK IX BMICTY CRJIafia€ 78 MI/KT, IO BiAIIOBigae cepenHiit 3a6e3me4eHoCTi
MaKpOEeJIEMEHTOM. B TOpIBHAHHI 3 IONepemHIM TYpOM OGCTEKEHHS CEpeJHBO3BKEHUMN IIOKA3HUK YMIiCTy
docdopy 36inpImMBCA Ha 15,4 MI/KT. Pe3ysraty po60TU MOXKYTh 6YTH BUKOPUCTaHI y Ipolieci MiAroToBKU daxiBIiiB
3 IPYHTO3HABCTBA Ta arpOHOMil, a TaKOK 6YIoyTh KOPUCHUMU IS 3€MJIEKOPUCTYBauiB YepHiBellpKoi 061acTi mpu
IUIaHYBaHHI 3aX0/iB 3 pPalliOHaJIBHOI'O BUKOPUCTaHHS I'PYHTIB

Krno4yoBi cnoBa: peakilis IPyHTOBOIO CEpeOBUIIA, BMIiCT TYMyCy Y I'PyHTI, JIETKOTiAPOJTi30BaHi CIIOIYKU a30Ty,
pyxoMuii pocdhop, 06MiHHMY KaJil, arpoxiMiuHe 06CTesReHHS
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Dynamics of the average fruit weight and the ratio of kernels to pulp
in cherry fruits grown in the Southern Steppe zone of Ukraine

Abstract. The popularity of sweet cherries among consumers is due to the high taste qualities of fruits with an
attractive appearance and the early ripening period. Among external quality indicators, the mass of sweet cherries and
the kernel-to-pulp ratio are of the greatest importance for consumers, which affects the market value. The purpose of
the study was to examine the average fruit weight and kernel weight of 33 cherry varieties of three maturation periods,
both promising and common in Ukraine, and identify varieties and variety samples that have scientific and practical
value in terms of the considered parameters. Determining the average fruit weight, kernel weight, and kernel-to-pulp
ratio in cherry fruits was conducted during the period of economic ripeness. Sampling and preparation of samples
for analysis were conducted in accordance with DSTU ISO 874-2002. The average weight of the fruit in sweet cherries
grown in the conditions of the Southern Steppe zone of Ukraine was at the level of 841 grams, the average weight of
the kernel was 0.56 grams. The optimal fruit weight was provided by the fruits of the sweet cherry group of the late
ripening period (7.27-12.18 g). The most stable, with minimal coefficients of variation in the indicators under study in
the context of early-ripening varieties in terms of fruit and kernel mass, were the varieties Sweat earlies and Rubinova
rannia. Among the group of varieties of medium ripening, the most stable mass of fruits and kernels were the fruits of
the varieties Temp and Vynka. In late ripening varieties, the lowest variability in the content of fruit and kernel weight
was recorded in the Regina variety. It was identified that the dominant influence for the formation of fruit mass in all
groups of varieties was exerted by the weather conditions of years of research, and for the formation of kernel mass
in all groups of varieties - varietal features. The results of the study will be useful when choosing cherry varieties of
different maturation periods that are suitable for selling fruits and further processing them

Keywords: ripeness, regression analysis, bone mass, variation of indicators

INTRODUCTION

Sweet cherries belong to the most popular kernel crops
among consumers of fruit products (Tolstolik, 2021;
Ivanova et al., 2022). Such popularity of this fruit crop is
due to the high taste qualities of fruits with an attrac-
tive appearance, and an early ripening period (Bak et al.,
2010; Alrgei et al,, 2016; mézes et al., 2017). Cherry fruits
begin to ripen in the third decade of may and thus open

the period of consumption of fresh fruit (Turovtseva &
Turovtsev, 2014). According to the Ukrainian Associa-
tion of agricultural exports, Ukrainian producers an-
nually grow 133 thousand tonnes of sweet cherry fruits
(Ukraine ranks second.., 2022), and according to FAO
(Food and Agriculture..., 2022) statistics over the past 10
years, the level of sweet cherry fruit production in the

Suggested Citation:

Ivanova, I., Serdiuk, M., Tymoshchuk, T, Havryliuk, O., & Tonkha, V. (2022). Dynamics of the average fruit weight and the ratio of kernels to pulp in

cherry fruits grown in the Southern Steppe zone of Ukraine. Plant and Soil Science, 13(3), 27-37.

*Corresponding author

Plant and Soil Science (13) 3



Dynamics of the average fruit weight and the ratio of kernels to pulp in cherry fruits...

world is within 2 million tonnes, which led to an acute
shortage and high sales prices for it (Ivanova et al.., 2019).
Keserovié et al. (2014), and others note that about 70% of
the world's total sweet cherry is produced by European
countries (Bouhadidaa et al., 2009; Barac et al., 2014;
Gaudet et al,, 2019), followed by Asia - 20% and North
America - 10% (Sanderson et al., 2019; mezhenskyj et al.,
2020).

The increase in fruit production is due to a num-
ber of reasons: variety renewal and introduction of new
high-quality fruit varieties (Mir et al, 2021; Shevchuk
et al., 2021; Shevchuk et al., 2021); progress in agricul-
ture and fruit processing technology (Bell et al., 2017).
The popularity of fruit consumption is confirmed by nu-
merous studies of the content of biologically active sub-
stances in fruits (Ivanova et al., 2021) and their therapeu-
tic and preventive health effects (MiloSevic & MiloSevic,
2012; Eslami et al., 2022). Blando & Oomah (2019) notes
that the consumption of sweet cherries has a positive
effect on human health, namely, it counteracts oxida-
tive stress, reduces inflammation, regulates blood glucose
levels and improves cognitive function, promotes faster
recovery from muscle damage caused by exercise. Many
studies are devoted to the examination of the biochemical
composition of sweet cherries by species and varietal
characteristics. A study of the fruit content of four spe-
cies of the Prunus genus conducted by Cao et al. (2015) in
China determined the suitability of Prunus cesarus for
processing due to the high content of ascorbic acid and
anthocyanins.

According to biological characteristics, sweet cher-
ries grow best in moderately warm climates, in Ukraine,
the vast majority of the plantings are concentrated in
the Southern region, in particular, in the Zaporizhzhia,
Dnepropetrovsk, Odesa, Kherson, and Mykolaiv regions
(Kishchak, 2014; Ivanova et al., 2021; Ivanova et al., 2021).

The productivity of varieties is investigated by
many indicators, in particular: maturation periods, stor-
age periods, logistics of transportation, commercial
qualities of fruits, the content of biologically active sub-
stances in them, methods of influencing the marketabil-
ity of fruits, yield, the possibility of manufacturing pro-
cessed products from cherry fruits, etc. Thus, Grandietal.
(2017) note the dependence of the taste qualities of sweet
cherries on the date of fruit harvesting. They highlight
the need to determine the physiological date of ripening
of fruits on the tree and not reduce it due to commercial
or marketing necessity. The paper by Zhang et al. (2017)
is devoted to the examination of the influence of product
quality on the selling price, transportation conditions
to maintain high quality, especially in express logistics.
The authors proposed a dynamic monitoring and quality
assessment system (DMQAS), based on multisensors to
reduce the quality loss of fresh cherry fruits in express
logistics. The paper by Chockchaisawasdee et al. (2016)
presents the development of methods for post-harvest

processing of sweet cherry fruits to extend the terms of
their storage and transportation and provides data on bi-
ologically active components of sweet cherry fruits.

The purpose of the study was to assess the aver-
age weight of fruits and the ratio of pulp and kernel in the
fruits of cherry varieties of Ukrainian and foreign selec-
tion grown in the conditions of the Southern Steppe of
Ukraine.

LITERATURE REVIEW

In the context of the problem under study, attention is
drawn to the issues of quality management of cherry
products in the thematic literature, in particular, which
concerns the study by Bustamante et al. (2021). The paper
presents the results of examining the impact of foliar top
dressing with potassium before harvesting on the qual-
ity of harvested fruits, and the condition of cherry trees
grown in plastic shelters in gardens in Southern Chile. It
was identified that an intensive potassium regime can
improve the quality of fruits of the cherry variety Regina;
however, the results vary substantially depending on the
season and terrain.

Researchers have developed methods for their
post-harvest processing and investigated the con-
tent of biologically active components to extend the
shelf life and transportation of sweet cherry fruits
(Chockchaisawasdee et al., 2016).

Changes in the amount of accumulated biologi-
cally active substances in the fruits of sweet cherries of
the varieties Skeena and Sweetheart by spraying with
gibberellic acid (GA,), abscisic acid (ABA), salicylic acid
(SA), and glycine-betaine (GB) were investigated by
S. Correia et al. (2020). Researchers identified that spray-
ing the trees with GA,, ABA, SA, and GB increased the an-
thocyanin content of Skeena sweet cherries. GA, and GB
caused a decrease in carotenoid content in Skeena and a
decrease in ascorbic acid content in Lubka sweet cherries.
GA, caused the greatest changes by increasing the antho-
cyanin content (42%), reducing the carotenoid content
(19%) and ascorbic acid (53%). Ascophyllum nodosum one
of the new processing methods, along with GB, causes the
opposite effect of GB, increasing carotenoids and ascorbic
acid, but reducing the content of phenols.

A large number of studies are devoted to the ex-
amination of variations in accumulated biological sub-
stances in cherry fruits depending on the variety (Budak,
2017, Antognoni et al., 2020). Productivity, namely yields
and fruit quality, depending on the density of planting in
two varieties of sweet cherries Ziraat 0900 and Cordia on
the Gisela 6 graft was investigated by Arsov et al. (2020). As
aresult, it was determined that the highest total yield for
these varieties was for planting schemes of 5x3.5 m, and
the weight and density of fruits did not vary depending on
the planting scheme and met the established standards.

The dependence of the yield and quality of cherry
fruits on graft-variety combinations in Ukraine was
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investigated by O. Kischak (Kishchak, 2013; Kishchak,
2014), and it is noted that the most low-growing trees
at the age of six were trees of the Donchanka variety on
Gisela 5 (2.6 m), Studenykivs'ka (2.7 m) and VSL-2 (2.8 m),
which is 14.7% lower than on Mahalebs'ka sweet cherry,
wild sweet cherry, the same varieties (on Studenykivs'ka
graft) were also the most precocious and productive, and
in the fifth year after planting, the yield reached 13.2 t/ha.

The study of new seven varieties of sweet cherries
Cetatuia, Catalina, Bucium, Golia, Maria, Stefan, Tereza
in the conditions of the North-East of Romania was con-
ducted by S. Sirbu and indicates a minor relationship be-
tween the number of days from the time of full flowering
to the ripening of fruits and their commercial quality and
chemical composition (Sirbu et al., 2012).

In Ukraine, breeding work on the creation of new
varieties of sweet cherries and, accordingly, the study of
productivity indicators depending on varietal character-
istics was conducted by M. Turovtsev and V. Turovtseva at
Melitopol Research Station of Horticulture named after
M.FE. Sidorenko of the Institute of Horticulture of National
Academy of Agrarian Sciences (Turovtseva § Turovtsev,
2014). Researchers identified new promising varieties
of sweet cherries Efektna, Udacha, Avangard, Bigaro
Turovtsevoi, Siianets” Turovtsevoi, Modna, Novynka
Turovtsevoi, Trudova, Vizytka, Pamyatna, capable of pro-
ducing an annual harvest of high-quality fruits.

According to an analytical review of literature
sources, the study of the quality of fruits of varieties and
forms of sweet cherries is conducted simultaneously
with many studies related to the cultivation of this crop,
the collection and sale of fruits, and subsequent process-
ing. Since sweet cherries as a fruit crop are the hallmark
of the region of the Southern Steppe of Ukraine and are
of great national economic importance, a comprehen-
sive study of the components of the production process
of this crop is an urgent issue.

MATERIALS AND METHODS
The study was conducted during 2008-2019 in horticul-
tural farms of the Melitopol District of the Zaporizhzhia
region. To assess quality indicators, cherry fruits of com-
mon and promising varieties in Ukraine of three mat-
uration periods were selected: 1st (early) - Sweat Ear-
lies, Merchant, Bigaro Burlat, Rubinova rannia, Valerii
Chkalov, Kazka, Zabuta; 2nd (medium) - Kordia, Octaviia,
Vynka, Pervistok, Temp, Liubymytsia Turovtseva, Talis-
man, Dilema, Melitopol'ska chorna, Orion, Chervneva
rannia, Dachnytsia, Prostir; 3rd (late) - Karina, Regina,
Mirazh, Krupnoplidna, Udivitiel'na, Zodiac, Siurpryz,
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Kolkhoznitsia, Kosmichna, Prazdnichna, Anons, Tempo-
rion, Meotyda.

Determination of the average fruit weight, kernel
weight, and kernel-to-pulp ratioin cherry fruits was con-
ducted during the period of economic ripeness. A sample
was taken from 100 fruits (in each repetition) from 3-5
typical trees during the period of economic ripeness to
determine the weight of one cherry fruit. The experiment
is repeated three times. Fruits must be selected in such a
way that the sample taken is characteristic in quality for the
harvest of this season. All selected fruits were weighed,
then the mass of one fruit was determined by dividing
the total mass by their number (100 pieces). After weigh-
ing the fruit sample, their kernels were removed. The
resulting kernels were washed from the pulp. Moisture
from the surface of the kernels was removed with filter
paper, after which they were weighed and the average
mass of one kernel was determined by dividing the to-
tal mass by their number (100 pieces) (Serdiuk et al.,
2020). Sampling and preparation of samples for analysis
were conducted in accordance with DSTU ISO 874-2002
(Fresh fruits and..., 2003).

The region of growing is characterised by insuffi-
cient moisture in terms of precipitation in general. The
climate is Atlantic-continental, arid with high tempera-
tures. The direction of dry winds is North-East. Accord-
ing to the complex of climatic indicators, the region of
the study is suitable for growing sweet cherries.

Meteorological data from the Melitopol weather
station (46° 49'N, 35° 22'e) for 2008-2019 were used to
analyse the impact of weather conditions (Ivanova et al,
2020). The average annual air temperature is 9.1-9.9°C.
The sum of active temperatures of 10°C and above, from
April to October, is over 3,300°C. The average amount of
precipitation per year is 475 mm. The hydrothermal co-
efficient ranges between 0.22..0.77.

The analysis and processing of experimental data
was conducted according to V. Mezhenskyi (Mezhenskyi,
2017), using the computer programmes MS Office Excel
2010, the Statistica package.

RESULTS AND DISCUSSION

The results of 12 years of research allow stating that the
average weight of the fruit in cherry fruits was at the
level of 841 grams, the average weight of the kernel was
0.56 grams. In the conducted studies, the average weight
of the fruit of early maturing sweet cherries is 7.61 grams,
kernels — 0.50 grams (Table 1), that is, it was 10.51% and
12% lower compared to the average varietal value of the
investigated indicators.
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Table 1. Weight of fruit (grams), kernel (grams), and their ratio (%) in early maturing cherry fruits (2008-2019),

% 4 sx, N=5.
Fruit weight (grams) Kernel weight (grams)
Por;;iliggical Average min max | Variation | Average min max | Variation I:atll(o o flr uit ma;s
ty weight, weight, | weight, | byyear, weight, | weight, | weight, | byyear, 0 Rernel mass, %
grams gram grams Vy, % grams gram grams Vy, %
Rubinova 7.32+041 505 907 194 049+001 | 040 0.57 115 6.69
rannia
Valerii 8.35£0.29 6.46 943 122 072:002 | 061 0.85 119 862
Chkalov
Sweat 773023 6.51 903 106 074+002 | 058 091 124 957
Earlies
Merchant | 6.25+0.40 446 834 225 061+t003 | 049 0.81 175 976
Kazka 910+0.36 717 1156 14.0 060003 | 046 0.89 195 6.59
Bigaro 6.79+0.29 538 825 149 063+002 | 049 0.80 131 927
Burlat
Zabuta 773+0.33 6.38 960 151 070+003 | 052 0.87 167 905
A“;zlrjge 761:033 591 932 155 064t002 | 050 0.81 146 840
HIP,, 0.649 0084

In the fruits of sweet cherries of medium-ripen-  study, the optimal fruit weight was provided by the fruits
ing and late-ripening varieties, the average fruit weight  of the sweet cherry group of the late ripening period. The
exceeded the average varietal value by 0.23% and 8.88%, average kernel weight in late-ripening fruits was 11.11%
respectively (Table 2, 3). Thus, among the varietiesunder  higher compared with the average varietal value.

Table 2. Weight of fruit (grams), kernel (grams), and their ratio (%) in cherry fruits of medium-ripening varieties
(2008-2019), X + sx, n=>5.

Fruit weight (grams) Kernel weight (grams) Ratio of
Pomological variety | Average min max Variation Average min max Variation ff:i:er?r?:ls
weight, weight, | weight, | byyear, weight, | weight, | weight, | byyear, o
grams gram grams Vy, % grams gram grams Vy, % IR, 50
Vynka 746+0.25 6.34 8.89 11.8 0.62+0.02 049 0.72 114 8.31
Pervystok 8.13+0.37 6.69 10.98 159 046+0.02 0.39 0.63 197 5.65
Temp 8.90+0.27 7.65 10.55 10.8 0.77+0.02 0.60 0.93 12.6 8.65
LTiUmeytSia 747+048 511 1009 225 | 053:001 | 041 062 12.2 709
urovtseva
Talisman 8.93+0.51 6.80 11.81 19.8 0.69+0.03 0.52 0.89 16.2 772
Dylema 9.91+043 792 1201 150 0.60+0.02 046 0.77 170 6.05
Melitopol'ska chorna | 9.37+0.38 763 11.81 14.2 047+0.01 040 0.60 115 9.05
Cordia 8.54+0.65 5.51 1175 26.6 0.64+0.02 0.50 074 12.6 5.01
Octavia 8.69+045 6.01 10.77 18.2 0.52+0.01 040 0.61 116 6.08
Orion 6.85+040 4.61 877 207 0.39+0.01 0.31 0.50 159 5.69
Chervneva rannia 748+0.27 590 8.68 12.8 0.49+0.02 0.36 0.67 187 6.55
Dachnytsia 8.09+040 571 9.98 172 0.50+0.01 0.37 0.61 123 618
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Table 2, Continued

Fruit weight (grams) Kernel weight (grams) Ratio of
Pomological variety | Average min max Variation | Average min max | Variation f:uif masls
weight, | weight, | weight, | byyear, | weight, | weight, | weight, | byyear, 0 ern;
grams gram grams Vy, % grams gram grams Vy, % s
Prostir 9.34+0.35 778 11.67 13.2 0.67+0.03 0.54 091 161 717
Average value 8.39+040 643 10.59 16.8 0.56+£0.02 044 0.70 173 6.67
HIP, 0520 0046

Table 3. Weight of fruits (grams), kernels (grams), and their ratio (%) in late-maturing cherry fruits (2008-2019),

X+ sX, n=5.
Fruit weight (grams) Kernel weight (grams)
Pomol.ogical Average min max | Variation | Average min max Variation Ratio of fruit mass
variety weight, weight, | weight, | byyear, weight, | weight, | weight, | byyear, tokernel mass, %
grams gram | grams vy, % grams gram | grams Vy, %

Krupnoplidna 11.67+047 873 1372 140 0.51+0.02 040 0.61 14.2 4.37
Karina 9.57+0.37 7.55 1194 135 0.66+0.02 0.56 0.79 111 6.89
Regina 7.99+0.23 671 9.00 101 0.74+£0.02 0.62 0.88 104 9.26
Mirazh 773+0.24 6.30 8.81 11 0.58+0.01 046 0.67 115 750

Udivitiel'na 12.18+0.51 10.01 14.60 147 0.43+0.02 0.30 0.56 209 3.53
Zodiak 8.95+0.29 723 10.05 11.2 0.56+0.01 047 0.64 113 6.25
Siurpryz 7.37+0.28 6.00 940 132 0.57+0.03 040 0.79 212 773
Kolkhoznitsa 8.14+0.37 5.67 9.93 16.0 0.70+0.04 040 0.88 213 859
Kosmichna 9.91+041 8.05 12.21 14.6 0.76x£0.02 0.56 0.91 134 944

Prazdnichna 7.27+0.27 571 876 13.2 0.71+£0.02 0.52 0.82 135 516

Anons 9.84+0.37 796 1177 13.2 0.60+0.02 0.50 0.69 124 6.09
Temporion 9.68+043 744 12.01 154 0.75+£0.02 0.68 0.89 111 774
Meotyda 9.78+0.39 721 1172 141 0.66+0.02 046 0.79 149 6.74

Average value 9.23+0.35 7.27 11.07 134 0.63+0.03 048 0.76 144 6.82

HIP,, 0538 0039

Among the group of early ripening varieties, the
minimum fruit weight was recognised in Merchant fruits
(4.46 g) of the 2018 harvest, which is 41.39% lower than
the average varietal value. The maximum value of fruit
weight at the level of 11.56% was identified in the fruits
of the Kazka harvest of 2016 (excess over the average va-
rietal value - 52.03%). The variety of early maturation,
which according to the results of the study was charac-
terised by the largest mass of the fruit was Kazka, and the
smallest - Merchant at HIP,, - 0.649 (Table 1). The mini-
mum average kernel weight was considered for fruits of
the Rubinova rannia variety - 040 g, harvested in 2008
(37.50% lower than the average varietal value). The max-
imum kernel mass index was recorded in Sweet Earlies
fruits of 0.91 g in 2016 (excess over the average varietal
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value - 42.18%). The variety of this maturation period,
which, according to the results of all years of the study,
was characterised by the largest mass of kernels, was
Sweat Earlies; the smallest - Rubinova rannia, at HIP , -
0.084. The optimal value of the complex indicator of the
kernel-to-pulp ratio, which tends to the minimum val-
ues, was determined in the Kazka fruits - 6.59%.

In the groups of medium-ripening and late-rip-
ening varieties, the fruits of the Orion and Kolkhoznitsa
varieties harvested in 2012 and 2008 were characterised
by the minimum fruit weight of 4.61 g and 5.67 g. The
fruit weight was less than the average varietal value by
4505 and 38.57%, respectively. The largest mass of fruits
in varieties of medium and late maturation periods
was recorded in Dylema (2010 harvest) and Udivitielna

€
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(2011 harvest) with values of 12.01 g and 14.54 g, respec-
tively (excess over the average varietal value - 4314
and 57.53%, respectively). Among medium-ripening
and late-ripening varieties, the maximum average fruit
weight was identified in the fruits of the varieties Dyle-
ma and Kosmichna (9.91 g). The minimum average ker-
nel weight was determined in the fruits Orion - 0.31 g
and Udivitiel'na - 0.30 g, which were harvested in 2008
and 2017, respectively. The indicators were lower than
the average value for varieties by 44.64% and 52.38%,
respectively. The maximum kernel mass was recorded
in fruits of the Temp 0.94 g (in 2011) and Kosmichna va-
rieties 0.91 g (in 2015) (excess over the average varietal
value - 67.85% and 44.44%, respectively). Varieties of
medium and late maturation periods, which, according
to the results of average values of twelve-year studies,
were characterised by the largest mass of kernels, were
Temp and Kosmichna, and the smallest - Pervistok,
Melitopol'ska chorna, Krupnoplidna at HIP , — 0.046 and
HIP , - 0.039. The optimal value of the complex indicator
of the kernels-to-pulp ratio was determined in the fruits
of the Cordia (5.01%), Pervistok (5.65%), Orion (5.69%),
Udivitiel'na (3.53%), and Krupnoplidna (4.37%) varieties.
Studies by Georgian researchers established that the rel-
ative mass of kernels to the mass of fresh fruits ranged
from 37% to 84% (Maglakelidze et al., 2017). According
to K.M. Bhat, the highest percentage of kernels in the to-
tal weight of sweet cherries was recorded at 7.58% in the
Makhmali variety (Bhat et al., 2018).

From a technological standpoint, varieties, the
fruits of which differ not only in the maximum fruit

weight, minimum values of kernel mass, and the ratio
of kernel mass to fruit but also in the stability of these
indicators are of particular value. The presented results
indicate the average variability of fruit and kernel weight
over the years of research in the group of early-ripen-
ing varieties. The greatest influence of abiotic factors
on fruit weight and kernel weight was identified in the
fruits of this group for Merchant (it has a substantial
variability of 22.5%) and Skazka with coefficients of vari-
ation - 19.5, respectively. The most stable in terms of
indicators under study in the context of early ripening
varieties in terms of fruit mass and kernel mass param-
eters are Sweat Earlies (Vy=10.6%) and Rubinova rannia
(Vy=11.5%). The variability of these indicators over the
years of research in the fruits of sweet cherries of me-
dium-ripening and late-ripening varieties was average
and substantial. Among the medium-ripening varieties,
the fruits of the Temp (Vy=11.8%) and Vynka (Vy=11.4%)
varieties were the most stable in terms of fruit and ker-
nel weight, respectively, and the most variable were the
Kordia (Vy=26.6%) and Pervistok (Vy=19.7%) varieties. In
late-maturing varieties, the greatest variability in the
content of fruit and kernel weight was recorded in the
Kolkhoznitsa (Vy=16.0%) and Udivitiel na (Vy=20.9%) va-
rieties; the lowest - in Regina (Vy=10.1% and 10.4%).

It was identified that for the formation of fruit
mass in all groups of varieties, the dominant influence
was exerted by the weather conditions of years of re-
search (factor A) with the part of influence for early-ma-
turing varieties - 39.7%, medium-maturing - 51.5% and
late-maturing - 26.1% (Table 4).

Table 4. Results of two-factor analysis of variance in the formation of fruit mass and kernel mass in cherry fruits

Indicator Fruit weight Kernel weight
Degree Degree
Source of | Sum of of Variance | F, e Imgact, Sum of of Variance | F, B Imgact,
variation | squares . — act tab.095 % squares R R act tab %
Group of early ripening cherry varieties
Factor A 2157 11 1961 | 1232 | 18 397 10 1 009 | 348 | 18 | 244
(year)
Factor B 1941 6 3235 |2033| 22 357 15 6 026 | 981 | 22 375
(variety)
. AB . 106.7 66 161 101 14 19.6 11 66 0.01 6.4 14 270
interaction
Group of medium-ripening cherry varieties
FactorA 1 g7 g 11 6108 | 5987 | 18 515 14 11 012 |1532| 18 16.5
(year)
FactorB | 550 ¢ 12 2971 | 2912 | 18 | 273 51 12 042 |5132| 18 | 605
(variety)
. AB . 236.9 132 1795 175 13 181 16 132 0.01 15.0 13 195
interaction
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Table 4, Continued

Indicator Fruit weight Kernel weight
Degree Degree
Sou}"cg of | Sumof of Variance | F F Im}o)act, Sum of of Variance | F, F b0 Im}o)act,
variation | squares R — feei EbEDD % squares | o d4om e e %
Group of late-ripening cherry varieties
F?;égi)A 4637 11 4216 | 3847 | 18 261 18 11 016 | 2751 18 | 215
FactorB 1 45504 12 8537 | 7789 | 18 578 45 12 037 |6263| 18 534
(variety)
. AB . 2489 132 1.88 17.2 13 140 19 132 0.01 241 13 226
interaction

The part of influence of varietal characteristics
(Factor B) on the formation of fruit mass was 35.7%,
27.3%, and 1.8%, respectively. For the formation of kernel
mass in all groups of varieties, varietal characteristics
(Factor B) had a dominant influence with a part of influ-
ence for early-maturing varieties - 37.5%, medium-ma-
turing - 60.5%, and late-maturing - 53.4%. The part of
influence of varietal characteristics on the formation of
kernel mass was 24.4%, 16.5% and 21.5%, respectively, for
the analysed groups.

An important indicator that determines the com-
petitiveness of cherry fruits is the average fruit weight
and the kernel-to-pulp ratio (Pérez-Sanchez et al., 2010;
Maglakelidze et al., 2017, Herasko et al., 2020). According
to many researchers, the average weight of cherry fruits
and the kernel-to-pulp ratio are influenced by genetic
soil-climatic conditions and characteristics of the vari-
ety. Thermal resources of the growing season of crops
and varieties and moisture indicators are also important
indicators (Diachuk, 2017; Herasko & Todorova, 2020).

The results obtained are consistent with the data
of other studies on the formation of the average weight
of the fruit and kernel in various pomological varieties of
sweet cherries. Thus, the weight of sweet cherries ranged
from 5.9 g (Scorpelka) to 9.2 g (Andreias) in the conditions
of North-Eastern Romania (Corneanu et al., 2020). As a
result of investigating nine foreign varieties in Georgia, it
was identified that all the varieties under study had large
fruits except for Moro (Maglakelidze et al., 2017). The av-
erage weight of sweet cherries ranged from 6.9 g (Moro)
to 10.2 g (Celeste), and the kernel weight ranged from
0.2 g (Burlat) to 0.56 g (Celeste).

The study by Bieniek et al. (2011) identified that
in Lithuania, on average, over three years, the weight of
sweet cherries ranged from 3.78 to 6.45 g. Evaluation of
nine varieties of sweet cherries based on external signs
of fruit quality was conducted in the conditions of the
Mediterranean part of Croatia (Raduni¢ et al, 2014).
It was identified that the fruits of the cherry varieties
Isabella and Tugarka had an average weight of more than
7.5 g, and the variety Burlat - less than 5 g. The study by
(Turea et al.,2019) in Romania determined that the largest
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fruit mass was identified in the Elaiasi (8.9 g) and Croma
(94 g) varieties. The highest mass index of the cherry
fruit (10.0 g) was recorded in the Andreias variety by the
Romanian researcher M. Corneanu et al. (2021). In the
conditions of India according to K.M. Bhat et al. (2018),
the highest kernel mass was identified in cherry fruits of
the Regina and Misri varieties at the level of 0.48 g, and
the lowest - 0.34 g in the Stella variety. Considering the
above, the study of cherry fruits of different varieties ac-
cording to the selected quality indicators grown in the
steppe of Ukraine is relevant.

CONCLUSIONS
The results of twelve-year studies suggest that the average
weight of kernels in cherry fruits grown in the conditions
of the Southern Steppe zone of Ukraine was at the level of
841 grams, the average mass of kernels is about 0.56 grams.

Among the varieties under study, three groups of
ripeness, the optimal fruit weight was the fruits of sweet
cherries of the late-ripening group (7.27-12.18 g), the av-
erage fruit weight exceeded the average varietal value by
8.88%.

The largest fruit mass among early ripening variet-
ies, according to the results of twelve-year studies, was in
the Kazka variety (910 grams). The lowest mass was iden-
tified in the Rubinova rannia variety (7.32 grams). The op-
timal value of the complex indicator of the kernel-to-pulp
ratiowas determined in fruits of the Skazka variety — 6.59%.

Among the varieties of the group of medium and
late maturation periods, the maximum average fruit
weight was recorded in the fruits of the Dylema and
Kosmichna varieties (9.91 g). Varieties of two ripening
groups, which, according to the results of average values,
were characterised by the lowest kernel mass, were
Pervistok, Melitopol'ska chorna, and Krupnoplidna. The
optimal value of the complex indicator - the kernel-to-
pulp ratio is determined in the range of 3.53-5.69% for
fruits of the Kordia, Pervistok, Orion, Udivitiel'na, and
Krupnoplidna varieties.

The most stable varieties with minimal coeffi-
cients of variation in the indicators under study in the
context of early ripening varieties in terms of fruit mass
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and kernel mass were Sweat Earlies (Vy=10.6%) and Ru-
binova rannia (Vy=11.5%).

Among the group of varieties of medium ripen-
ing, the most stable weight of fruits and kernels were
identified in the fruits of the Temp (Vy=11.8%) and Vynka
(Vy=11.4%) varieties.

In the group of late-ripening varieties, the lowest
variability in the content of fruit and kernel weight was
recorded in the Regina variety (Vy=10.1% and 10.4%).

It was identified that for the formation of fruit
mass in all groups of varieties, the dominant influence
was exerted by the weather conditions of years of re-
search with a part of the influence for varieties of the
three maturation periods of 26.1-51.5%. For the forma-
tion of kernel mass in all groups of varieties, varietal
characteristics had a dominant influence with a part of
influence within the three groups of varieties of 37.5-
60.5%.
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IpuHa EBreHiiBHa IBaHOBa!, MapuHa EropisHa CepatoK!, TetaHa MukonaisHa TumoLLyK?,
OnekcaHap CepriiioBuu Faspuniok®, Bnagucnas Oneroeuy ToHxa®

"TaBpPINCbKMM OePXKaBHMIM arpOTEXHOMOIMYHUM YHIBEPCUTET iMeHi IMUTpa MoTopHoro
72312, Byn. BoroaHa XMenbHMLbKOro, 18, M. Menitononb, 3anopisbka o61acTb, YKpaiHa

2[TonicbKMM HauioHaNbHUM YHIBEPCUTET

10008, 6ynbeap Ctapuii, 7, M. XXutoMup, YKpaiHa

3HauioHanbHWM yHiBepcUTET BiopecypciB i MPUPOAOKOPUCTYBaHHSA YKpaiHM
03041, Byn. lepoiB O6opoHU, 15, M. K1iB, YKpaiHa

OvHaMika cepeaHboOi Macu Nnoay Ta CniBBigHOLUEHHSA
KiICTOUYKM A0 M'AKOTI B NJIoAaxX YepeLUHi, Lo BUPOLLEHi B yMOBax
niBAHSA CTENOBOI 30HU YKpPaiHMU

AHoTauiq. TIonyIIpHICTh YepellHi cepel CIIOKUBAYIB 06YMOBIEHA BUCOKUMU CMaKOBHUMU SIKOCTAMU IUIOZIB 3
MpUBAGIMBUM 30BHIIIHIM BUIVIAOM, & TAKOXK PaHHIM CTPOKOM JOCTUraHHsS Cepefl 30BHINIHIX TOKA3HUKIB AKOCTI
HaMbinblle SHaYeHH 1719 CITOKMBaYiB Mae Maca IUIOiB YepelrHi i Cr1iBBiIHOIIe HHSA KiCTOYKY 10 M'SIKOTI, 1110 BIUIMBAE
Ha pPUHKOBY BapTiCTh. MeTOI0 LOCTIiI3KeHb 6yJ10 BUBUEHHS CEPEeNHBOI MaCH ITOJiB Ta MACK KiCTOYKY 33 COPTiBUepeHi
TPbOX CTPOKIB IOCTUTaHHA AK IePCIIEKTUBHUX, TaK i TUX, 1110 IOLIKPeHi B YKpaiHii BUAiIeHHA COPTIB Ta COPTO3pasKiB,
1110 MalOTh HAYKOBY Ta IIPaKTUYHY LIIHHICTb 3a JOCIiAKYBaHUMU [TIapaMeTpaMU. BUSHauUeHHA cepelHbOI MacU IJIOLY,
MacH KiCTOUYKY, CITiBBiTHOIIEHHS KiCTOUKY 10 M'IKOTI y IUIOZaX YepelllHi IIPOBOAWIIN Y I1ePiof, CIIOKMBYO0i CTUITIOCTI.
Bizmbip Ta migrotoBKy mpob Ao aHaii3iB BUKOHyBaiu 3rifHo 3 ICTY ISO 874-2002. CepelHa Maca IUIOLY Y IIOLAX
4yepelllHi, BUPOLleHUxX B yMoBax IIiBaHa CTeroBOI 30HU YKpaiHM, 3HaXOAUBCA Ha piBHI 8,41 rpaM, cepelHa Maca
KicTouRY — 0,56 rpaM. ONITUMaJIbHY Macy IUIOIB MaJjIy IJIOAY YePeNIHi IPyIiy Mi3HbOro TepMiHy mocTuraHus (7,27-
12,18 r.). Hat61/b11 CTIMKMMM 3 MiHIMaJIBHUMU KoedillieHTaMy Bapiallii 3a JOC/iyKyBaHMY [TOKa3HUKAaMU B pO3pisi
COPTIB PaHHBOI'O CTPOKY JOCTUTAHHA 3a [TapaMeTpaM{ MacH IUIOAY Ta MacH KiCTOYKY BUABHIIKCH COPTH ‘CBIT Epri3’
Ta ‘PybiHoBa PaHHS'. Cepe TPyII COPTIB CepeJHBOro TepMiHy JOCTUTAaHHA HAM6iIbIl cTabiIbHOI0 MacoIo TUIOAIB
Ta KiCTOYKY 6yJI0 BUJIiNEHO IUIOAU cOpTiB ‘TeMm’ Ta ‘BUHKA. V COPTIB Ii3HBOTO TepMiHy HOCTUTAaHHA HAaMMEHIIA
BapiaTUBHICTE BMICTYy Macu IJIOZly Ta KiCTOUKHU 3adikcoBaHa y copTy ‘PeriHa’. BcTaHOBIEHO, 110 IOMIHYIOYHH BILIUB
I7151 OpMyBaHHS MacH IUIOLY Y BCiX IPYII COPTiB Majy IOTOAHI YMOBHU POKIB AOCIIiI>KeHb, a A7 GopMyBaHHSA Macu
KiCTOYKM Y BCiX TPYII COPTIiB — COPTOBi 0COBITMBOCTI. Pe3y/IbTaTh JOCTiIKeHb 6yIyTh KOPUCHUMU ITpU BU60OPi COPTIB
YepellHi pisHUX CTPOKIB JOCTUTAHHS, IO IPUIATHI /IS peastizaliil IIoiB i ogabiioi ix mepepobru

Krno4oBi cnoBa: CTUIIIICTh, perpeciiiHUM aHali3, Maca KiCTOYKY, BapiloBaHHS ITOKa3HUKIB
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Formation of castor productivity depending on the width
of row spacing and density of standing

Abstract. The selection of plant species, their varieties, or hybrids and the establishment of their productivity is an
urgent necessity today due to the shortage of biofuel production at the world level. The purpose of the study was to
identify the influence of technological measures (row spacing width and plant density) on the formation of elements
of the crop structure of castor varieties. During 2020-2021, a study was conducted in the field to examine the influence
of plant density and row spacing on the elements of the crop structure of castor varieties Khortyts'ka 3 and Olesia in
the educational and scientific laboratory “Demonstration field of agricultural crops” of the National University of Life
and Environmental Sciences of Ukraine. The following methods were used: theoretical (statistical processing) and
practical (descriptive, comparative). The following indicators were evaluated: the weight of 1000 seeds, the number
of grains on the plant, and the mass of seeds per plant. The yield of castor seeds of the Khortyts'ka 3 variety was 1.27-
146 t/ha with a maximum standing density of 50 thousand plants/ha and a row spacing of 70 cm. The seed yield of
the Olesia variety was 1.34-142 t/ha with the allocation of two most productive options - an option with a row spacing
of 45 cm and 377 thousand plants/ha and an alternative with a row spacing of 70 cm and a density of 50 thousand
plants/ha. The seed productivity of one plant can almost double with a decrease in the density of standing from 50 to 25
thousand plants/ha, while simultaneously forming larger seeds. The weight of 1000 seeds of the Khortyts'ka 3 variety
ranged from 268 to 283 grams, and the Olesia variety was 294-316 grams. [t was identified that the correlation between
seed yield and seed productivity indicators is negative or absent at all, and with the density of standing is positive. The
results indicate a high compensatory ability of castor oil varieties Khortyts'’ka 3 and Olesia in the establishment of
productivity elements at a different density of standing and width of row spacing in the conditions of the Right-Bank
Forest-Steppe of Ukraine. This allows for conducting further studies on the influence of sowing parameters in a wider
range and using the results obtained for growing castor oil in atypical soil and climatic conditions.

Keywords: elements of the crop structure, weight of a thousand seeds, semi-dwarf varieties, seed yield

INTRODUCTION

Alternative sources of crop raw materials - an urgent
need today is due to the necessity of improving energy
efficiency and diversifying energy supply sources, pro-
ducing lubricants, preserving and enriching biodiver-
sity and the environment. Due to the shortage of bio-
fuel production at the world level, it became necessary
to find crops that could become alternative food crops,
which are now widely used for energy purposes. Along
with this, there are a number of issues related to climate
change and the need to examine the adaptability of crops

in this area for growing in atypical soil and climatic con-
ditions. In this regard, there is a revival of interest in the
production of castor oil in Ukraine (Ricinus communis L.),
which belongs to non-food industrial crops. However,
there are a number of questions that need to be investi-
gated and relate to identifying the influence of elements
of cultivation technology, in particular, the density of plant
standing and row spacing on the realisation of the genetic
potential of the crop in conditions that are atypical for the
growth and development of this crop.
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In the conditions of climate change, the range of
crops that were inherent in individual regions changes,
which makes it necessary to examine the features of the
establishment of productivity of these crops under the
influence of technological techniques for growing them
in atypical soil and climatic conditions. The examination
of the influence and selection of technological processes
that increase the productivity of castor varieties will al-
low growing crops in the conditions of the Right-Bank
Forest-Steppe of Ukraine

Castor oil is a non-food oil crop that originates
from tropical and subtropical regions and is well adapted
to temperate climates. Castor (Ricinus communis) can
grow up to 10-12 meters in tropical regions and is a pe-
rennial, but in temperate latitudes, it is grown as an an-
nual crop with a height of 1-3 m (Salihu et al,, 2014). Cas-
tor has been cultivated for centuries to produce the oil
from its seeds (Ribeiro et al., 2016). Castor seeds contain
40 to 60% fat, which consists of a mixture of triglycerides
of various saturated and unsaturated fatty acids, with a
substantial predominance of ricinoleic acid, the content
of which can reach 89% (Mallah & Sahito, 2020). Despite
its wide adaptability, global castor oil production is con-
centrated in only a few countries, among which India is
the undisputed leader, as according to FAO data for 2020,
almost 90% of world-produced castor seeds were grown
there (Food and Agriculture Organisation..., 2022).

The increase in castor oil production worldwide
over the past decade is a clear indication of the wide
range of applications of this oil and its derivatives in
various industries (Mubofu, 2016). Today, the oil is used
in agriculture, food processing, electronics, and for the
manufacture of textiles, paper, plastic, rubber, cosmet-
ics, perfumes, medicines, paints, inks, additives, lubri-
cants, and biofuels(Mallah & Sahito, 2020).

The productivity of castor crops in annual cultiva-
tion is limited. The yield of castor oil reaches 1.5-2.9 t/ha
with repeated fruit harvesting, and record yields (up to
5 t/ha) can be obtained by growing it as a perennial crop
(Koutroubas et al., 1999).

Castor oil is characterised by high adaptability to
weather and soil conditions. Although it is a long-day
plant, for which, increasing the duration of the light sea-
son by more than 12 hours contributes to the formation
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of female flowers, castor oil also grows well in regions
with a photoperiod of at least 9 hours and good lighting
(Salihu et al., 2014).

In tropical regions, castor oil is grown as a peren-
nial crop, but only annuals are suitable for mechanised
harvesting. In the Mediterranean region and moder-
ately warm zones, it is grown as a spring-summer crop,
mainly because of its heat-loving nature, especially
when sprouting and lowering temperatures in winter. In
these regions, castor oil is sown mainly in April, when the
soil temperature reaches 16-17°C. Low soil temperature
prolongs the process of germination and emergence
of seedlings, and frosts below -8°C lead to the death of
even the most cold-resistant genotypes in a few hours
(Zanetti et al., 2017).

The suitability for industrial cultivation of this
crop depends on the main climatic restrictions, i.e. the
temperature and duration of daylight hours, regardless
of the presence of moisture in the soil and the supply of
nutrients that can be provided in the future by the culti-
vation technology (Patané et al., 2019).

The purpose of the study - establish the influence
of plant density and row spacing on the elements of the
crop structure and castor productivity. The goal of the
study was to assess the influence of elements of cultivation
technology on the yield of the crop under study and to
choose the conditions for rational management of agro-
technological processes and measures for stable optimi-
sation of the productivity of alternative oilseeds.

MATERIALS AND METHODS

Field research was conducted in 2020-2021 in the edu-
cational-scientific laboratory of the Department of Crop
Growing “Demonstration field of agricultural crops” of the
National University of Life and Environmental Sciences of
Ukraine. According to the complex of weather-climatic
conditions, the research area can be attributed to the
Forest-Steppe agro-climatic zone.

Weather conditions on the territory of the
Forest-Steppe part of the Kyiv region during the research
period were characterised by increased average monthly
temperatures in summer compared to long-term indi-
cators and substantial deviations in monthly precipita-
tion in certain months (Fig. 1).
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Figure 1. Average monthly air temperature (A) and monthly precipitation (B) during the castor growing season
(April-October), 2020 and 2021

Note: pa - perennial value

Weather conditions in 2020 were motley, as the air
temperature in some months substantially exceeded the
perennial value, and in others, it was lower. The average
monthly temperature in April of this year exceeded the
perennial value by 1.5°C and was 9.9°C, which enabled the
beginning of sowing in the third decade of April. The av-
erage monthly temperature in May was 2.9°C lower than
the perennial value and was 12.4°C, that is, the growing
process of castor oil at the initial stage of development
slowed down. In the summer months, the air tempera-
ture was higher than perennial values because in June
the excess was 3.2°C, in July - 2.3°C, and in August - 1.2°C.
The air temperature was substantially higher in the au-
tumn months of the growing season, which contributed to
the ripening of castor fruits - in September it was 3.9°C
warmer, and in October - 4.7°C.

During the period from April to October 2020,
345 mm of precipitation fell, which is 64 mm less than
the perennial value for this period of time, but their dis-
tribution was heterogeneous - in May, almost twice the
normal amount fell, and in subsequent months there
was less precipitation. In August and September of this
year, 15 and 25 mm of precipitation fell, respectively,
which was 27-43% of the norm, that is, in combination
with a substantially higher air temperature during this
period, there could be a lack of moisture in castor crops.

The air temperature during the growing season
of castor in 2021 at the initial stages was close to the pe-
rennial value. In April, the average air temperature was
0.4°C below normal and was 8°C, in May it was lower by
only 1.0°C (14.3°C), and from June to August substantially
exceeded the perennial value. In June 2021, the average
monthly air temperature was 21.3°C (+2.8°C to norm),
in July - 24.6 (+5°C to the norm), and in August - 21.1°C

o

(+0.9°C to the norm). September was colder than usual,
as the air temperature averaged 13.5°C, which is 0.8°C
less than theperennial value , and in October it was 0.6°C
above the norm - 8.4°C.

The amount of precipitation for April-Octo-
ber 2021 was 300.6 mm, which is 108.4 mm lower than
the annual average, and their distribution during the
growing season was also heterogeneous. In the spring
months, precipitation was close to the perennial value
and in June only 24 mm fell, which is 50 mm less than
normal. In July and August, the amount of precipitation
was close to normal, but at high air temperatures, the
humidification regime could substantially differ from
the perennial value. The amount of precipitation in Sep-
tember (23 mm) was 35 mm lower than the perennial
value, and in October there was almost no effective pre-
cipitation (the amount of precipitation for the month
was 1.6 mm).

The air temperature and precipitation varied over
the years of research, but due to the biological charac-
teristics of castor, these conditions were acceptable and
favourable for growing this crop.

The soil of the experimental site is grey forest
coarse-dusty light-loamy in granulometric composition.
Humus content 2.54+0.18%, easily hydrolysed nitrogen
content 72+8 mg, mobile phosphorus 98+25 mg, ex-
change potassium 70+22 mg per 1kg of soil; pH, , 5.8-
6.1, the sum of the absorbed bases is 10-15 mgxeq/100 g
of soil. Soil density at steady state is 1.1-1.2 g/cm?, the hu-
midity of persistent wilting is 10.2%. The depth of ground
wateris 2-4 m.

The scheme of plant placement during sowing is
developed considering the sowing suitability of castor
seeds at the level of 95% (Table 1).

Plant and Soil Science (13) 3
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Table 1. Field experiment scheme

Factor A Factor B Factor C
- c Plant placement scheme, cmxcm
. . . Standing density, thousands ’
Variety Row spacing width, cm of plants/ha
25.0 45x85
Bl.45cm 375 45x57
50.0 A5x42
Al Khortyts'’ka 3
250 70x55
B2.70 cm 375 70%x36
500 70%27
250 45x85
Bl.45cm 375 45x57
50.0 A5x42
A2.Olesia
250 70x55
B2.70 cm 375 70%x36
500 70%27

The predecessor is winter wheat. After harvesting
the predecessor, stubble peeling was conducted. Winter
ploughing was conducted in the I-1I decade of September
to a depth of 22-24 cm and fertilisers were applied in the
norm P, K, (superphosphate 18%, potassium chloride
60%). According to the physical ripeness of the soil (PV 55-
60%), moisture was closed in the spring using a light tooth
harrow (BZSL-1,0). On the day of sowing, disking was con-
ducted to the depth of sowing and N, was applied(ammo-
nium nitrate - 33.4%) in pre-sowing cultivation. Seeds were
treated with fundazole (benomyl) at a rate of 2.5 kg/t before
sowing. Seeds were sown to a depth of 6-8 cm at a soil tem-
perature of 10-12°C at 10 cm. The date of sowing in 2020 is
April 28, in 2021 - May 7. Sowing was conducted manually
atagiven standing density. Plant protection products were
not applied during the growing season. All elements of the
cultivation technology, with the exception of the subjects,
were the same throughout the experiment.

The repetition rate of the experiment is fourfold.
The total area of one plot is 31.5 m? (4.2 m x 7.5 m for row
spacing of 70 cm; 4.5 m x 7.0 m for row spacing of 45 cm),
accounting - 25.2 m2(4.2 m x 6.0 m for row spacing of
70 cm; 4.5 m x 5.6 m for row spacing of 45 cm).

Sampling and assessing of samples

In each variant, 10 plants were selected on the side
brushes during the full fruit ripeness phase. The results
obtained for each of the indicators were tested for nor-
mality according to the Shapiro-Wilk criterion (Razali &
Wah, 2011). In the case when the variational series did
not correspond to the normal distribution, the number
of samples was increased.
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The seed mass from each plant was determined
by collecting all the ripe castor fruits and removing the
shells. All ripe seeds from the plant were weighed with an
accuracy of 01 g, then the average value was determined.

The thousand seeds weight was determined by
weighing two samples of 500 seeds each, followed by
calculating the arithmetic mean. If the discrepancy be-
tween the mass of the samples and the arithmetic mean
exceeded 3%, the third sample was taken. It was deter-
mined with an accuracy of 0.1 g.

The number of fruits was determined by counting all
ripe fruits on the plant that contained at least one ripe seed.

The seed yield was determined by collecting all
seeds from the registered plot and converting the value
in t/ha to a basic seed humidity of 12%.

Statistical processing of the results was per-
formed using STATISTICA 13.0 software tools and the
built-in Microsoft Excel analysis package. A variance
analysis was performed, and the Fischer criterion of the
smallest substantial difference (HIP,,) was used to de-
termine the substantial difference between the options
and the influence of factors on performance elements.
Fisher’s LSD post-hoc analysis module for homogeneous
groups was used at a substantiality level of 0.05, and the
groups were assigned letters starting with a to assess the
difference (or similarity) between the variants. The em-
pirical results obtained correspond to the normal distri-
bution (Gaussian distribution).

Regression analysis was performed, linear and
polynomial models were developed, and Pearson coef-
ficients of determination and pairwise correlation were
determined to establish the dependences of seed mass
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and plant density. Pearson pair correlation coefficients
for pairs of performance elements were set by the Cor-
relation matrix software with the definition of p-values
for each indicator.

RESULTS AND DISCUSSION
The structure of castor yield is determined by such ele-
ments as the density of standing, the mass of seeds per

plant, the mass of 1000 seeds, and the number of seeds
per plant, which depends on the number of fruits on the
main and side brushes.

The results of the analysis of variance (ANOVA) of
crop structure indicators are presented in Table 2. The
factual standing density was additionally determined to
consider the influence of intraspecific competition on
the establishment of castor productivity elements.

Table 2. Dispersion analysis of elements of the castor crop structure

SWpP TSW FpP SDH SY
Main factors
Part!, % Part!, % Part!, % Part?, % Part!, %
Variety(V) * 09 o 90.5 o 39 ns 0.0 * 151
Row PIRSE width | 00 * 02 ns 00 ns 00 ns 06
Stand‘gg]ﬁemlty " 982 " 87 " 954 * 99.9 * 522
Interactions
VxRS ns 01 ns 0.0 ns 01 ns 0.0 ns 0.6
VxSD * 05 *x 03 ns 0.2 ns 0.0 x 193
RS x SD * 03 * 0.2 * 03 ns 0.0 o 11.8
VxRS xSD ns 0.0 ns 01 ns 0.0 * 0.05 ns 0.3

Note: Part! - the part of involvement in the establishment of variance due to factors and interactions; * - indicates a substantial
difference at the level of p<0.05; ** - indicates a substantial difference at the level of p<0.001; ns - there is no substantial difference
at the level of p = 0.05; SWpP - seed weight per plant; TSW - thousand seeds weight; FpP - fruits per plant; SDH - standing density

on harvest; SY - seed yield

The conducted variance analysis of the indica-
tor of standing density on harvest shows that the factor
of standing density is dominant (99.9% of the impact),
so the decrease or variation in the number of plants in
the field is due only to this factor, that is, the influence
of other factors is levelled. The results obtained allow for
linking the density of standing during germination (and,
accordingly, the quantitative seeding rate) with the den-
sity of standing at the time of harvesting.

The variety factor was dominant among the main
factors in the establishment of the thousand seeds
weight, while in the establishment of seed yield, the
number and seed weight per plant, its part of involve-
ment in the variation of productivity elements was in the
range of 0.9-151%, which sometimes (the seed weight per
plant) was at the level of statistically unreliable influence
(p-value was close to 0.05). The width of row spacing, as
an independent factor, contributed to an increase in the
thousand seeds weight (from 1 to 5 g), where its share
of influence was 0.2%, and in other cases, p-value ex-
ceeded 0.05, that is, this factor in the study did not affect
the mass of seeds from the plant, the number of fruits per
plant, and yield, but manifested itself in interaction with
the density of standing (RSxSD ratio in Table 2), especially

in the establishment of seed yield (11.8% of the effect). The
standing density factor had a dominant effect on the mass
of seeds per plant (98.2%), the number of fruits per plant
(954%), and the establishment of seed yield caused 52.2%
variability. The relationship of factors and their influence
on the establishment of individual productivity indicators
varied, but in total did not exceed 1-2% (with the exception
of yield), and the interaction of all factors at once was sta-
tistically unreliable in all elements of the crop structure,
except for the standing density on harvest, where its influ-
ence was limited to 0.05% variation.

The weight of castor seeds from one plant varied
from 281 to 544 g under the influence of factors of variety
and density of standing but did not depend at all on the
factor of row spacing width. Notably, the standing density
factor caused 981% of all variations in seed mass from the
plant, while the variety factor caused only 0.9%. About 0.3%
of substantial deviations were caused by the interaction
“row spacing width*standing density”, which was mani-
fested in a substantial difference between the variants of
standing density of 375 thousand units/ha in the Olesia
variety with row spacing of 45 and 70 cm, in favour of the
45 cm variant, where an average of 37.5 g of castor seeds were
formed on the plant, and on the 70 cm variant - 35.5 g (Fig. 2).
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Figure 2. Seed weight (g) per plant
Note: The same letters indicate that there is no substantial difference between the values at the level of p=0.05, columns without
letters differ substantially from all other options, columns with different letters also differ substantially qt HIP

Based on the results of the analysis of variance
and subsequent evaluation according to the criterion
of HIP,, there are six groups of similarities (a-f) and one
separate variant, which differed in the value of the mass
of seeds from the plant and amounted to 375 g.

Notably, in the Khortyts'’ka 3 variety, there was
no statistically substantial difference between variants
with the same standing density, but different row spac-
ing widths (A < HIP,,), therefore, with a standing density
of 25 thousand plants/ha, this variety formed an average
of 51-52 g of seeds per plant, with a standing density of
375 thousand pcs./ha - 34-35 g, and the smallest at a
standing density of 50 thousand plants/ha - 28-30 g.
The Olesia variety on average formed 54 g of seeds with
a standing density of 25 thousand plants/ha, whichis 2 g
more than in the Khortyts'ka 3 variety on similar vari-
ants. With a standing density of 37.5 thousand plants/ha,
the Olesia variety formed 37.5 g of seeds with a row spac-
ing width of 45 cm and 2 g less seeds with a width of
70 cm, that is, the difference was substantial because it

exceeded HIP .. Therewith, with a standing density of 50
thousand plants/ha, the seed weight per plant was also
28 g, without a difference in the width of row spacing and
the Khortyts'ka 3 variety on similar variants.

The formation of castor fruits and seeds is a re-
sponse of sowing to the availability of life factors, so it
is possible to develop empirical models describing the
relationship between the mass of seeds from the plant
and the density of standing. According to the studies by
Cordeiro et al. (2019) and Fiorese et al. (2016), the regres-
sion equation is unique for each variety and may vary
depending on the growing conditions. Castor is a very
plastic plant, so in addition to the linear model, nonlin-
ear ones, in particular, the polynomial model, can also
be used to describe dependencies. The second-degree
polynomial relationship describes the relationship be-
tween the density of standing and the mass of seeds
from a plant substantially more accurately than the lin-
ear function, and the coefficient of determination (R?) in
this case, it is close to one (Table 3).

Table 3. Polynomial and linear model of the relationship between seed mass from a plant and standing density (x)

Variety Rx(/)vvivdiﬁ,aglilrllg Polyn(();l 1=all)m ol Linear model & f(;;géérllear
Khortyts'ka 3 45 cm y=0.0288x2 - 3.0732x + 109.79 y=-09111x + 72.256 0.9505
70 cm y=0.0478x? - 44935x +134.79 y=-09067x +72.516 0.8734
Olesia 45cm y=0.024x? - 2.8553x + 110.74 y=-10531x + 79.454 0.9436
70 cm y=0.0369x? - 3.7883x +125.79 y=-10233x + 77734 0.9367

Note: The variable x is represented as thousands of plants/ha

Therewith, the alternative linear model for each
class and row spacing width has a high coefficient of de-
termination (from 0.8734 to 0.9505), that is, the Pearson
correlation coefficient (modulo) is in the range of 0.935-
0.975, which is a strong relationship close to functional.
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The available data (standing density options) is not suf-
ficient for the unambiguous selection of the priority
model. The polynomial model accurately describes the
results obtained and allows identifying the most sim-
ilar data sets, for example, the equations for varieties

C



Formation of castor productivity depending on the width of row spacing and density of standing

Khortyts'ka 3 and Olesia with row spacing of 45 cm have
more in common than the option of 70 cm compared to
45 cm within the variety. The alternative linear model,
on the contrary, better describes the varietal features
of seed mass formation from a plant depending on the
density of plant standing, without considering the width
of row spacing (since the coefficient for variable and in-
dependent coefficient are similar within the variety).
This problem requires corrective studies with an exten-
sion of the range of standing densities and a reduction in
the step between options. Based on the results obtained
by Severino et al. (2017), there is generally no associa-
tion between row spacing and individual productivity
of castor plants in the temperate growing zone, where-
as, in conditions of unstable humidity, this is important.
Therewith, planting crops closer limits the availability of
life factors, especially moisture, so induced water stress
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can cause a decrease in the mass of seeds from the plant,
both due to a decrease in the number of fruits per plant
and due to a decrease in the mass of 1000 seeds (Alves
et al., 2019; Mazurenko et al., 2020).

Mass of 1000 seeds (seed size)
The varieties investigated are characterised by different
masses of thousands of seeds. A thousand seeds weight
of the Khortyts'’ka 3 variety, depending on the seeding
rate and row spacing width, varied in the range of 268-
283 g, and in the Olesia variety - from 294 to 316 g (Fig. 3).
It was identified that all factors and their indi-
vidual interactions influenced the establishment of the
mass of 1000 seeds, in particular, it was the varietal fac-
tor that caused the highest variation - 90.5%, and the
density of standing - 8.7%, while the total influence of all
other factors was 0.8%.

e
e
I d d
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Olesia

50000 plants/ha

Figure 3. Weight of a thousand castor seeds (g)
Note: The same letters indicate that there is no substantial difference between the values at the level of p=0.05, columns without
letters differ substantially from all other options, columns with different letters also differ substantially at HIP

The mass of 1000 seeds in the Khortyts'ka 3 vari-
ety did not statistically differ in variants with a standing
density of 25 and 37.5 thousand plants/ha and different
standing densities, because it was 279-283 g, that is, the
variants belonged to the same similarity group (group c).
An increase in the density of standing up to 50 thousand
plants/ha led to a substantial decrease in the weight of
1000 seeds to 268-271 g - by an average of 4.2%, which
allowed distinguishing a block of variants into a group a.
In the variety Khortyts'ka 3, the difference in the aver-
age mass values of 1000 seeds with the same density of
standing, but different width of row spacing is within the
margin of error of the average, which indicates the iner-
tia of this variety to the spatial placement of plants in re-
lation to the reaction to seed size. Therewith, with a row
spacing of 70 cm, the seed 1-3 g larger is formed but this
is not a statistically substantial difference.

The Olesia variety had a similar tendency to form

o

a mass index of 1000 seeds, but the influence of stand-
ing density was more pronounced. The largest mass of
1000 seeds was formed at a standing density of 25 thou-
sand plants/ha and averaged 316 g with a row spacing of
45 cm and 314 g for 70 cm, however, the difference was
statistically insubstantial, so these two options belong
to the group e. On variants of standing density of 37.5
thousand plants/ha, a substantial decrease in the mass
of 1000 seeds was observed, but without a substantial
difference between the width of row spacing. On aver-
age, the Olesia variety with a standing density of 37.5
thousand plants/ha formed a mass of 1000 seeds at the
level of 309-310 g. According to the results of the pre-
liminary analysis of variance, it was identified that 0.2%
of the total variance is due to the factor of row spacing
width, so only in the Olesia variety with a standing den-
sity of 50 thousand plants/ha, there was a difference be-
tween variants with different row spacing widths. With a

Plant and Soil Science (13) 3



Mazurenko et al.

row spacing of 45 cm, castor crops formed seeds with a
weight of 1000 seeds at the level of 294 g, and with a row
spacing of 70 cm, on average, 5 g heavier - 299 g.

The mass index of 1000 seeds is quite plastic, but
the model that describes the dependence of this indi-
cator on the density of standing will vary depending on
the variety and growing conditions. Usually, an increase
in the density of standing leads to a decrease in the mass
of 1000 seeds, that is, the relationship is inversely linear.
However, if there is a factor regulating the microclimate
in the ground layer (the presence of mulch, cover culture,
etc.), then this relationship can be polynomial and until
a certain indicator of standing density, the mass of 1000
seeds can grow (Cordeiro et al., 2019; Honchar et al., 2020).

The castor fruit is a three-seeded capsule, so it is
more expedient to indicate exactly the number of fruits
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as an element of the crop structure, and not the num-
ber of seeds. The seed inside the fruit develops syn-
chronously, so it is very rare for only one or two seeds
to form in the capsules. The number of fruits from one
plant has a clear dependence on the density of standing,
which causes 954% of the variation in this indicator.
About 3.9% of the variation in the number of fruits on
plants was caused by the variety factor and 0.3% by the
interaction of standing density and row spacing width,
while other factors and their interactions had a statis-
tically unreliable effect. Confirmation of the results of
the analysis of variance is graphically displayed (Fig. 4),
where it can be seen that in one variety with the same
density of standing and width of row spacing, there is
almost no difference in the number of fruits that ripen
and form seeds.
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Figure 4. Number of fruits from the castor plant
Note: The same letters indicate that there is no substantial difference between the values at the level of p=0.05, columns without
letters differ substantially from all other options, columns with different letters also differ substantially at HIP

The influence of the variety factor was manifested
in an increase in the number of fruits in the Khortyts'ka
3 variety compared to the Olesia variety at the minimum
and maximum standing density. The Khortyts'ka 3 vari-
ety formed an average of 60-62 capsules with a standing
density of 25 thousand plants/ha, and when thickened to
50 thousand plants/ha, it reduced their number to 35-37
pieces. Therewith, about 57 and 32 fruits were formed in
the Olesia variety, respectively. This trend continued at
a density of 37.5 thousand plants/ha, but due to the high
variation in the number of fruits, there was almost no
statistically substantial difference between varieties and
row spacing.

Larger seeds of the Olesia variety (by weight of a
thousand seeds) are formed in a smaller number than in
the Khortyts'ka 3 variety, so the previously established
seed weight per plant in both varieties is similar with
the same parameters of row spacing width and density
of standing, the process of forming these indicators is a
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reflection of the compensatory ability in crop formation,
and both varieties vegetated on the verge of realising
the genetic potential in the given conditions. Given this
fact, the yield formation and its range were substantially
narrower than usual for agricultural crops. According to
the results received by (Cordeiro et al, 2019), the pres-
ence of additional vegetation, even from other ecological
niches leads to a substantial decrease in the number of
fruits per plant (a decrease of up to 18%), and in the case
of intraspecific competition in production crops, the de-
crease can reach 50%, that is, an increase in the density
of standing is levelled by a decrease in individual pro-
ductivity of the plant.

The yield of castor oil consists of all the consid-
ered elements of the crop structure. The variants of
standing density investigated in the experiment had a
negative correlation with other elements of productivity,
but to assess the influence of this factor, the total seed
yield should be analysed (Table 4).
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Table 4. Castor seed yield in 2020-2021 (average), t/ha

Variety Spacing width,cm | Standing density of thousands of plants/ha Yield, t/ha Similarity groups
250 1.29+0.02 ab
45cm 375 1.32+0.01 bed
500 143+0.02 fh
Khortyts'ka 3
250 1.31+0.02 abc
70 cm 375 127+0.01 a
50.0 146+0.02 h
25.0 1.35+0.01 cde
45cm 375 142+0.02 fh
50.0 1.39+002 ef
Olesia
250 1.36+0.01 de
70 cm 375 1.34+0.01 cd
50.0 142+0.01 fh
LSD,, = 0,04 t/ha

Note: The same letters indicate that there is no substantial difference between the values at the level of p=0.05, different letters indi-
cate a substantial difference at HIP . Similarity groups are marked by the yield from the lowest to the highest a - the lowest, h - the

most productive

During statistical processing of the yield of cas-
tor varieties, seven groups of similarity are determined
from a to h - from low-yielding to high-yielding options.
The most productive options (group h) in the variety
Khortyts'ka 3, there were combinations of row spacing
width of 70 cm and standing density of 50 thousand
plants/ha with a yield of 1.46 t/ha of seeds; and row spac-
ing width of 45 cm with the same standing density, where
an average of 143 t/ha of seeds was formed. Notably, this
variety with a standing density of 25 and 37.5 thousand
plants/ha formed substantially fewer seeds for both
variants of row spacing. On average, 1.27-1.32 t/ha was
formed on these variants, which allowed distinguishing
these variants into low-productive groups — a and b.

In the Olesia variety, two variants were also in-
cluded in the highly productive group h - a combination
of row spacing width of 70 cm and standing density of 50
thousand plants/ha with a yield of 142 t/ha and a variant
with row spacing width of 45 cm and standing density of
37.5 thousand plants/ha with the same yield. Notably, the
yield of this variety in the experiment varied less than
in the Khortyts'’ka 3, because the minimum value was

1.34 t/ha, and the maximum value was 142 t/ha. Most of
the combinations of the elements of the technology pro-
vided an acceptable level of yield and belonged to inter-
mediate groups d, e, and f.

The high yield of variants with a higher density
of standing (375 and 50 thousand plants/ha) and with
a small difference between these variants is a conse-
quence of the adaptation of plants to growing conditions
and the establishment of habit depending on the exist-
ing life factors. Many researchers confirm the thesis that
with certain parameters of standing density, the yield of
castor oil transfers into a so-called plateau, that is, fur-
ther compaction of crops does not lead to an increase or
decrease in yield, but this range is unique for each vari-
ety and soil and climatic conditions (Cordeiro et al., 2019;
Sampaio et al., 2019).

Correlation between elements of castor oil productivity
The data series describing the performance indicators
of the two varieties are similar, so they can be used in
the same array to determine Pearson correlation coeffi-
cients (Table 5).

Table 5. Paired Pearson correlation coefficients between elements of the castor crop structure

SWpP TSW FpP SD sy
SWpP 1 041* 098** -0,023 -0,001
TSW 1 0.217s -0.39* 0.007
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Table 5, Continued

SWpP TSW FpP SD sY
FpP 1 -095** -047**
SD 1 0.61**

Note: * - correlation between traits is statistically substantial at the level of 0.05<p>0.01; * * - correlation between traits is statistically
substantial at the level of p<0.01; ns - correlation between elements of the crop structure is statistically unreliable at the level of
p<0.05; SWpP - seed weight per plant; TSW - thousand seeds weight; FpP - fruits per plant; SD - standing density; SY - seed yield

The relationship between standing density and
castor productivity elements is negative, i.e. they decrease
with increasing density, but this does not apply to the re-
lationship with yield (r=0.61). Notably, the relationship
between standing density and yield has a greater impact
compared to other productivity elements, so increasing
standing density increases yield, despite the fact that the
seed weight per plant and the number of fruits decreases
(Angraeni & Purwati, 2022). The yield of castor seeds had a
negative correlation with the mass of seeds from the plant
and the number of fruits, and there was no correlation
with the mass index of a thousand seeds.

CONCLUSIONS
Varieties Khortyts'ka 3 and Olesia have many common
features in the establishment of productivity because
they are genetically approximate, so the establishment
of quantitative indicators of productivity (seed weight
per plant, number of fruits) is similar. The developed
polynomial and linear models of the dependence of seed
mass on standing density indicate similar mechanisms
of seed mass establishment from the same plant in the
investigated varieties. The main factor influencing the
variation in seed mass indicators from the plant, the
number of fruits per plant, was the density of stand-
ing since the share of this factor in these productivity

indicators exceeded 95.4%. Therewith, the influence of
standing density on yield was 52.2%, and a substantial
share was occupied by interactions of standing density
with the varietal factor and standing density, which was
not observed in individual productivity elements. In gen-
eral, varieties were characterised by similar parameters
of crop structure elements with the same combinations
of standing density and row spacing width, as evidenced
by multiple comparisons, but in some variants, the dif-
ference was substantial, so certain options were more
effective by a set of features. The maximum yield of cas-
tor seeds of the Khortyts'’ka 3 variety was 1.46 t/ha, and in
the Olesia variety - 142 t/ha. Notably, the yield variation
of the Olesia variety is much smaller, which indicates its
adaptability to a wide range of different growing con-
ditions, and the higher productivity of the Khortyts'ka
3 variety indicates the available unused yield potential.
Therefore, further research on optimising the parame-
ters of sowing and plant density is promising, given the
efficiency and low cost.

A promising area for future research will be the
adjustment of crop parameters with the development
of practical models for the establishment of productivity
indicators and their reduction to the level of a variety to
realise the biological potential of productivity in condi-
tions of a limited growing season of castor.
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borpaH OnekcaHgposuy MasypeHkKo, Jllo6os MukonaisHa FoHuyap,
Neca AHatoniiBHa Fap6ap, AHaToniit Bacunbosuu KOHUK

HauioHanbHMIN yHIBepCcUTET GiopecypciB i MpUPOOoKOPUCTYBaHHA YKpaiHu
03041, Byn. lepois O6opoHU, 15, M. K1iB, YKpaiHa

dopMyBaHHA NPOAYKTUBHOCTI PULIMHU 3a/1€)XKHO Bif, LULUPUHN MiXXPSAb
Ta ryCTOTU CTOSIHHSA

AHoTauig. [Tin6ip BuziB pocnuH, ix copTis uu ri6puis Ta $opMyBaHHH I TPOAYKTUBHOCTI € TOCTPOIO HEO6XIAHICTIO
CBOTOZIEHHS Y 3B'13KY 3 ZebinnToM BUpo6HUIITBA 6iollaivBa Ha CBiTOBOMY piBHi. MeTa po60TH IToJIsraa y BUABIEHH]
BIUIMBY TEXHOJIOTIYHUX 3axOfiB (IIMpuHa MUKPAALA Ta TYCTOTA CTOSHHS POCJIMH) HAa GOPMYBAHHS €JIEMEHTIB
CTPYKTYPU BPOXKAIO COPTIB PULIMHU. Bpomosxk 2020-2021 pp. y MOABOBUX YMOBaxX IIPOBOIUIU HNOCIIJ}KEHHS 3
BUBYEHHSA BIUIMBY I'YCTOTU CTOSIHHA DOCJIWH Ta LIMPUHU MDKpAOAA Ha eJleMeHTU CTPYKTYPU BPOXKAI0 PULIMHU
copriB Xopruiipka 3 Ta Ojiecsl B HaBYaIbHO-HayKOBIl TabopaTopii «leMOHCTpalifiHe [T0JIe CiTbCBKOTOCIIONAPCHKIX
KyneTyp» HYBIll VRpaiHu. BUKOPUCTOBYBaIM TaKi METOAM: TEOpPETHYHi (cTaTucThyHa 06po6Ka) Ta IMPaKTUYHI
(ommcoBi, mopiBHANBHI). TIPOBOAWIN OL[HKY HACTYIIHUX ITOKa3HMKIB: Maca 1000 HaCiHUH, KUTBKICTb TUIOAIB
Ha pOCJIMHI, Maca HACiHHA 3 pOCIHUHU. Vposkall HACiHHA pHULMHU COPTy XOPTHUIIBKA 3 CTaHOBUB 1,27-146 T/ra 3
MaKCHMYMOM IIpH I'yCTOTi CTOAHHSA 50 THCAY pocnuH/ra i muprHi MbKpanag 70 cM. VpoyRalHICTb HAciHHSA COPTY
Onecs craHoBuiA 1,34-1,42 T/ra 3 BUAIEHHAM IBOX HAMIIPOAYKTUBHIIINX BapiaHTIB — OILIifd 3 MIMPUHO MIKPAAb
451377 TUCSY POCIIVH/Ta Ta aJIbTEpHATHUBHA 3 IIUPUHOI0 MDKPAID 70 cM i rycTororo 50 Tucsd pocnuH/ra. HaciHHeBa
TIPONYKTUBHICTb OJHI€l pOCIMHN MOXKe 3pOCTaTU MalisKe BJBiUi ITpK 3HIDKEHHI I'YCTOTU CTOSHHSA 3 50 10 25 Thcsy
POCIIHH/Ta, 3 0MHOYACHUM GOPMyBaHHAIM KpyIIHinIoro HaciHHa. Maca 1000 HaciHMH copTy XOpTUIIbKA 3 CTAaHOBUIIA
BiZl 268 110 283 rpaM, a copTy Onecs ctaHOBUIA 294-316 . BCTaHOBIIEHO, 1110 KOPENAIlid MK YPOKalHICTIO HACIHHSA
Ta MMOKAa3HUKAMU HaCiHHEBOI NIPOAYKTUBHOCTI € HEraTMBHOIO, ab0 B3araji BiICYTHBOIO, & 3 I'YCTOTOI0 CTOSHHSA
TIO3UTUBHOIO. Pe3ynbTaTy AOCIiPKeHb BKa3yI0Th Ha BUCOKY KOMIIEHCALiMHY 3[aTHICTh pULIMHU COPTiB XOPTHUIIbKA
3 Ta Onecs nipy GopMyBaHHi elleMeHTiB ITPOAYKTUBHOCTI 33 Pi3HOI I'YCTOTH CTOSTHHS Ta IIMPUHU MDKDPSAb B YMOBaxX
[TIpaBo6epeskHoro JlicocTeny VkpaiHu. Lle [03BOJIsE MMPOBOAUTU ITOJAJIBINI JOCTIKEHHS 3 BUBYEHHS BIUIUBY
mapaMeTpiB ciB6u y GBI MKUPOKOMY Ziarta30Hi Ta BUKOPUCTOBYBAaTH OTPUMAHI pe3ylbTaTU 33 BUPOIIYBaHHSI
PUIIMHY Y HETUIIOBUX JJ1 Hel 'PYHTOBO-KIIIMaTUYHUX YMOBaX

KnouyoBi cnoBa: efleMeHTU CTPYKTYpPU BpO’KAl0, Maca TUCAYi HACIHWH, HAIliBKApJIMKOBI COPTH, YPOKAWHICTb
HacCiHHA
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Influence of hydrothermal factors on feed and seed productivity
of alfalfa in the conditions of the Right-Bank Forest-Steppe

Abstract. The relevance of the study is due to the need to examine the influence of hydrothermal resources of the
region on the formation of the crop of leaf-stem mass and alfalfa seeds, which isimportant in the conditions of modern
climate changes. In this regard, the purpose of the study is to identify the influence of precipitation and temperature
conditions on the growth and development of plants of varieties and hybrids by harvest cycles and years of use of the
herbage. In the course of the study, the following methods were used: field (conducting phenological observations
and accounting), laboratory (structural analysis of the grass stand), mathematical-statistical (objective assessment of
the obtained experimental data). It was identified that the amount of precipitation from the beginning of the period
of the relative rest to the onset of active temperatures above 10°C had the greatest impact on the formation of the 1st
harvest; the amount of precipitation after the establishment of active temperatures above 10°C and before accounting
for the yield of leaf-stem mass moderately affected the formation of the 2nd harvest and strongly - the 3rd; the
amount of precipitation of the previous harvest - the 2nd-4th harvest (the strongest - the 4th); the sum of active
temperatures above 10°C - the 1st and 3rd harvests; indicators of hydrothermal coefficient - the 2nd-3rd; duration
of the growing season with active temperatures above 10°C - the 1st and 3rd harvests. Seed yield, in contrast to feed
productivity, largely depended on the amount of precipitation before the flowering phase and in general during the
growing season of alfalfa. It is established that the yield of dry matter and seed yield are influenced by: the sum of
active temperatures, the amount of precipitation per harvest or vegetation of plants, and the genetic characteristics
of the hybrids and varieties under study. It was identified that the hydrothermal conditions of the year have different
effects on the level of plant productivity - excessive and sufficient moisture increases feed productivity and reduces
seed yield. The data obtained are of practical value for predicting the yield of green mass of alfalfa each subsequent
harvest of the herbage, depending on the amount of precipitation during the growing season of the previous one, and
for developing programmes for creating synthetic varieties with increased yield of leaf-stem mass and seeds

Keywords: hybrid, hydrothermal coefficient, harvest cycle, dry matter yield, seed yield, correlation

INTRODUCTION

Alfalfa is one of the most productive and widespread for-
age crops in the world. The value is not limited only to its
feed benefits, it is also important in the biologisation of
Agriculture. Alfalfa (Madisago sativa L.) is one of the old-
est agricultural plants in the world, which, in pure crops
and as part of grass mixtures, provides a high yield of
green mass with a high content of digestible protein and
in the process of symbiotic nitrogen fixation enriches

the soil with biological nitrogen, which in the conditions
of an energy crisis is important for increasing soil fertility
(Bugayov & Zadorozhnay, 2012).

There is an increase in the interest of research-
ers in the use of this culture in medicine and the food
industry, which indicates its versatility and the prospect
of further research (Apostol et al.,, 2017, Rafinska et al,
2017; Yakhlef et al. 2020). Due to its plasticity in terms of
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longevity and resistance, alfalfa is the most suitable crop
for biotic and abiotic factors. However, according to its
biological characteristics, alfalfa plants grow well and
develop at a pH of 6.5-7.5. A decrease in the reaction of
the soil solution to pH 5.1-5.5 negatively affects the en-
zymatic apparatus of cells, which leads to inhibition and
suspension of synthesis processes in plants, disruption
of hydrocarbon and protein metabolism. Alfalfa is one
of the crops that responds best to soil liming (Hetman
et al., 2017). According to the agrochemical certifica-
tion of arable land in Ukraine, the area of acidified soils
is 3.7-4.4 million hectares. In particular, in the zone of
Forest-Steppe and Polesia, such soils occupy 25-37%.
Alfalfa crop losses on acidic soils reach 20-40% (Baliuk
et al., 2010; Melnyk, 2010). This is especially true for seed
formation under such conditions (Buhaiov § Horenskyi,
2021). Therefore, increasing seed productivity will con-
tinue to be one of the main areas of breeding this crop.
Itisknown that most studies on alfalfabreeding are
aimed at creating varieties adapted to abiotic and biotic
factors of the growing area (Tyshchenko & Tyshchenko,
2014), improving or developing certain agrotechnical
techniques aimed at increasing feed and seed productiv-
ity (fertilisation, sowing dates and norms, plant protec-
tion, etc.) (Hetman et al., 2017: Noskova, 2015). However,
researchers do not always consider the hydrothermal
resources of the research site. It is established that the
amount of precipitation and the sum of active tempera-
tures of a particular year substantially differ from the
average annual values, especially recently, in the condi-
tions of climate change, and this accordingly affects the
productivity of the crop (Petrychenko et al., 2020).
Alfalfa (Medicago sativa L.) among other peren-
nial legumes, is the most common forage crop in all soil
and climatic zones of Ukraine. It provides the production
of high-quality protein feed and promotes the biological
reproduction of soil fertility (Petrychenko et al.,, 2018). A
substantial amount of studies has been conducted to im-
prove the agricultural technology of alfalfa cultivation for
feed and seed purposes under various agroclimatic con-
ditions in Ukraine. Optimal terms and methods of sow-
ing, seeding rates, and application of mineral fertilisers
were identified (Demydas et al., 2010; Petrychenko et al.,
2020). Considerable attention is paid to the development
of ways to increase the proportion of symbiotic nitrogen
fixed by alfalfa plants in symbiosis with nodule bacteria
(Holoborodko, 2021; Tyshchenko et al., 2018). A positive
effect of growth stimulators and microfertilisers on the
formation of leaf-stem mass and seeds of alfalfa variet-
ies was identified (Vlasenko et al., 2003; Vozhehova et al.,
2021; Tyshchenko et al., 2020). A number of researchers
have considered the ecological and genetic foundations
of adaptive crop production (Zaporizhchenko et al., 2018;
Ivashchenko § Rudyk-Ivashchenko, 2011; Karta, 2006).
Creating favourable conditions for the growth and de-
velopment of alfalfa plants involves a scientifically based

approach to adapting them to natural and climatic condi-
tions, considering genetic, biological, and hydrothermal
factors (Hetman et al., 2017 Noskova, 2015; Lili et al., 2019).
Despite the substantial success of Ukrainian breeding,
it is relevant to create alfalfa varieties with a combina-
tion of high seed and feed productivity and adaptability
(Buhainov § Gorenskyi, 2021; Tyshchenko § Tyshchenko,
2014). A number of researchers have identified that alu-
minium ions at the physiological, biochemical, and molec-
ular levels have both stimulating and toxic effects on the
growth of alfalfa plants (Buhaiov et al., 2014; Khu et al., 2012).

The formation of seed productivity is influenced
by a number of factors: increased soil acidity, insufficient
supply of nutrients, lack of a sufficient number of polli-
nating insects, hydrothermal conditions, abortivity of
flowers and beans (Rudska, 2016; Bolafios-Aguilara et al,,
2002; Katepa-Mupondwa et al., 1996).

The purpose of the study - identification of the
influence of hydrothermal conditions of the year on the
processes of growth, development, and formation of the
yield of leaf-stem mass of alfalfa, depending on the har-
vest and years of use.

MATERIALS AND METHODS

The study was conducted in 2013-2020 at the Institute
of Feed Research and Agriculture of Podillya of the Na-
tional Academy of Agrarian Sciences of Ukraine, located
in the Right-Bank Forest-Steppe of Ukraine, Vinnytsia
district, Vinnytsia region. Vinnytsia district is located in
the central zone of the Vinnytsia region, which is charac-
terised by a moderately warm and humid climate typical
of the Central Forest-Steppe. The hydrothermal coeffi-
cient (HTC) is 1.7-1.8. Precipitation during the year is 534-
540 mm. Of this amount, about 70% is during the warm
period of the year. The soil cover of the fields where the
studies were conducted is represented by grey forest
medium-loamy soils with a pH of salt extract from 5.0 to
5.5 and a hydrolytic acidity of 26-28 mg.-eq/1 kg of soil.
Humus content is 1.5-1.8%,; easily hydrolysed nitrogen -
34-54 mg.-eq/1 kg of soil; mobile phosphorus 100-120,
and exchange potassium 120-140 mg.-eq/1 kg of soil. The
degree of soil saturation with bases is 85.7%. Samples
of alfalfa (Syniukha (UJ0700134), Regina (UJ0700031),
Yaroslavna (UJ0700225) (Ukraine); Vika (Denmark); Mega
(UJ0700365), Grilys (Uj0700772) (Sweden), Zhidrune
(UJ0700699, Lithuania), and 37 hybrid populations, cre-
ated with their involvement, were used as research ma-
terials of the third and fifth generation. Its predecessoris
winter triticale. Mineral fertilisers were applied for sow-
ing in a dose of N, P, K, kg/ha. In autumn, every year
the herbage of the second and subsequent years of use
was supplemented at a dose of P, K, kg/ha. Seed herb-
age was additionally supplemented annually with foliar
boric and molybdenum preparations, and if necessary,
insecticide treatment was conducted in the budding and
seed formation phase.
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Laying of breeding nurseries was conducted by the
summer coverless method of sowing (10-15 June): contin-
uously (15 cm) - to assess feed productivity, and wide-row
(45 cm) - seed with the corresponding seeding rate of 8
and 3.5 million tonnes germinating seeds/1 ha. The area
of the registered plot is 3 m? in the F,nursery and 10 m? -
in F. Sowing with a Maple 15 selection seeder, the depth
of seed embedding is 1.5-2 cm. Evaluation of the yield of
green mass and seeds was conducted on alfalfa stands
of the first, second, third, and fourth years of use. Field
studies and phenological observations were conducted
in accordance with methodological recommendations

(Andriushchenko et al., 2010). The data from four har-
vests were used at the onset of the budding phase to ac-
count for feed productivity - the beginning of flowering,
seed - from the grass stand of the first harvest. In the fu-
ture, the average dry matter yield along the harvests was
used for calculations. Accounting of the seed harvest was
conducted by a Sampo 130 small-sized harvester.

For a brief description of hydrothermal condi-
tions, the period 2013-2020 is given, which is character-
ised by a heterogeneous distribution of precipitation and
temperature regime in comparison with the perennial
average values (Table 1).

Table 1. Hydrothermal parameters

Parameter 2013 | 2014 | 2015 | 2016 2017 | 2018 | 2019 | 2020 | Perennial

average
Average air temperature, °C 16.0 176 18.8 170 179 177 167 181 16.5
Sum of precipitation, mm 4185 | 3858 | 1607 | 2139 2660 | 3703 | 3644 | 3020 4090
Sum of active temperatures >10°C, | 29379 | 2164.8 | 28777 | 31149 | 27432 | 32504 | 25626 | 27673 25210
HTC! 142 | 178 | 056 069 097 114 142 109 162

Notes: 'HTC (hydrothermal coefficient)

The Selyaninov hydrothermal coefficient was
calculated (Polovyi et al., 2012), according to which 2015
corresponds to the conditions of severe drought, 2016,
2017 - mild drought, 2013, 2018, 2019, 2020 - sufficiently
humid conditions, and 2014 - excessive moisture to im-
prove the perception of such conditions. In general, in
comparison with the perennial average values, a substan-
tial decrease in precipitation and an increase in the sum
of active temperatures is observed, which had an ambigu-
ous effect on the level of feed and seed productivity.

Statistical processing of data was performed using
Agrostat, IBM SPSS Statistics, and Microsoft Excel software.

RESULTS AND DISCUSSION
During the research period of 2013-2020, it was identi-
fied that hydrothermal factors were characterised by a

heterogeneous distribution of precipitation and tem-
peratures. An analysis of the level of dry matter yield
along the harvests was conducted to objectively assess
their impact.

Thus, from the time of relative dormancy of plants
to the establishment of average daily temperatures
of above 10°C (approximately from November to
the beginning of April +10-15 days), the amount of
precipitation ranged from 177 mm in 2013 to 313 mm in
2017, or on average for years of research — about 230 mm.
The amount of precipitation received after the onset of
average daily temperatures of above 10°C and before the
time of the first harvest also varied substantially over the
years and ranged from 15 mm (2018) to 136 mm (2019). It
is noted that the sum of active temperatures above 10°C
varied greatly (Table 2).

Table 2. Dry matter yield in hybrid alfalfa populations (F,and F,) and hydrothermal indicators of 2013-2020

(1st and 2nd harvests)
1st harvest 2nd harvest
Total Precipitation

1]

% e ) .

5 precipitation amount Sum of active o Dry Sum of Sum of active o | B et

> (reststate- | (t,>10°C- | temperatures | £ iI:liltttifla precipitation, | temperatures | £t | yield, t/ha

onset of accounting), | (t,>10),°C y Mem mm (t.>10),°C M+m
t.>10°C), mm mm

2013 176.9 60 859.2 070 | 4.81+112 107 722 148 | 2.51+041
2014 193.2 57 3925 145 | 313+1.25 152 7594 20 2.93+1.06
2015 224 39 4061 096 | 3.20+11 283 629.5 045 | 1.81+0.86
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Table 2, Continued

1st harvest 2nd harvest
. Total Precipitation
5 precipitation amount Sum of active © nger Sum of Sum of active o | Dry matter
> (reststate— | (t, >10°C- | temperatures | & yield, tha precipitation, | temperatures | & | yield, t/ha
onset of accounting), | (t,>10),°C Mim teteal (t.>10),°C Mim
t.,>10°C), mm mm
2016 237 68 5594 122 | 3.21+t146 63 6817 092 | 299+1.32
2017 313 51 558.6 091 | 700+£0.87 24 656.1 037 | 240042
2018 258 15 5624 027 | 477+0.6 100.5 785.8 128 | 2.67+0.39
2019 2314 136 407 3.34 | 4.59+0.56 74 639.6 116 | 3.29+048
2020 201 79.5 312 2.54 | 3.8+044 1275 688 1.85 | 2.99+048
Average 229.31 63.19 5071 142 | 4.31+144 84.54 695.26 119 | 270046

In terms of the yield of dry matter in the first har-
vest, 2017 should be highlighted - 7 t/ha. Evidently, this is
due to substantial precipitation during the period of rel-
ative dormancy of plants, which allowed forming suffi-
ciently high reserves of productive moisture in the soil, and,
despite a weak drought in the spring (HTC - 0.91), plants
were able to fully realise their genetically determined yield
level. Therewith, the dry matter yield in other years was in
the range of 313-4.81 t/ha. It is necessary to highlight 2013,
when this indicator was 4.8 t/ha, 2018 - 477, and 2019 -
4.57 t/ha with HTC of 07, 0.27, and 3.34, respectively.

In2013 and 2019, a fairly high level of precipitation
in winter also substantially affected the formation of the
leaf-stem mass. In 2018, the dry matter yield was most
strongly affected by precipitation during the relative
rest period, since after setting active temperatures of
above 10°C , rather harsh conditions developed (HTC -
0.27, precipitation - 15 mm). Alfalfa plants needed from

26 to 53 days with active temperatures of above 10°C to
form a crop in the first harvest. In the second harvest,
precipitation also varied substantially over the years -
from 152 mm in 2014 to 24 mm in 2017. Thus, according
to the HTC indicator (0.37), 2017 corresponded to the
conditions of a very strong drought, 2015 (0.45) - a strong
drought, 2016 (0.92) - a weak drought, 2013 (1.48), 2018
(1.28), 2019 (1.16) - sufficiently humid conditions, and
2014 (2.0) and 2020 (1.85) - excessive moisture.

The dry matter yield was in the range of 1.81-
3.29 t/ha. Therewith, an increase in the value of this
feature was observed depending on the increase in
precipitation. The sum of active temperatures increased
and ranged from 629.5 to 785.8°C , and the number of
days before harvest, on the contrary, decreased to 31-
43. Hydrothermal conditions can be considered more
unfavourable for the formation of yield on harvests 3 and
4 (Table 3).

Table 3. Dry matter yield in hybrid alfalfa populations (F,and F,) and hydrothermal indicators of 2013-2021

(3rd and 4th harvests)
3rd harvest 4th harvest
% ] Amount of c
® Sum of Sum of active O Dry matter recipitation Sum of active o | Drymatter
> precipitation, | temperatures 1 | collection, t/ha jenEce temperatures (t & yield, t/ha
mm (t fact>10),°C M:m UIE i fact>10), °C M+m
0 - accounting), mm Z -
2013 46.2 8274 0.56 279107 1747 739.5 2.36 0.94+0.2
2014 54 756.9 071 1.90+0.75 102 905 113 0.89+0.25
2015 22 801.8 0.27 149+0.69 41 1313 0.31 1.21+0.55
2016 44 602 073 1.89+£0.83 35 9744 0.36 1.09+£0.48
2017 61 736 0.83 1.64+0.34 64 760.3 0.84 0.51+0.11
2018 187 7913 2.36 3.31£0.38 58.8 8874 0.66 2.37+0.3
2019 68 783 0.87 2.00+£040 9.3 836.9 011 0.60+£017
2020 49 721 0.68 1.60+0.35 364 9535 0.38 1.00+£0.17
Average 664 75243 0.88 2.08+0.65 65.15 921.25 0.77 1.08+0.57
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Thus, the amount of precipitation before the 3rd harvest
was in the range of 22-68 mm (with the exception
of 2018 - 187 mm), on the 4th - 9.3-64 mm (with the
exception of 2013 - 1747 and 2014 - 102 mm). The sum
of active temperatures, in comparison with the first and
second harvests, increased and amounted to 752.4°C in
the 3rd harvest and 921.2°C in the 4th, and the number of
days for crop formation was 28-42 in the 3rd and 42-74
days in the 4th. The HTC values, respectively, except for
some exceptions, were less than 1 and linked to various
drought variants, which had a corresponding effect on

the level of dry matter yield, which in the 3rd harvest was
149-331t/ha and in the 4th - 0.51-2.37 t/ha. In total, for
four harvests, the yield of dry matter of alfalfa in hybrid
nurseries was: 2013 - 11.05 t/ha; 2014 - 8.85; 2015 - 771;
2016 - 918; 2017 - 11.55; 2018 - 13.12; 2019 - 10.48; 2020 -
9.39 t/ha, or on average - 10.17 t/ha.

For a more complete perception of the depen-
dence of the level of feed productivity on hydrothermal
factors and the duration of the growing season, correla-
tion coefficients between these features are calculated
(Table 4).

Table 4. Dependence of dry matter yield on harvests on hydrothermal factors
and the duration of the growing season

- Amount of precipitation, Amount of
9] mm (autumn-winter precipitation, mm (after Amount of Sum of active O Number of days
E before the onset of active the onset of active precipitation, mm | temperatures £ before harvest
T | temperatures of above 10°C, temperatures above (previous harvest) above 10°C with (t fact>10), °C
potential moisture reserves) | 10°C before accounting)
1 0.69 -0.05 - 0.39! -017 0.631
2 -0.16 0.52¢ 0.66 0.20 0.58! 017
3 -0.09 078! 0.33! 0.39! 075 046!
4 - -0.06 0.78 0.24 -0.10 0.03

Notes: ! - the correlation is substantial at 0.05

Accordingtothe obtained calculations, the manifestation
of dependencies was identified, characterised by a
strong relationship between the amount of precipitation
from the beginning of the relative rest period and the
sum of active temperatures above 10°C - 0.69. It is noted
that winter precipitation did not affect the subsequent
harvests. Therewith, the amount of precipitation after
the establishment of active temperatures above 10°C
and before harvest ripeness moderately affected the
formation of the 2nd harvest (0.52) and strongly - the
3rd (0.78), while no effect was identified on the 4th. This
is due to the fact that with a decrease in the length of
daylight at a relatively high average daily temperature,
the duration of the inter-harvest period and the average
daily linear growth icrease (Hetman et al., 2018; Lili
etal.,2019).

Notably, the productivity of alfalfa plants largely
depends on the intensity of shoot formation, which is
influenced by various factors, in particular, soil and me-
teorological conditions (Georgieva & Nikolova, 2015). The
regrowth of alfalfa after harvesting in different harvests
has its own characteristic features. It is known that in
the first harvest, shoots are formed from the crown of
the root of plants, and in the second, third and fourth -
54-78% of shoots are formed due to the axillary buds of
the plant stem and only 22.1-46.2% - from the buds of
the root crown. Stems formed from the buds of the root
crown are characterised by a larger mass compared to
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shoots formed from the stem axillary buds (Hetman
et al., 2018; Petrychenko et al., 2021;).

Thus, the feed productivity of alfalfa is affected not
only by precipitation during the growing season of plants
of a particular harvest but also by the previous one, since
plants lay buds to restore shoots throughout almost the
entire growing season. The identified dependencies were
confirmed by the corresponding correlation coefficients:
inthe 2nd harvest - 0.66, in the 3rd - 0.33, and, especially,
in the 4th - 0.78. The sum of active temperatures above
10°C was characterised by an average effect on the level
of feed productivity in the 1st and 3rd harvests.

According to the level of the HTC indicator, the
average correlation coefficient was identified in the 2nd
harvest — 0.58, and a strong one in the 3rd - 0.75. Since the
HTC indicator includes precipitation and temperature, it
is quite evident that the available soil moisture in this case
has a stronger impact. Between the duration of the growing
season of plants and the sum of active temperatures above
10°Cand theyield of dry matter, an average relationship was
identified only in the first and third harvests — a correlation
coefficient of 0.63 and 046, respectively.

Notably, in the first year of life, the root system of
alfalfa is not yet sufficiently developed and cannot fully
provide plants with the necessary nutrients and mois-
ture, this is also influenced by the genetic character-
istics of varieties and hybrid populations (Karta, 2006;
Georgieva § Nikolova, 2015) (Fig. 1).
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Figure 1. Dependence of the influence of hydrothermal factors on the feed and seed productivity of varieties and
hybrids (F, ) alfalfa seed populations
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It was identified that varieties and hybrid popu-
lations reacted differently to hydrothermal conditions,
among which, as already noted, moisture has the great-
est impact. In general, in most cases, a positive reaction
was recorded for the dry matter yield. The strongest ef-
fect was identified in the samples of Yaroslavna (correla-
tion coefficient was 0.85), Syniukha/Mega (0.82), Grilys
(0.8), Regina/Mega (0.68), Yaroslavna/Zhidrune (0.64),
Syniukha/Vika (0.61), Mega (0.59). Potentially, these sam-
ples can form a fairly high feed productivity on irrigated
land. Some populations of alfalfa, on the contrary, reduced
the accumulation of vegetative mass with an increase in
available moisture, among which the following should
be highlighted: Regina/Yaroslavna (-0.46), Vika/Syniukha
(-043), and Grilys/Syniukha (-0.36).

As for seed productivity, with an increase in the
amount of moisture, almost all samples showed a negative
effect on thelevel of the correlation coefficient - from -0.06
to -0.87 Only two hybrid populations showed a positive
effect of HTC indicators on the level of seed and feed pro-
ductivity: Syniukha/Regina (0.36; 0.38) and Grilys/Regina
(013; 0.25). It was identified that hybrids and varieties de-
creased the level of seed productivity with fodder growth:

Syniukha/Mega (-0.06 and 0.82), Grilys (-0.08 and 0.8),
Yaroslavna (-0.2 and 0.85), Zhidrune/Yaroslavna (-0.23
and 0.5), Vika/Zhidrune (-0.28 and 0.18). That is, an in-
versely proportional relationship was identified, which is
important for the development of breeding programmes
for creating synthetic alfalfa varieties with increased
feed and seed productivity.

In contrast to feed productivity, the formation of
the seed crop, in addition to the negative impact of high
soil acidity, is influenced by a number of other factors:
insufficient supply of nutrients (both macro- and mi-
croelements), lack of a sufficient number of pollinating
insects, abortivity of flowers and beans, and appropriate
hydrothermal conditions (Buhaiov & Horenskyi, 2021;
Rudska, 2016; Buhaiov et al., 2018).

It is known that the potential of seed productiv-
ity of alfalfa in the Forest-Steppe is only partially real-
ised. This is due to the low level of pollination of flowers
(usually 40-60%) and a small number of seeds in the
bean (3-4 pcs.), which largely depends on hydrother-
mal and soil conditions (Bolafios-Aguilara et al., 2002;
Katepa-Mupondwa et al., 1996). A brief description of hy-
drothermal conditions is given in Table 5.

Table 5. Seed yield in hybrid populations (F,and F,) alfalfa sowing and hydrothermal indicators 2013-2020

Precipitation, Precipitation, T(z;zg gremt}))ltfatlon Precipitation S e e Seed vield
Years mim mm- ays betore HTC amount temperatures SEel el
(30 days before | (30 days during and during (t fact>10°C) (t fact>10), °C t/ha M+m
flowering) flowering) flowering) mm ac ,mm ac ’
2013 62 152 214 118 2782 2365.5 0.352+0.15
2014 135 53 188 156 263 1689.3 0.167+0.07
2015 343 35 69.3 049 89.3 1809.8 0.525+0.15
2016 54 52 106 0.73 186 2557.8 0.231+0.11
2017 15 20 35 0.59 125 2108.2 0.319+0.12
2018 14 186.5 200.5 121 302.5 25044 0.229+0.08
2019 144 88 232 137 278 20324 0.093+0.06
2020 136 68 204 107 2924 27244 0.211+0.08
Average 74.29 81.81 156.10 103 226.80 222398 0.258+0.141

Since alfalfa is a cross-pollinated entomophilic
crop, and its wild pollinating insects arrange nesting sites
mainly in the soil, precipitation during 30 days before
and during the flowering of plants (May-June) is consid-
ered for analysis, in addition to the factors used in as-
sessing feed productivity. It is this period that is critical
for the reproduction of pollinators, thus, accordingly, it
directly affects the level of seed yield.

The calculated HTC indicators during the growing
season of alfalfa show that in 2015 there was a severe
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drought; in 2016 and 2017 - average; in 2013, 2018, 2019,
and 2020 - there were quite wet conditions, and in
2014 - excessive moisture. The amount of precipitation
was 89.3-302.5 mm, of which 57-83% fell in the period of
30 days before and during the flowering of plants. With
the exception of 2017, when only 28% of the specified
amount, or 35 mm, fell during this period. The sum of
active temperatures over the years was 1689.3-2724.4°C.
It was identified that seed yield depended to a
greater extent on the amount of precipitation (Table 6).
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Table 6. Relationship of alfalfa seed yield with hydrothermal conditions

Parameter Indicator value

Precipitation 30 days before flowering -0.64

Average daily temperatures 30 days before flowering 019
Precipitation during flowering (30 days) -017

Average daily temperatures during flowering (30 days) -017
Amount of precipitation 30 days before and during flowering -048!
Amount of precipitation during the growing season -07*
Sum of active temperatures -019
HTC of the reporting year -073!

HTC of the previous year -0.27

Notes: ! - the correlation is substantial at 0.05

Thus, in 2015, with a precipitation level of
89.3 mm, a seed yield of 0.525 t/ha was obtained, and in
2017 (125 mm) - 0.319 t/ha. In 2013, a sufficient level of
yield was also obtained (0.352 t/ha) with very substantial
precipitation - 278.2 mm. In such years, the duration of
precipitation and the sum of active temperatures during
this period are essential.

Other authors (Petrychenko et al., 2021; Demydas
et al., 2010; Tyshchenko & Tyshchenko, 2014) analysed
the influence of these factors in general for the entire
growing season of alfalfa plants. Moreover, one or more
varieties were used as the object of research. According
to the results, the dependence of the formation of the
leaf-stem mass of 44 varieties and hybrids of alfalfa on
the amount of precipitation and temperature was estab-
lished. The relationship between dry matter yield and
seed yield was identified. Most studies, as arule, are con-
ducted separately for these indicators and, accordingly,
their dependencies are not analysed (Tyshchenko et al.,
2020; Petrychenko et al., 2021).

According to the study by Tishchenko (2012), in
years with favourable weather conditions, the yield of
alfalfa seeds was in the range of 0.67-1.17 t/ha, with unfa-
vourable conditions - 0.17-0.36 t/ha. It was also possible
to identify hybrid populations that responded less to
the deterioration of environmental conditions and re-
sponded well to their improvement and were character-
ised by high nitrogen-fixing activity. Harvesting the grass
stand in the early stages (the beginning of budding) does
not allow plants to deposit enough plastic substances in
the root crown for regrowth in the next harvest, which
leads to a decrease in the density of the grass stand and
yield. The flowering phase is crucial for the most intense
and sufficient supply of starch and other plastic sub-
stances in the root crown.

Zhang (2005) believes that transgenic alfalfa
plants can be used in breeding this crop to increase re-
sistance to drought conditions, because due to the in-
creased waxy coating of the leaf cuticle, transpiration

decreases, water is better retained in the plant, and
therefore slow wilting occurs after watering is stopped
and faster and better recovery after watering is resumed.
Alfalfa regrowth begins early in spring with buds located
on the root crown. The intensity of spring and post-har-
vest regrowth of alfalfa species and varieties depends on
their genotype, nutrient reserves in the plant root crown,
soil moisture, and meteorological conditions, and is
closely related to plant height.

Tucak et al. (2008) consider plant height to be one
of the important indirect indicators of feed mass yield.
They observed a high association of alfalfa plant height
with theyield of green mass and dry matter (g=0.85; 0.87).
It was identified that the height of the alfalfa grass stand
(the phase of the beginning of flowering) decreases from
harvest to harvest, so in the first harvest it was 67-81 cm,
in the second — 54-63 cm, in the third — 38-61 cm. Along
the harvests, the height of plants largely depended on
meteorological conditions and was, as a rule, maximum
in the first harvest, reaching 70.6-76.4 cm, and minimum
(20.6-31.5 cm) — in the third harvest. Sometimes, in the
first year of life, the height of alfalfa plants was lower
than in subsequent years, and it naturally increases
from the first year of life to the third. The author explains
this by saying that in the first year of life, the alfalfa root
system is not yet sufficiently developed and cannot pro-
vide plants with the necessary nutrients, and the genetic
characteristics of populations are also important.

Based on the results of the study, the relationship
between dry matter and seed yields with indicators of
hydrothermal conditions was established. Thus, the con-
ducted studies indicate the specific features of the influ-
ence of precipitation and temperature on the formation
of leaf-stem mass in separate harvest cycles.

CONCLUSIONS
Based on the results of the assessment (2013-2020), the
influence of hydrothermal indicators of the growing zone
on the feed and seed productivity of alfalfa for different
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years of use of the herbage was established. Itisidentified
that the formation of maximum indicators of dry matter
yield in a particular harvest and seed yield is influenced
by both the hydrothermal resources of the region and
the biological characteristics of varieties and hybrids.
This is confirmed by the corresponding correlation
coefficients. Thus, the amount of precipitation from
the beginning of the relative rest period to the onset of
active temperatures above 10°C had the greatest impact
onthe formation of the leaf-stem mass of the 1st harvest;
the amount of precipitation during the time after the
establishment of active temperatures above 10°C and
before accounting for the leaf-stem mass moderately
affected the formation of the 2nd harvest and strongly -
the 3rd; the amount of precipitation during the previous
harvest - the 2nd-4th harvests (the strongest - the 4th);
the sum of active temperatures above 10°C - the 1st
and 3rd harvests; the HTC indicator - the 2nd and 3rd;
duration of the growing season with active temperatures
above 10°C - the 1st and 3rd harvests.

In contrast to feed productivity, seed yield
largely depended on the amount of precipitation before
the flowering phase and in general during the growing
season of alfalfa. Accordingly, the lower the value of the
HTC indicator, the more likely it is to get a high seed yield
from the first harvest. Thus, the complexity of breeding
alfalfa is confirmed, when the opposite conditions of the
year accordingly affect plant productivity — excessive and
sufficient moisture increases the level of feed productivity,
while seed productivity decreases. Arid and insufficiently
humid conditions, on the contrary, contributed to the for-
mation of seeds, while reducing the yield of leaf-stem mass.

The identified features of the formation of leaf-
stem mass and seeds of varieties and hybrids depend-
ing on the hydrothermal parameters of the growing area
encourage further research on this subject. In particu-
lar, identifying the relationship between the yield of dry
matter and the yield of seeds from the grass stand of the
second harvest, since this technological agricultural ap-
proach is widely used in practice.
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Bacunb ®noposuu MetpuueHko, OnekcaHap Bacunbosuu KopHiituyk,
Bacunb Amutposuu byraios, Bitanin Muxaintnoesuuy FfopeHcbKui,
lOpiit AHaTonilioBMY BekneHko

IHCTUTYT KOPMIB Ta CiNbCbKOro rocnogapcTtea Moainna HAAH
21100, npocn. KOHocTi, 16, M. BiHHMUS, YKpaiHa

BnnuBs rigpoTepMiyHUX paKTOpiB HA KOPMOBY Ta HAaCiHHEBY
NPOAYKTUBHICTb /IIOLLEPHU NOCIBHOI
B yMoBaXx Jlicocteny NMpaBo6epe)XXHoro

AHOTaLifl. AKTYaJIBHICTb NOCIiIKEHHS 3yMOBJIEHa HEO6XiIHICTI0O BUBYEHHS BIUIMBY TiIPOTEPMIUYHUX pecypciB
perioHy Ha $opMyBaHHS BPOXKAIO JIMCTOCTEBIOBOI MacH Ta HACiHHA JIIOLIEPHU IIOCIBHOI, 0 € BAJKJIMBUM 33 YMOB
Cy4acHUX 3MiH KiiMary. V 3B'13Ky 3 LIUM JlaHa CTaTTA CIIPIMOBAaHa Ha BUABJIEHHS BIUIKBY OIIaIiB i TeMITepaTypHOTIo
pPE’XUMY Ha PICT i PO3BUTOR POCIMH COPTIB i ribpumiB 3a LMKIaMU CKOIIYBAaHHS Ta POKAMU BUKOPUCTAHHS
TPABOCTOI0. B MpoLeci JOCITiAPKeHHS BUKOPUCTAHO METOAU: ITObOBUH (TpoBeieHHs GpEeHONIOTIYHIX CITOCTEPEKEHD
Ta 06JIiKiB), TabopaTOpHUN (CTPYKTYpHUI aHAaJIi3 TPaBOCTOIO), MaTeMaTUYHO-CTAaTUCTUYHNI (06'€KTUBHA OLIiHKa
OZepKaHUX eKCIIepUMEHTAIbHUX JaHUX). 3'ICOBaHO, IO KiJIbKICTh OMaZiB Bifi TOYATKy MEPiOAY BiIHOCHOTO CITOKO0
IO HACTaHHS aKTUBHUX TeMIIepaTyp Bullle 10 °C MaJia Har6inbInil BIUIUB Ha GOpMyBaHHS 1-T0 YKOCY; CyMa OlafiB
TiCJIT BCTAHOBJIEHHS aKTUBHUX TeMileparyp Buie 10 °C i 1o o6yiKy yposkaio JUCTOCTE6IOBOI Macu IOMIpHO
BIUIMBaJIa Ha GOpMyBaHHA 2-T0 YKOCY Ta CHUJIBHO — Ha 3-1f; CyMa OIafiiB ITOIlepefHbOr0 YKOCy — Ha 2-4-U yKic
(HaricunpHiLIe - Ha 4-11); cyMa aKTUBHUX TeMIiepatyp Buiie 10 °C - Ha 1-11 Ta 3-1 YKOCY; TOKAa3HUKHU TiIpOTEPMIYHOTO
KoeillienTy — Ha 2-3-11; TPMBAJICTb BereTalliliHOTO IIepiofly 3 aKTUBHUMU TeMIleparypamu Buile 10 °C - Ha 1-11
i 3-11 yrocu. VpoyKalHiCTh HACiHH{A, Ha BiAMiHY Bifi KOpMOBOI IIPOAYKTHBHOCTI, 3HAYHOIO MipOI0 3ajieskaja Bif,
cyMHU omazfiB nepep ¢a3o0:0 UBITIHHSA Ta B I[IJIOMY IIif Yac BereTallil IFOIlepHU ITOCiBHOIL. BCTaHOBIEHO, LII0 HAa BUXiT,
CyXOi pEUOBHMHU Ta YPOXKAMHICTh HACIHHA MAalOTh BIUIMB: CyMa aKTUBHUX TeMIIepaTyp, KiJIbKiCTh OIaJiB 3a YKiC YU
BETeTallil0 POC/IMH Ta TeHeTUYHI 0COBIUBOCTI JOCTiAKYBaHUX Ti6PUAIB i COPTiB. BUABIIEHO, 1[0 T IPOTEPMIUHI yMOBU
POKyY I0-pi3HOMY BIUIMBAIOTh Ha PiBEHB IIPOAYKTUBHOCTI POCJIMH — HAAJIUIIKOBE 1 JOCTAaTHE 3BOJIOYKEHH MTiIBUIIYE
KOPMOBY ITPOZYKTUBHICTB Ta 3MEHIIYE YPOXKaWHICTb HaCiHHSA. [IpaKTUYHY LIiHHICTb OfiepsKaHi IaHi CTAaHOBJIATD AJIS
MIPOTHO3YBaHHA BPOXKAIO 3eJIeHOI MacH JIIOLepHU IOCIBHOI KOXKHOI'O HACTYIIHOI'O YKOCY TPaBOCTOIO 3aJI€KHO Bif,
CyMU OTIaJZIiB BIIPOLOBIK BETeTallii IT0IIepefHbOT0, a TAKOXK IJI pO3PO6KY ITPOrpaM CTBOPEHHS COPTiB-CUHTETHUKIB 3
MiABUIIEHUMU IIOKAa3HUKAMU yPOXKaMHOCT] TUCTOCTE6I0BOI Macy Ta HACiHHS

KniouoBi cnoBa: ri6puz, rizporepMiuyHuil KoedillieHT, IUKII CKOUIyBaHH, BUXiJ, CyX0l pPeYOBUHU, YPOKaHICTh
HAaCiHHA, Kopendlis
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Yield and energy assessment of chickpea and sunflower cultivation
depending on the design of microirrigation systems

Abstract. Over the past 15-20 years, Ukrainian agricultural production has shifted to growing more profitable,
highly marketable, and drought-resistant crops, in particular, chickpeas and sunflower. Therewith, the technology
of growing these crops is energy-consuming, especially in irrigation conditions. Therefore, it is relevant to examine
the influence of microirrigation system designs on the energy parameters of chickpea and sunflower cultivation. The
purpose of the study is to perform an energy assessment of chickpea and sunflower cultivation depending on the
design of microirrigation systems and the method of water supply. Research methods: short-term field experiments,
analytical and statistical methods for processing experimental data. The scheme of experiments provided for laying
irrigation pipelines in the horizontal and vertical planes, and implementing a pulse water supply mode (standard).
Control is an option without irrigation. It is established that the method of laying pipelines (designs of microirrigation
systems) substantially affects the productivity of crops. Higher yields were recorded at shorter distances between
irrigation pipelines (0.7 and 1.0 m), regardless of the depth of laying. It is proved that the highest level of yield of
chickpeas (4.28 t/ha) and sunflower (4.50 t/ha) was obtained by implementing a pulse water supply mode, but this
increase was within the error of the experiment. The introduction of underground drip irrigation is more appropriate
for the cultivation of chickpeas and sunflower according to the criterion of total energy costs for the technology. The
analysis of energy efficiency by the value of the energy efficiency coefficient (EEC) indicates a high level of energy
efficiency of chickpea and sunflower cultivation in both ground and ground drip irrigation (EEC=2.03-2.23 and 2.32-
2.50, respectively). The most effective method was to grow these crops under a pulse water supply regime: the EEC was
244 for growing chickpeas and 2.61 for growing sunflower. The research materials are of practical value for farmers in
managing energy consumption in chickpea and sunflower microirrigation technologies.

Keywords: drip irrigation, underground drip irrigation, pulse drip irrigation, irrigation pipelines, energy efficiency
coefficient

INTRODUCTION

Climatic transformations and the high genetic potential
of crop productivity led to an increase in actual irrigation
standards in the Steppe zone to 4500-6000 m3/ha, which
is 2-2.5 times higher than the design parameters of irri-
gation systems (Shatkovsky & Zhuravlov, 2021). This prac-
tically makes it impossible to increase the irrigation area
on a large scale, because the existing pumping equip-
ment is used at maximum capacity. This problem is also
relevant for the Forest-Steppe zone of Ukraine, where,
in the absence of large state irrigation systems, access
to potential irrigation sources is practically nonexistent.

In addition, farmers use irrigation water extremely inef-
ficiently - from 60 to 90% are losses on infiltration and
physical evaporation from the surface of soil and plants.
That is, only 10 to 40% of the volume of water intake for
irrigation is received exclusively for the needs of plants -
transpiration (Shatkovsky & Zhuravlov, 2021)

In this context, the “Irrigation and drainage strat-
egy in Ukraine” (2019) defines that the development of
irrigation should be based solely on a new, water- and
energy-saving concept. It is known that microirrigation
methods correspond to this as much as possible: drip
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irrigation with ground and underground placement of ir-
rigation pipelines and pulse drip irrigation. The essence
of the latter is the most synchronous compensation of
moisture consumption by the plant for transpiration
(Romashko et al., 2020, Shatkovskyi & Zhuravlov, 2021).
However, the introduction of these irrigation methods
requires substantial energy and material costs. There-
fore, in a market economy, the energy analysis of the in-
troduction of the latest agricultural technologies is im-
portant since it gives grounds to justify various options
for growing agricultural crops from the standpoint of
their energy saving. Thus, it was relevant to research the
justification and energy assessment of agricultural tech-
nologies for growing chickpeas and sunflower, depend-
ing on the design of microirrigation methods.

The energy efficiency of agricultural technolo-
gies for growing both chickpeas and sunflower has been
thoroughly investigated both in Ukraine and by foreign
researchers. However, the analysed complex of papers
concerned the influence on the energy parameters of
such factors as fertiliser systems (Kyrychenko et al., 2014;
Parlikokoshko & Burykina, 2021; Mazur et al., 2022), seed
treatment (Mordovaniuk, 2020; Lohosha et al.,, 2020),
growth regulators (Elhami et al., 2016; Unakitan § Aydin,
2018), seeding schemes and dates (Krainiak, 2008; Oguz
§ Ogur, 2018; Pinkovsky § Tanchyk, 2019), plant pro-
tection products (Malysh et al., 2013; Korobko, 2019),
tillage (Koocheki et al, 2011; Nabavi-Pelesaraei, 2012;
Vozhehova et al,, 2021,) etc. Therewith, under irrigation
conditions, experiments were conducted only on sun-
flower culture. In particular, according to long-term data
from the Institute of Irrigated Agriculture of the National
Academy of Agrarian Sciences (Vozkhehova et al., 2021),
higher energy efficiency was achieved when applying
deep basic tillage with rotating topsoil. Researchers of
the Institute of Agriculture of the National Academy of
Agricultural Sciences (Kyrychenko et al., 2014), proved
that the highest increase in gross energy — 30901 MJ/ha,
was achieved when applying mineral fertilisers with
doses of N, P, K, for cultivation and N, P, K = when
sowing in rows. A comparison of energy efficiency and
economic analysis of sunflower cultivation in Turkey
was conducted based on a passive experiment - the sur-
vey method (Gokhan & Basak, 2018). Energy efficiency,
energy productivity, specific energy, and net energy for
sunflower cultivation were calculated as 3.77, 0.15 kg/M]J,
6.63 MJ/kg, and 28111 MJ/ha, respectively. In addition,
Turkish researchers (Oguz & Ogur, 2018) calculated the
energy value, productivity, and energy efficiency of re-
sources used for growing sunflower seeds. It was iden-
tified that the energy efficiency (EEC) was 4.94, and the
specific energy value was 5.06 MJ/kg.

Thus, a study on the influence of microirrigation
system designs on the energy parameters of chickpea
and sunflower cultivation in the southern region of
Ukraine has not been conducted.

Plant and Soil Science (13) 3

The purpose of the study was to perform an en-
ergy assessment of chickpea and sunflower cultivation
depending on the design of microirrigation systems and
the method of water supply.

MATERIALS AND METHODS

Field research within the framework of the state enter-
prise experimental establishment Brylivske of Institute
of Water Problems and Land Reclamation of the Na-
tional Academy of Agrarian Sciences (Privitne village,
Vinogradivska rural community of the Kherson district
of the Kherson region, Dry Steppe subzone, 46°40°N.
33°12°E) during 2020-2022. The energy parameters were
calculated depending on the following irrigation system
designs: drip irrigation (DI) with ground-based irrigation
pipeline laying (IP), underground drip irrigation (UDI)
with IP laying to a depth of 30 cm. In addition, the de-
sign parameter was the distance between IP. for growing
chickpeas 1.0 and 14 m, sunflower - 0.7 and 14 m. The
reference option was underground drip irrigation with
a pulse water supply mode (PUDI), and the conditional
control was the option with natural moisture supply -
without irrigation. The study was conducted according
to generally accepted methods: placement of land plots -
systematic, repetition - fourfold, the area of accounting
plots — 32 m? (Ushkarenko et al., 2014, Romashchenko
et al., 2014), sunflower hybrid of confectionery area of
use - Ukrains'kyi F1, chickpea variety - Budzhak.

The soil of the experimental plot is liver-co-
loured light loamy, the density of the layer composition
is 0-50 cm - 147 g/cm?, the content of humus - 1.44%,
alkaline hydrolysed nitrogen (Kornfield determination
method) (DSTU 7863:2015, 2016) - 70 mg/100 g of soil,
mobile compounds of phosphorus and potassium in the
soil according to the Chirikov method (DSTU 4115:2002,
2003) - 32.3 mg/100 g and 9.3 mg/100 g of soil, respectively.

The amount of productive precipitation during
the growing season of sunflower and chickpeas was
different over the years of research. Thus, in 2020, only
68 mm fell, which is 35.5% of the climatic norm, during
2021 - 393.8 mm or 205.5%, which is also an abnormal
phenomenon for the conditions of the Dry Steppe, and in
2022 - 167.6 mm, or 87.5% of the climatic norm. The level
of pre-irrigation humidity in experiments is 80% of the
lowest moisture capacity of 0-50 cm of the soil layer. In-
strumental complexes were used to set irrigation dates:
the Drill and Drop Sentek moisture meter probe and the
iMetos soil moisture station with Echo Probe EC-5 sen-
sors (Shatkovsky & Zhuravlov, 2016). Statistical analysis
of the research results was performed using variance,
correlation, and regression methods using the Statistica
6.0 programme.

Energy efficiency was calculated according to
the method of energy assessment of crop cultivation
technologies (Zasukha & Ponomarenko, 1998). The
energy efficiency coefficient was determined by the
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formula ( Medvedovsky & Ivanenko, 1988, Zasukha &
Ponomarenko, 1998) without considering by-products:

=%
k= QB (1)

where Q, - energy accumulated by the economically
valuable part of the crop, MJ/ha; Q, - total energy spent
on production, MJ/ha.

When calculating the energy accumulated by the
economically valuable part of the crop, reference data
on the energy value of dry organic matter were used: the
calculations took the energy content in one kilogram of
chickpeas - 36 MJ/kg and sunflower - 19.3 MJ/kg (Zasukha
& Ponomarenko, 1998; Demchak et al., 2015). Calculated

4.50
4.00
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3.00
2.50
2.00

Yield, t/ha

UDI-14

UDI-1

specific energy consumption (Demchak et al., 2015) for
irrigation from the well amounted to 10.52 MJ/m?. This
considers the specific costs of electricity, the energy in-
tensity of the drip and underground drip irrigation, and
water systems.

RESULTS
The maximum yield of chickpea grain in the experiment
(at the standard humidity of 14%) was obtained in the
variant with the placement of irrigation pipelines at a
distance of 1 m - 4.00-4.17 t/ha (Figure 1). The yield for
placing IP at a distance of 1.4 m was substantially lower -
3.69-376 t/ha (0.31-0.41t/ha) (HIP,=0.285 t/ha).

150
100
0.50
0.00

DI-14 DI- PUDI

Figure 1. Chickpea yield depending on the schemes of laying irrigation pipelines of drip irrigation
(HIP,,=0.285 t/ha)

The average yield indicator for underground drip ir-
rigation (3.85 t/ha) practically corresponded to the variant
with the ground placement of IP (397 t/ha), and the excess
of the latter (DI) of 0.12 t/ha was within the margin of error
of the field experiment. Considering the average amount of
productive precipitation during the three years of research
(it was higher than the climatic norm), productivity at the
control (without irrigation) was at the level of 163 t/ha,
which also confirms the characteristic feature of chick-
pea crops as drought resistance. The yield of dry chickpea
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beans in the experiment (pulse water supply mode) was
4.28 t/ha. Thus, the established level of productivity growth
was also within the margin of error of the field experiment
(compared to the drip irrigation option), and substantially
higher than the underground drip irrigation option.

In a parallel experiment, the highest yield of
sunflower grain was obtained in the variant with the
placement of irrigation pipelines at a distance of 0.7 m -
441t/hafordripirrigation and 4.09 t/ha for underground
drip irrigation (Figure 2).

DI-14 DI-0.7 PUDI

Figure 2. Sunflower yield depending on the schemes of laying irrigation pipelines of drip irrigation
(HIP,,=0.352 t/ha)
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The seed yield for placing irrigation pipelines at a
distance of 1.4 m was substantially lower - from 3.69 t/ha
(DI) to 3.91 t/ha (UDI).

The average yield for underground drip irrigation
(3.89 t/ha) was slightly lower compared to the option with
ground-based irrigation pipelines (4.16 t/ha), but the ex-
cess of 0.27 t/ha was within the margin of error of the
field experiment.

Considering the relatively sufficient availability
of productive precipitation during the growing season
of the years of the study (2020-2022), the yield of seeds
under control (without irrigation) was at the level of

1.66 t/ha, which is almost 2.5 times lower compared to
the irrigated conditions for growing sunflower.

The yield of sunflower seeds in the search experi-
ment (pulse mode of water supply with the underground
laying of pipelines) was a maximum of 4.50 t/ha. Thus, this
increase (+0.09-041 t/ha compared to UDI) in seed yield
was also within the margin of error of the field experiment.

Based on the productivity data of crops (main
products), calculations of the energy assessment of the
parameters of agricultural technologies for growing
chickpeas and sunflower for various designs of microir-
rigation systems were conducted (Table 1).

Table 1. Energy assessment of chickpea and sunflower cultivation
depending on the design of microirrigation systems

oy | Pl | b onmpon | Erergy ffincy o
CHICKPEA
[P atadistance of 1.0 m 177.84 79.6 2.23
o IP at adistance of 1,4 m 157.68 776 203
UDI IP at adistance of 1.0 m 16740 783 214
(-30 cm) IP at a distance of 14 m 155.52 765 203
Pulse UDI (standard, IP at a distance of 1.0 m) 181.80 74.4 244
Without irrigation (control) 72.80 388 1.88
SUNFLOWER

IP atadistance of 0,7 m 10615 425 2.50
o IP at adistance of 1,4 m 9418 39.0 241
UDI IP at a distance of 0.7 m 98.62 414 2.38
(-30 cm) IP at a distance of 14 m 8878 383 2.32
Pulse UDI (standard, IP at a distance of 0.7 m) 107.50 412 261
Without irrigation (control) 41.88 210 199

Analysis of the table data shows that the introduc-
tion of microirrigation increased the energy intensity of
chickpea cultivation technologies by almost 2 times — up
to 74.4-79.6 GJ/ha, respectively. Without irrigation (con-
trol), energy costs for chickpea production were within
38.8 GJ/ha. The basic analysis of the energy efficiency co-
efficient (EEC) indicates a high level of energy efficiency
of chickpea cultivation in both ground and underground
irrigation conditions (EEC=2.03-2.23) and an average
level of energy efficiency of the option without irrigation
(EEC=1.88). The most effective cultivation of chickpeas
was underground drip irrigation with a pulse water sup-
ply mode (standard), where the energy efficiency coeffi-
cient was 2.44.

The introduction of microirrigation has also in-
creased the energy intensity of agricultural technologies

Plant and Soil Science (13) 3

for growing sunflower almost twice - up to 380-
425 GJ/ha, respectively. Without irrigation (control),
energy costs for growing sunflower hybrids were within
210 GJ/ha. The analysis of the value of the energy effi-
ciency coefficient (EEC) indicates a high level of energy
efficiency of growing sunflower hybrids in both under-
ground and ground irrigation conditions (EEC=2.32-2.50)
and the average level of energy efficiency of the control
option without irrigation (EEC=1.99). The most effective
method was the cultivation of sunflower hybrids with
underground drip irrigation with a pulse water supply
mode (standard version), where an energy efficiency co-
efficient of 2.61 was obtained.

The results of this study are original for the soil
and climatic conditions of the Dry Steppe subzone of
Ukraine. For the first time, an energy assessment of
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chickpea and sunflower cultivation using various de-
signs of microirrigation systems was performed and
their reliable impact on crop productivity was proved.

DISCUSSION

The results obtained on the productivity of chickpeas
under various water supply conditions confirm the re-
sults of Indian researchers (Rao et al.,, 2019), although,
they were obtained using mulching. However, research-
ers from the Central Queensland University and the
Queensland Department of Agriculture and Fisheries
(Bhattarai et al., 2010) identified that chickpea yields in
areas irrigated by aerial underground drip irrigation
(oxygenation) were 27% higher than in drip irrigation
with ground-based IP. The same researchers (Bhattarai
et al., 2008) proved that underground drip irrigation in-
creases the efficiency of irrigation water use (IWUE) by
minimising evaporation losses and maximising the use
of seasonal precipitation by the soil profile. Similar pa-
rameters for increasing the yield of chickpea grain by
drip irrigation (by 2.3-2.5 times) were obtained in the
experiments of Indian researchers (Rai § Singh, 2019).
Researchers of the Brazilian Agricultural Research Cor-
poration have investigated the water demand and pro-
ductivity of various chickpea varieties on irrigation in
a more comprehensive manner (Silva et al, 2021). In
particular, they substantiate the coefficients of the cul-
ture by plant development phases (0.38-1.0) and water
requirement parameters (4.1-5.6 mm/day). Lower yield
parameters were obtained in the experiments of Serbian
researchers (Stepanovi¢ et al., 2019) subject to irrigation
of chickpeas by sprinkling - 2.82-3.12 t/ha.

The results obtained confirm the experimental
data of Spanish researchers (Soriano et al., 2004), where
the productivity of early hybrids was 3.0 t/ha, and late
hybrids - 2.4 t/ha. The effectiveness of drip irrigation of
sunflower seeds for placing irrigation pipelines on the
soil surface has also been proven by other researchers
(Sesen et al,, 2011, Kadasiddappa et al., 2017), however, in
these studies, the method of irrigation by sprinkling was
used as a control. In particular, in the study by Turkish
researchers (Sezen et al., 2011), drip irrigation productiv-
ity was 17 times higher and amounted to 3.82 t/ha, and
in the one by Indian researchers (Kadasiddappa et al,,
2017) - 1.5 times and amounted to 3.36 t/ha.

In general, the highest productivity of sunflower
grain was obtained by researchers from Lebanon (Karam
et al., 2007), who investigated the response of plants to
insufficient and optimal irrigation. The average annual yield
under optimal irrigation was 5.36 t/ha, which is 25.4%

more than under scarce irrigation. In the context of
Pakistan (Qureshi, A. et al., 2015), drip irrigation provided
a 26% increase in sunflower grain yield (up to 3.24 t/ha),
56% savings in irrigation water, and the efficiency of
water use was 3.2 times higher than drip irrigation. The
influence of various irrigation systems and row spacing
on growth processes and yield of sunflower hybrids was
investigated by W. Simdes et al., (2020). The highest yield
(3.96 t/ha) of the Helio 251 hybrid was obtained with drip
irrigation systems and row spacing of 0.55 m, the Helio
360 hybrid achieved the highest yield (3.25 t/ha) with mi-
croirrigation and row spacing of 0.55 m and 045 m. On
sprinkling, the Helio 360 hybrid had the highest yield
with a row spacing of 045 m (3.02 t/ha).

CONCLUSIONS

Based on the results of experimental studies, it is proved
that the designs of microirrigation systems, namely, the
method of laying irrigation pipelines, substantially affect
the yield and energy parameters of chickpea and sun-
flower cultivation technology. Primarily, the effective-
ness of drip irrigation of these crops in the conditions
of the steppe of dry Ukraine is generally confirmed. In
addition, it was identified that the introduction of un-
derground drip irrigation is more appropriate for these
crops from the standpoint of energy efficiency, which is
explained by their relative biological drought resistance.
The pilot version with the underground installation of ir-
rigation pipelines and pulse water supply mode provided
the highest level of the yield of these crops - 4.28 t/ha of
chickpea grain and 4.50 t/ha of sunflower grain.

The introduction of microirrigation technologies
increased the energy consumption of agricultural tech-
nologies for growing chickpeas and sunflower almost
twice - up to 74.4-79.6 GJ/ha and 38.0-42.5 GJ/ha, respec-
tively. The analysis of energy efficiency by the value of
the energy efficiency coefficient (EEC) indicates a high
level of energy efficiency of chickpea and sunflower
cultivation both in the conditions of ground and under-
ground laying of drip irrigation pipelines (EEC=2.03-2.23
and 2.32-2.50 for chickpeas and sunflower, respectively).
The most effective cultivation of these crops was under the
pulse water supply mode, when the calculated energy ef-
ficiency coefficient amounted to 2.44 for growing chick-
peas and 2.61 for growing sunflower.

The issue of introducing various microirrigation
technologies for growing chickpeas and sunflowers re-
quires further research. In particular, the environmental
aspects of the impact of fertigation and irrigation water
of different soil quality are currently unresolved.
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AHppi MeTtposuu LLIaTKOBCbKMUIM, OnekcaHap IBaHoBuY MyneHko,
Bonoaumup Bauecnasosuu Kaninei

IHCTUTYT BOOHMX NMpobnem i Meniopauii HAAH YkpaiHu
03022, By”n. BacmnbkiBCbKa, 37, M. K1iB, YKpaiHa

YPOXXaMHICTb Ta eHepreTU4YHa ouiHKa BUPOLLYBAHHSA HYTY i COHSAILUHUKY
3a/1e)KHO Bif KOHCTPYKLUIiN CUCTEM MIKPO3pPOLUEHHS

AHoTauifa. 3a ocrtaHHi 15-20 POKIB CilIbCHKOTOCIIOAAPChKE BHUPOOHUIITBO YKpaiHW I[epeopieHTyBasioch Ha
BUPOIIYBaHHA 6i/IbII peHTabebHUX, BUCOKONIKBIIHUX, a TAKOK ITOCYXOCTIMKUX KyJIBTYp, 30KpeMa — HYTy i
COHAUTHUKY. OTHOYACHO, TEXHOJIOTII BUPOUIYBAHHSA IUX KYIbTYp € €HEePrOBUTPATHUM, OCOGJIMBO — B yMOBaX
3polieHHs. TOMy aKTyaJIbHUM € JOCTIiPKeHHS 11010 BIUIMBY KOHCTPYKIIiM CHCTEeM MiKpO3pOIIeHHs Ha eHepreTUdHi
rapaMeTpU BUPOLTYBaHHA HYTY i COHAIIHUKY. MeTa HayKOBOI p060TH — BUKOHATH eHepreTUUHY OLIiHKY BUPOIIyBaHHI
HYTY i COHSIITHUKY 3aJI€KHO BiJI KOHCTPYKLIil CUCTEM MiKpO3pOIIEeHHS Ta CII0CO6Y BOZOIOAaYi. MeTOIU LOCTiIKe HHS:
KOPOTKOTEPMIiHOBI ITOJIBOBI LOCITIIN, aHaTITUYHI i CTATUCTUYHI MeTo 06pO6KY eKCIIepUMEHTAIBHUX JaHUX. CxeMa
IOCTiziB epenbayaa yKIagaHH TOJIMBHUX TPYOOIIPOBOIB ¥ TOPU30HTAIbHIM Ta BEPTUKAJIBHIM TUTONIMHI, 8 TAKOK
peautisaliito iMIyIbCHOTO peXXUMy Boonoadi (etaioH). KOHTPoIb — BapiaHT 6e3 3polieHHs. BCTaHOBJIEHO, IO CIIoci6
YRIIaJaHHSA TPY6OMPOBOAiB (KOHCTPYKILIi CCTEM MIKPO3POLIEHHS) AOCTOBIPHO BIUTUBAE HA ITPOAYKTUBHICTh KYJIBTY.
BuLIy BpOKAMHICTb 3aGiKCOBAHO 38 MEHIINX BiICTAHEM MK TOTUBHUMU Tpy6orpoogamu (0,7 Ta 1,0 M) He3aJIesKHO
Bif mmnbuHu yriazaHHA. JOBENEHO, [0 BUIIMI piBeHb BpOXKaWHOCTI HyTy (4,28 T/ra) i coHsauHuky (4,50 T/ra)
OTPUMAHO 3a peatizallii iMITyTbCHOTO peXKMMY BOZOITOIadi, IPOTe TaKe 361IbliIeHHA 610 y MeyKaX ITOXUOKHU JOCITiAY.
BIIpoBaIKEHHS MiIPYHTOBOTO KPAIUIMHHOTO 3POIIEHHS € GBI HOIIIBHUM 32 BUPOIIYBaHHS HYTY i COHALIHUKY
3a KpUTepieEM CyMapHHX eHepreTUYHHX BUTpAaT Ha TEXHOJIOTi0. AHai3 eHeproepeKTHBHOCTI 33 BEJINYNHOIO
KoedillieHTa eHepreTUYHOI epeKTUBHOCTI (Kee), CBIIUUTE [TPO BUCOKUY PiBEHb eHeproeGeKTUBHOCTI BUPOIIyBaHHI
HYTY i COHAIIHUKY 9K B yMOBax HA3€MHOT0, TaK i MMiArPYHTOBOr0 KParIMHHOTO 3poireHHd (Kee = 2,03-2,23 Ta 2,32-
2,50 BigmoBigHo). Haribineur ebeRTUBHIM 6y710 BUPOIIYBAHHS LIUX KYJIETYP 38 IMITyJIbCHOTO PEsKUMY BoJoImoAadi: Kee
IOPiBHIOBAB 2,44 332 BUPOIIYBaHHA HYTY Ta 2,61 32 BUPOLIyBaHHA COHAIIHUKY. MaTepiaiu JOCIiAKeHHA CTaHOBJIATh
MIPaKTUYHY LiHHICTb 119 depMepiB y MUTaHHI yIIPaBliHHA eHEPTOBUTPaTaMU ¥ TEXHOJIOTIAX MIiKpO3POIIeHHS HyTy
1 COHAITHUKY

KniouoBi cnoBa: KpalIMHHe 3pOIIeHHS, IiIIPYHTOBE KpaIUIMHHE 3pOLIeHHS, IMITy/IbCHE KpAIUIMHHE 3pOLIeHH ],
TTOJIMBHI Tpy6oIIpoBOAH, KoedillieHT eHepreTUYHO1 epeRTUBHOCTI
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