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were found to be related to the activity of haemostatic factors and blood properties of cows. Hemocoagulation
factors were active in animals that gave birth to calves in a state of hypoxia. The prothrombin time was 1.63, 1.40,
1.23 and 1.40 times lower, and the prothrombin haemostasis index was 1.53, 1.52, 1.35 and 1.46 times lower,
respectively than in cows that gave birth to functionally active calves (p<0.01). The thrombin time of haemostasis,
partially activated thrombin time and fibrinogen content in cows of the experimental groups were higher than in
animals of the control group. The blood viscosity of cows in the control group was lower (p<0.01), and the blood
coagulation of cows in the experimental groups was faster (p<0.05). The increase in coagulation properties of
the blood of cows that gave birth to calves in a state of hypoxia occurred against the background of a decrease
in the activity of the fibrinolytic system (p<0.05) and retraction of the blood clot. All this reduced the growth and
development of the embryo and foetus. The placental ligamentous connection of foetuses born with signs of
hypoxia was significantly greater than that of functionally active calves. The intensity and size of embryo growth
were higher in the group of functionally active calves (p<0.05). The activity of leukocyte defence factors, and,
accordingly, the resistance of the organism of functionally active calves at birth was higher. The percentage of
activated leukocytes in the blood of calves was practically the same, and the microbial count was higher in calves
of the control group (p<0.05). The results obtained in the course of the research can be implemented in the process

of obtaining and rearing calves, and offered to all livestock farms in Ukraine

Keywords: clotting; blood; leukocytes; indices; fibrin

INTRODUCTION

Carrying a foetus into the female body is accompanied
by the formation of a complex biological system. It
is believed that the maintenance of its gravity is en-
sured by the mother’s body, the foetus, and the pla-
centa. A disturbance in only one of these systems trig-
gers compensatory reactions in the other to maintain
the conditions for foetal development. In solving this
problem, the haemostasis system is of great impor-
tance. The stability of haemodynamic processes in the
mother-placenta-foetus system is a condition that en-
sures the normal course of pregnancy. Circulatory dis-
orders in this system lead to the development of foetal
hypoxia. Intrauterine hypoxia is manifested by fetopla-
cental insufficiency. It leads to impaired blood circula-
tion in the uteroplacental basin and characterises the
flow of blood to the foetus.

0.S. Yaremchuk and R.L. Varpikhovskyi (2021) be-
lieve that obtaining viable offspring and preserving the
number of animals for reproduction is an urgent prob-
lem of livestock production.According to O.W. Stasyshyn
(2020), the solution to the problem is possible only if
a viable offspring with a high level of resistance is ob-
tained. According to L.G. Tunikovska (2020), the envi-
ronment continuously affects the mother-placenta-foe-
tus system by various factors, causing a change in the
relationship between the female and foetus. S. Kohli
et al. (2021) point out that the mother’s body creates
conditions for the foetus. They depend on her ability
to provide the foetus with components that affect the
course and outcome of pregnancy. The development
of the foetus in the mother’s body contributes to in-
creased blood clotting in the vessels and activation of
haemostatic factors.

S.Vlasenko et al. (2021) established that during foe-
tal gestation, the aggregation properties of red blood
cells and platelets change in the female body, and the
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effectiveness of blood clot resorption decreases. The
effect of hypoxia on the haemostatic system, foetal
oxygen supply and the condition of newborn animals
remains to be determined. The formation of the provi-
sional organs in the body of females associated with
foetal gestation is accompanied by physiological and
morphological changes in all body systems. Studies
have not determined the condition of newborn animals
and the intensity of embryo growth. LV. Koreyba (2019)
proved that the intake of nutrients and oxygen to the
foetus is an additional burden on the female body. This
is evidenced by the haematological parameters of highly
productive cows in the dynamics of the dry period. In-
sufficient supply of Oxygen to the foetus is manifested
by hypoxia. It affects the activity of haemostasis fac-
tors and blood rheology. I.A. Zhabchenko et al. (2019),
H. Hamada and S.G. Matthews (2019) considered the
perinatal aspects of pregnancy maintenance in the con-
text of chronic stress and proved that polycythaemia,
increased platelet, and erythrocyte aggregation occur
in the case of oxygen supply disorders. They also point
out that a violation of oxygen homeostasis is accom-
panied by activation of the platelet link of the blood
coagulation process, and the number of blood plates in
the blood increases due to young platelet forms.

The haemostatic system responds to hypoxia by in-
creasing the activity of coagulation processes and de-
creasing fibrinolytic activity. U. Ezechukwu et al. (2014)
established a relationship between blood viscosity and
platelet aggregation in the blood of pregnant women.
Deviations from the physiological level of activity of
haemostasis processes and indicators of blood reac-
tivity in the female body during foetal gestation affect
haemodynamic and haemostasiological processes. They
disrupt processes adaptively related to the functions of
the fetoplacental complex. The effect of hypoxia on the




utilisation of oxygen, the activity of coagulation and
anti-coagulation factors, and blood properties have not
been studied. According to G. Gonzales et al. (2017), an
increase in blood viscosity and a decrease in the speed
of its movement through blood vessels is manifested
by stagnation in pregnant women. Tissues are saturat-
ed with fluid, and inflammatory processes occur. These
processes are especially threatening for cows with mul-
tiple placentas. M.D. Kambur et al. (2018) believe that
postpartum complications are accompanied by intense
blood clot formation in the placental vessels, which is
detected by analysing its appearance.

The impact of negative factors during critical peri-
ods of pre-and postnatal growth and development of
the organism manifests itself at different times, espe-
cially during periods of dominant growth of organs of
different systems (Livoshchenko, 2016). The mother’s
and foetus’ organism forms an “adaptive response” to
the action of negative factors, which is accompanied
by a change in the functions of regulatory systems. The
consequence of the “adaptive response” of the foetus
may be a decrease in the reproductive capacity of its
offspring, a violation of the metabolism of biologically
active substances under the influence of androgens,
which are found in significant quantities in the mother’s
body during prenatal stress It causes suppression of the
body’s immune response to an immunodeficiency state,
shortens the gestation period, reduces foetal weight,
and causes the development of pathological processes
that complicate pregnancy and the birth of a foetus
with a low level of body resistance (Matviichuk, 2022).

Such issues as the effect of hypoxia on the hae-
mostasis of pregnant cows, foetal growth and develop-
ment, and the resistance of newborn animals remained
unaddressed by researchers, which in combination de-
termines the subsequent focus of adequate measures
to preserve newborn animals and increase their viabil-
ity, which was the research aim.

MATERIALS AND METHODS

The experiments were carried out during 2021-2022
at the farm “Vitalia”, Chernecha Sloboda village, Buryn
district, Sumy region, private joint-stock company “RAD-
HOSP “Shevchenkivskyi”, Shevchenko village, Konotop
district, Sumy region, and “Chernihiv Main Enterprise for
Livestock Breeding” (Chernihiv, Chernihiv region). Blood
samples were tested in the clinical diagnostic laboratory
“Sekhmet”, Sumy. The devices of the Palladin Institute
of Biochemistry of the National Academy of Sciences
of Ukraine, Kyiv, were used for the study. Indicators of
oxygen homeostasis were determined in the clinical
diagnostic laboratory of the Sumy Regional Children’s
Clinical Hospital (Sumy) and the laboratory of veteri-
nary medicine (Lebedyn, Sumy region). Blood samples
were prepared for the study at the Department of Anat-
omy, Normal and Pathological Physiology of Animals of
Sumy National Agrarian University.

Kambur et al.

Cow parturition was observed during the study.
According to the characteristics of the first breath, and
its stability, the resulting calves and mother cows were
divided into groups (n=5). Calves with an adequate
respiratory process after birth were classified as func-
tionally active animals. Cows - mothers of functionally
active calves were assigned to the control group of ani-
mals (control). Calves born with meconium in the amni-
otic fluid, or a state of asphyxia and maternal cows were
assigned to the first group (). The second group (ll) in-
cluded mothers and their offspring who had inadequate,
spontaneous respiratory movements after birth. The
third group (Ill) included cows and calves born to them
with spontaneous, adequate respiratory movements.

Blood samples were taken from the umbilical cord
vessels in calves at birth and the jugular vein in cows.
Asepsis and antisepsis rules were followed during the
study. Blood samples were collected in vacuum con-
tainers with special tubes with heparin. Blood samples
were urgently delivered on ice for testing in the labo-
ratory. The diameter of the umbilical cord of newborn
calves was measured, and body weight was determined
by weighing. Growth, development of the embryo, foetus
and resistance of the calves’ organism were determined
using the following formulas: placental connection was
defined as the ratio of the umbilical cord cross-sectional
surface to the body weight of the offspring; intensity
of embryonic growth - by the value of the specific ratio
of the body weight of newborns to the body weight of
the parental pair; the value of embryonic growth, g, was
defined as the ratio of the body weight of the offspring
(kg) to the duration of gestation (days).

The oxygen balance of the animal organism was
determined using a blood gas analyser Easy Blood JAS,
Medica, (USA), platelet haemostasis - using a Coagu-
lometer K 3002 OPTIC. Blood smears were prepared
to determine the resistance of the calves’ organism.
A drop of blood was applied to the edge of a dry, de-
greased slide. The ground edge of the cover glass was
brought to the drop at an angle of 45°. The angle
formed by the glass was evenly filled with blood. By
moving the right hand away from the body, the drop of
blood was spread in a thin layer over the surface of the
slide. The smear was air-dried and fixed. It was placed
in a bath and methyl alcohol was applied to it with a
pipette for 3-5 minutes. The smear was removed from
the bath and dried. It was stained according to the
Romanovski-Gimza method. The finished stain was
pre-diluted with distilled water. For each ml of water,
2-3 drops of paint were added and poured onto the
smear, which was kept in a humid chamber for 30-40
minutes. The stain was washed off with distilled water.
The blood smear was air-dried. The leukocyte formula
was counted in the prepared blood smears.

Indicators of leukocyte formula were used to deter-
mine the activity of leukocytes and indices of resistance
of the calves’ organism:
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- Phagocytic activity - % of leukocytes involved in
phagocytosis;

- The phagocytic count is the ratio of the number
of bacteria absorbed to the number of cells involved in
phagocytosis;

- Phagocytic index - % of phagocytes that absorbed
bacteria;

- The phagocytosis completeness index was calcu-
lated by dividing the killed bacteria in the phagocytes
by the total number of absorbed bacteria and multiply-
ing by 100;

- Nuclear index was defined as the ratio of the per-
centage of monocytes and stick-nucleated neutrophils
to segmented neutrophils;

- Resistance index = % lymphocytes: % segmented
neutrophils;

- WBC, % - determined by dividing the number of
active phagocytes by the number of leukocytes and
multiplying by 100;

- CAF, 10°/L - the number of active phagocytes as
the product of the number of leukocytes divided by the
number of lymphocytes and the phagocytic index di-
vided by 100;

- Microbial count, 10%/L, was defined as the product
of CAF and phagocytic count;

- Leukocyte intoxication index (LI1)=(2xP+C)/((Mo+L)
xE+1);

- Leukocyte shift index, % (LSI)=(M+MM+PN):CH;

-Leukocyte index=(4xmol+3xun+2xPN)+1)+CHx (0+1);

- Neutrophil-lymphocyte ratio (NLC)=neutrophils:
lymphocytes;

- Neutrophil shift index=M+U+PN:CH.

All experimental studies were carried out by mod-
ern methodological approaches and in compliance with
relevant requirements and standards, in particular, they
meet the requirements of DSTU ISO/IEC 17025:2005
(2006). The animals were kept, and all manipula-
tions were performed following the provisions of the

Procedure for conducting experiments and experiments
on animals by scientific institutions (Law of Ukraine
No. 249, 2012), the European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (1986). The data were an-
alysed using Microsoft Excel software. The reliability of
the results was determined by the Student’s criterion.
Quantitative values were expressed as the arithmetic
mean and its deviation (M*m).

RESULTS AND DISCUSSION

Various environmental factors affect foetal growth con-
ditions.They disrupt the formation of the body’s defence
mechanisms, which makes it necessary to determine the
resistance of newborn animals and carry out adequate
correction. The process of embryogenesis is negatively
affected by the disturbance of oxygen homeostasis in
the body. Under the influence of hypoxia, during the
germinal, embryonic and foetal periods, the body’s sup-
ply of oxygen decreases and manifests itself in calves
after birth (Table 1). The partial pressure of oxygen in
the blood of newborn animals decreased depending
on the severity of hypoxia by 1.45, 1.34, (p<0.01), 1.08
times and an average of 1.19 times (p<0.05) compared
to functionally active calves. In cows of the first and
second groups, the PO, value was significantly lower
than in control animals (p<0.05).

PCO, in the blood of calves in hypoxia (groups I-11l)
was 1.73,1.62,and 1.44 times higher than that of con-
trol calves (p<0.01), and 1.17 times higher than that of
cows on average (p<0.05). The acidotic shift in blood
pH of calves and cows of the experimental groups was
not significant. Blood saturation of calves in the con-
trol group was 11.52%0.82 ml/dl. The oxygen saturation
of calves’ blood in the state of hypoxia was 1.52, 1.23,
1.13 times and on average 1.27 times less than O,ct in
functionally active calves, and A-aDO, on average 1.23
times (p<0.05).

Table 1. Oxygen homeostasis in the blood of cows and newborn calves (M*m, n=5)

) Measurement Animal group Average,
Indicators unit per calve/cows
Control | I 1 I-11l groups
’ log (O 7.386%0.006 7.108+0.004 7.261%0.006 7.258+0.0015 7.209£0.006
p 0g
7.374%0.006 7.119%+0.007 7.203%0.009 7.268%0.012 7.217%0.009
H+ ion Eql 52.01£2.031 63.02+3.011 54.03%£2.01 49.01£2.05 55.33+3.01
mEq
content 50.02+2.012 54.00+3.012 52.04+1.86 50.051.37 52.071.33
28.63+0.97 19.84 £ 0.42* 21.31+1.23* 26.50%1.62 22.55+1.31*
PO, mmHg
29.06%1.02 24.92+1.36" 26.02+1.36* 27.081%1.23 26.007%£1.19*
45.60%1.36 78.82%2.14* 73.85%3.78* 65.44+3.26" 72.70+3.20*
PCO, mmHg
46.40%0.74 58.12+2.46* 53.34+2.02 51.62%1.06 54.36%1.74"
28.81%0.79 32.42%1.07 31.14+0.78 30.86%0.96 31.47%1.86
TCO,, general mmol/L
28.67*+0.53 29.26+1.58 28.69+1.13 27.61+1.21 28.52+1.03
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Table 1, Continued

) Measurement Animal group Average,
Indicators . per calve/cows

unit Control | I i I-Ill groups
%50 o 80.66%4.02 66.82+2.24 74.86%2.74 82.08%3.31 74.35%2.55
T ’ 84.42+3.14 79.32%2.48 79.68%3.14 83.12%3.65 80.43£3.71
11.25+0.97 7.85%0.62** 9.63%0.94* 10.42+0.68* 9.31£0.53*

0O, ct ml/dl
12.24+0.86 8.84%0.62 10.12#1.08 11.63%1.17 10.19+0.87
58.18+2.04 43.89+1.43 45.30+1.71 52.60%2.30 47.26%1.71*

A-aDO, mmHg
60.02+1.68 55.49%1.63 56.58%1.46 58.70%2.52 56.92+2.14

Note: "p<0.05; *p 0.01; ***p<0.001 compared to the control group. Numerator - performance of calves. Denominator -
indicators of cows
Source: compiled by the authors

Under the influence of hypoxia, embryo growth is It was 1.45, 1.35, 1.30 and on average 1.35 times
inhibited (Table 2). The placental ligament in calves higher than in calves in the hypoxia condition. The
exposed to hypoxia in the prenatal period was 1.91, embryonic growth rate was 0.120£0.002 g in the con-
1.59 and 1.41 times higher (p<0.01) than in function-  trol group. In the embryos of the first - third groups,
ally active calves. The intensity of embryonic growth  this indicator was 1.21,1.13,1.10 and on average 1.14
reached 0.035+0.001 g in calves of the control group. times less (p<0.05).

Table 2. Indicators of embryonic growth (M*m, n=5)

Calve group

Indicators -
Control [ [ Il On average per 1-3rd
calve groups

Placental 0.341£0.002 0.65340.003" 0.54240.008" 0.483£0.006™* 0.55940.004
connection, mm?/kg

Intensity of 0.035+0.001 0.024+0.002* 0.026+0.002* 0.027+0.003* 0.026+0.002*
embryonic growth, g

Embryonic growth 0.120£0.002 0.099+0.003* 0.106+0.002* 0.109+0.003* 0.105+0.001*

rate, g

Note: *p < 0.05; **p<0.01; ***p<0.001 compared to the control group
Source: compiled by the authors

The appearance of the placenta indicates a viola- In functionally active calves, the placenta is shiny.
tion of the conditions of foetal development under the  The vessels are clear, and filled, and capillaries are de-
influence of hypoxia. fined (Fig. 1).

Figure 1. Placenta of a functionally active calf
Note: placental vessels are clear, and capillaries are defined
Source: photographed by A.A. Zamaziy
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However, in calves born in a state of hypoxia, the
placenta is not coloured, there are foci of haemorrhage

and inflammation. The vessels are not clear, and the
capillary system is not defined (Fig. 2).

F 4

Figure 2. Calf placenta in a state of hypoxia
Note: placental vessels are not clear, and the capillary system is vague

Source: photographed by A.A. Zamaziy

The haemostasis of cows whose offspring were
born with signs of impaired O, homeostasis was char-
acterised by an increase in the activity of coagula-
tion processes (Table 3). The prothrombin time was
48.20£1.42 s in cows of the control group. It was 1.63,
1.40, 1.23 and on average 1.40 times longer than in
cows of the experimental groups (p<0.01). The pro-
thrombin index of cows of groups I-Ill was 1.53,1.52,

1.35 and on average 1.46 times lower than that of con-
trol cows (p<0.01). The thrombin time of haemostasis
in control cows lasted longer, by 1.29, 1.23,1.17 and
1.23 times on average (p<0.05). In cows of the con-
trol group, the partially activated thrombin time was
55.80%£2.40 s. It was 1.34, 1.27, 1.40 and on average
1.28 times higher than the APTT of haemostasis in
cows of the experimental groups.

Table 3. Indicators of cow haemostasis (M*m, n=5)

Groups
Indicators
Control I I m _On average for
animals of groups I-
Prothrombin 48.20+1.42 29.59%1.23* 34241 81* 39.12+1.96* 34.32+121*
time, (Tl), s
Prothrombin index, (PI), %  49.72+1.64 32.38+1.22* 32.89+1.53" 36.71+0.93" 33.99+0.83"
Internationally Normalised ——, 5. 55 2.11%0.23 2.43+0.17 2.56%0.32 2.3740.29
Ratio (INR), %
Thrombin time, s 36.84%2.26 28.50+1.35* 30.092.17* 31.53%2.52* 30.04+1.94%
Activated partial thrombin 55 04,5 4 41.60+1.90° 43.90%2.05* 45.10+1.82* 4353+1.77*
time (APTT), s
Fibrinogen, g/L 2.46%0.18 3.93£0.29*" 3.450.21" 3.14%0.28" 3.51£0.42"

Note: *p<0.05; **p<0.01; ***p<0.001 compared to the control group

Source: compiled by the authors

Fibrinogen was determined in the blood of cows
of groups I-lll - 3.93*0.29 g/, 3.45%#0.21 g/l and
3.14+0.28 g/L.Its content was at the level of 2.46%0.18 g/I
in cows of the control group. It was 1.61 (p<0.01), 1.41

and 1.28 times (p<0.05) less than in animals of the ex-
perimental groups. A probable increase in the content
of fibrinogen in the blood, and activation of the coagu-
lation process, affected its properties (Table 4).

Table 4. Properties of cow blood (Mxm, n=5)

Animal group

On average per

Indicators
Control | 1] m 1-3rd calve groups
Blood viscosity, Pa*s 5.68£0.92 7.19%0.83* 6.79%0.37* 6.38%0.82 6.79%0.63"
Blood coagulation 402+8.00 361£6.00" 374%9.00" 386+5.00" 373.6746.03"

rate, s
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Table 4, Continued

Animal group

On average per

Indicators
Control I I m 1-3rd calve groups
Fibrinolysis, min 5.35+0.25 6.38+0.32" 6.210.43" 5.68+0.36 6.09+0.43"
Thrombotest, art 4.22+0.34 5.81+0.641* 5.29+0.51* 5.17#0.32* 5.42+0.48*
Retra“'c‘igtc’ﬁ/a blood 64.18+2.24 53,8443 2° 57.63%2.15 59.411.81 56.96+1.79*
, /0
Platelet adhesion, % 37.88+1.24 48.28%2.04* 46.65%2.38" 42.19+1.95" 45.71%2.03"

Note: *p<0.05; *p<0.01; ***p<0.001 compared to the control group

Source: compiled by the authors

In cows of the control group, blood viscosity was
5.68+0.92 Pa*s. In animals of the first group, it was
1.26 times higher, and in cows of the second and third
groups, it was 1.19-1.12 times higher than this indica-
tor of the blood of functionally active calves (p<0.05).
Blood clotting in cows of the experimental groups was
1.20, 1.16 and 1.12 times faster (p<0.05) compared to
the control. The breakdown of a blood clot took 1.21,
1.18 and 1.08 times longer in cows of the first to third
groups. The blood thrombotest of cows of groups I-1lI

was 1.36, 1.26, 1.20 and on average 1.28 times higher
than in animals of the control group (4.22%0.34 st).
Blood clot retraction was 64.18%2.24% in cows of func-
tionally active calves, which was 10.40%, 6.60%, 4.80%
and on average 7.27% higher than in animals of the
experimental groups. The ability of blood platelets in
the control group to adhere was 10.52%, 8.76%, 4.40%
and 7.89% less than in cows with hypoxia. The phago-
cytic activity of neutrophils in the blood of functionally
active calves reached 78.00£3.05 % (Table 5).

Table 5. Blood leukocyte activity of newborn calves (Mxm, n=5)

Animal group

On average for

Indicators calves of groups
Control | 1l 1 -l
Phagocytic activity of 78.02+3.05 68.04+3.52 72.0242.68 74.00%3.22 71.35%2.19
neutrophils, %
Phagocyte count 7.12+0.48 5.2240.64" 6.160.58" 6.58+0.56 5.99+0.83"
Phagocyte index 72.14+2.62 62.25+1.39 70.28+3.46 72.42+4.02 68.327  3.46"
Phagocyitsjsxc‘;mplet'on 73.91%4.03 56.10£2.70" 62.22%3.60" 68.50£3.30 62.27%3.13
Nuclear index 0.4580.08 0.8190.14** 0.7390.22* 0.6190.16* 0.725%0.19**
Resistance index 1.1840.26 0.64%0.07" 0.81%0.21** 0.940.08* 0.80£0.079**
Percentage of active . . x . x + * + M
Leukocyeas (WBO, % 29.23+1.97 20.49%1.25 22.43+1.37 24.87+1.25 22.58+1.14
The number of active 2.3840.42 2.51%0.37 2.76%0.34 2.88%0.32 2724031
phagocytes (CAF), 10%/1 e 22 SO e S
Microbial count, 109/ 19.33+1.54 12.69+0.96* 14.19+0.82* 16.28+0.94* 14.39£0.99*

Note: *p<0.05; *p<0.01; ***p<0.001 compared to the control group

Source: compiled by the authors

In animals in groups I-11l, FAN was 10%, 6.0%, 4.0%
and on average 6.67% less. The ability of phagocytes
to neutralise foreign proteins, i.e., FF, was 7.12£0.84 in
calves of the control group. This indicator of leukocyte
activity in the blood of calves in the state of hypoxia was
1.37,1.17,1.08 and on average 1.19 times (p<0.05) less.
The completeness of phagocytosis in the blood phago-
cytes of calves of groups I-Ill was 17.81%,11.71%, 5.41%
and on average 11.64% less than in calves of the control
group (73.91+4.03%). The nuclear index of blood cells of
control calves reached 0.46%0.08. It was 1.78,1.61, 1.35

and on average 1.57 times (p<0.01) less than in calves
in the state of hypoxia. The index of resistance in calves
in the state of hypoxia was 1.80, 1.43, 1.24 and on aver-
age 1.46 times less (p<0.01) than in calves of the control
group. The percentage of activated leukocytes, i.e., the
number of leukocytes that participate in phagocytosis in
the blood of calves of the control group was 1.43, 1.30
(p<0.01), 1.18 and on average 1.29 times higher than in
animals of the experimental groups (p<0.05).

The absolute number of leukocytes involved in
phagocytosis (CAF) was not significantly higher in
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calves of the first — third groups, which is associated
with a higher level of leukocytes in the blood of these
calves. However, the microbial count in calves of the
control group was significantly higher than in animals
of the first to third groups (1.52,1.36 (p<0.01), 1.15 times
(p<0.05) and an average of 1.32 times (p<0.01)). The leu-
kocyte index of intoxication (Table 6) of newborn calves
of the control group was 2.66%0.84, which was 4.43,

3.69, 2.46 and on average 3.33 times higher than that of
calves of the experimental groups (p<0.001). The leuko-
cyte shift index was 0.74%0.078, 0.85%0.057, 0.94+0.171
and 0.84*0.068 on average, which was 1.55, 1.35, 1.23
and 1.36 times less than in functionally active calves,
respectively. The leukocyte index, on average, in calves
in a state of hypoxia (83.15+3.26) was not significantly
higher than in calves of the control group — 82.55+3.17.

Table 6. Resistance indices of newborn calves (M*m, n=5)

Animal group

On average for

Indicators calves of groups
Control | ] 1 -1
Leukocyte intoxication 2.66+0.84 0.61£0.05"** 0.73+0.059*** 1.070.083" 0.800.052***
index (LII)
Le“"“?’t;;h;ﬁ index 1.16+0.32 0.74+0.078 0.85%0.057 0.94+0.171 0.84+0.068
Leukocyte index 82.55+3.17 83.48+4.61 83.019+2.23 82.94+2.83 83.153.26
Neutrophil-tymphocyte 1.241%0.22 0.768+0.14* 0.96+0.22" 1.06+0.16" 0.93+0.13"
ratio (NLC)
Leukocyte shift index 0.53+0.11 1.03+0.019* 0.98+0.062** 0.779+0.126** 0.93+0.171*

Note: *p<0.05; **p<0.01; **p<0.001 compared to the control group

Source: compiled by the authors

The ratio of neutrophils to lymphocytes (NLC) was
1.61, 1.32, 1.22 and on average 1.36 times higher in
calves of the control group, and the neutrophil shift in-
dex was 1.94, 1.85, 1.47 (p<0.01) and on average 1.75
times higher in calves in the state of hypoxia. Effective
management of this industry is possible only if viable
offspring are obtained and their safety is improved.
M. Sharan and S. Shalovylo (2018) point out that iden-
tifying the causes and mechanisms of prenatal losses,
as well as their correction, is an urgent task for produc-
tion. According to M.M. Zhelavskyi et al. (2021), a long
period of foetal development in cows is accompanied
by the negative impact of various stimuli that disrupt
the relationship in the mother-embryo, mother-embryo,
and mother-foetus system. The obtained results of the
research allow us to assert that a violation of the foetal
oxygen supply negatively affects the body’s homeosta-
sis and is manifested by a violation of the respiratory
process in newborn calves.

The effect of hypoxia on the foetus in the prena-
tal period is manifested by impaired embryonic growth.
Under the influence of hypoxia, the placental ligament
in calves increased and was larger (p<0.01) than in
functionally active calves. The intensity of embryonic
growth was higher in functionally active calves. It was,
on average, 1.35 times higher than in calves born in a
state of hypoxia. The amount of embryonic growth in
the embryos of the first to third groups was on average
1.14 times less (p<0.05). It is believed that only an ex-
ternal examination of the umbilical cord at birth allows
us to assume that the conditions for foetal growth and
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development are impaired and should be used in pro-
duction. K.G. Pringle et al. (2018) believe that the indi-
cators of embryonic growth and development indicate
the unevenness of this process, which is caused by a
decrease in the supply of oxygen. L. Tremetsberger and
C. Winckler (2015) point out that the inequality of em-
bryonic development is manifested by the peculiarities
of the morphological and functional connection be-
tween the foetus and the mother’s body. S.T. Cohen et al.
(2020) proved that embryogenesis in the cow foetus is
accompanied by changes in the biochemical structure of
the cell protoplasm and the intensity of all life process-
es. At each subsequent stage (embryonic — pre-foetal —
foetal) of embryonic development, the organism does
not remain morphologically, biochemically, and physio-
logically the same as it was in the previous period.
Researchers determine the percentage of losses in
the process of foetal growth and development without
determining the causes and their manifestation in new-
born animals.According to P.T.Ruane et al.(2017),during
the embryonic period, losses are up to 45%, and in the
foetal period, this figure reaches 7-9%. At the stage of
morula formation, embryonic mortality is 2-3%. In cows,
the most critical period is 7-18 days of pregnancy, they
say. The proportion of postplacental embryonic death
is 5-8%. R.C. West et al. (2019) found that losses in the
embryonic period are based on disorders of trophoblast
differentiation. The developmental delay and death of
blastocysts occurs on day 15-18 of gestation. Tissues of
dead blastocysts remain in the uterus for up to 35-45
days. Such animals do not show signs of sexual desire




and do not inseminate for the next three months. The
length of the service period increases, the number of
calves produced per year decreases, and production in-
dicators are negatively affected.

Y.Y. Shin et al. (2018) found that an increase in the
placental mother-foetus connection was observed in
the setting of foetal growth retardation. According to
J. Liao et al. (2019), it is accompanied by compensatory
processes, such as increased placental blood flow, vas-
odilation, and umbilical cord hypertrophy. It is believed
that the thickening of the umbilical cord to the body
weight of newborn animals indirectly characterises
the level of metabolism and, accordingly, the body’s
resistance. The intensity of embryonic growth and its
size were significantly lower in animals that developed
under the influence of hypoxia. The course of cows’
pregnancy, and, accordingly, the foetus, is influenced
by feeding conditions and technological stresses. Up to
22% of newborns die and up to 40% of abortions occur
when pregnant cows are not fed properly.

Despite the presence of numerous nutritional fac-
tors that negatively affect the bodies of cows and foe-
tuses, L.H. Duntas (2020) points out that only vitamin
and selenium deficiencies in the diet can cause embry-
onic death.J. Moake & M. Baylor (2021) believe that hy-
poxia is the most common factor affecting the growth
and development of the embryo, foetus, and foetus.
Calf hypoxia is accompanied by a significant decrease
in partial pressure of oxygen in the blood, its satura-
tion, on average, by 1.27 times (p<0.01). We believe
that these results alone indicate a variety of measures
aimed at restoring the viability of calves after birth, de-
pending on the state of hypoxia. The partial pressure of
CO, and the content of hydrogen ions in the blood sig-
nificantly increased. Indicators of oxygen homeostasis
in the body of animals allow us to make assumptions
about the conditions of foetal development. These data
are in line with the results of a study by JJ. Saugy et al.
(2016). They indicate that hypoxia negatively affects
homeostasis in humans. However, the authors do not
determine the impact of hypoxia on the body depend-
ing on the severity of the process. We believe that such
an approach subsequently reduces the effectiveness of
measures aimed at preserving newborns and is not ad-
equate for the state of the organism.

The biological system that ensures the prevention
of blood loss and the preservation of the physiolog-
ical norm of circulating blood parameters is defined
as the haemostasis system. In an uncomplicated preg-
nancy, the female body undergoes several adaptive
reactions aimed at ensuring an adequate course of
the gestational period of foetal development. Changes
in the haemostasis system can cause complications
for both the female and the foetus. A significant re-
structuring of the vital activity of pregnant females
is associated with changes in the blood system and
haemostasis. According to C. Whyte et al. (2017),
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activated haemostatic factors have the properties of
inflammatory mediators. Compensatory changes in the
body of pregnant women bring haemostasis into a state
of unstable tense equilibrium. F. Agoreyo et al. (2016)
found that an increase in blood viscosity in pregnant
females, in combination with haemo concentration and
increased fibrinogen content, is manifested by micro-
circulatory disorders. Perhaps this leads to a decrease
in uteroplacental blood flow and creates conditions for
foetal hypotrophy, as evidenced by the appearance of
the placenta of calves born in a state of hypoxia. The
smaller the diameter of the vessels, the higher the vis-
cosity of the blood flowing in them. Optimisation of the
blood flow rate in the interventricular space is possible
by reducing the number of platelet cells, especially red
blood cells and platelets.

The process of physiological haemodilution is
aimed at increasing the volume of circulating blood
plasma. The process is most clearly manifested in the
second trimester of pregnancy. During this period, the
second wave of trophoblast invasion ends, and the fur-
ther course of pregnancy is programmed Factors that
negatively affect embryogenesis reduce the level of
anabolic processes and suppress blood supply to the
foetus. They lead to placental dysfunction (placental
insufficiency), which is characterised by functional and
morphological changes in the placenta. Such changes
in the placental complex cause various pathologies in
the foetus. Delayed intrauterine development and foe-
tal hypoxia are detected. The rheological properties
of the blood of cows that have given birth to calves
in a state of hypoxia differ significantly from those of
cows with functionally active calves. They are charac-
terised by an increase in blood viscosity, coagulation, fi-
brinolysis, platelet aggregation properties and reduced
blood clot retraction. The appearance of the placenta
indicates a violation of O, homeostasis in the foetus. In
calves born with signs of hypoxia, the placental capil-
laries are blurred and illegible. There are foci of inflam-
mation and haemorrhage.

According to V.0O. Melnyk and 0.0. Kravchenko
(2018), the most common complication is foetal re-
tardation, which is detected in 40% of cases Increased
blood viscosity in blood vessels, impaired microcircula-
tory blood flow is the basis for impaired oxygen home-
ostasis in the foetus. In such animals, hypoxia is man-
ifested by impaired external respiration. A prerequisite
for adequate external respiratory function is timely
pneumatisation of the lungs and even distribution of
inhaled air. Decreased pneumatisation of the lungs oc-
curs against the background of inhibition of alveolar
fluid resorption and intensity of surfactant synthesis.
V.0. Velichko (2022), M.M. Zhelavskyi et al. (2022) indi-
cate that impaired oxygen homeostasis, foetal growth
retardation,determined by low birth weight, reduces the
body’s resistance. The processes of haematopoiesis and
blood profile formation are disrupted, and the body’s
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resistance decreases, which necessitates determining
the state of the newborn’s body and carrying out appro-
priate correction.

CONCLUSIONS

Depending on the severity of the process, newborn hy-
poxia is accompanied by a decrease in partial pressure
of oxygen, blood saturation and an increase in PCO,
(p<0.01). The placental connection was significantly in-
creased under the influence of hypoxia (p<0.01), and
the intensity and size of embryonic growth were higher
in functionally active newborn animals (p<0.05). Blood
clotting and blood clot breakdown in cows with func-
tionally active calves was significantly longer and vis-

The leukocyte index of intoxication and the leuko-
cyte shift index of functionally active calves were sig-
nificantly higher (p<0.001) than in animals in a state of
hypoxia. The percentage of activated leukocytes, i.e., the
number of leukocytes that participated in phagocytosis
in calves of the control group was 1.43, 1.30 (p<0.01),
1.18 and on average 1.29 times higher than in animals
of the experimental groups (p<0.05). The microbial count
was 1.52, 1.36 (p<0.01), 1.15 (p<0.01) and on average
1.32 times higher in functionally active calves (p<0.01).
In the future, research should identify adequate schemes
and develop devices to correct the state of the body of
newborn calves, their impact on the body’s resistance,
and increase the viability and safety of calves.

cosity was lower than in cows that gave birth to calves

in a state of hypoxia (p<0.05). The phagocytic activity of ACKNOWLEDGEMENTS

neutrophils significantly affected the phagocytic num-  None.

ber, phagocytic index, and completeness of phagocy-
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AHoTauis. [HTeHcubiKauia ranysi TBapMHHULTBA HEMOXIMBA 6e3 edeKTMBHOrO BiATBOPEHHS TBApWH. BupiweHHs
Liei npobnemMu MOX/IMBE NWLLE 33 YMOBM OTPUMAHHS XXWUTTE3AATHOrO NPWNIOLY, MiABULLEHHS PE3UCTEHTHOCTI
Ta 30epexeHoCTi MOro opraHiamy, WO BM3HAYAE AKTYasbHICTb AOCNIAXKEHb. Y 3BM3KY 3 LMM BU3HAYEHHS BMIMBY
CMCTEMM remMOoCTasy Ta BNACTMBOCTEN KPOBI KOPiB Ha PIiCT i pO3BUTOK NI0OAQ, @ B MOAANbLIOMY HA PE3UCTEHTHICTb
HOBOHAPOOXXEHWUX TEeNAT 3a/1eXHO Bif, CTaHy NPU HAPOMXKEHHI BU3HAYMNIO METY AOCNiAKEHb. BcTaHOBNEHO, WO YMOBU
pOCTY i pO3BMTKY N0 NOBM3aHi 3 aKTUBHICTIO GAKTOPiB CMCTEMM FreMOCTa3y Ta BACTMBOCTAMM KPOBi KopiB. DakTopu
reMokoarynsauii 6ynn akTUBHI y TBapWH, AKi HapOAXXyBanu TensdT y cTaHi rinokcii. MpoTrpombiHoBMiA Yac 6yB y 1,63,
1,40,1,23i 1,40 pa3a HWX4MM, a NPOTPOMOIHOBMI iHAeKC remocTasy -y 1,53,1,52,1,35 i 1,46 pa3a BianoBiaHO, Hix
Y KOPiB, Ki HApoAMAM PYHKLIOHaNbHO akTUBHUX TensT (p<0,01). TpoMBiHOBMI Yac reMoCTasy, YaCcTKOBO akTUBOBAHMIA
TpoMOBiHOBMI Yac Ta BMICT GibpUHOreHy y KOpiB AOCAIAHMX Tpyn ByNM BULLMMM, HIXX Y TBAPUH KOHTPOIBHOI rpyny.
Bysi3kicTb KpoBi KOpiB KOHTPO/bHOI rpynu Byna Hux4vor (p<0,01), a 3ropTaHHs KpOBi KOpiB AoCAiAHUX rpyn 6yno
wemawmm (p<0,05). MNigBuLLEeHHS KoarynauinHMX BNaCTMBOCTEM KPOBI KOPIB, SIKi HAPOAWMAM TensaT Y CTaHi rinokcii,
BiAOYBanoCsa Ha TNi 3HWXKEHHS aKTUBHOCTI @ibpuHoniTMyHOI cuctemmn (p<0,05) i peTpakuii KpOBSIHOTO 3rycTKy.
Bce ue 3HWKyBano pict i po3BUTOK eMbpioHa Ta nnoaa. MNnaueHTapHO-3B93KOBMI 3B930K MNJIOAIB, HAPOAXKEHMX 3
03HaKaMM rinokcii, 6yB LOCTOBIPHO BiNbWMM, HiX Y DYHKLIOHANBHO aKTUBHUX TENAT. [HTEHCMBHICTb Ta pO3MipuW pocTy
eMOpioHiB 6ynn BUWMMYK Yy Tpyni QYHKLiOHANbHO akTMBHUX Tensat (p<0,05). AKTMBHICTb NeiKounTapHUX GakTopis
3aXMCTy i, BiANOBIAHO, PE3UCTEHTHICTb OpPraHi3aMy QYHKLiOHaNbHO aKTUBHWUX TENST MpU HAPOIXKEHHI Byna BULOH.
BincoTok akTMBOBaHWMX NEMKOLMTIB Y KPOBi TensT 6yB MPakTUYHO OAHAKOBMM, @ MiKpOBHe 4ncno 6yno BUWMM Y
TensaT KOHTponbHoi rpynu (p<0,05). Pe3ynbraTi, oTpMMaHi B XOA4i AOCNiAXeHb, MOXYTb OyTW BNPOBaXKeHi B npoLec
OTPUMAHHS Ta BUPOLLYBAHHA TENSAT, @ TAKOX 3aNPOMNOHOBAHI BCiM TBAPUHHULbKMM rocnofapcream YkpaiHu

KniouoBi cnoBa: 3CifaHHS; KpoB; NEMKOLMTU; NOKA3HUKK; GibpUH
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0.5 ml/bird per day on turkey performance and meat quality. The experiment was conducted on Big-6 turkeys aged 1-105
days. The following research methods were used: morphological and biochemical, organoleptic, physicochemical, and
statistical. The effects of triazoline derivatives GKPF-109 on organoleptic (appearance, smell, consistency, fat condition,
broth quality during meat cooking) and physicochemical studies of turkey meat for microbiological parameters were
analysed and investigated following DSTU 3143:2013. The results showed that there was an increase in average
daily weight by 13.1%, slaughter yield of gutted carcasses by 12.4%, semi-gutted carcasses by 12.3% and livestock
preservation by 4%.An increase in the nutritional value of meat was noted due to an increase in muscle tissue protein
by 7.5%, fat by 8.3%, and energy value by 4.8%. The organoleptic, bacteriological, and physicochemical parameters of
turkey meat when using triazoline derivatives GKPF-109 in the diet met the requirements of DSTU 3143:2013. It was
concluded that the addition of triazoline GKPF-109 derivatives to drinking water enhances haemopoiesis and has anti-
inflammatory and hepatoprotective effects. The assessment of the quality of broiler turkey meat and broth at the end of
the experiment does not allow to assert a decrease in their aroma and taste, which indicates the absence of a negative
effect of triazoline derivatives GKPF-109 and methods of their application on the organoleptic characteristics of meat,

which should be considered when keeping turkeys

Keywords: 1,2,4-triazole derivatives; turkeys; weight gain; red blood cells; haemoglobin; leukocytes

INTRODUCTION

A special place in biological science is given to the nat-
ural resistance of the organism, which is a component
of immunology. A decrease in immunity and adaptation
mechanisms in young animals and poultry may lead to
an increase in mortality at an early age with a subse-
quent decrease in productive qualities in the future.
Based on the above, the immunobiological state of
poultry at an early age is of great interest at present.
The study of changes in the body’s immune response
will allow for the effective use of new drugs to reduce
the impact of stress in poultry. The problem of immu-
noprotection of disturbed homeostasis is to find and
create effective immunoprotective agents and develop
effective methods of immunodiagnostics. The relevance
of pharmacocorrection is due to a significant increase in
immunodeficiency states in animals, which cause many
diseases, and the success of treatment depends on the
choice of immune correction agents and methods.

The results of the research (Mesquita et al., 2021)
and production trials allow us to recommend immu-
nomodulators for implementation in industrial poultry
farming practice, which is economically profitable and
contributes to a significant increase in poultry products.
Sch. Bernd et al. (2020) believe that the pharmaceutical
industry currently offers many immunomodulatory drugs
for industrial poultry production,and their safety,and im-
pact on poultry performance and poultry products have
been studied. A. Disetlhe et al. (2019) point out that im-
munostimulants are used in poultry farming to normal-
ise the immunodeficiency state. They can activate me-
tabolism, increasing natural resistance, poultry growth
energy, and feed conversion to ensure poultry safety,
which has a positive impact on production profitability.

M. Alrawashdeh (2018) studied the development of
immunostimulant drugs and their effect on the poul-
try body. Among such modern drugs are 1,2,4-triazole
derivatives, which are used in industry, agriculture, vet-
erinary medicine, and humane medicine. In veterinary

Scientific Horizons, 2023, Vol. 26, No. 9

practice, 1,2,4-triazole derivatives are used to provide
immunomodulatory, cardio- and hepatoprotective,
anti-inflammatory, antifungal and antiviral effects.

M. Korish & Y. Attia (2019) believe that the most
important mechanism of pharmacodynamics of one of
the 1.2,4-triazole derivatives, thiotriazoline, is its mul-
tifaceted effect on energy metabolism. Healthy and
nutritious nutrition is the most important factor in
public health. Ukraine offers a wide range of poultry
meat. Poultry meat differs from cattle meat in terms of
its high content of complete proteins (poultry, 19.5%;
beef, 13.0%), and poultry fat has a lower melting point
(36.5°C), which makes it easier for humans to digest.
In addition, turkey meat is a low-allergenic product,
which makes it ideal for baby food. Therefore, turkey
meat is an excellent source of animal protein. The chem-
ical composition and amino acid profile of turkey meat
have been studied in several studies (Li et al.,2017; Boz
et al.,2019; Gumulka & Poltowicz, 2020).

According to researchers (Hascik et al., 2019; Cech
et al., 2021), compared to other poultry, turkeys have
the highest carcass weight (>70%), consisting of >60%
muscle tissue and <28% breast muscle. It contains a
high amount of protein (28% vs.14-18% in other poul-
try meat), moderate amounts of fat (2-5%), is rich in B
vitamins and has lower cholesterol levels than other
poultry meat.

The synthetic derivatives of 1,2,4-triazole include
new compounds GKPF-109, the effect of which on the
poultry organism is poorly understood, given the nov-
elty of the triazole class as a medicinal and prophylac-
tic agent. The research aims to improve the technolog-
ical methods of increasing the productivity of broiler
turkeys with derivatives of triazole compounds.

MATERIALS AND METHODS

The study was conducted in the period from 2022 to
2023 at Odesa State Agrarian University. The scientific




and economic experiment was conducted to study
the effect of new triazoline derivatives GKPF-109 at a
dose of 0.5 ml/bird per day on turkey productivity and
meat quality. Derivatives of 1,2,4-triazole synthesised
at Zaporizhzhia State Medical University were used
for the study: GKPF-109 - Morpholin-4-ium-2-((4-
amino-5-(3-metyl-pyrasol-5-il)-1,2,4-triasol-3-il)tio)
acetate. The experiment was conducted on Big-6 tur-
keys aged 1-105 days. The technological parameters of
turkey rearing were in line with the recommendations
for working with this cross. Changes in the dynamics
of the live weight of turkeys were measured weekly by
weighing them. Live weight is an indicator of poultry
development, summarising the impact of feeding and
housing conditions.

The birds were housed, fed, and cared for and all
manipulations were carried out following the Euro-
pean Convention for the Protection of Vertebrate An-
imals Used for Experimental and Scientific Purposes
(Strasbourg, 1986) and the General Ethical Principles for
Experiments on Animals, adopted by the First National
Congress on Bioethics (Kyiv, 2001). The experiments
were conducted in compliance with the principles of
humanity set out in the European Community Directive
(Directive 2010/63/EU). The clinical and physiological
condition of the turkeys was determined by daily in-
spection of the livestock, paying attention to behaviour,
appetite and health status. The physiological state of
turkeys was checked at the beginning and end of the
experiment by morphological and biochemical param-
eters of turkey blood. On the 28th day and 105th day,
20 blood samples were taken from each group from the
subcostal vein.

To determine the health status of turkeys, morpho-
logical blood analysis was performed according to the
following indicators: blood content of red blood cells,
leukocytes, haemoglobin, erythrocyte sedimentation
rate (ESR), blood content of rods, segmented lympho-
cytes, eosinophils, monocytes (Sadovnikov et al., 2009;
Kanda et al., 2020). In addition, the biochemical param-
eters of turkey blood (total protein, calcium, phospho-
rus,and reserve alkalinity (Sadovnikov et al., 2009) were
determined and studied.

For a more complete and objective assessment of
the meat qualities of turkeys, anatomical cutting, and
complete deboning of 10 female carcasses in each
group was carried out. To assess the meat productivity,
turkeys were slaughtered and anatomically processed.
When slaughtering turkeys in a private yard, the bird
is taken by the head and the throat is cut 1.5-3 cm
below the earlobe. The duration of exsanguination is
1.53 minutes. The quality of the carcass depends on the
thoroughness of feather removal. If there are skin tears
and scratches on the carcass, the grade of the carcass is
reduced, regardless of its fatness.

Sampling. Three meat samples weighing at least
200 g each were taken from each carcass. Processing
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and deboning of gutted turkey carcasses were carried
out following DSTU 3143-95 Poultry meat (carcasses of
chickens, ducks, geese, turkeys, guinea fowls). To do this,
the wings were divided at the shoulder joint, the thighs
at the hip joint, and the breast part at the junction of
the thoracic and vertebral ribs (coracoid line). If neces-
sary,the wing was divided into three parts,and the limb
into two parts by joints separated by lines perpendicu-
lar to the axis of the respective bones.

The effect of new triazoline derivatives GKPF-109 on
the zootechnical indicators of turkey development was
studied; an anatomical examination of the internal or-
gans of the bird was carried out.As a result of anatomical
processing, the average carcass weight, slaughter yield,
and yield of edible and inedible parts were determined.
Parts of the carcass obtained during processing were
deboned. The weight of meat and bone weight were con-
sidered during deboning, and the weight of edible parts
of the carcass was determined by weighing, expressing
them as a percentage of carcass weight.

Slaughter yield is the ratio of slaughter weight to
live weight, expressed as a percentage. It is determined
by which body parts are included in the slaughter
weight. In poultry, the slaughter yield depends on the
specifics of post-slaughter processing of the carcass:
In ungutted poultry, it is the highest, as it includes the
weight of the bloodless and plucked carcass with fat,
head, limbs and internal organs; in semi-gutted poul-
try, the carcass weight includes fat but no intestines;
in full gutting, both blood, feathers, down and intes-
tines are removed, as well as all internal organs, and
even the head to the second neck vertebra, limbs to
the tarsus and wings to the elbow joint were removed
following DSTU 3136:2017 Poultry for slaughter. Tech-
nical conditions.

Organoleptic (appearance, smell, consistency, fat
condition, quality of broth during cooking) and phys-
icochemical studies of turkey meat were carried out
following DSTU 3143-95 (1995). The organoleptic
characteristics of turkey meat and broth: appearance,
aroma, colour, texture, juiciness, and taste were as-
sessed on a 9-point scale by a 7-person panel. The meat
was tested for microbiological parameters following
DSTU 3143:2013 (2013). Statistical processing of the
results was performed using the Statistica 6.0 software
package. The significance of the difference in means
was assessed by Student’s t-test.

RESULTS AND DISCUSSION

Morphological and biochemical parameters of turkey blood.
To evaluate the effect of new triazoline derivatives
GKPF-109 on the body of turkeys, it is necessary to mon-
itor the morphological and biochemical composition of
the blood. This is because many factors can affect blood
composition. Poultry blood tests are a valuable indicator
that can be used to detect diseases of various etiologies
at early stages of diagnosis (Table 1, Fig. 1).
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Table 1. Morphological parameters of turkey blood (n=10)

Indicators Age of the bird, day Control Studied
28 129+2.00 136+5.36"
Haemoglobin, mmol/L
105 134+2.18 141+4 55
28 1.94£0.02 2.26%0.08*
Red blood cells, 10'%/1
105 1.98+0.03 2.33+0.1*"
28 20.16*0.3 19.84%0.2
White blood cells, thousand/mm?
105 22.48+0.5 22.78+0.4*
28 2.26%0.2 2.19+0.1
ESR, mm/h
105 2.40£0.3* 2.13%0.1
28 1+0.01 3+0.01
Rod-core, %
105 5+0.01 1+0.01
28 17%2 28+3
Segmental, %
105 21+3 26+3
28 0
Monocytes, %
105 0
Lomoh o 28 70%5 58+4
mphocytes, %
ymphooyt 105 767 72%6
28 1+0.01 2+0.01
Eosinophils, %
105 3+0.01 1+0.01
28 0 0
Basophils, %
105 0 0
Note: * - P<0.05; ** - P<0.01; ™ - P<0.001
Source: compiled by the author
Haemoglobin, mmol/L
142 141
140
136 134
134
132
130 129
128
126
124
122

m Control

Studied

Figure 1. Dynamics of haemoglobin concentration in the turkey blood

The physiological state of the experimental tur-
keys treated with the triazoline compound GKPF-109
was assessed by their general appearance, behaviour,
frequency of feeding and watering, as well as by the
results of biochemical blood tests. During the study,
the turkeys in the experimental group were observed
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to be clinically healthy, with good appetite, good re-
sponse to external stimuli, and no signs of disease.
The litters of the control and experimental groups
were formed, without visible signs of digestive disor-
ders, indicating physiological norms of the gastroin-
testinal tract.




The experiments (Table 1, Fig. 1) show that the
haemoglobin content in the experimental group on
day 28 (136 mmol/l) is 5.4% higher than in the con-
trol group (129 mmol/l). In addition, at 105 days, the
haemoglobin content in the blood of the experimental
group reached 141 mmol/l, which is 5.2% higher than
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in the control group. The analysis of Figure 2 shows
that the red blood cell content in the experimental
group on day 28 (2.26 10'%/1) and day 105 (2.33 10%*%/1)
increased by 16.5% and 17.7%, respectively, compared
to the control group on day 28 (1.94 10%%/1) and on day
105 (1.98 10'/1) (Fig. 2).

Red blood cell 10/1

2.5 2.26
1.94

1.5

0.5

m Control

2.33

1.98

Studied

Figure 2. Dynamics of red blood cells in the blood of turkeys, 10/l

In addition, the results show that the leuko-
cyte content of both the experimental and control
groups is almost the same without any significant
changes during the turkey-rearing period. However, no

significant difference was observed between the two
groups in terms of leukocyte monitoring (neutrophils,
eosinophils, basophils, lymphocytes, and monocytes)
ESR, mm/h (Fig. 3).

White blood cells, thousand/mm3

235
23
22.5
22
215
21
20.5
20
19.5
19
18.5
18

2248

20.16

m Control

22.78

19.84

Studied

Figure 3. Dynamics of leukocytes in the blood of turkeys, thousand/mm?

The results of the erythrocyte sedimentation
rate (Fig. 4) show that on day 28, the experimental
group (2.19 mm/h) was 3.1% lower than the control
group (2.26 mm/h). At the same time, at 105 days, an
analysis of the erythrocyte sedimentation rate shows
that it is 11.25% lower in the experimental group
(2.13 mm/h) than in the control group (2.40 mm/h).

To maximise the production potential of poultry,
body functions must be in perfect balance, known as
homeostasis. In this context, knowledge of the levels
of certain blood parameters provides important in-
formation to determine the state of balance of the
body, which reflects the requirements for metabolic
processes (Fig. 4).
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ESR, mm/h

2.45
2.4
2.35
23
2.25
2.2
2.15
21
2.05

2.26

2.19

1.95

m Control

213

Studied

Figure 4. Dynamics of ESR in turkey blood, mm/h

The next stage of the study was the biochemical
parameters of blood serum. Thus, age and related pro-
duction processes in the rearing of poultry of meat type

are important factors that can affect the intensity of
metabolism and induce changes in the structure of se-
rum proteins (Table 2).

Table 2. Biochemical parameters of blood serum

Indicator Age, days Control Studied
Females (n=10)
28 49.37%0.15 50.13%0.19*
Total protein, g/l
105 49.74%0.26 51.2+0.3**
28 4.15+0.01 4.21+0.02**
Calcium, mmol/L
105 3.99+0.06 4.20£0.01**
28 2.16*0.03 2.25+0.02*
Phosphates, mmol/L
105 2.06%0.02 2.20+0.01
28 1.92%0.02 1.87%0.02
Ca:P ratio
105 1.93+0.02 1.90£0.01
28 49.9+0.23 50.5+0.34
Reserve alkalinity, mmol/L
105 50.2+0.13 50.41£0.21

Note: ™ - P<0.05; ™ - P<0.01; *** - P<0.001
Source: compiled by the author

Poultry blood proteins are an important indicator
in assessing health status and are the basis of gen-
eral biochemistry, which allows identifying metabolic
changes. The results in Table 2 and Figure 5 show that
the total protein content on day 28 in the blood of
turkeys of the experimental group (50.13 g/l) is 1.5%
higher than in the control group (49.37 g/1),and on day
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105 in the experimental group (51.2 g/l) is 2.9% higher
than in the control group (49.74 g/l). Considering that
blood proteins play an important physiological role in
the body and in maintaining homeostasis, determining
their concentration in sick poultry is of paramount im-
portance for assessing the health status of the organ-
ism (Fig. 5).
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Figure 5. Total protein content in turkey blood, g/!

The data in Figure 6 show that the level of calcium
and phosphorus in the blood of turkeys of the control
group on day 28 (4.15 mmol/l and 2.16 mmol/l) is 1.5%
and 4.2% lower, respectively, than in the experimental
group (4.12 mmol/l and 2.25 mmol/l), At the same time,
on the 105th day, the level of calcium and phospho-
rus in the blood of turkeys of the experimental group

(4.20 mmol/l and 2.20 mmol/l) exceeded the levels in
the control group (3.99 mmol/l and 2.06 mmol/l) by
5.3% and 6.8%, respectively.

In addition, Table 2 shows no significant changes
between the levels of reserve alkalinity, mmol/L, in both
the experimental and control groups at different age
periods (Fig. 6).

Calcium mmol/l, phosphorus mmol/L
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4.5 4.15 399

3.5

25
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0.5
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28 days 105 days phosphates
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Studied

Figure 6. Calcium and phosphorus levels in turkey blood, mmol/l

At the end of the experiment, to test the efficiency of
digestion and metabolism in turkeys, the general mor-
phological composition of the blood was analysed, and
the content of total blood protein showed a significant
increase in the experimental group by 2.9% compared
to the control group. This may indicate that GKPF-109
can increase metabolic efficiency in turkeys. In the bio-
chemical analysis, a significant difference was observed
in the increase in haemoglobin and red blood cells in
the experimental group of turkeys by 5.2% and 17.7%,
respectively.

Thus, the increase in the number of red blood cells,
haemoglobin, and total protein in the blood of turkeys

of the experimental groups suggests that the drug can
stimulate the processes of erythropoiesis and protein
synthesis without affecting the stability of haemopoie-
sis and the stability of the overall blood composition.

Turkey meat productivity and quality. Quantitative
and qualitative characteristics of turkey meat are evalu-
ated after slaughter. The addition of the triazoline com-
pound GKPF-109 to the turkey diet leads to an increase
in pre-slaughter weight, semi-gutted carcass weight
and gutted carcass weight of the experimental group
(9787 g, 8359 g and 7480 g) by 7.6%, 7.1% and 7.6%,
respectively, compared to the control group (9100 g,
7806 g and 6950 g) (Table 3).
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Table 3. Turkey meat qualities

Indicators Control Studied
Number of females 10 10
Pre-slaughter weight, g 9100£99.30 9787+95.61***
Semi-gutted carcass weight, g 7806%74.22 8357%76.49***
Of the pre-slaughter weight, % 85.78% 85.39%
Weight of gutted carcass, g 6950%62.73 7480+76.03**
Slaughter yield, % 76.37% 76.43%

Note: * - P<0.05; ** - P<0.01; ™" - P<0.001
Source: compiled by the author

According to the results presented in Table 4, there
is a large difference between the weight of different
parts of turkey carcasses of the experimental and con-
trol groups: the weight of the breast in the control
group (2589 g) is 7.9% lower than in the experimental
group (2788 g), and the weight of the back of the ex-
perimental group (1446 g) is 7.1% higher than in the
control group (1548 g). In addition, the hip weight was

7.8% higher in the experimental group (1240 g) than
in the control group (1150 g), 143 g) by 8% and 6.3%,
respectively (Table 4).

Morphological examination of the internal organs
of turkeys (heart, spleen, glandular part of the stom-
ach, muscular part of the stomach, kidneys, air sacs) re-
vealed that in all groups they were in a state without
any pathological changes (Table 5).

Table 4. Meat quality and conformity of different parts of turkey carcasses

Indicators Control Studied
Number of females 10 10
Pre-slaughter weight, g 9100%£99.30 9787%95.61***
Weight of semi-gutted carcass, g 7806%74.22 8357+76.49**
Of the pre-slaughter weight, % 85.78% 85.39%
Weight of the alarmed turkey carcass, g 6950+62.73 7480%76.03***
Including breast 2589+40.4 2788+45.6™"
% 37.25% 37.27%
Backbone 1446+36.8 1548+35.9**
% 20.80% 20.7%
Thighs 1150£24.7 1240£25.5*
% 16.55% 16.58%
Shin 805+14.1 807+14.3*
% 11.59% 11.63%
Wing 817%12.9 882+13.6™
% 11.76% 11.79%
Neck skin 14377 152+8.3*
% 2.05% 2.03%
Note: * - P<0.05; ** - P<0.01; ™ - P<0.001
Source: compiled by the author
Table 5. Internal organ mass
Indicators Control Studied
Pre-slaughter weight, g 9100+£99.29 9787+95.60***
% of pre-slaughter weight 100% 100%
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Table 5, Continued

Indicators Control Studied
Liver, g 83.72¢1.11 92.11+1.26"
% of pre-slaughter weight 0.92% 0.94%
Spleen, g 4.55+0.2 5.12%0.2
% of pre-slaughter weight 0.05% 0.05%
Heart, g 25.48+0.75 29.50+0.81"
% of pre-slaughter weight 0.28% 0.3%

Note: * - P<0.05; ™ - P<0.01; ™ - P<0.001
Source: compiled by the author

The study results of internal organs showed that
the absolute weight of the internal organs of the poults
of the experimental group was significantly higher than
that of the control group, which was noticeably mani-
fested in the weight of the liver and heart, which in-
creased to 92.11 g (10.02%) and 29.50 g (15.78%) com-
pared to the control (P<0.05).

Organoleptic evaluation of turkey meat. When ana-
lysing the organoleptic characteristics of meat and the

quality of broth when cooking turkey meat, it was found
that the organoleptic characteristics of turkey meat
were better in the experimental group than in the con-
trol group, when conducting a scoring assessment of
appearance, aroma, colour, taste, a significant increase
in the indicators of the experimental group (8.1, 8.3, 8.2
and 8.1) was found, which is more than in the control
group (7.8, 8,7.9 and 7.8) by 3.9%, 3.8%, 3.8% and 3.9%,
respectively (Table 6).

Table 6. Organoleptic characteristics of turkey meat and broth quality

Indicators Group
Control Studied
Meat
Appearance 7.8+0.40 8.1x0.50"
Aroma 8.0£0.24 8.3+0.57*
Colour 7.9%0.25 8.2%0.54
Texture 7.8%0.54 7.8+0.83
Succulence 8.0+0.00 8.1+0.44
Taste 7.8%0.65 8.1+0.71*
Overall score 47.3%7.41 48.6%6.92
Stock
Appearance 7.7%0.70 8.0%0.63
Aroma 7.9%0.62 8.4%0.50**
Colour 8.1%0.25 8.3+0.44"
Taste 8+0.52 8.1x0.77
Richness 7.3%0.70 7.5%1.02
Overall score 39+5.09 40.3%6.46

Note: * - P<0.05; ** - P<0.01; ™ - P<0.001
Source: compiled by the author

The results of the study (Table 6) show that the ad-
dition of GKPF-109 to the turkey diet leads to a signif-
icant increase in the results of the broth evaluation of
turkey meat scores of the experimental group in terms of
appearance, smell, colour, and taste (8, 8.4, 8.3 and 8.1)
by 3.9%, 6.3%, 2.5% and 1.3% more than in the control
group (7.7,7.9, 8.1 and 8.1). The next stage of the study
was the physical and chemical evaluation of turkey meat.
The results presented in Table 7 show that the pH and

ammonia-ammonia nitrogen content in white and red
turkey meat does not differ significantly between the
control and experimental groups, the peroxidase reac-
tion is positive, and the content of ammonia and am-
monium salts is negative. However, microscopy of smear
prints from the surface layers of red and white turkey
meat shows a significant decrease in the number of mi-
croorganisms in the experimental group compared to
the control group by 36.4% and 42.1%, respectively.
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Table 7. Physical and chemical properties of turkey meat

Indicators Control group Studied group
Red meat White meat Red meat White meat
pH 6.010.16 5.97%0.10 5.91+0.09 5.85%0.09
Ammonia nitrogen (mg KaON) 1.12+0.07 1.08%0.09 0.98+0.08 0.88+0.06
Reaction to peroxidase Positive Positive Positive Positive
Ammonia and ammonium salts content Negative Negative Negative Negative
The number of microorganisms in one field of view of the smear prints
External layer 3.30%£0.90 3.80+0.98 2.10+1.04" 2.20+0.98"
Deep layer 3.1+1.14 2.90+1.04 2.10+1.54 2.10+0.94

Note: ™ - P<0.05; ™ - P<0.01; ™ - P<0.001
Source: compiled by the author

Poultry meat, in particular turkey meat, has a differ-
ent degree of colour compared to meat from other farm
animals, with muscle tissue ranging from light pink
(white meat) to dark red (red meat) depending on the
myoglobin content; red limb meat contains less pro-
tein, more fat and cholesterol, and white meat (breast

muscles) contains more carnosine, glycogen, and aden-
osine triphosphate.

During the chemical analysis of turkey meat, it was
observed that the myoglobin content in white muscles
is 0.05 - 0.08%, and in red muscles - several times
higher (Table 8).

Table 8. Chemical analysis of turkey meat

Control Studied
Indicators

Red meat White meat Red meat White meat

Moisture, % 75.12+1.96 70.75%2.59 74.50%1.66 70.12+1.90

Dry matter, % 24.88+1.96 29.25%2.59 25.50+1.66 29.88+1.90
Protein, % 23.81+1.56 31.21%£1.79 25.28+1.73* 32.04%1.59*

Fat, % 4.4 ¥0.69 3.85+0.58 3.84%0.71 3.34%0.63

Mineral substances, % 0.95+0.11 0.98+0.14 1.06%0.19 1.21+0.23

Calorie content, kcal/100 g 12143 135.95 120.14 134.87

Note: * - P<0.05; ™ - P<0.01; ™ - P<0.001
Source: compiled by the author

Turkey meat is distinguished from other animal
meat by its high protein content. There is a significant
variation in the flavour and nutritional properties of
meat in different turkey breeds. Given the importance
of providing the population with high-quality meat
raw materials, comprehensive research is needed to
determine the quality and commercial and technolog-
ical characteristics of meat. The results show that the
red meat of turkeys of the first experimental group is
higher than the red meat of turkeys of the first control
group in terms of dry matter, protein and mineral con-
tent by 2.5%, 6.14% and 11.97%, respectively.

The results presented in Table 8 show that the high-
est water content was in the red meat of the control
group turkeys - 70.75%, and the lowest - in the white
meat of the experimental group turkeys - 70.12%. The
results of the protein content analysis show that the
protein content in the white meat of the turkeys of the
experimental group is 32.04%, which is 2.1% higher
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than in the white meat of the control group (31.21%)
(Table 8).The protein content in the red meat of the tur-
keys of the experimental group was also 10.2% higher
than in the control group.

The fat content in the red and white meat of tur-
keys of the experimental group (3.84% and 3.34%) is
lower than in the control group (4.49% and 3.85%) by
14.5 and 13.3%, respectively (Table 8). The analysis of
the research results (Table 8) shows that the highest
amount of minerals is contained in the white meat of
turkeys of the experimental group - 1.21%, which is
23.5% higher than in the control group. Table 8 shows
that the calorific value of white and red meat of tur-
keys in the experimental group (120.14 kcal/100 g and
134.87 kcal/100 g) is 1.1% and 0.8% lower than that
of turkeys in the control group (121.43 kcal/100 g and
135.95 kcal/100 g).

The demand for immunostimulants has been grow-
ing rapidly in recent years, driven by the widespread




prevalence of immunodeficiencies in poultry produc-
tion.These immunostimulants are most commonly used
in poultry farming to improve the effectiveness of poul-
try vaccination and poultry productivity. During these
studies, the authors noted that the results obtained by
scientists after the use of immunostimulants in poultry
rearing in all cases were positive, namely the impact on
reducing the time of fattening, and the safety of poultry
during fattening. In our research, we used haemolytic,
organoleptic methods and anatomical examination of
poultry to develop rational regimens for the use of im-
munostimulants - derivatives of the triazoline series.
When choosing immunostimulants, preference was
given to the triazoline derivatives GKPF-109, synthe-
sised in recent years in Ukraine. Fedotov et al. (2023)
point out that heterocyclic 1,2,4-triazole compounds
are structural fragments of many synthetic drugs that
exhibit antifungal (fluconazole, itraconazole), antide-
pressant (trazodone alprazolam), hepatoprotective,
wound healing and antiviral (thiotriazoline) effects,
which contain a 3-pyridine fragment as a substituent
and lead to the appearance of substances with high
pharmacological activity.

R.Dubin et al. (2022) and A. Paliy et al. (2018) found
that after the introduction of new triazoline compounds,
the general condition of broiler chickens was positively
affected compared to the control group. The experi-
mental chickens had an improved appetite, and the
compounds had a positive effect on the gastrointesti-
nal tract during the transition from one feed to another.
An important aspect of the use of triazoline compounds
in our studies was that the emphasis was placed on
studying the properties and developing schemes for
the use of this compound, which allowed us to develop
more reasonable general schemes for the use of the
compound to stimulate haematological parameters and
organolipid properties of poultry carcasses.

Similar results were obtained for the feeding of
triazoline compounds to broiler chickens in the exper-
iments of O. Orobchenko et al. (2022), where a positive
effect on reducing the time of poultry fattening was
found, which is important for industrial meat poultry
production. The developmental dynamics of broiler tur-
keys, which were used in the experiment to study the
effect of triazoline compounds on meat productivity,
showed that the introduction of GKPF-109 caused a
large difference between the weight of different parts
of the carcasses. The use of the triazoline compound
GKPF-109 did not affect the morphological parameters
of blood - haemoglobin, red blood cells, leukocytes,
and proteins were within the physiological norm. In the
experimental group, there was an increase of 8.14% in
the number of red blood cells and 5.2% in the total
protein content compared to the control group.

When studying the effect of the triazoline com-
pound GKPF-109 on the meat quality of turkey poults,
a positive effect was found. In the experimental group,
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the increase in muscle tissue increased protein by 7.5%,
fat by 8.3%, and energy value by 4.8%. The results of our
studies are consistent with the data of C. Hautefeuille
et al.(2020), and M. Arif et al. (2018), when Carcesel was
used in experiments in the diet of broiler chickens, it
increased the pre-slaughter live weight and carcass
weight of broiler chickens compared to the control,
which was 2.76-5.02% and 2.93-5.89% higher, mus-
cle tissue weight - by 3.32-6.75%, pectoral muscle
weight - by 3.53-7.83%, and the weight of edible parts
of the carcass - by 3.33-6.47%.According to T. Hofmann
et al. (2021), the higher productivity of broilers in the
experimental groups was due to the protein quality in-
dex (PQl) in broiler chickens of the experimental groups,
which was 3.92-7.84% higher than in the control, and
the culinary and technological index of meat was 1.81-
3.61% higher. During the experiment, a positive effect
on the nutritional value of meat was observed, which
increased due to an increase in muscle tissue protein -
by 7.5%, fat - by 8.3%, and energy value - by 4.8%.

The results of our organoleptic study are con-
sistent with the studies of Sch. Bernd et al. (2020),
A. Fatenok-Tkachuk et al. (2017) and S. Kabene &
S.Baadel (2019). Thus, according to the authors, feeding
broiler chickens with various immunostimulant prepa-
rations significantly affects the digestibility of organic
matter by 3.92%, protein by 7.80%, fat by 5.35%, fibre
by 6.7%, and BEV by 1.7%. They are characterised by a
high average daily weight gain of 3.11-10.79% and live
weight at the time of slaughter by 3.7-10.29% better
feed conversion than control broiler chickens, which al-
lows for fuller use of the biological resources of their
meat productivity: to increase not only the pre-slaugh-
ter weight and carcass weight, but also the slaughter
yield of gutted carcasses by 2.52-2.68%, and to increase
the yield of edible parts from the carcass to 85.0-86.1%.
Thus, the results obtained by the authors indicate a
positive effect of the triazoline compound GKPF-109 in
the diet of turkeys during all periods of development
due to a higher content of red blood cells, leukocytes,
haemoglobin, total protein in the blood, which acceler-
ates the main biochemical processes in their body.

CONCLUSIONS

The addition of a triazoline compound GKPF-109 to
the diet of turkeys at a dose of 0.5 ml/bird per day
increases the slaughter yield of gutted carcasses by
12.4%, and semi-gutted carcasses by 12.3%. In the
study of morphological and biochemical parameters of
turkey blood, an increase in haemoglobin in the blood
of turkeys of the experimental group was observed by
8.14%, the number of red blood cells in the blood was
higher by 8.29%, the content of total protein - by 5.2%.
When examining the internal organs, it was observed
that the absolute weight of the internal organs of the
experimental group was significantly higher than that
of the control group, which was noticeably manifested
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in the weight of the liver and heart, which increased
to 92.11 g (by 10.02%) and 29.50 g (by 15.78%) com-
pared to the control (P<0.05). Organoleptic, bacterio-
logical,and physicochemical parameters of turkey meat
showed an increase in the nutritional value of meat due
to an increase in muscle tissue protein by 7.5%, fat by

of the first experimental group is higher than the red
meat of turkeys of the first control group in terms of dry
matter, protein,and mineral content by 2.5%, 6.14% and
11.97%, respectively. Prospects for further research are
to determine the effect of the drugs on poultry infec-
tion with diseases of bacterial aetiology.

8.3%, and energy value by 4.8%. During the evaluation

of the broth, the scores of turkey meat from the exper- ACKNOWLEDGEMENTS
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AHoTauif. HeobxigHicTb nowyky edeKkTMBHUX 3acobiB MiABULLEHHS AKOCTI Ta 30iNbleHHS BUPOOHMUTBA MACHOI
NpoAYyKLUii MTaxiBHWULTBA 3YMOBMKE aKTyanbHICTb A0CNIAXeHHS. BeBeaeHHs npenapaTtiB [0 pauioHy A03BONSE
NiABULLMTM 36EpeXXeHiCTb NOroNiBa Ta MOKPALLMTHU SKiCHI XapakTePUCTUKKM Maca NTULi. MeTa fOCNiAXKEHHS — OLLIHUTK
BMJIMB HOBUX NOXigHWUX 1,2,4-Tpia3ony Ha AesKi NOKa3HWKM KPOBI,a TAKOX MACHI Ta 3abiHi akocTi nTuui. locnigpkeHHs
nposoannocay 2022-2023 pokax B OpecbkoMy AepyKaBHOMY arpapHOMY yHiBepcuTeTi. [Jocnig npoBOAMBCS 3 METOH
BMBYEHHS BMIMBY HOBMX NoxifHux Tpuazony GKPF-109 y po3si 0,5 mn/ntuuto Ha foby Ha NpoayKTUBHICTb iHAMKIB
Ta gKicTb Maca. Jocnip npoBoamau Ha iHamMyatax kpocy bir-6 Bikom 1-105 pgHiB. BukopucToByBanu Taki MeToam
pocnimxkeHHs: MopdonoriyHi Ta 6ioxiMiuHi,opraHonenTuyHi, @isnKo-xiMiuHi Ta cTaTUCTUYHI. Bnine noxigHux Tpuasony
GKPF-109 Ha opraHonenTuyHi (30BHiLLHIV BUINSL, 3anax, KOHCUCTEHLLiS, CTaH XUPY, SKiCTb OyNbMOHY Nif, Yac BapiHHS
Mca) Ta di3nKo-XiMiYHi AOCNiAXKEHHS Maca IHAMKIB 33 MiKpoBionoriYHMMM NokasHrkamu Byno NpoaHani3oBaHo Ta
pocnipkeHo 3rigHo 3ACTY 3143:2013.Pe3ynsTaTi noKasanu, Lo Bifbynocs 36inblweHHs cepeaHboA000BMX MPUPOCTiB
Ha 13,1 %, 3a6iiHOro BMXo4y NOTPOLUEHNUX TYLWOK Ha 12,4 %, HaniBnoTpoLleHnX TyWoK Ha 12,3 % Ta 36epexeHoCTi
noronie’s Ha 4 %. BiaMivyeHo MiABULLEHHS Xap4OBOi LIHHOCTI M'ACa 38 paxyHOK 36inblueHHs BMicTy Binka B M'930Bil
TKaHWHI Ha 7,5 %, sxupy Ha 8,3 % Ta eHepreTM4HOI LiHHOCTI Ha 4,8 %. OpraHonenTuyHi, 6akTepionoriyHi Ta disunko-
XiMiYHi MOKA3HMKKM MCa iHOMKIB 32 BUKOPUCTAHHSA B pauioHi noxigHoro Tpuasony GKPF-109 signosiganu Bumoram
OCTY 3143:2013. 3pobneHo BMCHOBOK, WO LoAaBaHHS noxigHux Tpuazony GKPF-109 go nuTHOI BOAM nocuntoe
reMornoes, Ma€ NpoTu3ananbHy Ta renatonpoTekTopHy Aito. OuiHka sKocTi Maca Ta OynbioHY iHaMYaT-Opoinepis
HanpUKiHLi Jocnigy He [O03BOMSE CTBEPAXKYBATM MPO 3HMXKEHHS X apoMaTy Ta CMaKy, WO CBiAYMTb NPO BIACYTHICTb
HeraTMBHOro BNAMBY noxigHux Tpuazony GKPF-109 Ta cnocobiB ix 3aCTOCyBaHHS HA OpPraHONENTUYHI MOKA3HMKM
Mica, WO CNif, BPaxoByBaTV NPU YTPUMAHHI iHAMKIB

KniouoBi cnoBa: noxigHi 1,2,4-tpiazony; iHAUKK; NPUPICT MaCK; €PUTPOLUTU; FeMOINODIH; TeKoLuUTH
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and a decrease in the levels of IL-1 and IL-4 in the endometrium compared to the same indicator during oestrus
were found. No significant difference in the level of IL-1 during proestrus compared to the corpus luteum was
found, as a result of the extinction of the transient phlogogenic reaction inherent in the oestrous endometrium
at this time, due to the cytokine balance, which prepares the best conditions for zygote implantation. It was found
that the level of IL-1 during oestrus significantly increases relative to the corpus luteum and proestrus stages.
It was determined that the concentration of IL-4 in the functional layer of the endometrium of cows suffering
from afterbirth retention and endometritis is lower than the same indicator during oestrus, which confirms the
inhibition of cell proliferation and differentiation. The data obtained can be used to optimise the correction of

sexual cycling in cows with anaphrodisia

Keywords: cows; anaphrodisia; sexual cycle; endometrium; TNF-a; IL-1; IL-4

INTRODUCTION

Maintaining and improving the reproductive performance
of cows and heifers is one of the key parameters for the
economic success of dairy farming. According to M. Bekara
& N.Bareille (2019), infertility is a significant problem for
dairy farming, as the associated extended calving inter-
vals, reduced milk yields and increased culling rates con-
tribute to huge economic losses. According to P. Lonergan
et al. (2019), the causes of infertility are diverse and
complex and, in addition to controlling the sexual cycle,
efficiency of oestrus detection and proper breeding man-
agement, monitoring uterine health is a key factor in the
proper reproductive performance of a dairy herd.

In the postpartum period in dairy cows, a high risk of
clinical or subclinical diseases of the reproductive tract
is present, which, following O. Pascottini & S. LeBlanc
(2020), is accompanied by glucose intake, hypocalcaemia,
lipid mobilisation from body fat, ketosis and the expres-
sion of proinflammatory cytokines that affect the immune
response and change rapidly but differently in individual
cows. At the same time, according to H. Pothmann et al.
(2021), inflammatory processes and mRNA expression
of cytokines at the end of the postpartum period can be
considered as multifocal or widespread throughout the
endometrium, regardless of the health of the uterus.

I. Sheldon et al. (2019) analysed infectious factors
and endometrial inflammation in the postpartum period
in cows with clinical and subclinical endometritis to de-
termine the main causes of deterioration of the struc-
tural and functional state of the uterine mucosa and
showed that inflammatory processes that continue in the
postpartum period can impair fertility, lead to anaphro-
disia, and interfere with embryo development. N. Naim
et al. (2020) have shown that the reproductive function is
realised through the activation of cambial tissues, which
include the endometrium, and the physiological restruc-
turing of the latter depends on coordinated intercellu-
lar interaction through the cytokine system.

F.Pinaffi (2018) found an important role of gonadal
hormones and cytokines in preparing the endometrium
for implantation and activating the transformation of
epithelial cells and stromal fibroblasts into decidual
cells. The cytokines IL1, IL6 and TNFa are considered
(Drillich & Wagener, 2018) as mediators of nonspecific
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inflammatory processes, but their activity is also physi-
ologically enhanced during the early postpartum period
with a high degree of mRNA expression of cytokines
and acute phase proteins during the third week after
delivery, regardless of the health status of the animals.

The cytokine system is quite informative about the
intercellular interaction of the endometrium, in connec-
tion with the prediction of zygote nidulation. According
to P. Abeysinghe et al. (2023), binding of interleukin-1
to the receptors of maternal placental cells ensures zy-
gote nidulation, proliferation of placental barrier cells,
embryogenesis, and an increase in the percentage of
zygotes that reach the blastocyst stage. N. Nijkang
(2019) points out that the main function of interleu-
kin-4 is to regulate stem cell proliferation by inducing
mitogen-activated protein kinases, which transmit in-
tracellular signals that cause cell differentiation, met-
abolic changes, apoptosis, and stimulate luteal cells to
secrete progesterone. Q. Huang (2021) has demonstrated
that zygote nidulation occurs when proinflammatory
cytokines are expressed, but subsequently, pregnancy pro-
ceeds physiologically in the event of a shift in the cy-
tokine balance towards immunosuppressive cytokines
(interleukin-4, interleukin-10), as the latter inhibits cel-
lular immunity responses, whereas a significant increase
in interleukin-4 indicates a violation of peripheral toler-
ance and a shift in the local immune response towards
Th-1, which causes infertility, and the ratio of interleu-
kin-1 to interleukin-4 is a prognostic indicator in assess-
ing the course of fertilisation and pregnancy.

According to M. Lappas (2017), cytokines affect the
regulation of numerous types of intercellular interac-
tions: granulosa cell proliferation, expression of gonad-
otropin receptors, and, conversely, cytokine imbalance
leads to desynchronisation of cell differentiation, im-
plantation disorders and infertility. N. Naim et al. (2020)
investigated the cytokine-regulated endothelial-haemo-
static interaction during maternal placental remodel-
ling, implantation, and pregnancy. Q. Huang et al. (2021)
note that during endometrial proliferation and differ-
entiation, cytokines stimulate the functional activity of
cells and humoral regulation of intercellular and inter-
systemic connections.




Thus, the analysis of the cytokine profile of tis-
sue extracts of the uterine mucosa of cows at differ-
ent stages of the sexual cycle will make it possible to
determine the fullness of sexual cyclicity, the prereg-
uisites for the development of infertility and will help
to optimise prognostic tests for the effectiveness of
sexual function correction. The research aims to inves-
tigate the content of certain pro-and anti-inflammatory
cytokines in cow endometrial tissue extracts at differ-
ent stages of the sexual cycle and in anaphrodisia fol-
lowing endometritis and after partum retention.

MATERIALS AND METHODS

The research was carried out within the framework of
the research work “Study of cellular, biochemical and
molecular genetic mechanisms of infectious diseases,
metabolic disorders and immunocompensatory processes
of counteracting biotic and abiotic factors in obstet-
ric-gynecological, andrological and surgical pathology
in animals” (state registration number 0116U005121).
The selection of experimental samples of the uter-
ine mucosa of cows was carried out in farms with dif-
ferent housing technologies in the period from 2016
to 2022: by the tethered method (Shorthorn cow breed,
0JSC breeding plant “Mikhailovka”, Lebedynsky district,
Sumy region with a productivity of <6000 kg and SFH
“Vitalia”, Burynsky district, Sumy region, Simmental breed
of cows with productivity of >6000 kg), as well as the
untethered method (LLC AF “Vladana”, Ukrainian Black-
and-White cows and LLC AF “Lan”, Sumy district, Sumy
region, Holstein breed, with a productivity of >6000 kg).
The material for the study was fragments of endo-
metrial tissue (2-6 grams) taken from the upper third of
the uterine horns of euthanised cows from experimen-
tal farms. Endometrial tissue samples were taken from
euthanised animals without gynaecological pathology of
the reproductive organs,aged 3 to 10 years: in heat (n=5),
during the corpus luteum (n=5), proestrus (n=5) and from
cows that did not come into heat for more than 60 days
after endometritis (n=5) and after delayed afterbirth (n=5).
The selected endometrial samples were washed
with 0.9% sodium chloride saline with a theoretical os-
molarity of 308 mosmol/l, pH 5.0-7.0. Subsequently, the
washed samples were weighed on an electronic analyt-
ical balance of the 1st accuracy class AS 82/220 R2, la-
belled, packed in polystyrene containers, and subjected
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to cryopreservation at - 20°C. To determine the con-
centration of cytokines IL-1, IL-4 and TNFa, endometrial
samples were homogenised in the cold with the addi-
tion of 0.01 M phosphate-salt buffer (pH 7.4) containing
1% Triton X-100 solution in a ratio of 1:40, followed
by placement in a +4°C refrigerator for 120 minutes
(Lazorenko & lzdepsky, 2012).

The endometrial homogenates were then centri-
fuged at 3000 rpm for 15 min. In the supernatant, the
level of cytokines IL-1, IL-4 and TNFa was determined
by enzyme-linked immunosorbent assay using diagnos-
tic test kits manufactured by Peninsula Laboratories
Inc, (USA). The actual content of IL-1, IL-4 and TNFa in
endometrial samples was determined by considering
the ratio (tissue homogenate-phosphate-salt buffer).

Experimental studies were performed by modern
methodological approaches, following the require-
ments of DSTU ISO/IEC 17025:2005 (2006). The ani-
mals were kept, and all manipulations were carried out
following the Order of the Ministry of Health of Ukraine
No. 416/20729 “On Approval of the Procedure for Con-
ducting Animal Tests in Research Institutions” (Law of
Ukraine No. 249, 2012) and the European Convention
for the Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes (1986). The digital
material obtained in the research was processed by var-
iational statistical methods using statistical techniques
(STATISTICA 10.0 for Windows) with the determination
of the arithmetic mean (M), the statistical error of the
arithmetic mean (m), and the probability of difference (p)
between two variation series according to the Student’s
criterion with values of p<0.05, p<0.01, and p<0.001.

RESULTS AND DISCUSSION

The complex pathogenetic aspects of the interaction
of anti-inflammatory and pro-inflammatory cytokines
during endometrial remodelling and post-morbid state
in cows are not well understood. Therefore, the stud-
ies that detail the above processes are new and rel-
evant. The data presented in Figure 1 indicate that
during oestrus, the concentration of TNFa in the endo-
metrium is the lowest, amounting to 5.03+2.16 pg/ml,
while during proestrus and the corpus luteum, its level
increases, compared to the oestrous phase, by almost
4.2-4.3 times (21.15+3.08 pg/ml and 21.63%4.69 pg/ml,
p<0.01), respectively.
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Figure 1. TNF-a content in cow endometrial homogenates, pg/ml

Source: compiled by the authors
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The study of TNF-a content in endometrial homoge-
nates of cows, during anaphrodisia and after endome-
tritis and retained litter, indicates high expression, with

the accumulation of this cytokine in the endometrium.

In particular, the concentration of TNF-a in endometrial
homogenates was significantly higher in patients with
endometritis — 2.6 times to 13.07%£1.98 pg/ml (p<0.01)
and 3.6 times after afterbirth to 18.21+3.99 pg/ml
(p<0.01), compared to the index during oestrus.

At the same time, the level of endometrial TNFa de-
creased by 1.7 and 1.2 times in cows with endometritis and
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after delayed afterbirth, respectively, compared to the
same indicator in the corpus luteum, respectively. Con-
cerning the proestrus, the content of TNFa in the endo-
metrium decreased by 1.6 times in animals with endo-
metritis and by 1.2 times after delayed birth,respectively.
The data shown in Figure 2 demonstrate an increase
in the level of IL-1 in cow endometrial homogenates
during oestrus (8325.46%69.18 pg/ml), almost 2-fold,
compared to the corpus luteum (4153.82+74.23 pg/ml)
and proestrus (4092.57+476.05 pg/ml), p<0.001, re-
spectively.

Litter retention
cases

Endometritis cases

Figure 2. |L-1 content in cow endometrial homogenates, pg/ml

Source: compiled by the authors

The absence of a significant difference in the con-
tent of endometrial IL-1 in proestrus compared to cor-
pus luteum is obviously due to the attenuation of the
temporary inflammatory response inherent in the en-
dometrium in oestrus at this period of the sexual cycle
and a shift in the cytokine balance in favour of immuno-
suppressive cytokines, which creates optimal conditions
for zygote nidulation. The concentration of IL-1 in the
endometrium of anaphroditic cows suffering from en-
dometritis and afterbirth retention was 2.5 times lower
than that of cows in heat, 3351.71+1422.42 pg/ml and
3412.43%430.12 pg/ml, respectively, p<0.01, respectively,
which is associated with the inhibition of the transfor-
mation of stromal fibroblasts and epithelial cells into
decidual cells, and the impossibility of endometrial
remodelling necessary for implantation. Thus, studies
have shown that the key proinflammatory cytokine in the
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endometrium of cows during oestrus is IL-1, while from 7
to 18 days of the sexual cycle its concentration decreases
significantly,almost reaching the level of animals that do
not show sexual cyclicity,and TNFa takes over the role of
the dominant proinflammatory cytokine, the expression
of which increases significantly during this period. As
can be seen from the data presented in Figure 3, the
level of IL-4 in endometrial homogenates during oestrus
reaches its maximum value - 407.07%£45.78 pg/ml, while
during the corpus luteum it begins to show a tendency to
decrease by almost 1.4 times (295.31£42.16 pg/ml), and
during proestrus it undergoes a significant decrease by
3.4 times (118.56%32.34 pg/ml), p<0.001, respectively. At
the same time, a significant difference in the concen-
tration of endometrial IL-4 was found between days 7-8
and 17-18 of the sexual cycle, amounting to 2.5 times
(p<0.01), respectively.

Proestrus Litter retention

cases

Endometritis cases

Figure 3. IL-4 content in cow endometrial homogenates, pg/ml

Source: compiled by the authors
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The high concentration of this cytokine during oestrus
is probably a consequence of the inhibitory effect of I1L-4
on proinflammatory cytokines, the content of which at this
time significantly increases, and in particular, the level of
IL-1. The level of IL-4 in the endometrial homogenates of
cows in the state of anaphrodisia and suffering from en-
dometritis (121.03£52.36 pg/ml) and afterbirth retention
(129.58+58.28 pg/ml) underwent a significant decrease
compared to the indicator during the oestrous phase of
the cycle by 3.4 and 3.2 times, p<0.001, respectively.
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To assess the cytokine imbalance between proin-
flammatory IL-1 and anti-inflammatory IL-4, the ratio
between IL-1 and IL-4 was calculated as an index re-
flecting the balance between both interleukins and the
balance of cytokine expression. The ratio of IL-1 to IL-4
is an objective criterion for predicting the type of tis-
sue regeneration, since in the event of a local imbal-
ance of these cytokines, the regeneration mechanism
undergoes a pathophysiological shift and causes tissue
remodelling defects and infertility (Fig. 4)
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Figure 4. IL-1 to IL-4 ratio index in cow endometrial homogenates

Source: compiled by the authors

The highest index of the ratio between IL-1 and
IL-4 was found to be during proestrus (34.53), while
during oestrus it was 20.45, and during the corpus
luteum, this ratio had a minimum value of 14.08. The
obtained results demonstrate the role of IL-1 and IL-4
in the process of remodelling since changes in con-
centration confirm the activation of physiological en-
dometrial remodelling during proestrus and inhibition
of remodelling during corpus luteum. The index of the
ratio between IL-1 and IL-4 in animals with endometri-
tis and retained litter was 27.69 and 26.35, respectively,
remaining significantly lower than the same index in
the period of proestrus. The abovementioned changes
indicate the inhibition of regenerative and restorative
reactions due to the extinction of the metabolic and
secretory activity of the postmorbid endometrium.

It is likely that in the present study, the increase
in TNFa during active endometrial remodelling dur-
ing days 7(8) to 17(18) of the sexual cycle is due to
increased reproduction of endometrial components. In
particular, studies (Abeysinghe et al., 2023) have shown
that TNFa initiates the production of other cytokines
and prostaglandins, which causes stimulation, prolif-
eration, and differentiation through the pleiotropic
effect of different cell types—Furthermore, according
to N. Nijkang (2019), TNFa can induce apoptosis of im-
munocompetent cells, connective tissue cells, as well
as circulating and exudative neutrophils through the
activation of cellular caspases that destroy intracellular

components. TNF-q, like IL-1 and IL-6, is a powerful stim-
ulator of acute-phase protein synthesis in the event of
tissue damage, so even a slight increase in TNF-« levels
causes mobilisation of energy reserves and stimulates
the body’s defence responses.

Thus, the increase in TNFa content in the endome-
trium from day 7 to day 18 of the sexual cycle indicates
the influence of this cytokine on the differentiation and
active proliferation of cells of the functional layer of
the uterine mucosa, and the activation of humoral reg-
ulation of intercellular connections and intersystemic
cellular associations. According to M. Segura-Benitez
et al. (2022), this finding details the peculiarities of in-
tercellular matrix remodelling during the stages of the
oestrous cycle and clarifies the optimisation of implan-
tation conditions. There is no characteristic cell pro-
liferation and differentiation in the postmorbid state,
as evidenced by a decrease in TNFa. S. Warashina et al.
(2022) note that this cytokine is a powerful stimulator
of acute phase protein synthesis and, in the patholog-
ical process, even a slight increase in it causes mobi-
lisation of energy reserves and stimulates the body’s
defence responses. At the same time, a significant
increase in TNFa content in the case of reproductive
dysfunction, according to H. Ragsdale et al. (2019), indi-
cates its involvement in the regulation of reproductive
processes, as high levels of TNFa activate the biosyn-
thesis of oestrogens by cytotoxic and proliferative cell
receptor types.
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According to F. Almughlliqg et al. (2019), this illus-
trates the disorganisation of the connective tissue ma-
trix of the postmorbid endometrium, since anaphrodisia
results in a significant decrease in the concentration of
connective tissue markers - glycoproteins and glycos-
aminoglycans, which is a consequence of the decrease
in secretory cells due to the induction of their apopto-
sis under conditions of TNF-a expression. It is known
that IL-1 exerts its biological effect during intercellu-
lar contact through specific and non-specific receptors
on the surface of target cells involved in the process
of implantation and pregnancy. Several studies (Kuhla
et al., 2019; Koh et al., 2020), that record an increase in
IL-1 and TNFa levels during the corpus luteum, i.e., at
the beginning of the inhibition stage, are contradictory
to other studies (Abeysinghe et al., 2023), who indicate
a maximum increase in IL-1 in endometrial cells dur-
ing the follicular phase compared to the luteal phase.
These circumstances give rise to the need to detail
these studies, as they do not reflect the overall concen-
tration of cytokines in endometrial tissue.

In the present study, an increase in endometrial
IL-1 was detected during hunting. This trend, accord-
ing to researchers (Huang et al,, 2021), is likely due to
the ability of this cytokine to stimulate the expression
of release factor genes that enhance the production of
gonadotropic hormones, followed by the induction of
the synthesis of estrogens and other gonadal hormones,
activation of the transformation of stromal fibroblasts
and epithelial cells into decidual cells, which in general
details the process of intercellular matrix remodelling
and ensures nidulation.

Studies conducted by M. Lappas (2017), and
H. Ragsdale et al. (2019) indicate that IL-1 stimulates
the transformation of endometrial epithelial cells and
stromal fibroblasts into decidual cells, the expression
of releasing factor genes, and can affect homeostasis
by increasing corticotropin-releasing factor, adreno-
corticotropic hormone, and others. At the same time,
N. Nijkang et al. (2019) point out that the release of
hypothalamic monoamines and neuropeptides under
the influence of endogenous IL-1 disrupts the synthe-
sis of gonadotropic and sex hormones, thereby causing
anaphrodisia.

Opposite to proinflammatory IL-1 and TNFa is 1L-4,
a pleiotropic cytokine produced by various immune cells
during intercellular interaction and involved, on the
one hand, in enhancing tissue alteration and destruc-
tion, and, on the other hand, in limiting the inflamma-
tion focus, increasing tissue barrier functions, activat-
ing regeneration, forming the body’s defence response,
and inhibiting proinflammatory cytokines. According to
N.Nijkang et al. (2019) and N.Turner et al. (2022), it acti-
vates the attenuation of the immune response, and ca-
talyses the endometrium’s tolerance to the inflamma-
tory process, thereby including the regeneration phase
and restoration of the function of the maternal part of

Scientific Horizons, 2023, Vol. 26, No. 9

the placenta. The results of our research are consistent
with the findings of other scientists.

In particular, as shown in studies (Taylor et al., 2021),
interleukin-4 is found in endometrial stromal phago-
cytes and actively regulates stem cell proliferation by
inducing mitogen-activated protein kinases. The latter
transmits an intracellular signal that causes cell differ-
entiation, metabolic changes, and apoptosis. In addition,
IL-4 stimulates luteal cells to increase progesterone. The
findings of a significant decrease in IL-4 in endometrial
tissue are consistent with the results of studies (Rasheed
& Hamid, 2020) and may indicate a lack of cell prolifer-
ation and differentiation, and as a result, the inability of
postmorbid endometrium to nidulation.

Individual studies (Sheldon et al, 2020) have
shown that IL-4 levels in physiological pregnancy de-
crease compared to pregnancies that are pathological
and end in abortion. A significant increase in IL-4 levels
indicates a violation of peripheral tolerance and a shift
in the local immune response towards IL-1, which
causes infertility. Assessment of serum cytokine levels
(proinflammatory IL-1 and regulatory IL-4, which is
an inducer of activation of the immune system cellu-
lar chain) reflects the dynamics of intercellular interac-
tion and the nature of the pathological process (Salas-
Huetos, et al.,, 2020). According to J. Wisler et al. (2022),
excessive levels of IL-1 destroy intercellular interac-
tions, causing infertility, due to the excessive develop-
ment of the endometrial inflammatory response during
the stage of excitation. The results of studies obtained
by M. Sequra-Benitez et al. (2022) indicate that physi-
ological zygote nidulation is possible under conditions
of a balance between the immunomodulatory and im-
munosuppressive effects of the endometrium, in the
implementation of which components of the cytokine
system are directly involved.

M. Zargar et al. (2020) point to a specific balance
between the anti-inflammatory components of the
immune system and pro-inflammatory cytokines. It is
this balance of inflammatory and anti-inflammatory cy-
tokines that determines the course of inflammation, the
development of possible complications, and organ and
tissue dysfunctions. F. Almughlliq et al. (2019) proved
that full endometrial regeneration is possible under
conditions of a balanced ratio of IL-1, TNF-a and their
antagonist IL-4, which play an important role in the for-
mation of regenerative and repair reactions. In the case
of their local imbalance, the regeneration mechanism
acquires a pathophysiological shift and causes tissue
remodelling defects. The index of the ratio of IL-1 to IL-4
in cows with endometritis and afterbirth retention was
significantly lower compared to the index of proestrus.

The cytokine ratio of IL-1, TNF-a and IL-4 is an ob-
jective criterion for predicting the type of tissue regen-
eration. |. Sheldon et al. (2020), having studied the ratio
of IL-1 and IL-4, proved that cytokine balance is a prog-
nostic indicator in assessing the course of pregnancy.An




excessive increase in the concentration of IL-1 against
a sharp decrease in IL-4 leads to abortion. Whereas, ac-
cording to P. Abeysinghe et al. (2023), the correction of
the above ratio towards a decrease in IL-1 concentration
against the background of an increase in IL-4 ensures a
physiological course of pregnancy. Thus, further research
on a detailed understanding of the cellular and molec-
ular mechanisms occurring in the bovine endometrium
under physiological and pathological conditions is cru-
cial to explain and avoid infertility in dairy cows.

CONCLUSIONS

During oestrus,the concentration of TNFa in the endome-
trium is as low as possible,amounting to 5.03+2.16 pg/ml,
while during proestrus and corpus luteum, its level in-
creases by almost 4.2-4.3 times (21.15%3.08 pg/ml and
21.63%4.69 pg/ml, p<0.01), respectively.

The concentration of TNF-a in endometrial ho-
mogenates of cows in the state of anaphrodisia is
significantly higher in animals that have suffered
from endometritis 2.6 times (13.07+£1.98 pg/ml,
p<0.01) and 3.6 times after afterbirth retention
(18.21£3.99 pg/ml, p<0.01) compared to the indica-
tor during oestrus. The level of IL-1 in cow endome-
trial homogenates increased during the oestrus period
(8325.46%69.18 pg/ml), almost 2 times compared to
the corpus luteum (4153.82+74.23 pg/ml) and proes-
trus (4092.57%#476.05 pg/ml), p<0.001, respectively.

The concentration of IL-1 in the endometrium
of animals in the state of anaphrodisia and suffer-
ing from endometritis and retention of afterbirth is

Bondarenko et al.

2.5 times lower than that of cows in heat, 2.5 times
(3351.71%£1422.42 pg/ml and 3412.43%£430.12 pg/ml),
p<0.01, respectively. The content of IL-4 in endome-
trial homogenates of cows during the heat reaches
maximum values - 407.07+45.78 pg/ml, while during
the oestrus it begins to show a tendency to decrease
by almost 1.4 times (295.31+42.16 pg/ml), and during
proestrus it undergoes a significant decrease by 3.4
times (118.56%+32.34 pg/ml), p<0.001, respectively.

The concentration of IL-4 in endometrial homoge-
nates of anaphroditic cows suffering from endometri-
tis (121.03%£52.36 pg/ml) and retention of afterbirth
(129.58+58.28 pg/ml) undergoes a significant decrease
compared to the indicator during the oestrous phase
of the cycle by 3.4 and 3.2 times, p<0.001, respectively.
The highest index of the ratio between IL-1 and IL-4
was found to be during proestrus - 34.53, while during
oestrus it was 20.45, and during the corpus luteum, this
ratio was 14.08, while in animals with endometritis and
retention of the litter, it was 27.69 and 26.35, respec-
tively, remaining significantly lower than the same in-
dex of proestrus. Thus, the prospect of further research
is the need to use the data obtained to develop reason-
able methods for correcting the sexual cyclicity of cows
in the post morbid state.
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AHoTauif. HennifHicTb Ta NOpYyLWEHHS CTaTeEBOI LMKNIYHOCTI B KOpIB, € aKTya/lbHOK i MOLIMPEHO Npobnemoto B
CKOTapCTBI, WO 3aBAAE iCTOTHWUX 36MTKIB rocnodapcream. BogHouac, AetanbHe po3yMiHHA KNITUHHMX | MONEKYNSPHUX
MeXaHi3MiB y MaTLi BefMKOi poraToi xynobu Mae BUpilanbHe 3HAYEHHS A1 NOSCHEHHS Ta YHUKHEHHS HENiLHOCTI
Yy MOJIOYHMX KOpiB. MeTow [ocnigxeHb Oyn0 BM3HAUMTM KOHLEHTpauito daktopy Hekposy nyxauH (TNFa),
nHTepneiikiHy - 1 (IL-1) Ta uHTepnenkiny — 4 (IL-4) y eHOOMeTpianbHMUX FOMOreHaTax 3a ecTpycy, NpoecTpycy, PO3KBiTy
YOBTOrO Tina M aHadpoan3ii CIpUYMHEHOT MPEXBOPIOBAHHSM Ha EHAOMETPUT, a TAKOX 3aTPUMKY nocnify. Matepianom
NS fOCNigKeHHs 6ynmn romoreHaTM eHA0OMETPIto KOPiB, BifibpaHOro 3 poriB MaTKM y BEpXHilt ii TpeTuHi. Bukopucrani
MeToaM Bu3HayeHHs BMicTy IL-1, IL-4 Ta TNFa y 3paskax eHaoMeTpito — iMyHodpepmMeHTHUIA TBepaodasHuii ELISA
aHani3 i3 ypaxyBaHHAM CMiBBiAHOWEHHS (TKAHWHHMI romoreHaT-¢hochaTHO-conboBuin Bydep). 3a pesynstatamu
LOCNIKEHb 39COBAHO 3MiHKM yMicTy IL-4, IL-1 ta TNF-a, y dyHKUiOHanbHOMY wapi eHAOMETpis 3a aHadppoaumsii
Ta OKPeMMX CTafill ecTpanbHOro Umky. BctaHoBneHo icToTHe 3pocTaHHs BMicTy TNF-a Ta 3HMxeHHs piBHiB IL-1 i
IL-4 y eHooMeTpii BiAHOCHO aHANOr4YHOro MOKa3HMKa B nepiof ecTpycy. 3'9C0BaHO BiACYTHICTb BipOrifAHOT pi3HMLI
piBHga IL-1 33 npoecTpycy NOPiBHAHO 3 PO3KBITOM XOBTOrO TiNa, K HACMILOK 3racaHHA B LEK 4ac, MpUTaMaHHoI
€CTpanbHOMY €HJOMETPit0 TPaH3UTOPHOI (BNOroreHHoi peakLii, Yepe3s LMTOKIHOBWIA BanaHC, WO roTye Halkpalli
YMOBM N5 iMNaHTaLii 3urotu. BctaHosneHo, Wwo piBeHb IL-1 3a ecTpycy BiporifHO 36inblWY€ETbCS, BIAHOCHO CTafii
PO3KBITY XXOBTOrO TiNa Ta cTagii npoecTpycy. BusHaueHo, wo koHueHTpauis IL-4 y PyHKUiinHOMY Wwapi eHaomeTpis
KOPpiB, IKi NEPEXBOPINMU Ha 3aTPUMAHHS NOCAIAY Ta EHAOMETPUT, € HUXKYOK 38 aHANOTIYHMI MOKA3HUK 33 eCTpYCY, WO
niaTBEPOXYE NPUrHiYeHHs nponidepauii 1 andepenuiauii KNiTMH. OTpUMaHi AaHi, MOXyTb ByTU BUKOPUCTaHI AN
ONTMMI3aLii KopeKLii CTaTeBOI LMKAIYHOCTI KOpIB i3 aHappoam3ieo

KniouoBi cnoBa: KopoBu; aHadpoam3ia; ctateBuin Lumkn; eHgomeTpiit; TNF-a; IL-1; IL-4
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(the setting of the scientific research, the feeding of the bee families, the power of the bee families, productivity),
ethological (orientation in the bee-entrance area), micrometrical (physiological and morphological characteristics
of the parts of the bee’s body), microscopic (analysis of hypopharyngeal glands and fat body of bees) and statistical
(biometric data processing) methods were used in the study.The significant difference in their degree of development
depending on the carbohydrate or protein feeding was identified. After feeding sugar syrup to bees, signs of protein
malnutrition and the state of development of hypopharyngeal glands corresponding to the I-1l degrees were noted.
Alveoli of hypopharyngeal glands were reduced, and underdeveloped, with marked spaces, whereas after feeding
protein food in the form of sugar syrup with bee pollen the bees had well-developed hypopharyngeal glands. The
alveoli of the hypopharyngeal glands of the researched bees filled out, grew milky, with no space between them,
and were able to produce larval food. Such a state of the glands’ development corresponds to the IV degree of the
development of hypopharyngeal glands. The research results indicate that the development of the fat body of bees
happens at a young age when bees consume protein food the most. It has been proven that protein feeding of
the bee colonies of experimental groups contributed to the better development of hypopharyngeal glands in both
old and young bees, which resulted in better provision of food for larvae and more active development of the bee
colonies. Protein feeding of bees in early spring under conditions of limited supply of protein food contributes to
the production of larger larvae, which in turn contributes to the production of more complete bees

Keywords: Ukrainian steppe bee; protein feeding; bee larvae; the power of the bee colony; hypopharyngeal glands;

alveoli of hypopharyngeal glands; fat body

INTRODUCTION

The creation of optimal conditions for the life of bee
colonies requires various types of food for feeding.
The search for the most effective food resources and
their impact on bee productivity remains relevant.
R. Brodschneider et al. (2019) and K. Khamid (2021)
proved that increasing the number of bees in the col-
ony in spring is of exceptional importance in preparing
it for pollination of crops, using productive honey col-
lections, as well as in autumn for increasing the num-
ber of young bees, which will have to overwinter and
raise several generations of bees’ next spring.

The life activity of the honeybee colony, particularly
rearing of brood, successful overwintering, disease re-
sistance, flight-collecting and pollinating activity de-
pends to a large extent on the food stocks in the nest
and the flow of the protein food - bee pollen. K. Ulutas
& A.Ozkirim (2018),S.Ahmad et al. (2021),and M. Carroll
et al. (2021) proved that for normal life activity, each
bee colony needs a balanced diet, which should include
a complex of proteins, fats, and carbohydrates, as well
as mineral compounds and water. Honeybees use car-
bohydrates and lipids to replenish energy reserves and
protein compounds - for growth and development; and
minerals, vitamins and water are inseparable compo-
nents of metabolic processes.

R. Pudasaini et al. (2020), M. Lee et al. (2019), and
V. Corby-Harris et al. (2019) dealt with questions of de-
pendence of the development and functional activity of
hypopharyngeal glands on the age of bees and the avail-
ability of the protein food in the nest. There is a direct
link between feeding, physiological state, and life expec-
tancy of honeybees whereas the stocks of food are im-
portant (Lan et al, 2021). The use of protein food has an
impact on physiological development and contributes
to the continuation of life of young bees. A statistically

valid correlation between the life expectancy of bees
and their physiological state, particularly close between
the degree of development of the fat body and life
expectancy, is present. M. Thakur & V. Nanda (2020), Li
et al. (2019), and U. Toprak et al. (2020) noted that the
presence of a sufficient amount of protein compounds
increases the lifespan of worker bees, has a positive ef-
fect on the development of young bees and brood.

The study of lipid metabolism has received much
attention for many years (Feregrino-perez et al.,, 2018;
Chen, 2018). The fat body develops quickly among the
bees that take part in feeding the larvae, it is highly
developed among larvae and also old queen bees. It
is the most developed in the body of bee larva where
its proportion corresponds up to 60% of the mass of
the larvae. The research data (De Souza et al, 2019;
Almasri et al.,, 2020; Frizzera et al., 2020) indicates that
although in the adult bee, the fat body occupies a rel-
atively small part, this organ plays an important role
in the physiological state of bees. The fat cells of sum-
mer and winter generations of bees are distinct in their
structure. G. Galvani et al. (2019), M. Kunc et al. (2019),
and A. Strachecka et al. (2021) have proven that in sum-
mer the fat cells form a thin and almost clear layer and
among winter bees they create a thick yellow-white
cover where cells, apart from fat droplets, also contain
protein bodies. The main biochemical processes take
place in the fat body as well as stockpiling of nitroge-
nous substances in the autumn period that define the
life expectancy and safekeeping of bees during over-
wintering. The degree of development of the fat body
is a reliable physiological indicator of the state of bees
and their resistance. The metabolism in the body of
bees is closely linked to the state of the fat body as one
of the important vital organs of bees.
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The studies on the impact of the protein feed on the
development of bee colonies and their physiological
state play an important part both in the conservation
of honeybees and the increase in their productivity and
are relevant for the beekeeping of Ukraine. The research
aims to study the influence of the protein feed on the de-
velopment of the hypopharyngeal glands, fat body and
life expectancy of bees during the period of the low level
of flow of bee pollen into the nest of the bee colony.

MATERIALS AND METHODS

This study is a part of the fundamental study and was
conducted according to the plan of research work on
the topic: “To study mechanisms and characteristics
of the production of the bee wax and royal jelly by
Ukrainian steppe breed and Carpathian breed of bees”
(the number of the state registration 011U6001455)
during 2016-2020.

The study was conducted on the experimental api-
ary of the National Scientific Centre “Institute of Bee-
keeping named after P.I. Prokopovych” on the standard
bee colonies of the Ukrainian steppe breed (Apis mellif-
era sossimai). The bee colonies met the standard of the
Ukrainian steppe breed, as confirmed by the results of
the exterior evaluation.

The entire bee colonies as well as separate individ-
ually marked bees of the Ukrainian steppe bees were
the objects of research. The caring for the experimental
bee colonies was equal and conducted using a generally
accepted method (Brovarskyi et al., 2017). The research
was conducted under the provisions of the “Basic Eth-
ical Principles for the Animal Experiments”, adopted at
the First National Bioethics Congress (Reznikov, 2003)
and “European Convention for the Protection of Verte-
brate Animals used for Experimental and other Scien-
tific Purposes” (1986).

The following groups of the bee colonies were
formed: | group (control) - the bees of this group received
feeding in the form of sugar syrup in the ratio 1:1 both in
larval stage and after birth; Il group - bees in larval stage
received protein feeding (sugar syrup in the ratio 1:1 with
addition of 15% bee pollen that was soaked in water for
6 hours), and after birth went on sugar syrup nutrition;

[l group - bees is larval stage received sugar syrup and
after birth went on protein nutrition; IV group - bees re-
ceived protein feeding both in larval stage and after birth.

Physiological characteristics were determined ac-
cording to the degree of development of the fat body
(on the Maurizio scale) and brood food (HP) glands (on
the Hess scale) determined by 4 levels of their devel-
opment. Fifty bees aged one day were placed in labora-
tory holding cages and were kept on the grid above the
nest of the strong colony. Food and water were changed
every two days. The holding cages were examined every
day with an accounting of dead bees. To study the devel-
opment of brood food (HP) glands, 10 bees from each
holding cage were taken on the 10th, 20th, and 30th
days. Hypopharyngeal glands were dissected and ex-
amined under a digital microscope and photographed
afterwards. The studies were conducted with repeata-
bility of two measurements. The mass of the newly born
bees was determined on the torsion scale VT 500.

The amount of bee bread and sealed brood was de-
termined with the help of a frame grid with the size of
quadrants 5x5 c¢m. For the convenience of accounting
for bee bread (given that it doesn’t always occupy big
solid areas) the frame grid was additionally divided into
smaller quadrants 2.5x2.5 cm. Biometric data process-
ing was conducted on a PC with the help of MS Excel
software using built-in statistical functions.

RESULTS AND DISCUSSION

According to the results of the biometrical analysis of
the level of development of hypopharyngeal glands of
the bees from the research group colonies prevailed per
degree of development of these glands over the bees of
the control group on average by 0.86 points (P>0.01).
Among young bees that were born in spring, the vari-
ance by the degree of development of hypopharyngeal
glands was by 0.92 points more in the research group
with probability P>0.01 (Table 1).

After examining the microscope of dissected hy-
popharyngeal glands of bees, authors identified the
significant difference in the level of their development
depending on feeding with carbohydrate or protein
food (Fig. 1)

Table 1. Physiological development of bees in research and control colonies

Old bees

Young bees

The level of development of

The level of development of

Rates hypopharyngeal glands, points  hypopharyngeal glands, points Live body weight of bees, mg
Research Control Research Control Research Control
n 100 100 100 100 80 80
Lim 2-5 1-4 2-4 1-4 78-116 70-100
XEm 3.4%0.10 2.6%0.15 3.1£0.14 2.1+0.13 93.2+1.12 90.8+1.10
Cv, % 21.4 39.95 26.88 36.35 9.55 9.42
P <0/01 <0.01 >0.05

Source: compiled by the authors
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Control group Studied group

Figure 1. Hypopharyngeal glands of bees of control
and research group

The figure above shows that among the bees of
a control group that received sugar syrup, there are
signs of protein deficiency and the level of the devel-
opment of hypopharyngeal glands meets the criteria
of degree I-1l. The Alveoli of hypopharyngeal glands
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are underdeveloped, with significant gaps and they re-
mained clear throughout the whole research.

Quite a different situation was observed among
bees of a research group that were fed with the protein
mix in the form of sugar syrup with bee pollen both in
the larval stage and after birth. They have sufficiently
well-developed hypopharyngeal glands. The Alveoli
of the hypopharyngeal glands of the researched bees
became rounded and cloudy, no gaps were observed
between the alveoli, and they had a milky white col-
our and were able to excrete brood food. Such a state
of glands meets the criteria of IVth degree of develop-
ment of hypopharyngeal glands of bees with sufficient
stocks of protein feed in the nest. The fat body covers
the internal organs and body walls of bees and contains
fat, glycogen, and protein. In spring those substances
flow into the brood food (HP) glands and are spent on
producing the food for larvae. The data of research on
the development of the fat body is provided in Table 2.

Table 2. The dynamics of development of the fat body of bees

Research Group

Control group Reliability of the differences, td

Bees’ age, days

Mzm % before the control Mzm
1 1.2+0.03 86 1.5+0.04 4.0
3 1.7+0.05 85 2.1+0.05 4.1
6 2.1+0.05 78 2.5+0.05 7.5
12 2.1+0.06 95 2.2%0.02 1.0
18 2.0+0.05 94 2.1+0.05 14
24 2.1+0.06 100 2.1+0.82 0.0

Source: compiled by the authors

As seen from the data in the table, the highest rate
of the development of the fat body among bees, 2.5
points,was observed at the age of 6 in the control group
where the frames filled with protein food were not re-
moved. At the same time, the degree of development of
a fat body of the 6-day-old bees in the research group
was 2.0 points. Statistical processing allowed to identify
sufficiently stable accuracy of difference (td=7.5).

Confré[group

Among the bees older than 6 days the development
of the fat body with the removal of the frames with
protein food or without there was almost no difference.
Such phenomena point to the fact that the develop-
ment of this organ takes place at a young age when
bees mostly consume protein food.

The dissected bee terga abdomen is presented in
Figure 2.

Studied group

Figure 2. Fat body of bees of research and control group

Source: compiled by the authors
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Among the bees of the control group, the fat tissue
has white rounded cells without visible inclusions, with
visible chitin and meets the criteria of the I-st degree
of development. Among the bees of the research group,
the fat tissue is multi-layered, plicate, with yellow-filled
inclusions and meets the criteria of I1l-1V degree of de-
velopment.As a result of the study, the life expectancy of

bees with protein feeding in the larval stage and after
birth turned out to be significantly higher than among
the bees of the control group that received the sugar
syrup as extra-nutrition. The life expectancy of bees ac-
counted for 47.09+1.72 days and 22.8+1.75 days in the
research and control group respectively. The difference
is statistically accurate (P<0.001), (Table 3).

Table 3. The life expectancy of bees

Groups n lim Mzm v, % P
I 100 1.0-33.0 22.80%1.75 44.1
I 100 1.0-41.0 27.67%1.61 37.2 0.001
1 100 1.0-70.0 37.00%2.65 38.4 0.001
v 100 1.0-73.0 47.09%1.72 30.5 0.001

Source: compiled by the authors

The life expectancy of bees in the second group
was significantly higher even though these bees re-
ceived sugar syrup after birth but protein food in the
larval stage. The bees of the third group had a relatively
long lifespan - 37.00+2.65 days. As for the behaviour of
bees, the bees from all groups behaved differently, the
restless behaviour was observed among the bees with
a short lifespan.

Life expectancy is a breed characteristic with sea-
sonal variation and is directly proportional to the state
of development of hypopharyngeal glands and fat body
where the reserve nutrients are stored. Therefore, the
study of the influence of alimentary factors on the life
expectancy of bees is an important rate in their breed-
ing. Studying the effect of feeding with pollen from 38
plant species on bees, M. Kunc et al. (2019) showed that
pollen prolongs the life expectancy of bees by up to
100% compared to control, and improves some indica-
tors of their physiological state. Ukrainian and foreign
science and practice have a great deal of experience in
the field of visual qualitative evaluation of the degree
of development of the fat body of honeybees.

According to L. Bortolotti et al. (2020), the fat body
is an important metabolic organ and is decisive in the
quality and activity of the course of physiological and
biochemical processes in the body of honeybees. That is
why the degree of fat body development is the main in-
dicator of the biological state of the body of honeybees
and affects their lifespan.

R. Balkanska et al. (2018) and B. Moumeh et al.
(2020) proved that a sufficient amount of protein com-
pounds increases the lifespan of worker bees, and has a
positive effect on the development of young bees and
brood. Scientific research dedicated to studies of the
life of separate specimens and bee colonies as a whole
demonstrates that during the overwintering with fa-
vourable conditions, the biological lifespan of bees is
directly related to the presence of the reserve nutrients
in their body. Meanwhile, what matters the most is the

Scientific Horizons, 2023, Vol. 26, No. 9

degree of development of the fat body that also deter-
mines the ability of bees to rear the brood intensely in
early spring. That is why in spring they consume a large
amount of protein food to provide the physiological de-
velopment of the biological mode of the overwintering
process and prepare the young spring generation to re-
place them.

F. Azzouz-Olden et al. (2018), I. Kumari & R. Kumar
(2019) it has been proven that meeting the nutritional
needs for protein compounds is critically important for
the general condition of the bee colony, especially dur-
ing the period of active development. The main area of
accumulation of the reserve nutrients is the fat body of
the bee. In its granules, the fatty-protein compounds
appear where the reserve nutrients (proteins, fats, and
carbohydrates) are stored and later used in the process
of overwintering the bee colony. The fat body feeding
only carbohydrate food remains relatively thin, with a
limited amount of nutrients. With protein feeding it de-
velops as multi-layered and contains large amounts of
protein, fat,and glycogen. The fat body of bees serves as
an area where extra amino acids are preserved which
are accumulated in the active period and used under
protein deficiency. In that regard, it can be concluded
that the fat body is one of the most important elements
in the process of metabolism and has an influence on
the activity of all physiological processes. That is why
the degree of the development of the fat body is one
of the most important characteristics that defines the
biological state of the body of a bee and its life expec-
tancy. It is experimentally proven that the protein food
in the form of a mixture of sugar syrup with bee pollen
has a positive influence on the life expectancy of bees.

Thus, this research proved that protein feeding of
bee colonies of the research groups contributed to the
better development of hypopharyngeal glands both
among old and young bees. This in turn contributed to
the better release of brood food for larvae and more
active development of the research group of colonies.




CONCLUSIONS

According to the conducted research, it was established
that protein feeding of bees in early spring under the
conditions of a limited supply of protein food contrib-
utes to the obtaining of larger larvae, which in turn con-
tributes to the production of more complete bees.

During the study of the influence of protein food
on the development of hypopharyngeal glands and fat
body, when comparing the physiological state of bees,
it was established that the hypopharyngeal glands and
fat body of bees that consumed pure candy, that is, had
only protein supplements, and where a deficiency of
protein food was observed, had the lowest degree of
development. In addition, it has been confirmed that

Mishchenko et al.

lifespan of bees with protein feeding in laboratory
conditions was more than two times longer than the
lifespan of bees with protein starvation. The rational
feeding of bees is a decisive factor in their productivity.
Meeting nutritional needs for proteins is an important
condition for the general state of the bee colony, espe-
cially during the period of active development.

The studies of the influence of various factors includ-
ingfood,state ofthe colony,pesticides,and honeybeeraces
that affect the physiology of bees are essential for the
further investigation of the development and function-
ality of the hypopharyngeal glands and fat body of bees.

the development of the fat body occurs at a young age ACKNOWLEDGEMENTS
when bees consume protein food. None.
The results of the study show that the average
lifespan of bees with protein feeding in the larval stage CONFLICT OF INTEREST
and after birth was significantly longer. The average  None.
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AHoTauifa. JocnigxeHHs aHaToMo-di3ionoriyHnx ocobnusocTei 64Kin (CTaH XMpOBOro Tina, MiArNOTKOBMX 3aN103)
y 3B¥3KY 3i 3MiHaMM NPUPOAHO-KNIMATUYHUX YMOB (CKNag, FPYHTY, TPMBaANi NOCYXM, 3aTSXKHI AOLLi, MOXONOAAHHS,
€KOJIOriYHi KaTakniamu), 36iAHEHHAM KOPMOBOI 6a3uM BN Yepe3 3MeHLLIEHHS NOCiBHUX MO, MELLOHOCHUX KYNbTYp,
WO NPU3BOAMTL OO BUKOPUCTaHHS Bakonamu NiaroAdisni, € akTyanbHWM. MeTol AOCNIAKEHHS € BUBYEHHS BMNIMBY
KOPMOBOrO MpOTeiHy Ha PO3BMTOK MiAMIOTKOBMX 3303, XMPOBOrO TiNa Ta TPUBANICTb XUTTS MeLOHOCHMX 64xin.
Y pob6oTi BMKOPWUCTOBYBANM 300TEXHIYHI (MOCTAHOBKA HAYKOBWMX [OCNIAXKEHb, FOAIBAS OOXOAMHUX CiMel, cuna
6KONMHUX CiMeW, NPOAYKTUBHICTb), €TONONIYHI (OpiEHTYBAHHS B 30Hi 6a)onocimeit), MikpoMeTpuuHi (disionoro-
Mop®dOnoriYyHa XapakTepUCTMKA YacTUH Tina 64XK0nu), MIKpOCKONiYHI (@Hani3 NiArMOTKOBMX 3203 i XXMPOBOTO
Tina 64in) Ta ctaTMcTMYHi (biomMeTpuuHa 06pobKa AaHMX) MeToaM AO0CHiMKEeHHS. BusBneHo AOCTOBiIpHY pi3HULIO
B CTyMeHi iX po3BWUTKY 3aNeXHO Bif BYrneBoAHOi 4M 6inkoBoi rogisni. Micng 3ropoByBaHHs 64)01aM LYKPOBOIo
cMpony BiAMiYanun 03HaKM BINKOBOI HEAOCTAaTHOCTI Ta CTaH PO3BUTKY rinodapuHreansHMx 3ano03, wo signosigac |-
CTyneHto. AnbBeonu NiArMoTKOBMX 3an03 OynM 3MeHLUEHI, HEAOPO3BUHEHI, 3 MOMITHUMM NPOMIXKXKAMU, TOAI K nicns
3rof0BYBaHHS HiNKOBOro KOPMy y BUMMAAI LLYKPOBOIO CMPOMY 3 BAXKONMHUM NMUAKOM B4)Konm Manu Aobpe po3BUHEHI
NiArNoTKOBI 3an03u. ANbBEOM MiATMOTKOBMX 3103 LOCAIAXKYBAHMX OIKIN HANOBHMAMUCS, CTaAM MONOYHUMM, 6e3
NPOMIXKIB MiXX HUMU, | ByNKn 30aTHI BUPOBASTU MIMYMHKOBMI KOPM. TakWi CTaH po3BMTKY 33103 Bianosigae IV ctyneHo
pO3BUTKY MiAMMOTKOBMX 3a103. Pe3ynbTati gocnifxeHb CBifYaThb, WO PO3BUTOK XXMPOBOIO Tina 6axin BigbyBaeTbcs
B MOJOAOMY Billi, Konu 64onn Hanbinblwe cnoxusakoTb GinkoBoro kopmy. [loBeaeHo, wo 6inkoea niaroaisns
6x0Nn0CciMen foCNiAHMUX Tpyn CNpusaia KpawoMy po3BUTKY NiAMMOTKOBMX 33103 SK Y CTapux, Tak i y Monoaux 64xin,
O MpM3BENO L0 Kpaworo 3abesnevyeHHs NMYMHOK KOPMOM i Bifbll aKTUBHOMO po3BUTKY Baxonocimen. binkosa
niAroAiBns 64Xin paHHbOK BECHOK B yMOBaxX 0OMexeHoi Mpono3uLii 6ifIkoBoro KopMy CNpuse OTPUMaHHLO BinbLimx
JIMYMHOK, LU0, B CBOKO Yepry, CNpUSE OTPUMAHHIO BinbLl NOBHOLLIHHMX BN

KniouoBi cnoBa: ykpaiHcbka cTenoBa 64)kona; 6inkosa nigrofiBns; IMUMHKM 64Kin; cuna 64KoNnHOI CiM’i; NigrnoTkosi
3aN103M1; aNbBEOAM NiAMNOTKOBMX 3a/103; XMPOBeE TiNo
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groups, organisation of the experiment, determination of milk production), biochemical (determination of the
content of basic nutrients in feed, milk quality indicators), statistical, and mathematical. The compensation of
protein in the diet of high-yielding cows under climate change conditions was carried out using the protein feed
additive TEP-mix with protein protected from rumen breakdown. It has been proven that its inclusion in the cow’s
diet can increase average daily milk production by 9.1% in the cold season (0-10°C) and by 28.0% in the summer
(21-36.4°C). In addition, the fat and protein content in milk increased in cows receiving the high-protein feed
additive TEP mix. It was found that the increase in protein nutrition of cows from 23.18% to 33.53% with the use
of the feed additive TEP-mix with protein protected from scar breakdown ensures a reduction in the impact of
climate change on the metabolism of dairy cows. Thus, it has been proved that the use of specific protein feed
sources that regulate the level of non-cutting protein in the diet can be considered a factor in combating heat
stress and increasing milk production of dairy cows throughout the physiological cycle of lactation, including in

extreme conditions of high temperatures

Keywords: metabolism; dairy cows; heat stress; protected protein

INTRODUCTION

Studies of the physiology of cow nutrition show that an-
imals exposed to a significant excess of thermal stress
have a negative nitrogen balance mainly due to a de-
crease in feed intake, which makes this study relevant.
0.Borshch (2021) noted that nitrogen deficiency can be
compensated for by increasing the protein content in
the dry matter of the diet. At the same time, such an in-
crease is significantly limited by the inability of rumen
microorganisms to quickly process soluble crude pro-
tein that has been supplied with dietary components
to the cow’s rumen into microbial protein, and the re-
sulting excess nitrogen leads to its absorption into the
bloodstream, which negatively affects metabolism, dry
matter intake and milk production. This means that the
solution to increasing the intake of protein in the body
of a dairy cow lies not in the plane of physical quantity,
but rather in the plane of dietary protein quality and,
in particular, its rumen solubility. M. Gauly & S. Ammer
(2020), A. Igbal et al. (2021) and P. Skliarov et al. (2022)
pointed out that most modern protein nutrition systems
when determining the protein requirement of animals,
do not proceed from the content of crude and digestible
protein in the diet, but from the amount of protein that
is broken down in the small intestine and is defined as
the sum of the breakdown and non-breakdown protein
fractions in the rumen. This approach to protein nutri-
tion for high-yielding cows is based on providing the
animal body with readily soluble nitrogen compounds
in feed protein and non-protein nitrogen sources based
on the proteolysis of microbial protein and feed protein.

J. Garner et al. (2022) noted that rumen degradable
protein is a source of nitrogen for microorganisms that
use it to synthesise their protein amino acids, which
provide 50% to 90% of cows’ amino acid requirements
after absorption in the small intestine. With high milk
production, the synthesis of milk protein from microbial
amino acids accounts for only 40-50% of milk protein,
the rest must be provided by non-hydrolysed rumen
protein. J. Meneses et al. (2021) considered that this
was largely impossible to achieve by feed selection.

Therefore, to protect protein from rumen degradation,
feeds, especially high-protein feeds, are treated with
various physical and chemical methods.

0. Borshch (2021) points out that at high and even
average levels of cow milk production, protein synthesis
by rumen microorganisms does not meet the animals’
need for amino acids, while a simple increase in the
protein content of feed (not considering protein break-
down) causes to excessive breakdown in the rumen and
ultimately to its irrational use, while a high proportion
of dietary proteins that are not broken down in the ru-
men but digested in the intestine improved the produc-
tivity of dairy cows even in adverse climatic conditions.

[. Suprun & Y. Kurylenko (2022) determined that de-
termining the amino acid requirements for high-yielding
cows in both the productive and dry periods requires in-
depth knowledge of the protein composition of feed and
its role in rumen fermentation. Q. Shan et al. (2020) found
that during lactation, the mammary glands require a sig-
nificant number of amino acids, the metabolism of which
is a rather complex process, amino acids can be con-
verted into other amino acids or used for energy through
oxidation, but most of the amino acids absorbed from
the blood are used by the mammary glands for milk pro-
tein synthesis. Scientists (Van den Bossche et al,, 2023)
found that methionine intake improves milk production
and antioxidant capacity, reduces lymphocyte apopto-
sis, promotes Bcl-2 gene expression in lymphocytes and
suppresses the Bax gene. Moreover, methionine perfu-
sion has been shown to increase milk protein synthesis.

It is practically impossible to regulate the supply of
methionine and lysine from the soluble part of crude
protein, as it is impossible to control the quantity and
quality of rumen microorganisms to increase the syn-
thesis of individual amino acids. That is why the issue
of amino acid nutrition of dairy cows has recently been
addressed by adding special feed additives to the diet,
which use protected methionine. However, as noted
above, an increase in the level of protein in the diet
of cows should be accompanied by an increase in the
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intake of not only methionine but also other essential
amino acids, because the use of protected methionine
alone is not sufficient to improve the quality of protein
nutrition. Given the research relevance, the research
aims to determine the peculiarities of metabolism and
delivery of various forms of protein and energy to the
body in the diets of highly productive cows in the sec-
ond half of lactation under different climatic conditions.

MATERIALS AND METHODS

The possibility of reducing the negative impact of high
temperature on the metabolism and productivity of an-
imals with the help of the protein feed additive TEP-
mix (Arnika Feed LLC, Ukraine) with a protein protected
from rumen cleavage was investigated in the conditions
of Pechenizke LLC, Chuhuiv district, Kharkiv region. The
scientific and economic experiment was conducted dur-
ing 2022 (January-September) on high-yielding cows of
the Ukrainian Red and White dairy breed, considering
productivity, with an average live weight of 550-600 kg
in the second, third and fourth lactations. Control and
experimental groups of 70 cows were formed. During
the experiment (243 days), the control group was fed
a basic diet with the addition of sunflower meal, and
the experimental group - a basic diet with the addition
of TEP-mix. The diets of both groups were balanced
so that the concentration of the main nutrients was
as similar as possible, with a difference of 1% to 3%.
The difference was in the use of a traditional protein
supplement in the control group - sunflower meal with
a low degree of protein protection (15.2%) against ru-
men degradation, and in the experimental group - a
high-energy protein supplement TEP mix with a high
degree of protein protection (65.3%).

Before the experiment, feed samples were taken
to determine their chemical composition and nutri-
tional value in the laboratory for assessing the quality
of feed and animal products of the Institute of Animal

Husbandry of the National Academy of Agrarian Scienc-
es of Ukraine. Considering the chemical composition
and nutritional value of the feed, the main diet of the
experimental animals of both groups was equally com-
plete and balanced in terms of nutrition, the amount of
organic and mineral substances and had no significant
differences, except for the quality of protein nutrition,
in particular, the level and ratio of protected protein,
which was 10.35% higher than in the control group.

The diet of the control group of cows in the second
half of lactation included 8.0 kg of corn silage, 12.0 kg of
triticale + oats haylage, 1.0 kg of pea straw, 5 kg of beer
pellet, and 7.6 kg of mixed fodder. This diet contained
17.66 kg of DM, 186.7 MJ of ME, and 2841 g of CP,includ-
ing 2182 g of DM and 658 g of NDF, or 23.18% of the to-
tal crude protein. The diet of the experimental group of
cows included 8.0 kg of corn silage, 12.0 kg of triticale +
oats haylage, 1.0 kg of pea straw, 5 kg of beer pellets,
1.7 kg of TEP-mix, and 5.8 kg of mixed fodder (1.6 kg of
sunflower meal was replaced by a high-energy protein
supplement TEP-mix in the amount of 1.7 kg). The diet of
the experimental group contained 17.50 kg of DM, 185.5
MJ of ME, 2836 g of CP,including 1885 gof DMand 951 g
of NDF, or 33.53% of the total crude protein.

The daily feed intake of the experimental animals
during the experimental feeding was almost com-
plete - the residues were only 1 to 3% of the target.
Housing conditions, feeding, and watering regimes, and
microclimate parameters were the same between the
groups of experimental animals. The cows were kept in
a typical four-row barn in a tethered manner. Milking
was carried out twice a day using a milk pipeline, and
control milking was carried out using portable buckets
and a milk meter. Feed distribution was carried out by
mobile feeders, and manure removal was carried out by
scraper conveyors. Watering was carried out by auto-
matic drinkers. Cows were fed with complete feed mix-
tures twice a day. The research plan is shown in Table 1.

Table 1. Research plan

Research Research . o Amount . -
stage period, days Air temperature, °C Group heads Feeding conditions
Basic ration (BR) + sunflower meal
Control 70 (NRP-23.18%)
8 Upto+10 Basi ion (BR) + TEP-mi L
. asic ration + -mix supplement
Studied 70 (NRP-33.53%)
OP + sunflower meal
Control 70
I 60 From +20 to +30 (NRP-23.18%)
Studied 70 OR + TEP-mix additive (NRP-33.53%)
OP + sunflower meal
Control 15
1] 100 More than +30 (NRP-23.18%)
Studied 15 OR + TEP-mix additive (NRP-33.53%)

Source: compiled by the authors

During the experiment, the following parameters
were determined: actual chemical composition and
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nutritional value of feed; actual feed consumption -
daily, by conducting control feeding during two adjacent




days, to determine the difference between the specified
amount of feed and its residues in the context of each
group; level of milk production of cows - monthly, by
conducting control milking with subsequent selection
of average milk samples to determine its quality. Milk
was analysed for chemical composition, nutritional and
energy value, and physical and technological proper-
ties using a Bentley-150 device, and the content of so-
matic cells in milk was determined using a Somacaunt
150 device using the flow cytometry method.

The economic efficiency of milk production with
the use of various feed additives with protected protein
in cattle diets was calculated by the difference between
the cost of feed and sold products. The statistical pro-
cessing of the research results was carried out using
biometric methods to determine the level of probability
of the difference (Baranovsky et al., 2017).

All experimental studies were carried out by mod-
ern methodological approaches and in compliance with
relevant requirements and standards, in particular, they
meet the requirements of DSTU ISO/IEC 17025:2005
(2006). The animals were kept, and all manipulations
were carried out by the Order of the Ministry of Health
of Ukraine No.416/20729 “On Approval of the Procedure

Sediuk et al.

for Conducting Animal Experiments in Research Institu-
tions” (Law of Ukraine No. 249, 2012), the European Con-
vention for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (1986).

RESULTS AND DISCUSSION

It was found that an increase in the non-degradable pro-
tein fraction in cow diets by 10.35% in January-March
at an average air temperature of +7°C increased the
average milk yield of cows by 9.1% (Table 2). Thus, at
the beginning of the experiment, cows in the control
group had an average milk yield of 19.6 kg of milk (with
an average fat content of 3.93% and protein content
of 2.98%), and in the experimental group - 19.6 kg of
milk (with an average fat content of 3.93% and pro-
tein content of 3.01%). This means that there was no
difference between the average milk yield and fat in
the experimental and control groups and minimal and
unreliable difference in protein. During the 83 days of
the first stage of the experiment, the daily productivity
of cows in the control group increased by only 0.2 kg. In
the experimental group, the daily productivity of cows
increased by 1.80 kg (9.1%).At the same time, there was
a tendency to increase both protein and fat in milk.

Table 2. Dynamics of milk production of experimental cows at the first stage of the experiment

Actual air temperature

Indicator 0°C - +10°C
control studied +/- relative to control

Cows in the group, heads 70 70 -

Research length, days 83 83 -
Average daily natural milk yield at the beginning of the period, kg 19.6%0.56 19.8+0.47 +0.2
Average daily natural milk yield at the end of the period, kg 19.8+0.51 21.6%0.51 +1.8

Average mass fraction of fat in milk at the beginning of the period, % 3.93+0.009 3.93+0.008 0
Average mass fraction of fat in milk at the end of the period, % 4.07+0.006 4.14+0.008 +0.07
Average mass fraction of protein in milk at the beginning of the period, % 2.98+0.005 3.01+0.007 +0.03
Average mass fraction of protein in milk at the end of the period, % 3.22%0.003 3.27%0.006 +0.05

Source: compiled by the authors

In the second stage of the study, from 26 March
to 26 May (60 days), with a gradual increase in the
average air temperature to +21°C, the effect of exper-
imental feeding became even more significant. Feed-
ing a diet with a 10.35% higher degree of protection
against protein breakdown in the rumen was found

to increase the milk yield of each cow in the experi-
mental group by another 1.5 kg of milk, while in the
control group, this figure decreased by 1.1 kg. On aver-
age, during the second stage of the study, the cows of
the experimental group produced 4.4 kg more milk, or
23.5% more (Table 3).

Table 3. Dynamics of milk production of experimental cows at the second stage of the experiment

Actual air temperature
+11°C - +20°C

Indicators
control studied +/- relative to control
Cows in the group, heads 70 70 -
Research length, days 60 60 -
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Table 3, Continued

Actual air temperature
+11°C - +20°C

Indicators

control studied +/-relative to control
Average daily natural milk yield at the beginning of the period, kg 19.8+0.51 21.6*0.51 +1.4
Average daily natural milk yield at the end of the period, kg 18.7+0.40 23.1+0.52 +4.4
Average mass fraction of fat in milk at the beginning of the period, % 4.07+0.006 4.14+0.008 +0.07
Average mass fraction of fat in milk at the end of the period, % 4.12+0.003 4.19+0.008 +0.07
A et of tne morod 3 32240003 3.27+0.006 +0.05
Average mass fraction of protein in milk at the end of the period, % 3.24+0.003 3.29+0.006 +0.05

Source: compiled by the authors

The productive effect of the experimental feeding
was even more pronounced at the third stage of the
research when the air temperature rose to +24.5°C -
+36.4°C. Thus, within 60 days of the experimental stage,
the average milk yield of each cow increased by 1.3 kg
of natural milk, while in the control group, this figure de-
creased by 2.3 kg (Fig. 1). The amount of fat and protein in

the milk of cows in the experimental group also increased
by 0.14% and 0.06%, respectively, while in the control
group, the fat content in milk increased by only 0.08%
and the protein content decreased by 0.03% (Figs. 2-3).
Thus, the productivity of cows in terms of basic fat con-
tent in the experimental group increased by 2.64 kg, and
in the control group - decreased by 2.2 kg (Fig. 4).
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Figure 1. Average daily milk yield of natural milk
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Figure 4. Average daily milk yield of basic fat content

Source: compiled by the author

The analysis of the results of the study by groups
of cows shows that the amplitude of milk yield fluctua-
tions in the control group animals was 9.2 kg (max-min),
while in the experimental group animals it decreased to
6.0 kg. The amplitude of fat and protein fluctuations in
the groups was almost the same. The obtained results
prove that cows respond positively and significantly to
changes in protein nutrition by increasing the level of
non-degradable protein in the diet by adding TEP-mix
to the basic diet.

The high difference in productivity between the
control and experimental groups at the third stage of
the study proved that the degree of resistance to heat
stress also increases with increasing temperature. This
fact can be explained by the stabilisation of metabolism
in the body in general and a decrease in the intensity
of protein fermentation in the rumen. During the stress-
ful period of high ambient temperature, the organism
of the experimental animals was better supplied not
only with protein but also with energy. This is caused by
the use of less energy for the digestion of non-digest-
ible protein and, in addition, an increase in the flow of
amino acids absorbed into the intestine contributes to
the use of their share for energy purposes. That is why
the energy supply of cows during heat stress with the
use of TEP-mix in the diet was more significant, aimed
at the synthesis of additional milk. At the same time,
the increase in the amount of milk was not accompa-
nied by losses in its quality (in terms of fat and protein
mass fraction). Thus, it can be argued that the use of
specific protein feed sources that regulate the level of
non-degradable protein in the diet can be considered a
factor in counteracting heat stress and increasing milk
production of dairy cows throughout the physiological
cycle of lactation, including in extreme conditions of
high temperatures.

Stress caused in the body of ruminants by changes
in climatic conditions hurts the general condition of the
organism and, accordingly, the level of milk production
and reproductive function. The solution to the problem
of reducing the impact of heat stress on the body of an-
imals requires the search for effective feed factors that
can slow down the production of heat energy in the

body. Thus, S. Gao et al. (2017) proved the effectiveness
of using protein supplements of animal origin with a
higher level of rumen-degradable protein fraction in
the rearing of dairy calves. S. Salo (2018) confirms the
importance of optimising both rumen-degradable and
non-degradable protein content and synchronising pro-
tein with energy, which affects cow reproduction rates
and environmental emissions. G. Conte et al. (2018)
highlighted that feeding protected proteins reduces
metabolic heat production and provides the right nu-
trient profile for high-yielding cows in early lactation.

Using experiments on dairy cows in climate-con-
trolled chambers, S. Williams et al. (2021) showed that
adding ingredients to the diet of lactating cows that
increase energy density and reduce internal heat pro-
duction can reduce the negative effects of hot weather
on milk production. In recent years, an increasing
number of studies have been devoted to the testing
of feeds and feed additives with rumen-protected sub-
stances (Bypass products) in ruminant feeding, and
they confirm our hypothesis that such products reduce
the negative effects of heat stress on the animal body
and contribute to increased milk production in the face
of climate change.

For example, M. Lata & B. Mondal (2021) show
that the use of feed additives with protected protein
in feeding medium and high-performance dairy cattle
increases dry matter intake and milk production by 10-
15%, reduces milk cost and contributes to better live
weight gain in young animals. J. Meneses et al. (2021)
point out that the use of a rather expensive substance,
protein, in the diet of dairy cows requires the calcula-
tion of the optimal ratio of degradable and non-de-
gradable protein in the rumen. Based on the results of
their research, they proposed the following ratio: 60%
degradable protein and 40% non-degradable protein.
They also suggest the use of supplements in the diet to
improve rumen fermentation and digestibility.

Based on experiments on rationing cow diets with
feeds with different rates of rumen decomposition,
A.Shah et al. (2020) and J. Garner et al. (2022) argue that
feeds with slowly decomposing starch, which reduces
the amount of heat generated during digestion, reduce
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the impact of heat stress. The most recent data on the
use of Byrass products in dairy cow diets under heat
stress was published by P. Roskopf et al. (2023). In their
experiments on cows in mid-lactation, the replacement
of fermentable energy (corn grain) in the rumen with
non-fermentable energy (protected fat) improved milk
yield and milk fat content, while the respiratory rate
and body temperature of cows did not change. The au-
thors emphasise the need to clarify the mechanism of
increasing milk production in cows by using protected
fat in feeding without improving heat balance under
heat stress.

In the course of scientific and production testing,
the high efficiency of using the high-protein additive
TEP-Mix in dairy cattle feeding under conditions of
climate change, in particular, critical air temperatures,
has been proven, which has resulted in an increase
in average daily milk production, fat and protein con-
tent in the milk of experimental cows in both cold and
warm seasons.

CONCLUSIONS

The use of specific protein feed sources that regulate
the level of non-degradable protein in the diet can
be considered as a factor in counteracting heat stress
and increasing milk production of dairy cows through-
out the physiological cycle of lactation, including in
extreme conditions of high temperatures. It has been
proven that the inclusion of high-protein feed additives
with a high degree of protection against rumen break-

It has been determined that an increase of protein
protected from rumen decomposition by 10.35% in the
feed ration of dairy cattle helps to reduce the effect of
heat stress on the animal body, which is reflected in an
increase in milk production and improvement of milk
quality. The high difference in productivity between the
control and experimental groups at the third stage of
the study proved that the degree of resistance to heat
stress also increases with increasing temperature. This
fact can be explained by the stabilisation of metabo-
lism in the body in general and a decrease in the inten-
sity of protein fermentation in the rumen.

During periods of high ambient temperature, when
the body is exposed to heat stress, experimental an-
imals fed a high-protein feed additive with a high
degree of protection against rumen breakdown were
more supplied with protein and energy. This is caused
by lower energy consumption for digestion of non-di-
gestible protein, and an increase in the flow of amino
acids absorbed into the intestine helps to use a portion
of them for energy purposes. That is why the energy
supply of cows during heat stress with the use of TEP-
mix in the diet was more significant and aimed at the
synthesis of additional milk. The prospect of further re-
search is to test feed additives with protected protein
against a wide range of climatic indicators in different
climatic zones of Ukraine, under different conditions of
keeping dairy cattle of different breeds, and different
levels of milk production throughout lactation.

down in the diet of cows can increase average daily ACKNOWLEDGEMENTS
milk production by 9.1% in the cold season (0-10°C)  None.
and by 28.0% in the summer (21-36.4°C). In addition,
cows treated with the high-protein feed additive TEP- CONFLICT OF INTEREST
mix increased the fat and protein content in milk. None.
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AHoTauif. AKTyanbHICTb JOCNIIKEHb MOAATAE Yy BMPIilEHHI NpobnemMu TepMiYHOro HaBAHTAKEHHS HA OpraHism
MOJIOYHMX KOPIB 3@ PaxyHOK 36i/blUEHHS BMIiCTY 3aXMLLEHOrO Bif po3LwennieHHs B pybui npoteiHy. MeTta pobotu -
BM3HAYMTM MeTaboi3M Ta piBEHb JOCTABKM B OPraHi3M BUCOKOMPOAYKTUBHUX KOPIB Pi3HUX GOPM NpOTEiHY Ta eHeprii
B paLioHax KOpiB Apyroi NOMOBWMHM NakTauii B yMOBax KAiMaTUYHMX 3MiH. MeToan AOCNIAXKEHHS — 300TEXHIYHI
(ouiHKA CMOXMBAHHA KOPMIB, CKNALaHHS paLioHiB, niadip rpyn, opraHisauis [ocnigy, BU3HAYEHHS MOJIOYHOI
NPOAYKTUBHOCTI), 0i0XiMiYHi (BU3HAYEHHS BMiCTYy OCHOBHMX MOXMBHUX PEYOBUH Y KOPMaX, MOKa3HMKIB IKOCTi MONOKa),
CTAaTUCTMYHI, MaTeMaTuyHi. KoMneHcauito npoTeiHy y pauioHi BUCOKONPOAYKTUBHUX KOPIB B YMOBAaX KAiMaTUYHUX
3MiH 34iiicHIOBanM 3a ponomorot 6inkoBoi kopmoBoi fobaBku TE[M-MiKC i3 3axulieHMM Bif po3LEneHHs B
pybui npoTteiHoM. [loBeAEHO, L0 BK/IOYEHHS ii 0 paLioHy KOpiB AA€ 3Mory 36inblunTH cepefHbof000BY MONOYHY
NpoayKTMBHICTb Ha 9,1 % y xonoaHuit nepiog poky (0-10 °C) Ta Ha 28,0 % BniTky (21-36,4 °C). TakoxX Yy KOPpiB, LLO
OTpMMYBanun BMCOKODINKoBY KopMmoBy f06aBky TE-Mikc, niaBMLLYyBaBCS BMICT xupy i 6inka y monoui. BctaHosneHo,
O NiABULLEHHS NPOTEIHOBOIO XUBMEHHS KOpiB 3 23,18 % no 33,53 % 3a BUKOPWUCTaHHS KOpMoOBOi fobasku TEN-
MIKC i3 3aXMLLEHNM Bif pybLEBOro po3sLienseHHs NpoTeiHOM, 3abe3neyye 3MeHLLEHHS BMMBY KNIMAaTUYHMX 3MiH
Ha MeTaboniaM opraHiaMy MOMOYHUX KOpiB. TakKUM YMHOM, LOBELEHO, WO BUKOPUCTAHHS crneumdiyHux BinkoBmx
KOPMOBUX [Xepen, WO perynoTb piBeHb HEPO3LLENIHBAHOMO NPOTEiHY B paLlioHi, MOXHa po3rnagaTtu sk dhakTop
NpoTUAIi TENNOBOMY CTpeCY i NiABULLEHHS MONOYHOT NPOAYKTUBHOCTI AiMHUX KOPiB BNPOAOBX YCbOro i3ionoriyHoro
LUMKAY NaKTauii, y TOMy YnuChi | B eKCTPEManbHMX YMOBAX NiABULLEHUX TeMMNepaTyp

Kntouosi cnoBa: MeTaboni3M; MONOYHI KOPOBU; TENJIOBUIN CTPEC; 3aXMLLEHWUI NPOTEiH

Scientific Horizons, 2023, Vol. 26, No. 9




SCIENTIFIC HORIZONS

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 26(9), 61-69

UDC 639.517.043.2
DOI: 10.48077/scihor9.2023.61

Aquaculture indicators of young Cherax Quadricarinatus
under various feeding plans

Valeriia Zharchynska’
Postgraduate Student
Bila Tserkva National Agrarian University
09111, 3a Heroes of Chernobyl Str., Bila Tserkva, Ukraine
https://orcid.org/0000-0002-5823-9095
Nataliia Hrynevych
Doctor of Veterinary Sciences, Professor
Bila Tserkva National Agrarian University
09111, 3a Heroes of Chernobyl Str., Bila Tserkva, Ukraine
https://orcid.org/0000-0001-7430-9498

Article’s History: Abstract. Aquaculture of crustaceans is one of the main sources of valuable food
Received: 30.04.2023 protein, which cannot be replaced by other animal or vegetable proteins due to its
Revised: 20.08.2023 properties. The use of nutritious and balanced feeds in feeding crayfish helps to
Accepted: 27.09.2023 increase productivity and at the same time obtain ecologically clean and safe products.

The research aims to determine the effect of feeding the developed Decapoda fodder.
It has been established that feeding Decapoda food contributes to a more intense
increase in the size of crayfish. In particular, the increase in length was 1.1+0.1 cm for
the period from 90 to 120 days of cultivation and 1.2+0.1 ¢cm for the period from 120
to 150 days. When using Decapoda food, the increase in length of crayfish during the
first month of rearing was 1.8 times greater than that of crayfish fed Ancistrus menu.
In the growing period from 120 to 150 days, the increase in the length of crayfish in
the experimental group was 2.0 times greater, compared with crayfish in the control
group for the same period. When crayfish were fed with Decapoda, the intensity of body
weight gain was, on average, 1.4 times stronger, compared to control group crabs. At
the same time, the survival rate in this group was 74%, which is a 20% higher number
of live specimens compared to the control group of crayfish. The results of the study
can be used in the development of a technological scheme for the reproduction and
cultivation of crayfish
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INTRODUCTION
Aquaculture of crustaceans is one of the main sources
of valuable food protein, which cannot be replaced by
other animal or vegetable proteins due to its proper-
ties. Research on the use of fodder of various origins for
economically profitable and intensive reproduction and
cultivation of Cherax quadricarinatus is relevant.

Y. Cheng & S.Wu (2019), and D. Rigg et al. (2020),
note that, following dietary norms, a person should
consume from 60 to 120 g of complete protein daily.
M. Kukhtyn et al. (2020), in their studies, note that crus-
tacean aquaculture is a necessary source of valuable
food protein, which cannot be replaced by other animal
or vegetable proteins due to its properties. According
to C.Jones and C.Valverde (2020), over the past twenty
years, Australian red-clawed crayfish have been intro-
duced to many countries and successful aquaculture
sectors of this species have been created.

K. Crandall and S. Grave (2017) and Y. Sun et al.
(2023) note that Cherax quadricarinatus is an optimal
species for growing in aquaculture for several reasons.
Scientists note its advantages, in particular, due to its
relatively simple life cycle, unpretentiousness to the
conditions of keeping, high resistance, and ability to
consume a wide range of fodder. The results of a study
(Shehata et al, 2020), which examined the digestibil-
ity of different feeds in freshwater crayfish, show that
Australian red claw crayfish digest plant ingredients
more efficiently than animal ingredients.

Evaluating the influence of nutritional require-
ments, in particular protein, on spawning rate and
quality of roe (Shehata et al.,, 2022) found that the rec-
ommended content of crude protein in the feed ration
for sexually mature females of Cherax quadricarinatus
is at least 32%. It was also established (Shehata et al,,
2022) that the fatty acid composition of the hepato-
pancreas and muscles of Cherax quadricarinatus is
significantly influenced by dietary supplements used
for feeding, the content of vitamin E, Haematococcus
pluvialis, and yeast extract. According to researchers
(Diaz et al.,, 2017), feed digestibility in Cherax quadri-
carinatus depends on many factors, including housing
conditions, sex, body size, type of feed, season, and
stage of development.

S. Shyamal et al. (2018) and Y. Sun et al. (2023) in-
vestigated the gender difference has a significant effect
due to the difference in energy used for reproduction;
females may invest 20-25% of their pre-breeding mass
in gonads, while males invest only 3-9%. Several sci-
entists (Nanda et al,, 2021; Vecchioni et al.,, 2022), note
that the composition of feeds used in the process of
growing crustaceans includes such components as
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attractants, enzyme lysates (hydrolysates), growth
stimulants, protectors from toxins, lipids, vitamins,
amino acid preparations, minerals, pigments, antiox-
idants. In the feeding process, balanced feed mixtures
are used (in terms of essential fatty acids, vitamins,
and essential minerals).

P. Haubrock et al. (2021) and S. Hou et al. (2021)
determined that with age, the need for red crab pro-
teins decreases. Young need 31 to 34%, and individuals
weighing more than 50 g need 25.6%. Lipids are also
an important component of the diet that affects the
growth, development, and health of crayfish. Unlike pro-
tein, the need for lipids does not change with age. Car-
bohydrates perform an energy function, participate in
the formation of steroids and fatty acids, and also con-
tribute to glycogen accumulation and chitin synthesis.

Y. Méndez-Martinez et al. (2021) prove that, as a
delicacy, decapod crustaceans are traditionally valued
on the domestic and world markets. N. Hrynevych et al.
(2022) claim that intensive cultivation of Australian
crayfish, Rosenberg’s shrimp Macrobrachium rosenbergii
in artificially created conditions is a promising direc-
tion of aquaculture development, which is at the stage
of development in Ukraine.

Therefore, considering the value of the meat of
Australian crayfish, a promising direction of aquacul-
ture research is the development of feed mixtures, the
consumption of which contributed to the maximum
conversion of fodder. Furthermore, it increased the bi-
ological value of the obtained meat. The research aims
to determine the effect of feeding the developed feed
Decapodafood on crayfish in aquaculture.

MATERIALS AND METHODS

The research was carried out in the educational-sci-
entific aquarium-basin complex of the Department of
Ichthyology and Zoology of the Bila Tserkva National
Agrarian University (Fig. 1). The object was the grown
juveniles of the Australian red-clawed crayfish Cherax
quadricarinatus (Von Martens, 1868) at the age of 90
days after hatching. The individuals were placed in
three identical aquariums, technically equipped (aquar-
ium pump Atman AT-203; filter element; thermoreg-
ulator Atman AT (300W); water thermometer Hailea
HL-02F; shelter), with a volume of 200 dm?. The exper-
iment was conducted for 60 days at a planting density
of 50 specimens/m?2. The water temperature was in the
range of 27-28°C. The main hydrochemical indicators
met the requirements for keeping and growing deca-
pod crayfish (Decapoda) (Hrynevych et al., 2022). Dura-
tion of the experiment - 60 days.
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Figure 1. Juveniles of the Australian red-clawed crayfish Cherax quadricarinatus in the aquarium of the
Department of Ichthyology and Zoology

For the experiment, 3 groups of crayfish were formed.
Fiftyindividuals were planted in each experimental aquar-
ium. Firstly, crayfish were fed the aquarium Ancistrus menu
(control). The nutritional value per 100 g of feed is shown
in Table 1, the composition of the second Decapodafood

feed developed by authors is given in Table 2, the third
contains Ancistrus menu feed and Decapodafood in a ratio
of 50:50. The nutritional value per 100 g of Ancistrus menu
fodder is presented in Table 1. The nutritional value per
100 g of Decapodafood is presented in Table 2.

Table 1. Nutritional value per 100 g of Ancistrus menu fodder

Indicator Quantity, g
Raw protein 21.0
Raw fat 5.0
Cellulose 10.0
Ash (ash substances) 13.0
Calcium 3.0
Phosphorus 0.70

Source: compiled by the authors

Table 2. Nutritional value per 100 g of Decapodafood

Indicator Quantity, g
White 37.0
Fats 235
Cellulose 10.0
Calcium 4.5
Phosphorus 0.8

Source: compiled by the authors

Crayfish were fed twice a day, at 08:00 and 20:00.
Feed rationing was carried out depending on water
temperature, average weight of individuals and total bi-
omass in the tank. Before the experiment, each individ-
ual was weighed, and the total body length was meas-
ured. The obtained results were subjected to statistical
processing using Statistica 10< Edition programs. The
difference was considered probable at p<0.05.

The Ethical Committee approved the use of animals
in this study of the Bila Tserkva National Agrarian Uni-
versity on the treatment of animals in research and the
educational process (protocol No. 9 of October 1, 2020)
following the Law of Ukraine “On the Protection of

Animals from Cruelty” (2006) and Directive 2010/63/EC
of the European Parliament and of the Council of 22
September 2010 on the protection of animals used for
scientific purposes (2010).

RESULTS AND DISCUSSION

The obtained data confirm the importance of different
types of feed for the feeding of Australian red-clawed
crayfish. Figures 2-4 show the main fish breeding indi-
cators of young Australian red-clawed crayfish Cherax
quadricarinatus under the condition of feeding differ-
ent fodder during 60 days of rearing. It was established
(Fig.2) that when feeding crayfish with control aquarium
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food (Ancistrus menu) from 90 to 120 days, the length
of crayfish increased to 6.8%0.2 cm, i.e., by 0.6 cm on
average. During the next 30 days during cultivation, the

7.4
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Feeding with feed Ancistrus
menu
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8
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™ 90 days

Feeding with Decapodafood

120 days

length of crayfish increased to 7.4%0.2 cm, however, in
the total increase, the increase in length was, as in the
previous month, 0.6+0.1 cm.

8.5

7.9

7.3

[ BN

6.2

Ancistrus menu + Decapodafood

W 150 days

Figure 2. Length of juveniles of the Australian red-clawed crayfish Cherax quadricarinatus
during 60 days of rearing, n=150

Figure 3. Measurement of the growth in length of the Australian red claw crayfish

In the second experimental group of crayfish fed
the developed Decapodafood, was noted a more in-
tensive growth of young Australian red claw crayfish
compared to the control group of crayfish. In particu-
lar, during the first month of cultivation, the length of
crayfish increased to 7.3#0.2 cm, and during the sec-
ond - to 8.5%0.2 cm. Accordingly, the increase in length
was 1.1%0.1 cm for the period from 90 to 120 days and
1.2+0.1 cm for the second period from 120 to 150 days.
When feeding Decapodafood, the increase in length of
crayfish was 1.8 times (p<0.05) greater during the first
month of rearing than in crayfish fed Ancistrus menu. In
the growing period from 120 to 150 days, the increase
in the length of crayfish in the experimental group was
2.0 times (p<0.05) greater, compared with crayfish in
the control group for the same period.
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In the third experimental group, crayfish were fed
Ancistrus menu and Decapoda food in a ratio of 50:50.
The intensity of body length growth was lower than
when feeding Decapoda food but higher than when
feeding Ancistrus menu. In particular, the increase in
length of crayfish during the first 30 days of feeding
was 0.8%0.1 cm,and during the next 30 days 0.9%0.1 cm.
Thus, the increase in the body length of crayfish in this
experimental group was greater than in the control
when crayfish were fed Ancistrus menu feed by 1.3 and
1.5 times (p<0.05).

Thus, this study shows that feeding Decapoda food,
which in its composition contains 1.8 times more pro-
tein substances and 4.6 times fatter, contributes to a
more intense increase in the size of crayfish. In stud-
ies (Liu et al, 2018) it is reported that for intensive




cultivation of crayfish, it is necessary to select a recipe
composition of feed that will allow to use their biolog-
ical growth potential as much as possible.

During the determination of the mass of the young
of the Australian red-clawed crayfish Cherax quadricar-
inatus in the period from 90 to 150 days of cultivation
(Fig. 4), similar changes were found, concerning body
length. That is, the mass of crayfish that were fed De-
capodafood was the most intensively gained. In particu-
lar, in the control group of crayfish (fed with Ancistrus
menu feed), during the period from 90 to 120 days, body
weight increased by an average of 1.0 g and amounted
to 6.1+0.1 g, and during the period from 120 to 150
days, the weight increased, on average by 1.2 g.
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When feeding crabs with Decapoda food, the intensity
of body weight gain was, on average, 1.4 times (p<0.05)
stronger, compared to crabs of the control group. On the
150th day of cultivation in this experimental group of
crayfish, the weight was 8.1*0.2 g, which is 0.8%0.1 g
more than in the control group of crayfish. During the
mixed feeding of Australian crayfish with Ancistrus menu
and Decapoda food, the intensity of body weight gain was
intermediate between the control group and the exper-
imental group fed the developed feed. In particular, at
the end of the experiment (150 days), the weight of the
crayfish was 7.7£0.2 g, which is 0.4 g more than in the
control and 0.4 g less, compared to the crayfish in the
experiment, which were fed with Decapoda food.

8.1
7.7

I

Feeding with Decapodafood Ancistrus menu + Decapodafood

120 days m 150 days Type of feed

Figure 4. Weight of juveniles of the Australian red-clawed crayfish Cherax quadricarinatus
during 60 days of rearing, n=150

Therefore, the study indicates that feeding the
young crayfish Cherax quadricarinatus with Decapoda
food leads to a faster metabolism since the intensity
of weight gain is higher than when feeding the Ancis-
trus menu. This gives reason to believe that providing
young crayfish with protein and biologically nutritious
feed significantly intensifies the growth and develop-
ment of Australian red-clawed crayfish in aquaculture
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conditions. An important indicator that affects the
economic efficiency of crayfish cultivation in artificial
conditions is survival. After all, researchers (Boyd et al.,
2022) indicate that cannibalism is intensively mani-
fested among crayfish during cultivation in aquacul-
ture conditions. Therefore, survival during the period
of cultivation of Australian red claw crayfish was de-
termined (Fig. 5).

74
1 66

Feeding with Decapodafood Ancistrus menu + Decapodafood

Type of feed

Figure 5. Survival of juveniles of the Australian red-clawed crayfish Cherax quadricarinatus
during 60 days of cultivation under different feeding, n=150
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The largest number of crayfish at the end of the ex-
periment in the group fed with Decapoda food was ob-
served. In particular, the survival rate in this group was
74%, which is 20% more live specimens compared to
the control group of crayfish and 8% more than the ex-
perimental group fed mixed feed. The highest survival
among crayfish fed Decapoda food can be explained by
the presence of a significant amount of easily digest-
ible proteins (37%) and mineral substances, in par-
ticular organic origin of calcium and phosphorus salts

(5%). The manifestations of cannibalism among young
crayfish are decreasing as this phenomenon most sig-
nificantly reduces the survival of crayfish (Stumpf et al.,
2019) under the condition of protein starvation and an
insufficient amount of minerals in the diet.

Table 3 and Figure 6 present the scoring scale de-
veloped for evaluating the colour of Cherax quadricari-
natus when fed with different types of fodder.

The material of Table 3, simplified for visual per-
ception, is presented in Figure 6

Table 3. Cherax quadricarinatus colour grading scale for feeding different types of fodder

Indicator
Background of maintenance (colour . Mark | Differentiation | Colour
. A Feeding
of pools, soil of the aquarium)
Feeding with boiled cereals A
Feeding with boiled cereals + and oak leaves B
Light (90:10) 1
Feeding with boiled cereals + Javanese moss C
(90:10)
Light Feed for aquarium fish Ancistrus menu A
. Feed for aquarium fish Ancistrus menu + oak leaves
50:50 (90:10) 2 B
Dark Feed for aquarium fish Ancistrus menu + Javanese moss C
(90:10)
Feed for aquarium fish Ancistrus menu A
Feed for aquarium fish and crustaceans (various B
Dark manufacturers) 3
Feed for aquarium fish and crustaceans (various
manufacturers) + oak leaves C
(90:10)
Feed for aquarium fish and crustaceans (various
manufacturers) + Javanese moss A
(90:10)
Dark Ancistrus menu + Decapoda food 4 B
(50:50)
Ancistrus menu + Decapoda food + oak leaves C
(40:50:10)
Decapoda food + oak leaves A
(90:10)
Dark Decapoda food 5 B
Decapoda food + live feed C
(90:10)
Colour
Differentiation A B C A B A B C A B C A B C
MARK 1 4

Figure 6. Scoring scale for evaluating the colouration of Cherax quadricarinatus
when feeding different types of feed (compiled by the authors)
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Table 4 shows the colour of the Australian red-clawed
crayfish Cherax quadricarinatus (Von Martens, 1868),

Zharchynska & Hrynevych

determined by the point scale for feeding food: Ancistrus
menu, Decapoda food, Decapoda food + Ancistrus menu.

Table 4. The colouration of the Australian red-clawed crayfish Cherax quadricarinatus
was determined using a point scale

Type of feed

Colour at the end of the experiment

Ancistrus menu

Decapoda food

Decapoda food + Ancistrus menu

Source: compiled by the authors

Analysing the data of Ancistrus menu feeding of
crayfish, the predominance of light colour of the exo-
skeleton is noted, which is caused by the lack of carot-
enoids in the composition of the feed and corresponds
to point 3 of the differentiation scale — A. Feeding De-
capodafood contributes to a rich green colour. According
to the scoring scale developed by us, it corresponds to
a score of 5, differentiation - B.

Feeding the Decapoda food + Ancistrus menu com-
bination to the crayfish also gave a dark colour, corre-
sponding to 4 points, differentiation - B. The combina-
tion of food is not effective since the two types during
the experiment, the crayfish preferred Decapoda food.

Currently, Ukraine does not have a sufficient selec-
tion of high-quality and balanced fodder for feeding
young Australian red-clawed crayfish. Manufacturers of
commercial feed in most cases do not want to disclose
its composition and nutritional value (Nightingale et al.,
2021). Therefore, the obtained data are consistent with
the results (Méndez-Martinez et al,, 2021), which used
feed based on protein components of plant-based pro-
tein components, obtained better results than when
feeding conventional vegetable feed. Studies (Qian et al.,
2021) found that Australian crayfish were on diets con-
taining five different sources of plant-based protein. The
weight gain and specific growth rate were significantly
reduced (6.7%0.1 g) compared to the author’s studies.

CONCLUSIONS

In the conclusion, the authors indicated the efficiency
of using Decapodafood feed. The results are an increase
in body length and weight. When crayfish were fed with

Decapodafood, the increase in length was 1.1#0.1 cm
for the period from 90 to 120 days of cultivation and
1.2#0.1 cm for the period from 120 to 150 days. At the
same time, the increase in length of crayfish was 1.8
times greater during the first month of cultivation than
in crayfish fed with Ancistrus. In the period of cultiva-
tion from 120 to 150 days, the increase in length of
crayfish was 2.0 times greater, compared with crayfish
in the control group for the same period.

When crabs were fed Decapoda food, the inten-
sity of body weight gain was, on average, 1.4 times
stronger, compared to the control group crabs. On the
150th day of cultivation in the experimental group of
crayfish, the weight was 8.1%£0.2 g, which is 0.8+0.1 g
more than in the control group of crayfish. At the same
time, the survival rate in this group was 74%, which
is 20% more than the number of live specimens com-
pared to the control group of crayfish.

Therefore, studies indicate the possibility of rear-
ing juvenile Australian red-clawed crayfish under arti-
ficial conditions with high growth rates, efficient use of
provided feed, and low levels of cannibalism. The per-
spective of further research is to determine the physic-
ochemical composition of the meat of the red-clawed
crayfish Cherax quadricarinatus using Decapoda food.
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AHoTauis. AkBakynbTypa pakonogibHUX € OAHWM 3 OCHOBHUX [XKEpes LiIHHOro XapyoBoro 6inka, KM 3a CBOIMMU
B/IACTMBOCTAMU He MOXKe ByTW 3aMiHeHMI iHWKWMKM BinkaMM TBApUHHOTO abo POCIMHHOIO MOXOAXKEHHS. BukopucTaHHs
NOXMBHUX Ta 362N1aHCOBaHMX KOPMIB Y rOZLiBAI paKiB CNPUSE NiABULLEHHIO NPOAYKTUBHOCTI Ta OTPUMAHHIO EKOSTOTIYHO
ynctoi Ta Be3neyHoi npopykuii. MeTo [OCNILKEHHS € BM3HAYeHHs edekTy Bif 3rofoByBaHHsS po3pobneHoro
KoMbikopMy Ans gekanoais. BctaHoBneHo, wo 3rofoByBaHHA Kopmy Decapoda cnpuse 6inbl iHTEHCMBHOMY
30inblieHHI0 po3MipiB pakiB. 30kpema, NpupicT AoBXuHKM ctaHoBmB 1,1+0,1 cm 3a nepiog 3 90 no 120 poby
BupolyBaHHsa Ta 1,2%0,1 cm 3a nepioa 3 120 no 150 poby. MNpwu BukopucTaHHi kopmy Decapoda npupicT LOBXUHM
paykKiB MpOTAroM NepLlioro Micaus BMpoLLyBaHHS 6yB y 1,8 pasu 6inbwmMm, HiX y paykiB, SKUX rogyBanum KOpMOM
Ancistrus menu. Y nepioa BupouyBaHHg Bifg 120 no 150 gHiB npupicT LOBXMHM pakiB y JocnigHiv rpyni 6ys y 2,0
pasu BiNbLIMM, MOPIBHAHO 3 pakaMW KOHTPOJIbHOI Fpynu 3a TOM camuii nepiof. MNpwu 3rofoByBaHHI pakam [ekanoau
iHTEHCMBHICTb NPMPOCTY Macwu Tina yna B cepeaHboMy B 1,4 pa3u BULLOD, MOPIBHAHO 3 KpabaMu KOHTPObHOT rpynu.
Mpy LbOMY BMXMBAHHS B Ll rpyni cTaHOBUNO 74 %, wo Ha 20 % nepeBULLYE KinbKiCTb XXMBUX OCOOUH MOPIBHSAHO
3 KOHTPOJ/IbHOK TPYNo pakiB. Pe3ynbraTv foCnimKeHHS MOXyTb ByTM BMKOpPUCTaHi Npu po3pobLi TeXHONOrivyHOoi
CXEMM BiATBOPEHHSA Ta BUPOLLYBAHHS PaKiB

Kntouosi cnoBa: Ancistrus menu; akBakynbtypa; kopMm Decapoda; npupicT LOBXWHW; BUXKMBAHHS; Maca
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biochemical parameters were evaluated for the effects of stimuli in egg-laying chickens. The study was conducted
on several Hy-Line W-36 cross chickens in the conditions of a production line. Four groups of chickens (101 heads
each) aged 52 weeks were formed to conduct the study. The control group was formed from 10 representatives of
each of the groups. Further, each group was exposed to a corresponding technological stimulus. Birds of group 2
were not fed for 24 hours, those of group 3 were kept in a darkened place, and 60 additional birds were placed in a
cage with the chickens of group 4. The highest effect on the dynamics of biochemical parameters was an increase
in their concentration by 1 m? cage space. The studies identified a substantial increase in the concentration of
glucose and creatinine in the blood serum of chickens during over-compaction - by 24-28% (p<0.05) compared
to the control group, regardless of the cause of the stressful situation, all birds exposed to acute stress had
an increase in these indicators in the blood serum. The main part of the examined enzymes, such as aspartate
aminotransferase, alkaline phosphatase, and lactate dehydrogenase, tended to increase their activity depending
on the strength of the influence of the technological factor on the body of birds. Dynamic characteristics of glucose
and creatinine levels were distinguished among the examined biochemical parameters by rapid and differentiated
reactions within the physiological norm, and considering the simplicity of their determination, they may have

prospects of becoming the main markers of early diagnosis of stress in industrial poultry farming

Keywords: glucose level; creatinine; aspartate aminotransferase; lactate dehydrogenase; stress; marker

INTRODUCTION

Poultry farming is one of the actively developing
branches of animal husbandry not only in Ukraine
but also around the world. However, according to
K.El-Sabrout et al. (2022), the economic attractiveness
of this area of animal husbandry is based on the short
period of poultry rearing, rapid turnover of invested
funds, and intensive development due to the variability
of production. Such prerequisites contributed to the
emergence of large, specialised poultry enterprises
in Ukraine. Modern scientific findings in the field of
animal husbandry and zoo hygiene have allowed egg
poultry farming to a new level of production. Special-
ised hybrid chickens produce 300 or more eggs per
year. Therewith, due to artificial light control and op-
timisation of feeding rations, it was possible to level
out the seasonal decrease in egg productivity during
moulting and get a constant egg laying throughout
the year. This was made possible by the introduction
of the results of studies into the main production pro-
cesses: S. Molnar & L. Sz6llési (2020) on increasing
the concentration of animals in the room through the
use of high-tech cage equipment, Y. Ouchi et al. (2022)
and M. Madkour et al. (2022) on the use of modern air
conditioning and temperature control systems during
maintenance, and W.L. Bryden et al. (2021) on ration
feeding. However, industrial poultry farming, despite
its high profitability, achieved by reducing logistics
and labour costs, also remains the most vulnerable
industry in terms of the large crowding of birds in a
relatively small area and the impact of constant tech-
nological stress on them.

I.A. Fisenko et al. (2021) are convinced that the
productivity of an adult bird is largely determined by
the conditions of its rearing and keeping. Due to the
targeted influence on the zootechnical parameters of
the microclimate, which is artificially created in poul-
try houses where laying hens are kept, a substantial

increase in egg productivity is achieved, compared to
an extensive type of production, while maintaining the
quality of commercial eggs. However, such substantial
physical and feed loads on the bird’s body correspond-
ingly affect its physiological state. According to L. Yan
et al. (2022), this is accompanied by stressful changes
in the blood system and hormone balance and leads
to a decrease in productivity and leads to substantial
economic losses. Therefore, ensuring optimal microcli-
mate parameters, comfortable conditions for keeping,
and proper feeding of birds is the basis of industrial
technology for the production of egg and meat prod-
ucts in poultry farming.

To date, according to K. Olejnik et al. (2022), moni-
toring the condition of animals in the conditions their
productive use, with intensive egg production technol-
ogy in Ukraine, is conducted by monitoring the behav-
jiour of animals and constant observation of the level
of productivity, feed consumption, bird safety, and their
general condition, in particular, the development of
aggression, cannibalism, or eating feathers. Such ap-
proaches allow stating the harmful effect of stress fac-
tors on animals only when the clinical picture develops
from negative effects and forces the measures to elim-
inate the consequences of stressors. A more promising
method of monitoring the condition of animals in an
industrial system of keeping is laboratory methods that
allow the identification of the negative technological
impact of one or more factors on animals in advance of
the manifestation of a decrease in productivity. This will
allow the prevention of short-term losses and maintain
production at a high level.

Based on the importance of monitoring the produc-
tive well-being of poultry in industrial egg production,
the research aims to determine biochemical markers of
poultry blood under acute technological stress caused
by factors of various etiologies.
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LITERATURE REVIEW
Stress is the response of the body to an internal or ex-
ternal stimulus that causes anatomical, physiological,
and behavioural changes. Among the most common
stresses during cage keeping, the primary stress source
is temperature fluctuations, high humidity, lack of light,
high crowding of animals, insufficient air exchange,
noise, and fear (Bulent & Niyazi, 2018). According to
A. Usturoi et al. (2023), high egg production in poultry
balances on the edge of the physiological norm and
the constant risk of stress. Therefore, industrial poultry
farming is constantly looking for methods to control
the occurrence of stress and prevent it.

According to most authors, the most common stress
factors are heat stress (Ghoname et al., 2022) and high
crowding of caged birds (Osadcha et al, 2022; Herbert
et al.,2021). According to J.A.C. Saenz (2021), heat stress
in the United States alone causes economic damage of
1.128-165 million annually and a 0.5-7.2% decline in
egg production. M. Ghoname et al. (2022) determined
acute heat stress to reduce feed intake in all egg-laying
chicken crosses, a direct correlation between the inten-
sity of temperature stress and quantitative indicators of
egg productivity was identified. Losses from over-com-
paction of poultry in cages, calculated by G.T. Herbert
et al.(2021) in the UK egg industry,amounted to 6.5 mil-
lion pounds a year as were result of suffocation alone,
excluding the effects of sublethal injuries such as bone
fractures and stress from physical restriction. Birds kept
in cages showed signs of fear, decreased faecal immu-
noglobulin A levels, and increased corticosterone con-
centrations in their feathers (Campbell et al., 2022).

A study by E.E. Onbasilar & F.T. Aksoy (2005) con-
firms the conclusions of previous authors on the dete-
rioration of both egg productivity and the condition of
the birds themselves with an increase in their concen-
tration. In addition, it was shown that the higher the
ceiling level of the cage, the better the performance
indicators. The difference in egg quality was substan-
tially better in animals from higher levels compared to
lower ones. Antibody titers were lowest on compacted
planting. The optimal number of birds was 3 per cage.
L. Hedlund and P. Jensen (2022) proved the sustained
effect of stress on the subsequent productivity of chick-
ens. Thus, productive poultry raised under stressful con-
ditions substantially (p<0.001) had the worst productiv-
ity and egg quality. In addition, according to L.Yan et al.
(2022), birds exposed to stress have impaired reproduc-

tive capacity. Corticosterone, which is actively produced
during stress, inhibits the development of follicles and
prevents the deposition of yolk in them.

Control of stress levels in birds is conducted by in-
vasive and non-invasive methods. Non-invasive meth-
ods based on observation and analysis are most often
used. The following parameters are monitored: egg pro-
duction percentage, average egg weight, average feed
intake per bird per day, average feed conversion ex-
pressed in grams of feed/egg, average chicken weight,
cumulative mortality rates, and the number of suffo-
cation cases that resulted in mortality. In addition, a
mandatory element in determining stress is monitoring
the bird’s behavioural responses - a test for a stationary
person, a new object, and feather damage. Among inva-
sive methods, several biochemical parameters of blood
serum are used (Nwaigwe et al., 2020), which, unlike
non-invasive ones, allow for determining in more detail
the physiological state of the body, adaptive responses,
and metabolic disorders.

MATERIALS AND METHODS

The study was conducted in the branch of one of the
largest producers of chicken eggs in Ukraine on the
number of chickens in the egg productivity area of the
cross “Hy-Line W-36". ALl manipulations with controlled
poultry were conducted following the requirements of
the European Convention for the Protection of Verte-
brate Animals used for Experimental and Other Scien-
tific Purposes (1986). During the experiments, the com-
pany operated normally in compliance with all sanitary
and hygienic, veterinary, and technological require-
ments. The study was conducted in the conditions of
a technological line of an industrial-type poultry com-
plex for the production of commercial eggs. The bird
was kept in standard poultry houses with a controlled
microclimate, equipped with cage equipment from the
company “Salmet” (Germany). The microclimate param-
eters corresponded to the recommendations for breed-
ing chickens of the commercial cross “Hy-Line W-36"
(W-36 Commercial Layers..., 2020). Feeding of birds
was conducted with complete mixed feeds using auto-
matic cup feeders following the standards specified in
the recommendations of breeders. 4 groups of chickens
(101 heads each) aged 52 weeks were formed to con-
duct the study. Each group was kept in separate cage
analogues by area and equipment (Table 1).

Table 1. Scheme of conducting experiments to examine the effect of technological stimuli
of various etiologies on the body of chickens

Groups of egg-laying chickens

Feature

1 2 3 4
Irritant Control Food stress Lighting stress Over-compaction
Duration of exposure to the stimulus, h 24
Number of heads in a cage 101 161
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Table 1, Continued

Groups of egg-laying chickens

Feature
1 2 3 4
Irritant Control Food stress Lighting stress Over-compaction
Concentration, heads/m? 24.9 39.7
Area availability, cm?*/head 4014 251.8
Feeding front,cm 7.2 45

Source: compiled by the authors

The control group was formed from 10 representa-
tives of each of the 4 groups before the start of the acute
technological stress simulation. In the future, each group
was exposed to a corresponding technological stimu-
lus of different etiologies. Birds of group 2 were not fed
for 24 hours, those of group 3 were kept in a darkened
place, and 60 additional birds were placed in a cage for
chickens of group 4 to ensure substantial over-compac-
tion. Modelling of the effect of acute stimuli in chick-
ens of groups 2 and 3 was achieved by turning off the
corresponding systems in the poultry house - the feed
distribution line and lighting. Exposure to the factor in
all groups was 24 hours, after which the biochemical
parameters and activity of enzymes in the blood serum
of chickens were determined. Blood samples were taken
from randomly selected 30 laying hens aged 52 weeks
from each of the experimental groups. 1-1.5 ml of blood
was taken from the axillary vein and stabilised with
2-3 drops of ethylenediaminetetraacetic acid solution
(EDTA, trilon-B), according to the guidelines for collect-
ing biopsies in veterinary practice for the diagnosis of
small pets in the laboratory where biochemical studies
were conducted (Guidelines for collecting..., 2021).

Biochemical parameters and enzyme activity in the
blood serum of laying hens were determined using a
BioChem FC-360 biochemical analyser (High Technol-
ogy Inc.,USA) in the laboratory of the Centre for Animal

Diagnostics “Bald” (Kyiv). Biochemical parameters (glu-
cose, total protein, albumin, creatinine, urea, cholester-
ol, phosphorus, and calcium) and the activity of enzyme
complexes (Alanine aminotransferase (ALT), Aspartate
transaminase (AST), Lactate dehydrogenase (LDH), Al-
kaline phosphatase (ALP), and Gamma-glutamyltrans-
ferase (GGT) were determined using commercial diag-
nostic kits from High Technology Inc. (USA) following
the guidelines for their application. The results of the
examination were subjected to mathematical analysis
using the software product TIBCO Statistica v14.0.0.15
(USA). Indicators of descriptive statistics and the influ-
ence of technological factors on the biochemical pa-
rameters of laying hens’ blood were determined using
a one-factor analysis of variance. The probability of dif-
ferences between the groups was estimated by deter-
mining the Student’s t-criterion.

RESULTS

Technological stress is the main factor in reducing
egg productivity in poultry at the enterprise, which is
caused by many factors. Therefore, to reduce the factors
not considered that could affect the results of research,
poultry was fed with recommended diets. Table 2 shows
the composition of complete mixed feeds, as their ele-
ments can also cause certain biochemical changes in
blood parameters in the body.

Table 2. Composition of mixed feed for laying hens during the productive period, %

Mixed feed
Component Guaranteed performance level, %
100 93 88 85 Molting period
Grain group
Wheat 20.42 19.34 12 10.57 10
Corn 37.05 45.4 54.33 52.33 52.84
Sunflower meal 20.75 22.28 18.17 23.53 19.39
Soy meal 7 3 - 8.07
Dietary supplements
Soy oil 0.96 0.66 - 0.5
Crushed feed shell 10.7 9.92 10.25 11.09 761
Salt 0.21 0.2 0.2 0.21 0.23
Monocalcium Phosphate 1.19 0.81 0.81 0.53 1.06
Sodium sulfate 0.16 0.12 0.12 0.09 0.16
Methionine 0.19 0.1 0.09 0.08 0.04
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Table 2, Continued

Mixed feed
Component Guaranteed performance level, %
100 93 88 85 Molting period
Lysine sulfate 0.64 0.59 0.52 0.58 0.18
Threonine 0.13 0.09 0.06 0.06 -
LOXIDAN TD 100 (preservative) - 0.01 - - -
Millertime (enzyme preparation) 0.01 0.02 0.01 - 0.02
Globamax 1000 (microflora activator) 0.1 - - - -
Proactive Poultry (microflora activator) - - 0.15 0.15 -
Enteronormin Detox (probiotic) 0.15 0.15 - - 0.15
Mastersorb (mycotoxin inactivator) 0.15 0.13 0.13 - -
Mycocide Pro (mycotoxin inactivator) - - - 0.09 0.09
Choline Chloride 0.05 0.05 0.04 0.04 0.04
Kronozyme (enzymatic preparation) - - - 0.01 -
Yellow aerophilous (dye) 0.003 0.003 0.003 0.003 -
Karofil red (dye) 0.003 0.003 0.003 0.003 -
Mineral complex 0.1 0.1 0.1 0.1 0.1
Vitamin complex 0.03 0.03 0.03 0.03 0.03
Total 100 100 100 100 100

Source: compiled by the authors

In these diets, the main part of the feed is repre-
sented by high-energy cereals and various biologically
active additives, in particular, amino acids, vitamins,
macro-and microelements, antioxidants and other use-
ful elements that increase the digestibility and absorp-
tion of nutrients. In addition, the composition of mixed
feeds, regardless of the level of productivity, did not in-
clude pharmacological preparations with adaptogenic

properties that could reduce or distort the influence of
the examined factors on the body’s response. After con-
sidering most of the factors that could affect the results
of the study in one way or another, a series of controlled
stress stimuli of a technological nature was conducted
on experimental groups of birds. Biochemical param-
eters of the blood of controlled laying hens after the
action of technological factors are given in Table 3.

Table 3. Biochemical parameters of chicken blood serum under the influence of technological stimuli
of various etiologies, n=30/group

Attributes and units of Group .
Reference values
measurement 1 2 3 4
Total protein, g/L 54.42+0.41° 57.02+0.78° 57.46+0.55° 58.54+0.56° 41-65
Albumin, g/L 18.5%0.19° 18.61%0.22% 19.38+0.08¢ 19.18+0.22¢ 19-24
Glucose, mmol/L 15.17+0.21° 16.31+0.11° 16.82+0.16¢ 18.12+0.13¢ 11.6-275
Creatinine, mmol/L 21.86%0.22 22.82+0.24° 25.22+0.35¢ 27.02+0.28¢ 20.3-28.6
Urea, mmol/L 1.1+0.05 1.04+0.06 1.02%0.07 1.12%0.01 0.31-0.73
Bilirubin, mmol/L
- total 1.36%0.0%? 1.46%0.11° 1.54£0.02° 1.6£0.04° 1.2-1.7
- direct 0.12+0.032 0.38+0.02° 0.26%0.02¢ 0.26%0.02¢ 0.2-0.5
-indirect 1.24£0.05 1.08+0.1 1.28+0.11 1.34+0.06 0.8-1.4
Cholesterole, mmol/L 2.7+0.13 2.72%0.11 2.91%0.08 2.78%0.09 3.3-12.2
Phosphorus, mmol/L 1.43+0.05 1.46+0.04 1.59+0.08 1.58+0.07 1.3-2.2
Calcium, mmol/L 4.12+0.01° 4.38+0.02° 4.54%0.02¢ 4.56%0.04¢ 3.5-6.8
Calcium/phosphorus ratio 3.01+0.15 3.01+0.11 3.02+0.14 3.03%0.13 3-3.6:1

Note: a, b, c - differences are reliable (p <0.05) within the indicator; * Reference values according to I.V. Nasonov et al. (2014)

Source: compiled by the authors
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As a result of the conducted studies, it was estab-
lished that only indicators of glucose and creatinine in
the blood serum had a prognostic value for the mani-
festation of acute stress on the bird’s body, while other
indicators in the first hours of exposure to technolog-
ical stimuli almost did not change. The first, under the
action of stress factors, are the biochemical parameters
associated with carbohydrate and energy metabolism,
which is a manifestation of the compensatory phase of
the body’s response to stimuli. Most often, this is man-
ifested by an increase in the concentration of glucose
and creatinine in the blood since these compounds
are indicators of increased energy consumption by the
body. Studies have identified a substantial increase
in the concentration of glucose in the blood serum of
chickens under the influence of various technological
stimuli. In laying hens of group 2, underfeed stress,
the glucose content increased by 15.1% (p<0.05) com-
pared to birds of the control group. The highest stress
factor for birds was a decrease in the area of keeping
per chicken. It was in the birds of group 4 that were
exposed to over-compaction that the glucose content
was highest - 27.9% (p<0.05) higher compared to the
control group, and by 11.1% (p<0.05) and 7.7% (p<0.05)
with groups 2 and 3, respectively.

Similar dynamics were characteristic of the level
of creatinine in the blood serum of birds, which corre-
sponds to the activation of energy metabolism in the
compensatory period to the effect of a technological
stimulus. Regardless of the cause of the stressful sit-
uation, all birds exposed to acute stress had elevated
serum creatinine levels. As was the case with glucose
levels, its maximum increase was in laying hens of
group 4, which, due to over-compaction, had creatinine
content 23.6% (p<0.05) higher compared to the control
group, and 18.4% (p<0.05) and 7.1% (p<0.05) compared
to groups 2 and 3, respectively. In birds to which feed
and light stressors were applied, the level of creatinine,
although elevated, was still within the physiological
norm, in particular,in chickens of group 2,the content of
creatinine in the blood serum during fasting was higher
by 4.4% (p<0.05), and in group 3 - by 10.5% (p<0.05)
compared to animals that were not exposed to stress.

Under the influence of technological stimuli,an in-
crease in the total protein content in the blood serum
occurred within the physiological norm. Thus, in chick-
ens of group 2, under food stress, the total protein con-
tent in the blood serum was higher by 4.8% (p<0.05), in
chickens of group 3 - by 5.6% (p<0.05), and in chickens
of group 4 - by 7.6% (p<0.05) compared to poultry of
the control group. While differences in protein content
between different groups of animals exposed to stress
of different etiologies ranged from 0.8-2.7% and were
not statistically confirmed. A similar pattern was ob-
served in terms of albumin content. A notable increase
in the level of albumin fractions of the protein under
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the action of various technological factors was not ob-
served, all of them were within the reference intervals.
Slightly higher was the increase in the number of albu-
mins in the blood serum of chickens of the third group
by 4.1-4.8% (p<0.05) and the fourth - 3.1-3.7% (p<0.05),
which were kept in over-compacted cages and under
the condition of darkening, compared with groups 1
and 2, respectively. There was no substantial difference
in serum albumin content between the laying hens of
the control and first experimental groups.

The highest effect on the dynamics of biochemical
parameters of blood from technological stressors was
an increase in their concentration by 1 m? cage spaces.
It was this factor that caused the fastest and great-
est reaction of the body to the action of the stress
factor. In addition to the above-mentioned effect of
the over-compaction factor on several blood serum
parameters, an increase in such indicators as the con-
tent of total bilirubin and the level of calcium ions was
also detected. Other technological factors also had
a substantial impact on the bird’s body, but their ef-
fect was substantially lower compared to the stress
of over-compaction, even though the “Hy-Line W-36"
cross is considered the most adapted to caged breed-
ing. Thus, the content of total bilirubin in animals of
group 4 exceeded the level by 3.9-9.6% of its concen-
tration in animals of other groups that were subjected
to technological exposure and 17.6% (p<0.05) of chick-
ens of the control group. A slightly different picture was
observed for other bilirubin fractions. Thus, the highest
level of direct bilirubin was observed in chickens of
group 2, which were exposed to feed stress, the content
of direct bilirubin in them substantially exceeded the
indicators in animals of other groups. This may be due
to liver activity due to prolonged starvation of animals.
The indirect bilirubin content was at the same level in
chickens of all groups. Thus, the increase in total bili-
rubin under the influence of technological stimuli oc-
curred due to direct bilirubin.

The calcium content in the blood serum of chickens
of all groups was within the physiological norm, but its
increase was observed under the influence of techno-
logical stimuli. In particular, in group 2, its content was
higher by 6.3% (p<0.05) compared to group 1. The dif-
ferences between groups 3 and 4 were only 0.4% and
were not statistically confirmed. The effect of techno-
logical stimuli did not affect the content of cholesterol
and phosphorus in the blood serum of chickens, which
were at the same level in chickens of all groups and
were within the physiological norm, which also affected
the ratio of calcium and phosphorus. No fewer substan-
tial markers of the action of acute stress in poultry may
be the activity of certain enzymes. As part of the study,
the activity of several serum enzyme systems after 24
hours of exposure to individual technological stressors
was analysed (Table 4).
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Table 4. The activity of several enzymes in the blood serum of laying hens
under the influence of technological factors, n=30/group

Group Control value*
Indicator, units/L
1 2 3 4

Alanine aminotransferase (ALT) 1.2+0.15 1.04%0.02 0.84%0.06 1.02%£0.01 1.5-33
Aspartate transaminase (AST) 164.61+3.74° 211.4+5.84° 224.42¥1.09¢ 259.8+2.31¢ 118-298
Gamma-glutamyltransferase (GGT) 22.19+1.11 22.42¥1.03 22.24*0.49 22.64*1.07 13.9-27.6
Alkaline phosphatase (ALP) 654.8611.85° 686.41+10.42° 717.62+12.4% 732.02%16.26¢ 350-830
Lactate dehydrogenase (LDH) 1368.82£63.68°  1694.84+64.49° 2019.05£26.41¢  2358.04+41.91¢ 1794-2372

Note: a, b, ¢ - differences are reliable (p <0.05) within the indicator; *Reference values according to I.V. Nasonov et al. (2014)

Source: compiled by the authors

The main part of the examined enzymes, such as
aspartate aminotransferase, alkaline phosphatase, and
lactate dehydrogenase, tended to increase their activ-
ity depending on the strength of the influence of the
technological factor on the body of birds. An increase
in the activity of these enzymes in the blood is asso-
ciated with partial destruction of cages. Therefore, the
study showed a proportional increase in the activity
of enzymes to the strength of the stress factor. As in
previous studies, the strongest stressor for birds, based
on the dynamics of growth in enzyme activity, was the
over-compaction of animals. Thus, for the main en-
zymes - AST,ALP, and LDH, the increase was from 13 to
73% and substantially exceeded the corresponding val-
ues in animals of the control group. Animals exposed to
feed or lighting stress occupied an intermediate place
and slightly differed both from each other (2-4.5%) and
from animals of the control group (4.8-9.6%). GGT in
animals of all groups, both experimental and control,
was at the same level and was within the physiolog-
ical interval, so as a marker of stress in poultry farm-
ing, it will not have practical importance. The results
obtained regarding the decrease in ALT activity in ani-
mals after the negative effect of technological factors
require a more in-depth study. Ultimately, even in ani-
mals of the control group, ALT activity was at the lower
limit of the physiological norm, and after stress load,
it generally decreased below the permissible interval,
which is more similar to the genetic feature of the bird
population of the cross “Hy-Line W-36".

Summarising the results obtained, it can be stated
that individual biochemical parameters of blood serum
and the activity of enzyme complexes can be used for
early diagnosis of the negative impact of technological
stimuli of various etiologies.

DISCUSSION

The biggest challenge of modern industrial poultry
farming is the constant search for a compromise be-
tween high bird productivity and balancing on the edge
of stress. Stress reduces the birds’ feed intake, the in-
tensity of their growth and productivity, reduces the
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immune response and function, which leads to the high
susceptibility of laying hens to diseases. Therefore, the
actual area of research in poultry farming is the search
for informative systems for early diagnosis of stress
development in laying hens, as a precursor to reduced
productivity. Several cytological techniques (Lee et al.,
2022) and humoral approaches (Osadcha et al., 2021)
have already been used to diagnose stress. However,
they have substantial drawbacks: cytological methods
have a long-hidden period, caused by the accumulation
of appropriate cellular elements in the blood, and hu-
moral methods are rather expensive and resource-in-
tensive. These shortcomings are devoid of methods for
determining most of the biochemical characteristics of
animal blood and, the main thing is that changes in
the blood develop within a short time after the action
of the stimulus, which allows consideration of these
methods as markers of acute stress in poultry.

From the results of the study on the influence of
some technological factors of various etiological na-
ture on the biochemical parameters of the blood of
productive laying hens, it was determined that such
characteristics as an increase in the concentration of
glucose and creatinine, and the activity of aspartate
aminotransferase and lactate dehydrogenase are fast
and reliable markers of stress in poultry. The changes in
these biochemical parameters were manifested already
in the first hours after the action of stressors, so they
can become markers of the development of a patholog-
ical reaction of the bird body to the action of techno-
logical factors. Moreover, the methods for determining
the levels of these indicators are simple, and the use of
ready-made Kkits for conducting tests generally makes
the duration of the study no longer than a few minutes.

Mechanisms of increasing the level of glucose and
creatinine in the serum of animals exposed to stress are
a consequence of the destruction of part of the body’s
cells, and the intensity of this process is directly pro-
portional to the strength of the stressor. Similar conclu-
sions were made by M.I. Sakhatsky & and Yu.V. Osadcha
(2021), when analysing the influence of such a tech-
nological parameter as the height of cages on the




biochemical parameters of the blood of laying hens
in an industrial egg production system. An increase in
certain biochemical parameters of the blood is asso-
ciated with the active work of the adrenal glands and
the expression of corticosteroids. The latter, as proven
in the study by Y. Wang et al. (2020), trigger the mecha-
nism of activation of the enzymes creatine kinase and
lactate dehydrogenase, which is observed in the results
obtained in the framework of this study. An increase in
blood glucose in animals exposed to stress occurs due
to increased gluconeogenesis and glycogenolysis un-
der the influence of epinephrine and norepinephrine,
released during the development of the acute phase of
the body’s response to stimuli (Chu et al., 2022).

A similar pattern was observed in the blood serum
of experimental chickens. In particular, feeding stress
resulted in only a slight increase in glucose levels with-
in the physiological norm, 16.3 mmol/L. While due to
other factors, its concentration increased substantially
higher than the reference values for poultry. In addi-
tion, the concentration of glucose in the blood was di-
rectly proportional to the strength of the stimulus. In
the conducted studies, the highest glucose level was
observed in chickens exposed to technological stress
of over-compaction - 18.2 mmol/L. Analysis of other
marker indicators - creatinine levels and blood enzyme
activity confirmed that this factor is the greatest stress
for industrial birds involved in the study. Similar conclu-
sions were obtained by Yu. Osadcha et al. (2022), identi-
fied that with an increase in the planting density of lay-
ing hens up to 26.7 head/m? resulted in a decrease in
the safety of chickens by 8.9-9%, and egg production -
by 4-5.8%. That is, in their opinion, clinical signs similar
to those that occur under the influence of chronic stress
were obtained. This is assumably why most farmers are
considering replacing the conventional cage-keeping
system with other, less stressful approaches.

Informative marker was the concentration of cre-
atinine in the blood of experimental birds. Creatinine,
like glucose, is a high-energy compound involved in the
body’s energy metabolism, namely, it provides energy to
muscle tissue. Therefore, an increase in the level of cre-
atinine in the blood serum of chickens indicates neuro-
muscular tension in their body, which is confirmed by
the conducted studies. In particular, when the body of
chickens was exposed to technological stresses, creati-
nine concentrations fluctuated from 21.9 mmol/L in the
control group to 27.2 mmol/L in the group of chickens
that were subjected to over-compaction. That is, this in-
dicator had a wider range of fluctuations compared to
glucose levels under appropriate conditions and also
had a straight-line correlation with the intensity of
stress. The main reason for its use as a future marker is
that all creatinine values were within the physiological
norm. That is, it allows determining the effect of the
stress factor on the body more accurately, after minor
analytical studies with a change in the intensity of one

Osadcha et al.

technological stimulus, without causing pathological
changes or a decrease in productivity. S.C. Huang et al.
(2018), confirmed the use of prognostic value of creati-
nine as a marker of the effect of temperature stress in
chickens. Therefore, it is planned to examine in more
detail the dynamics of changes in creatinine concen-
tration depending on the intensity of the technological
stimulus in the future, and this is the goal of subse-
quent studies.

As for other biochemical parameters, there were
no substantial changes in their levels that could rec-
ommend making them markers of the effect of stress
on the body. S. Tang et al. (2018) identified prognostic
levels of urea in the blood of chickens after exposure
to temperature stress, while in a study by C. Nwaigwe
et al. (2020), this indicator was the dynamics of
changes in albumin levels. The results of the analysis
of biochemical parameters of blood performed in the
framework of this study did not confirm these assump-
tions, which may have been due to the different peri-
ods of laboratory tests.

Changes in the activity of enzymes, in particular,
aspartate aminotransferase and lactate dehydrogenase,
were equally informative markers. The increased ac-
tivity of these enzymes is due to the overexpression of
corticosteroids and epinephrine (Wang et al., 2020). Like
other biochemical parameters that have been identi-
fied as potential markers, the activity of AST and LDH
increases in proportion to the strength of the stress
factor, and this can be used for prognostic purposes
since the activity of both enzymes increased within the
physiological norm.The results obtained are quite con-
sistent with those of most researchers (Park et al., 2018;
Abo Ghanima et al., 2020), which note that the increase
in aspartate aminotransferase activity is the reaction
of the bird’s body to the action of technological stim-
uli. An increase in the level of the enzyme above the
physiological norm is associated with damage to the
function of internal organs, which is already a sign of
a pathological condition and is not quite suitable as
a clinical tool. Similar dynamics are characteristic of
the enzyme lactate dehydrogenase. LDH is an enzyme
involved in carbohydrate metabolism, catalysing en-
ergy reactions, so it undergoes similar changes along
with other products of energy metabolism. According
to R. Klein et al. (2020), due to the branched structure
of LDH isoenzymes, they can become the most inform-
ative systems since they enter the serum during tissue
damage. Therefore, when determining the model of
LDH isoenzyme in serum, it is possible to determine
which organ damage prevails, which is also quite an
attractive area for future research, provided that the
necessary equipment and reagents are available.

Even though the recommendations for breeding
chickens of the commercial cross “Hy-Line W-36" did
not indicate the biochemical profile of birds and indi-
vidual studies that were conducted with animals of this
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genotype were not informative enough, the results ob-
tained in the framework of this study are of scientific and
practical importance, which can be used when working
in egg poultry farming.

CONCLUSIONS

From the results obtained in the framework of the con-
ducted studies and based on the data obtained by re-
searchers in previous papers on the investigation of
the influence of technological factors of various eti-
ologies on the biochemical parameters of blood in
laying hens in the industrial egg production system,
several conclusions can be drawn. In the conditions
of industrial production of commercial eggs, the main
factor in reducing the productivity of birds is the ef-
fect of technological factors that cause them stress.
Therefore, the search for informative systems that can
become early markers of this condition in the animal
body will have scientific and practical importance.
The strongest stress factor used in the study was the
factor of over-compaction of animals, while others -
such as the feed factor and the factor of changing the
lighting mode had substantially less impact on the
birds’ body and were approximately at the same level.
Among the biochemical parameters of blood serum,
glucose and creatinine concentrations were a rapid and

differentiated response to the action of technological
factors of different intensities. The range of glucose
fluctuations under stress was from 15.2 to 18.1 mmol/L
and for creatinine-from 21.9 to 27.2 mmol/L. Given the
simplicity of determining these indicators and fluctu-
ations in their levels within the physiological norm,
they may have prospects of becoming the main markers
of early diagnosis of stress in industrial poultry farm-
ing. Among the enzyme complexes, such enzymes as
LDH and AST, which are involved in carbohydrate me-
tabolism, had similar qualities. A substantial range of
changes in the activity of these enzymes depending on
the intensity of the stress factor also allows them to be
used as markers of the influence of technological factors
on the body of birds. The following research aims to
examine the effect of a stress factor of varying intensity
on the level of creatinine concentration in the body of
birds and develop a scale of the negative impact of the
technological factor on the egg productivity of birds in
industrial production based on this.
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AHoTauisi. MopylieHHs OCHOBHUX TEXHONOTMYHMX NapaMeTpiB YTPUMAHHS Ta rofiBAi NTULI € OCHOBHUM YMHHUKOM
3HMXKEHHS SIEYHOI MPOAYKTMBHOCTI Ta 340POB' MTWLi B CMCTEMI MPOMMCIOBOrO BMPOOHMLUTBA. TOMY MeETOK
[OCNIAKEHHS € BUSHAYEHHS BiOXIMIYHMX MapKepiB NP1 rOCTPOMY TEXHONOMYHOMY CTPeCi, CIPUYUHEHOMY YUHHUKAMU
pi3HOi eTionorii. Y ubOMy LOCNIAKEHHI OLiHIOBaNM BGiOXiMiYHi MOKA3HMKM CMPOBATKM KPOBi 3a Aii NMoapasHuMKiB
y Kypei-Hecy4ok. JocnigXeHHs NpoBOAMAM HA [eKinbkoxX KypyaTax kpocy Hy-Line W-36 B ymoBax BMpOOGHMYOI
Ninii. Ins npoBeneHHs AocnimxkeHHs byno cpopmoBaHo votupm rpynu kypei (no 101 ronosi B KOXHiit) BikoM 52
TWxHi. KoHTponbHa rpyna 6yna chopmoBaHa 3 10 npenctaBHMKIB KOXHOI 3 rpyn. [lani KoxHa rpyna nigaaeanacs
BM/AMBY BiANOBIAHOMO TEXHOMOrIYHOro NoApasHuka. MNTuu rpynu 2 He rogyBanu NpoTaroM 24 rofuH, NTULIO rpynu
3 yTpMMyBanu B 3aTEMHEHOMY MicLi, a we 60 ronie [OAaTKOBO MOMICTUAM B KNITKY A0 Kypen rpynu 4. Hanbinbwmi
BMNAMB HA AMHAMIiKy GiOXiMiYHMX MOKA3HMKIB Mano 36ifblUeHHS iX KOHUeHTpauii Ha 1 M? KNiTKOBOro npocTopy.
[ocnigpXeHHs MM BCTAHOB/IEHO CYTTEBE MiABWLLEHHS KOHLUEHTPALii FMHOKO3M Ta KPeaTUHiHY B CUPOBATLi KpOBI
Kyp4aT npu nepeyulinbHeHHi — Ha 24-28 % (p<0,05) NOpiBHAHO 3 KOHTPONBHOI TPYMOH, HE3ANEXKHO Bif NPUYMHM
BMHUKHEHHS CTPECOBOI CMUTYyaLil, y BCi€i NTUL,, WO 3a3Hana BNAMBY roCTPOro CTpecy, CNoCTePiranocs NigBULLEHHS LUX
MOKa3HMKIB y cmpoBaTLi KpoBi. OCHOBHA YaCTMHA AOCNIAXKYBAaHUX HEePMEHTIB, TaKMX SK acnapTataMiHoTpaHcdepasa,
Nny>xxHa @ocdaTtasa Ta NakTaTaeriaporeHasa, Manu TeHAEHLII0 A0 NiABULLEHHS CBOEI aKTUBHOCTI 3aN€XHO Bif, CUn
BMJIMBY TEXHOMOTNYHOIO YMHHMKA Ha OPraHisM NTuui. [IMHaMIUHi XapakTepuCTUKKM PiBHIB MHOKO3M Ta KpeaTUHiHY
BMPI3HANMCA cepep, AOCNIAXYBaHMX OiOXiMIYHMX MOKA3HMKIB WBUMAKUMU Ta AMdEpeHLiNOBaHUMU peakuiaMu B
Mexax i3ionoriyHoi HOpMHK, @ 3 OrNAAY Ha NPOCTOTY X BU3HAUYEHHS, MOXKYTb MaTW MepCnekTUBY CTaTU OCHOBHUMM
MapKepaMu paHHbOI JiarHOCTUKKM CTpecy B MPOMUCIOBOMY NTaXiBHULTBI

KntouoBi cnoBa: piBeHb rOKO3M; KpeaTUHiH; acnapTataMiHoTpaHcdhepasa; nakrataerigporeHasa; crtpec; Mapkep
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INTRODUCTION

Crocus sativus L., or sowing saffron, is a rare crop that is
a source of the world’s most expensive spices and val-
uable compounds used in the official pharmacopoeia.
Due to the biological and ecological characteristics of
the plants and their economic importance, the crop is
promising for cultivation in Ukrainian agrocenoses. To
this end, it is necessary to study the safety of C. sativus L.
plant isolates on other crops and their role in soil toxin
formation.

Demand for saffron is growing globally due to
its use in cooking, medicine, and cosmetics, as well
as new health benefits (Cardone et al., 2020; Sharma
et al., 2020). According to the National Agricultural
Statistics Service (2017), in Iran, about 10-12% of the
total saffron area is cultivated under intercropping sys-
tems (including cumin, sunflower, and wheat), while
the remaining 88-90% of the C. sativus area is grown
in monoculture. Over the past decade, C. sativus L. (per-
ianth petals) largely has been studied for its by-prod-
ucts (perianth petals) in agriculture to increase yields
(Lahmass et al., 2018). According to L. Menghini et al.
(2018), about 90.0-92.6%, or 53 kg, of the production
of one kilogram of spices is accounted for by perianth
petals and 13.4% by stamens, which is equivalent to
150000-200000 flowers.

The perianth petals of the saffron flower contain
several bioactive compounds, such as minerals, an-
thocyanins, monoterpenoids, carotenoids, flavonoids
and flavonols (kaempferol) (Mykhailenko et al., 2019;
Belyagoubi-Benhammou et al., 2023). Therefore, it is
promising in the world to isolate biologically active
compounds from saffron by-products (petals) for their
use in the food, perfumery, and pharmaceutical indus-
tries (Mir et al., 2022; Serda-bernad et al., 2023). The
study of the allopathic properties of plants is a promis-
ing area of research worldwide (Kheirabadi et al., 2020;
Janusauskaite, 2023). Considering the biochemical com-
position of various organs of C. sativus L., its allopathic
activity has been studied for a long time. According to
the results of M. Kheirabadi et al. (2020), it is known
that saffron can be grown in one place for up to 12
years, but starting from 5-6 years, the yield of bracts
decreases. |. EL Aymani et al. (2019) found that the dura-
tion of cultivation of C. sativus L. also negatively affects
the number of endomycorrhizal fungal species.

A minor inhibitory effect, which depended on the
concentration of the filtrate, was found by Fallahi
et al. (2018) in the effect of aqueous extracts of leaves
and corms of C. sativus L. on seedlings of fenugreek
(Trigonella foenum-graecum L.), chickpea (Cicer ariet-
inum L)) and arugula (Eruca sativa Mill.) as promising
related crops. According to the results of a study by
M. Abbasi & A. Sepaskhah’s (2022) research on com-
bined winter wheat and saffron crops during 2013-
2017 in Iran, the benefits of growing intercrops in
production were found to be 74% higher, with a land
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equivalent ratio of 1.74. Farmers are recommended to
grow saffron in wide-row crops with winter wheat to
increase income and soil use efficiency.

In Ukraine, the effect of water-soluble secretions
from flowers of C. sativus L. of different states on the
germination of winter wheat has not been studied. In
connection with the possible expansion of the area un-
der C.sativus L., there is a need to study the interaction
of a new promising crop with traditional ones. Ukraine
is one of the largest exporters of wheat grain, so for
agricultural production, the study of the possibility of
growing saffron and winter wheat in joint crops and
establishing a place in the crop rotation, considering
the allopathic activity of C sativus L., is an important
direction of crop introduction. In addition, by-prod-
ucts (petals, flowers, pistils) from saffron production,
such as spices, can become a biological stimulant for
the germination of winter wheat seeds. The research
aims to determine the peculiarities of the influence of
water-soluble secretions of C. sativus flowers and their
elements on the germination of seeds of two varieties
of winter wheat.

MATERIALS AND METHODS

To establish the allelopathic activity of water-soluble
extracts of C. sativus L. flowers grown in the Northern
Black Sea region of Ukraine at the initial stages of on-
togeny of plants of different varieties of winter wheat,
field studies were conducted in November 2021 at the
experimental field of Mykolaiv National Agrarian Uni-
versity, and laboratory studies were conducted in the
laboratories of the Department of Plant Production and
Gardening.

The determination of the allopathic activity of
water-soluble secretions of individual parts of C. sati-
vus L. flower on the growth of roots and coleoptiles of
seedlings of Ukrainian winter wheat varieties Vidrada
and Koshova was carried out according to the method
of A. Grodzinskiy et al. (1979). Seeds of the studied
soft winter wheat varieties were sown in sterile Petri
dishes on filter paper moistened with distilled water
and placed in a thermostat at +23-24°C for 24 hours.
To determine the allopathic activity of C. sativus L.
flower elements, freshly harvested flowers with fertile
and infertile parts were used (experimental variants:
“petals”, “petals + stamens”, “petals + pistil”). Stamens
weighed 0.025+0.003 g, pistils 0.035%0.002 g, petals
0.376*0.013 and flowers 0.435+0.016 g. They were
placed in distilled water in a ratio of 1 g per 100 ml
(0.01%) and kept for 24 hours at a temperature of +23-
24°C. The choice of concentration was based on tests
conducted previously on watercress seeds (Mykolaichuk
et al, 2021). The solution was filtered through filter
paper No. 2. A day later, 25 wheat seeds with signs of
primary roots were transferred to filter paper in Petri
dishes and 4 ml of filtrate was added.




To determine the allelopathic activity of water-sol-
uble secretions of flowers of different states, buds,
a blooming flower, and a flower that bloomed 1 day
ago were used. The flowers were kept for a day in
100 ml of distilled water. Further development of the
seedlings took place in a Petri dish in a thermostat at
20°C. Seven days later, at the beginning of the seed-
ling development phase, the metric and qualitative
parameters of seeds were determined, and the maxi-
mum and total root length, the number of adventitious
roots, the length of the coleoptile and the root weight
were measured. To determine the effect of water-sol-
uble secretions of C. sativus L. flowers on the process
of grain swelling, metric (length, width, thickness, mm)
and qualitative (weight, g) parameters were measured
before the experiment and on day 7. The metric param-
eters were measured with a calliper with an accuracy
of 0.01 mm, the mass was determined using a balance
with an accuracy of 0.001 g. The experiment was car-
ried out in five replications.

Statistical processing of the results was carried out
using Microsoft Excel and Statistica 7.0. Graphs were
created using Excel 7.0. To quantify the allopathic ef-
fect, the allopathic activity index (Al) was used, which
was determined by the formula:

RI=1-C/T,
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where C - control values, T - test values. If RI>0, then
there is a stimulation effect, RI<0 indicates inhibition
(Williamson et al., 1988).

RESULTS AND DISCUSSION

As a result of laboratory studies, an increase in the mor-
phometric parameters of the grain: length by 1.87%, and
width and thickness - on the contrary — a decrease by 5.0
and 1.1% compared to the initial values - was found dur-
ing the period of germination of wheat seeds of Vidrada
variety in plants of the control variant. The increase in
kernel weight was 25.0% compared to the initial weight.
The same peculiarity was observed for the Koshova grains,
but the length increased by 6.4%,and the width and thick-
ness also decreased by 32.1 and 18.0%. The increase in
kernel weight was 33.3% compared to the initial weight.

Under the influence of water-soluble secretions of
C. sativus L. bud, the increase in the length of the grain
of Vidrada variety to the initial value was 4.0%, and to
the control 2.1%. For the width, a slight increase was
observed compared to the initial value, but more com-
pared to the control (1.0 and 6.6%, respectively). The
thickness, on the contrary, decreased by 2.5 and 1.5%,
respectively. At the same time, the weight of the kernel
increased by 50% compared to the initial and by 20%
compared to the control (Table 1).

Table 1. Influence of water-soluble secretions of C. sativus L. flowers of different states on morphometric and quality
parameters of winter wheat grains of different varieties during germination

Water extracts from flowers in different states (Factor B)

Initial variable Control Bud The blooming flower  The bloomed flower

Indicators Mim Mzm Mzm Mim Mim

min-max min-max min-max min-max min-max
Varieties (Factor A)
Vidrada
Lenath. mm 6.94%0.05 7.07%0.14 7.22+0.20 7.07+0.15 6.93+0.14
gth, 5.90-7.85 6.31-8.05 5.34-8.45 5.76-8.40 5.56-7.78
Width. mm 2.89+0.3 2.74*0.14 2.92+0.13 2.77*+0.09 2.69+0.13
’ 2.30-3.35 1.76-4.14 1.92-3.90 2.01-3.30 1.38-3.62
Thickness. mm 2.79%0.03 2.76%0.11 2.72*0.09 2.78+0.09 2.63%0.09
’ 2.30-3.12 1.77-3.66 1.96-3.25 1.57-3.51 1.74-3.07
Mass 0.04+0.00 0.05+0.00 0.06+0.00 0.05*0.00 0.05*0.00
9 0.02-0.04 0.03-0.08 0.03-0.09 0.03-0.08 0.02-0.07
Koshova

Lenath. mm 6.88+0.06 7.32%0.17 7.19+0.15 6.87%0.11 6.91%0.16
gth, 5.94-7.51 5.60-8.63 6.19-8.32 5.95-7.79 5.68-8.53
Width. mm 2.87%0.04 1.95+0.11 2.55%0.12 2.46%0.11 2.29%0.10
’ 2.04-3.44 1.00-3.04 1.70-3.41 1.69-3.66 1.56-3.05
. 2.67+0.17 2.19+0.11 2.55+0.11 2.27+0.09 2.28+0.08
Thickness, mm 2.36-3.03 125297 1.39-3.25 171-2.87 1.34-3.05
Mass 0.03+0.00 0.04+0.00 0.05+0.00 0.04+0.00 0.04+0.00
9 0.03-0.04 0.02-0.06 0.03-0.07 0.01-0.07 0.02-0.05

Source: compiled by the authors

Koshova wheat grain was characterised by an in-
crease in length of 4.5% compared to the initial one,

but a decrease in this indicator by 1.8% compared to the
control. There was also a decrease in width by 11.2%
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compared to the original, but an increase of 30.8% com-
pared to the control. The same trend is observed for
thickness: a decrease of 4.5% compared to the initial
and an increase of 16.4% compared to the control. An
increase in kernel weight was recorded by 66.7% com-
pared to the initial and 25% compared to the control.
The water-soluble secretions of the blossoming
flower of C.sativus L. affect the morphometric parameters
of the grain of the Vidrada variety: compared to the ini-
tial length, it increased slightly by 1.87%, compared to the
control, there was no increase. The width and thickness
are characterised by a decrease of 4.2 and 0.4% compared
to the initial values. Compared to the control, there was
a slight increase of 1.1 and 1.5%, respectively. Compared
to the initial weight of the grain, there was an increase
of 25%, but compared to the control, the weight did not
increase. For the Koshova variety, there was a slight de-
crease in all morphometric parameters compared to the
initial ones: length - by 0.2, width - by 14.3, thickness -
by 15.0%. Compared to the control, the length of the
grain decreased by 6.2%, and other morphometric param-
eters increased: width - by 26.2, thickness - by 3.7%.
The water-soluble secretions of the blossoming flow-
er of C. sativus L. affected all morphometric parameters

of Vidrada grain and were lower than the initial ones:
length - by 0.2%, width - by 6.9%, thickness — by 5.7 %,
respectively. Compared to the control, a slight decrease
in all morphometric parameters was observed: length -
by 2.0, width - by 1.0, and thickness - by 4.7%, respec-
tively. For Koshova grains, the length slightly increased
by 0.4% compared to the initial one. Under the influ-
ence of water-soluble secretions, the weight increased
by 33.3% compared to the initial weight. At the same
time, width and thickness decreased by 20.2 and 14.6%,
respectively. Compared to the control, the length of the
kernel is 5.6% shorter, and the width and thickness are
174 and 4.1% larger, respectively. The grains of both
varieties are characterised by a 25% increase in weight,
which, in our opinion, is associated with the process of
swelling during germination.

The analysis of the effect of water-soluble secre-
tions of C. sativus L. flower elements on the germina-
tion of wheat kernels of the Vidrada variety shows the
following: compared to the initial indicators, a slight
increase in the length of the control variant kernels by
1.9% was observed, while a slight decrease in width
and thickness (5.2 and 1.1%, respectively) was ob-
served, while the weight increased by 33.3% (Table 2).

Table 2. Influence of water-soluble secretions of C. sativus L. flower elements on morphometric and qualitative
parameters of winter wheat kernels of different varieties during germination

Water extracts from flowers in different states (Factor B)

Initial variable Control Petals Petals + stamens Petals + Stamens

Indicators Mm Mm Mm Mm Mm

min-max min-max min-max min-max min-max
Varieties (Factor A)
Vidrada
Lenath mm 6.94+0.05 7.07%0.14 7.00+0.18 7.02+0.15 7.09%0.16
gth, 5.90-7.85 6.31-8.05 5.67-8.65 5.66-8.35 5.78-8.26
Width 2.79%0.03 2.76%0.11 2.73*0.10 2.57+0.08 2.64%0.06
idth, mm 2.30-3.12 1.77-3.66 2.14-3.65 1.96-3.37 2.20-3.08
Thickness. mm 0.04+0.00 0.05+0.00 0.05%0.00 0.05+0.00 0.06+0.00
’ 0.02-0.04 0.03-0.08 0.03-0.08 0.03-0.07 0.03-0.08
Mass 6.94+0.05 7.07%0.14 7.00+0.18 7.02+0.15 7.09%0.16
9 5.90-7.85 6.31-8.05 5.67-8.65 5.66-8.35 5.78-8.26
Koshova

Lenath mm 6.88+0.06 7.32%0.17 7.02%0.13 7.18*0.12 7.32%0.11
gtn, 5.94-7.51 5.60-8.63 6.12-8.27 5.955-7.91 6.62-8.55
Width. mm 2.87%0.04 1.95+0.11 2.23%0.11 2.17+0.09 2.23%0.11
’ 2.04-3.44 1.00-3.04 1.34-2.93 1.28-2.75 1.34-2.93
. 2.67%0.17 2.19+0.11 2.24+0.12 2.29%0.08 2.24%0.12
Thickness, mm 2.36-3.03 125297 112-2.99 162-2.85 112-2.99
Mass 0.03+0.00 0.04+0.00 0.04+0.00 0.04+0.00 0.04+0.00
9 0.03-0.04 0.02-0.06 0.02-0.06 0.03-0.07 0.02-0.06

Source: compiled by the authors

Koshova grains are characterised by a 6.4% in-
crease in length in the control variant compared to
the original, but other indicators decrease in width
by 32.1% and thickness by 18.0%, respectively, while
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weight increases by 33.3%, indicating intensive germi-
nation processes. The water-soluble secretions of C. sa-
tivus L. petals slightly affected the length of the grain
of wheat variety Vidrada, the increase of this indicator




was 0.9% compared to the initial one, other morpho-
metric parameters were characterised by a slight de-
crease: width - by 1.04, thickness - by 2.2%. Compared
to the control, there was a slight decrease in length and
thickness by 1.0 and 1.1%, respectively, and an increase
in width by 4.4%. The weight of the grain increased by
25% compared to the initial weight, and no increase
was observed compared to the control. Koshova grains
were also characterised by a slight increase in length by
2.0%,but a decrease in width and thickness (by 22.3 and
16.1%, respectively). The increase in weight compared
to the initial weight was 33.3%, while no increase was
observed compared to the control variant.
Water-soluble secretions of petals and stamens
of C. sativus L. slightly affected the length and width
of the kernels of Vidrada variety compared to the in-
itial ones (1.2 and 0.7%, respectively), but the kernel
thickness decreased by 7.9%. Compared to the control,
there was a slight decrease in length and thickness
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by 0.7 and 6.9%, but an increase in width by 6.2%. Un-
der the influence of water-soluble secretions of pet-
als with stamens, the weight of the grain increased
by 25% compared to the initial one, but there was
no increase compared to the control. Kernels of the
Koshova variety were characterised by an increase in
length only, by 4.4% compared to the initial one, while
other parameters showed a decrease in width by 24.4
and thickness by 14.2%.

Thus, no significant effect of water-soluble secre-
tions of flowers of C. sativus L. of different states and
elements of flowers grown in the Northern Black Sea
region of Ukraine on the morphometric and qualitative
parameters of wheat grains of the two studied varie-
ties was found. The study of the effect of water-soluble
secretions of C.sativus L. flower elements on the devel-
opment of the root system of seedlings of the studied
varieties indicates that it has varietal characteristics of
the reaction (Table 3).

Table 3. Influence of water-soluble secretions of C. sativus L. flowers of different states on morphometric
and qualitative parameters of winter wheat roots of different varieties

Varieties (factor A)

Water extracts from saffron

flower elements Vidrada
(Factor B) Max length, mm Overall length, mm Number of roots Mass, g
Control 91.15%2.65 233.35%6.37 3.45%0.15 0.05%0.00
75.00-114.00 166.00-296.00 3.00-5.00 0.03-0.08
Flower state
Bud 81.65%7.23 196.25%21.61 3.35+0.14 0.04+0.00
39.00-141.00 94.00-392.00 3.00-5.00 0.01-0.08
The blooming flower 92.89%7.15 254.32%27.82 3.89%0.19 0.05%0.01
9 22.00-134.00 46.00-437.00 3.00-5.00 0.01-0.11
The bloomed flower 106.25%5.76 284.48+18.98 3.40%0.11 0.04%0.00
50.00-135.00 108.00-405.00 3.00-4.00 0.02-0.08
Flower elements
Petals 104.20£7.23 277.65%21.64 3.55%0.15 0.05%0.01
35.00-142.00 90.00-410.00 3.00-5.00 0.01-0.10
124.30%£10.88 309.75%11.79 3.75%0.10 0.04%0.00
Petals + stamens 73.00-321.00 172.00-415.00 3.00-4.00 0.02-0.06
Petals + stamens 99.10%7.58 266.25%22.51 3.70%0.18 0.04%0.00
25.00-145.00 70.00-404.00 3.00-5.00 0.02-0.08
Koshova
Control 121.75%3.63 311.25%9.23 3.25%+0.12 0.05%0.00
84.00-145.00 226.00-375.00 3.00-5.00 0.02-0.08
Flower state
Bud 75.89%+8.94 174.79%25.67 3.21*#0.12 0.03+0.00
15.00-130.00 17.00-388.00 3.00-5.00 0.01-0.07
The blooming flower 119.35%5.00 298.10%14.63 3.20%0.09 0.04%0.00
9 68.00-150.00 148.00-410.00 3.00-4.00 0.02-0.06
The bloomed flower 124.65%3.22 302.95%£6.49 3.15%0.08 0.04%0.00
97.00-144.00 233.00-370.00 3.00-4.00 0.03-0.07
Flower elements

Petals 114.80+6.17 281.60+16.34 3.40%0.13 0.05+0.00
55.00-153.00 130.00-362.00 3.00-5.00 0.02-0.08
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Table 3, Continued

Varieties (factor A)

Water extracts from saffron

flower elements Vidrada
(Factor B) Max length, mm Overall length, mm Number of roots Mass, g
Petals + stamens 99.55%9.00 239.75%26.13 3.10£0.07 0.04+0.00
68.00-150.00 35.00-393.00 3.00-4.00 0.02-0.06
Petals + stamens 112.80+8.05 281.15+20.82 3.15%0.08 0.04+0.00
38.00-153.00 102.00-419.00 3.00-4.00 0.02-0.08

Source: compiled by the authors

The water-soluble bud secretions harmed the root
indices of Vidrada seedlings, especially on the total root
length (-15.9%) and the number of roots (-2.9%). The
negative effect on the seedlings of the Koshova variety
was greater — -43.8% for the total length of roots and
-1.2% for their number. The influence of water-soluble
secretions of the blossoming flower on the parame-
ters of roots of seedlings of the Vidrada plant variety
has a slight stimulating effect, with the highest values
also characteristic of the total length of roots, and the
lowest - for the maximum length (9.0 and 1.9%, re-
spectively). Seedlings of the Koshova variety are char-
acterised by a negative effect on all root parameters
compared to the control, with the greatest effect on the
total length and a lesser effect on the number of roots
(-7.1 and -1.5%, respectively). The water-soluble secre-
tions of the faded flower stimulate the development of
roots, especially the total length, with a smaller effect
on their number (21.9 and 1.5%, respectively). A posi-
tive effect on the maximum length of roots (2.4%) was
found for seedlings of the Koshova variety, but a slightly
negative effect on other indicators (-2.7% for the total
length of roots and -1.5% for the number of roots). The
weight of roots of seedlings of Vidrada variety is char-
acterised by a negative effect of water-soluble secre-
tions of flowers of different states on the growth com-
pared to the control: bud and bloomed flower - by 20%,
and secretions of the bloomed flower have no effect.

The water-soluble secretions of C. sativus L. flowers
of different states negatively affect the root weight of
seedlings of the Koshova variety compared to the control,
with a greater effect on the bud (-40%),and a negative ef-
fect on the root weight (-20%) for the bloomed and faded
flowers. The water-soluble secretions of C. sativus L.

flower elements have a positive effect on the growth of
maximum and total root length (14.3 and 19.0%, respec-
tively), as well as on the number of roots (2.9%) of seed-
lings of Vidrada plants. Root weight did not differ from
the control. For seedlings of plants of the Koshova variety,
water-soluble petal secretions negatively affect the max-
imum and total length of roots compared to the control
(-5.7 and -9.5%, respectively), but positively — the number
of roots (4.6%), no effect on root weight was found.

Water-soluble petal and stamen secretions also
have a positive effect on the growth of the maximum
and total root length of seedlings of the Vidrada variety
(36.4 and 32.7%, respectively), and the number of roots
(8.7%), but the root weight was 20% less. Water-soluble
secretions of petals and stamens negatively affect all
indicators of roots of seedlings of the Koshova variety:
the greatest effect is observed on the total length of
roots (23.0%), the least — on the number of roots (4.6%).
The water-soluble secretions of petals and pistils have
a positive effect on the growth of roots of seedlings
of Vidrada plants compared to the control. The highest
values are characteristic of the total length (14.1%), the
lowest - for the number of roots (7.3%). In seedlings
of the Koshova variety, a negative effect on the total
length of roots (-9.4%) and the number of roots (-3.1%)
was observed. The root weight of seedlings of both va-
rieties is characterised by a negative effect of-20%. The
effect of water-soluble secretions of the blossoming
flower of C. sativus L. on the maximum and total length
of roots of both wheat varieties is significant, the effect
on the number of roots is insignificant. The water-solu-
ble secretions of C. sativus L. flowers of different states
negatively affect the length of the coleoptile of plants
of the studied winter wheat varieties (Table 4).

Table 4. Influence of water-soluble secretions of C. sativus L. flower of different state and flower elements on
morphometric and qualitative parameters of collyoptile of winter wheat seedlings

Varieties (Factor A)

Vidrada Koshova
Water extracts from saffron flower elements
(Factor B) length, mm mass, g length, mm mass, g
Mzm Mim Mzm Mim
min-max min-max min-max min-max
Control 55.15%+1.43 0.06%0.00 58.50£1.81 0.06%0.00
45.00-67.00 0.04-0.08 50.00-74 0.04-0.08
Flower state Bud 42.50%4.52 0.04%0.00 39.47+5.88 0.04%0.01
13.00-75.00 0.02-0.09 3.00-82.00 0.01-0.09
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Table 4, Continued

Varieties (Factor A)

Vidrada Koshova
Water extracts from saffron flower elements
(Factor B) length, mm mass, g length, mm mass, g
Mim Mim Mzm Mim
min-max min-max min-max min-max
The blooming flower 51.84%4.62 0.05%0.00 53.05%2.81 0.05%0.00
9 12.00-76.00 0.01-0.08 25.00-69.00 002-0.07
Flower state

The bloomed flower 59.20+2.88 0.05%0.00 63.95+1.86 0.05%0.00
35.00-81.00 0.03-0.08 44.00-75.00 0.04-0.07
Petals 54.05+3.27 0.06%0.00 61.00+3.56 0.06%0.00
18.00-78.00 0.02-0.10 20.00-79.00 0.02-0.08-
Flower elements Petals + stamens 58.05%2.67 0.06%0.00 52.15%5.15 0.05%0.00
26.00-71.00 0.03-0.07 6.00-79.00 0.01-0.08
Petals + stamens 53.80%3.60 0.06%0.00 56.90£14.02 0.05%0.00
15.00-77.00 0.02-0.08 18.00-75.00 0.03-0.07

Source: compiled by the authors

The Vidrada variety is characterised by an intensive
decrease in the length of the coleoptiles under the in-
fluence of water-soluble secretions of the bud and the
bloomed flower by -22.9 and -6.0%, respectively, com-
pared to the control, while the water-soluble secretions
of the bloomed flower have a slight positive effect of
7.3% compared to the control. There is also a negative
effect on the weight of coleoptiles,ranging from-33.3%
for bud secretions to -16.7% for bloomed and faded
flowers. For coleoptiles of seedlings of the Koshova va-
riety, the corresponding indicators range from -32.5%,
which is typical for bud secretions, to -9.3%, which is
typical for a bloomed flower, but the secretions of a
bloomed flower have a slight positive effect compared
to the control (9.3%). There is also a negative effect of
water-soluble secretions on the weight of the coleop-
tile compared to the control by -33.3% for the bud se-
cretions and by-16.7% for other variants.

Water-soluble petal secretions stimulate the growth
of coleoptiles of Vidrada plants by 4.3%, and water-sol-
uble secretions of petals and stamens and pistils in-
hibit growth compared to the control by 10.8 and 2.7%.
For plants of the Koshova variety, a slight inhibition
of growth under the influence of water-soluble petal
secretions by -2.0% and stimulation by water-soluble

secretions of petals with stamens and pistils compared
to the control by 5.3 and 1.5%, respectively, is charac-
teristic. There was no negative effect of water-soluble
secretions of C.sativus L. flower elements on the weight
of coleoptiles in seedlings of the Koshova variety, in
contrast to the weight of coleoptiles of seedlings of the
Vidrada variety, which is characterised by the absence
of influence of water-soluble petal secretions and the
inhibitory effect of water-soluble petal secretions and
stamens and pistils (-16.7%).

The effect of water-soluble secretions on the
length and weight of coleoptile of seedlings of the
studied wheat varieties is significant. A high correlation
(p<0.05) between the total length of the roots and the
length of the coleoptile is characteristic of seedlings
of the Vidrada variety in variants with the influence of
water-soluble secretions of flowers of all states and
elements of the flower (petals and petals with pistil).
For seedlings of the Koshova variety, there is also a re-
lationship between the total length of the roots and
the length of the coleoptile under the influence of wa-
ter-soluble secretions of buds and a blooming flower.
The correlation between these parameters under the
influence of water-soluble secretions of petals stamens
and pistils is not very high and inverse (Table 5).

Table 5. Correlation between root length and coleoptile length of winter wheat seedlings of different varieties under
the influence of water-soluble secretions of C. sativus L. flowers of different states and their elements

Aqueous extracts of saffron flower elements (Factor B)

Varieties (Factor A)

Vidrada Koshova

Control -0.0209 0.2794

Bud 0.9276 0.9612

Flower state The blooming flower 0.9298 0.3151
The bloomed flower 0.7981 0.6933

Flower elements Petals 0.7803 0.2863
Petals + stamens 0.0195 -0.2672

Flower elements Petals + stamens 0.7677 -0.0585

Source: compiled by the authors
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For a complete assessment of the allelopathic ac-
tivity of water-soluble secretions of C. sativus L. flow-
ers of different states and flower elements on winter
wheat, the index of allelopathic activity was used. The
main indicators are the effect of C. sativus L. flower ex-
tracts on the maximum and total length of roots and

colioptile of seedlings of the studied varieties. It was
found that there is a negative effect of water-soluble
secretions of C. sativus flower buds on the total and
maximum root length of seedlings of the Vidrada variety
and the total root length of seedlings of the Koshova
variety (Table 6).

Table 6. Index of allelopathy of water-soluble secretions of C. sativus L. flowers of different states and flower elements
on the metric parameters of roots of plants of different winter wheat varieties

Varieties (Factor A)

Vidrada Koshova

Aqueous extracts of saffron flower elements

(Factor B) Max length, nm  Overall length, mm Max length, mm  Overall length, mm
Mim Mim Mim Mim
min-max min-max min-max min-max
Bud -0.12 -0.19 0.6 -0.78
Flower state The blooming flower 0.02 0.1 -0.02 -0.04
The bloomed flower 0.14 0.18 0.02 -0.03
Petals 0.13 0.16 -0.06 -0.11
Flower elements Petals + stamens 0.27 0.25 -0.22 -0.3
Petals + stamens 0.08 0.12 0.08 -0.11

Source: compiled by the authors

The water-soluble secretions of the bloomed and
faded flowers have a stimulating effect on these indi-
cators of seedlings of the Vidrada variety. For the roots
of seedlings of the Koshova variety, the inhibitory effect
of water-soluble secretions of the bloomed flower and
the opened flower, but the stimulating effect of secre-
tions of the opened flower was established. The study

of the influence of water-soluble secretions of C. sativus
flowers and their elements on the coleoptile length of
the studied winter wheat varieties shows certain pecu-
liarities: the secretions of buds and bloomed flowers
have an inhibitory effect on the coleoptile of seedlings
of both varieties and the bloomed flower, on the con-
trary, has a stimulating effect (Table 7).

Table 7. Index of allelopathy of water-soluble secretions of C. sativus L. flowers of different states
and their elements on the development of coleoptiles of plants of different winter wheat varieties

Varieties (Factor A)

Vidrada Koshova

Aqueous extracts of saffron flower elements

(Factor B) Max length, mm Overall length, mm Max length,mm  Overall length, mm
Mim Mim Mim Mim
min-max min-max min-max min-max
Bud -0.30 -0.48 -0.30 -0.48
Flower state The blooming flower -0.06 -0.10 -0.06 -0.10
The bloomed flower 0.07 0.09 0.07 0.09
Petals -0.30 0.48 -0.30 0.48
Flower elements Petals + stamens -0.06 0.10 -0.06 0.10
Petals + stamens 0.07 0.09 0.07 0.09

Source: compiled by the authors

Water-soluble extracts of petals and petals with
stamens of C.sativus L. flowers have an inhibitory effect
on the length of the coleoptiles of Vidrada plants, but
petals with pistils have a stimulating effect. Water-sol-
uble extracts of all elements of C. sativus L. flowers
have a stimulating effect on the length of coleoptiles
of seedlings of the Koshova variety. As a result of the
studies, both stimulating and inhibitory effects were
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found from the treatment of seeds of different varieties
of winter wheat with water-soluble secretions of the
flower and parts of the flower of saffron seed. Other
scientists (Murimwa et al., 2019) focused their research
on the identification and development of plant growth
inhibitors as an alternative to the use of chemicals.
Studies (Godlewska, 2019) have shown that ex-
tracts of organs of other plants, in particular saffron




flowers, can be used in agriculture as natural biostimu-
lants. Thus, A. Khoulati et al. (2020) found a stimulating
effect of the aqueous extract of the perianth (petals)
of C. sativus L. at a dose of 2 mg/ml on the growth of
eggplant seedlings. The improvement in plant height in
this study suggests that perianth extract may act as a
plant growth promoter. Higher levels of these antioxi-
dant compounds tend to disrupt the physiological bal-
ance of the recipient plants, resulting in a correspond-
ing inhibition of growth.

Y. Tkachova et al. (2022) studied the effect of
the allopathic activity of aqueous extracts of hyssop
leaves, stems and flowers on the growth of watercress
roots, and determined the optimal concentration of
aqueous extracts of the culture with a stimulating and
inhibitory effect. It was found that the highest pos-
itive allopathic activity was observed in the variant
with the use of hyssop flowers of the second year of
vegetation at a concentration of 1:10. Thus, aqueous
extracts of flowers of essential oil and medicinal crops
can have both stimulating and inhibitory effects on
other plants. However, the scientific literature contains
almost no results of studies on the effect of water-sol-
uble flower secretions, their state (bud, bloomed and
faded flower) and parts of flowers (petals, petals + sta-
mens, petals + pistil) of saffron on the germination
of winter wheat seeds. Therefore, these studies were
conducted for the first time.

Earlier studies by V. Mykolaichuk et al. (2022) de-
termined that saffron flowers of different flowering
stages had both inhibitory and stimulating effects on
the growth of watercress roots. The highest stimulatory
indicators were recorded with water-soluble secretions
of the newly bloomed flower and stamens, and the low-
est - from the pistils. In the experiments with the winter
wheat test crop, the aqueous extract from the bloom-
ing saffron flower had a greater stimulating effect, the
length of roots and colloid of seedlings of the studied va-
rieties increased by 2.4-19.9% and 7.3-9.3%, respectively.
M. Alam et al. (2018) suggest that different rice varieties
grown in the Tanjung Karang region of Malaysia contain
allelochemicals that differ in type and concentration,
which is why the productivity of rice varieties varied sig-
nificantly. M. Korkhova and V. Mykolaichuk (2021) deter-
mined the varietal response of water extracts from the
rhizosphere of the soil of different winter wheat varieties
to watercress seed germination.

The study of the influence of water-soluble extracts
of C. sativus L. flowers on the development of the root
system of winter wheat seedlings confirms the differ-
ent reactions of the studied varieties. It was determined
that the aqueous extract from petals and stamens of
sowing saffron flowers stimulated root growth of win-
ter wheat seedlings of the Vidrada variety by 36.4%, but
inhibited root growth of the Koshova variety by 18.2%.
This study is unique, as there is no scientific data on
the reaction of water-soluble secretions from different
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states of saffron flower and its parts to the germination
of seeds of different winter wheat varieties.

CONCLUSIONS

The results of studies of the effect of water-soluble
secretions of C. sativum flowers of different states and
elements of flowers grown in the Northern Black Sea
region of Ukraine do not significantly affect the mor-
phometric and qualitative parameters of Vidrada and
Kosova grains during germination. No significant effect
of water-soluble secretions of C. sativum flowers and
their elements on the number of roots of seedlings of
both varieties was found.

The maximum and total length of roots of soft
winter wheat seedlings is influenced by varietal char-
acteristics: water-soluble secretions of the bud inhib-
it the development of roots of both varieties, and the
bloomed flower stimulates the development of roots
of seedlings of the Vidrada variety but inhibits the de-
velopment of roots of seedlings of Koshova variety;
water-soluble secretions of the bloomed flower stim-
ulate the development of roots of seedlings of Vidrada
variety, and in the roots of seedlings of Koshova va-
riety stimulates only the maximum length. The wa-
ter-soluble secretions of flowers of all C. sativus states
negatively affect the weight of the crowns of seed-
lings of the Koshova variety, while the secretions of
the bud and flower have such an effect on seedlings
of the Vidrada variety.

The water-soluble secretions of C. sativus flower
petals have a stimulating effect on the parameters of
the roots of seedlings of the Vidrada variety but inhibit
the parameters of the roots of the Koshova variety. Wa-
ter-soluble secretions of petals and stamens, as well
as petals and pistils also have a positive effect on the
roots of seedlings of Vidrada plants and a negative ef-
fect on the roots of Koshova plants. Seedlings of the
Vidrada variety are characterised by a high correlation
between root length and coleoptile in most variants,
except for the influence of water-soluble secretions of
petals and stamens. The coleoptile and root length of
seedlings of the Koshova variety are characterised by a
high correlation under the influence of water-soluble
secretions of the bud and the blooming flower, for other
variants it is low, direct, or inverse.

The allelopathy index of the effect of water-sol-
uble secretions of buds and bloomed flowers on the
length of the coleoptile for plants of both varieties has
an inhibitory effect, and the secretion of the bloomed
flower - a stimulating effect. There is a difference in
the index of allelopathy of water-soluble secretions of
flower elements: for seedlings of the Vidrada variety,
the secretion of petals and petals with stamens has a
stimulating effect, and petals and pistils have an in-
hibitory effect; for coleoptiles of seedlings of Koshova
variety, it has a stimulating effect. Thus, seedlings of the
Vidrada variety compared to seedlings of the Koshova
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variety are more resistant to the effects of water-sol-  generative organs of C. sativus in the Northern Black
uble flower secretions of C. sativus L. The results ob-  Sea region of Ukraine.

tained indicate that it is necessary to carefully select

winter wheat varieties for compatible sowings with ACKNOWLEDGEMENTS

saffron and consider their reactions to water-soluble  None.

flower secretions. Further research will be aimed at

studying the influence of weather conditions on the CONFLICT OF INTEREST

formation of allopathic activity of vegetative and None.
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BnavB BOAOPO34YUHHUX BUAiNeHb WwadpaHy HaciHHEBOro
Ha NPOPOCTAaHHS HAaCiHHA COPTIB NWeHMULi M'IKOoi 03UMOi

Bipa leopriiBHa Mukonaiiuyk
KaHouoaT 6iof0oriyHnX HayK, AOLEHT
MuKoNaiBCbKMIM HaLiOHaNbHWUIA arpapHuiA yHiBepcuTeT
54000, syn. leopria loHragse, 9, M. Mukonais, YkpaiHa
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AHoTauis. Y 383Ky 3i 3MiHO KNiMaTy NOCTA€ HEOOXIAHICTb Yy 3ayYEHHI A0 CiNIbCbKOrOCNoAapCbKOro BUPOOHULTBA
YKkpaiHu HOBUX Ky/lbTyp, Cepen SKMX YinbHe Micue Moxe 3anHatu Crocus sativus L. - TpaBaHMcTa GaratopivHa
6ynbboLMOYIMHHA POCIMHA, aNenonaTUYHi BNACTUBOCTI IKOi BUBYEHO HEL0CTaTHbO. TOMY, METOK A0CNiAXeHb Byno
BCTAHOBJ/IEHHS BMIMBY BOLOPO3YMHHUX BUAINEHD KBITOK Ta OKPEMMX iX €NeMEHTIB Ha NOYaTKOBI €Tanu NPOpPOCTaHHSA
HacCiHHS ABOX COpPTiB MweHuui makoi o3umoi (Bigpaga Ta Kowosa). Y xoadi mocnigpkeHHs OynM BUKOPUCTaHI
3aranbHONPUIHATI MeToam: nabopaTopHe AOCNIAKEHHS, aHaNi3, CMHTE3 Ta CTAaTUCTUMYHMIA. Byno BcTaHoBNEHO, WO
BOAOPO3UYMHHI BUAINEHHS KBITOK Pi3HOr0 CTaHy Ta eneMeHTiB KBiToK C. sativus He MakoTb iCTOTHOrO BNAMBY HA MOPdo-
METPUYHI Ta SKICHI MOKA3HWKM 3EPHIBKM MLLEHUL NP NPOPOCTaHHi. BOAOPO3YMHHI BUAINEHHS KBITOK Pi3HOrO CTaHy
MatoTb iHribytovy A0 Ha pO3BUTOK KOPEHEeBOi CUCTEMM; BUAINEHHS OYTOHY Ta PO3KBITNOI KBITKM MPUrHiYyOTb picT
Koneontune. Bnane BOAOPO3YMHHUX BUAINEHb €NEMEHTIB KBITOK LadpaHy MOCIBHOrO MaE COpPTOBi 0COBAMBOCTI:
009 NPOPOCTKiB MWeHuULi 03uMoi copTy Bigpaga xapakTepHa CTUMyNIOYa AiS NEeNCTOK HA 3arajsibHy OO0BXUHY
KOPEeHIB Ta ix Macy; 4n9 NpopocTkiB copTy KowoBa cnocTepira€TbCcs 3BOPOTHIM BNAMB. BOAOPO3UYMHHI BUAINEHHS
NesiloCToK | TMYMHOK MaTb CTUMYIOKOYY Ait0 Ha KONeonTune pocinH copty Bigpaaa,a ans npopocTkis copTy KowoBsa
CTUMY/IIOKOYY A0 MaloTb BOAOPO3YMHHI BUAINEHHS NentocToK. Kopensuis Mix LOBXWHOK KOPEeHIB Ta KoseonTune 3a
BMN/IMBY BOAOPO3YMHHUX BUAINEHD KBITOK Pi3HOrO CTaHy Ta iX €1eMEeHTIB, a TaKOX iHAEKC anenonaTii MalTb COPTOBI
ocobnuBocTi. OTpMMaHi HayKOBi pe3ynbTaTi CNpuSTUMYTb po3po0bLi arpoTexHiYHMX 3aX0AiB WOAO0 BUPOLLYBAHHS
wadpaHy nocieHoro B YKpaiHi, niabopi copTiB MWeHMLi 03MMOI AN CYMICHOrO BMPOLLYBAHHS Ta BMKOPUCTAHHSA
POC/IMHHUX 3a/MLLKIB, K BiONOriYHUX CTUMYNATOPIB

Kntouosi cnosa: Crocus sativum; Triticum aestivum; anenonaTtuyHi BAACTUBOCTI; NPOPOCTKU; 3€PHIBKK; anenonaTMyHun
iHOeKc
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according to the methodology for the examination of plant varieties, and molecular genetic studies — according to
the polymerase chain reaction method, which is based on multiple copies of a specific DNA region. The formative
process in sea buckthorn breeding for adaptability, productivity and quality was expanded by using the gene pool
of related forms, which is one of the ways to solve the problems of creating source material for further breeding
and is the basis of the research, which established a wide range of formative process by morphological traits and
biological properties as a result of the hybridisation of biotypes, which allowed to select valuable hybrids for a
set of breeding and, in particular, new forms of Soborna and Adaptyvna Improved were identified, characterised
by high winter and drought resistance, productivity and fruit quality, absence of thorns and dry fruit separation,
and submitted to the State Variety Testing. The obtained genotypes of sea buckthorn plants combine resistance to
high and low environmental temperatures with a complex of other economic traits: disease resistance, low or no
thorniness, fruit quality and their suitability for processing and production of products for healthy nutrition. The
practical value of the study is based on the fact that the results of the research expand the information on the use
of sea buckthorn adaptability, productivity, and quality in breeding, selected and studied in the natural and fallow
ecosystems of Polissia and Forest-Steppe of Ukraine. As a result of the study, the best samples were selected and
included in the Genetic Bank of Plants of Ukraine as material with valuable horticultural traits and involved in

breeding work at the Institute of Horticulture of the National Academy of Agrarian Sciences of Ukraine

Keywords: Hippophae rhamnoides L.; selection; new forms; evaluation results; prospects for further breeding

INTRODUCTION

The development of new genotypes of sea buckthorn
with high adaptability to changing climatic conditions,
high productivity and exquisite fruit quality is an ex-
tremely important task to meet the needs of the pop-
ulation in food resources. Resistant to adverse biotic
and abiotic environmental factors, highly productive
varieties of agrobioproducts fully solve the problems
of energy and resource conservation, protection of the
biosphere from pollution by pollutants and manage-
ment of sustainable development of agroecosystems. In
works (Moskalets et al.,2020; Todd, 2022), it is described
that sea buckthorn is dioecious (staminate flower for-
mula: *K, CA,G,, pistillate flower - *K , C/A|G,), is a dip-
loid (2n=24), wind-pollinated, facultative parthenogen-
esis, perennial shrub or tree with thorny or nonthorny
branches, an ancient crop with modern significance and
is important among the cohort of rarely cultivated fruit
and berry plants, as its fruits are a source of biologically
active substances.

Sea buckthorn is a typical plant of the Eurasian
continent and is distributed between 27° and 69° north
latitude and 7° west to 122° east longitude. Most of the
native populations of sea buckthorn species and sub-
species occupy natural and semi-natural ecosystems
in Europe and Asia. Over time, large areas of North
America and northeastern Eurasia have been occupied
by introduced sea buckthorn species.the new taxonomy of
the genus Hippophae includes seven species and eleven
subspecies, as indicated in the Genetic Plasmid Infor-
mation and Resource Network (GRIN): 1) Hippophae go-
niocarpa, 2) Hippophae gyantsensis, 3) Hippophae litan-
gensis, 4) Hippophae neurocarpa 1a 2 nigsuaun subsp.
neurocarpa i subsp. stellatopilosa, 5) Hippophae. salicifo-
lia, 6) Hippophae. tibetana, 7) Hippophae rhamnoides and
8 subspecies subsp. carpatica, subsp. caucasica, subsp.
fluviatilis, subsp. mongolica, subsp. rhamnoides, subsp.

sinensis, subsp. turkestanica, subsp. wolongensisi subsp.
yunnanensis. (Moskalets et al., 2020).

Z. Ciesarova et al. (2020) pointed out that the au-
tochthonous populations of Hippophaer hamnoides L.
are more widespread in Eurasia than other species and,
depending on the physical and geographical area and
place of growth, plants of this species can be in the form
of a bush (mostly in the Western European part, up to
10 m high) or a tree (Sichuan, China; Aland Islands, ar-
chipelago in the Baltic region) up to 10-18 m high. The
average life span of sea buckthorn plants is 30-40 years,
with a maximum of 80 years. Studies (Husain et al., 2018)
indicate that sea buckthorn was favoured by climate,
soil, topography, and other environmental factors that
led to the formation of a rich germplasm resource in the
ecosystems of China, India, Pakistan, Siberia, Germany,
Denmark, Romania, Hungary, Tajikistan, etc. However,
the agronomic potential of many Hippophae species re-
mains underutilised or undiscovered.J. Zhao et al. (2023)
described that sea buckthorn in Ukraine is a source of
vitamins, an ingredient in food combinatorics for the
production of healthy foods and can take an important
place in the structure of an orchard. According to Serhii
Ostapets, CFO of Sady Donbasu (2022), producers should
stop creating new apple orchards and start focusing on
other crops, including sea buckthorn.

The authors (Stobdan et al., 2022) noted that the
high level of sea buckthorn diversity offers excellent
opportunities for the genetic improvement of plants.
The main objectives of most sea buckthorn breeding
programmes are yield, fruit size, thornlessness, fruit
size, oil content, ripening time, frost resistance, re-
sistance to desiccation disease, fruit taste, pollen, and
ornamental value. The first sea buckthorn breeding
programmes began with massive selection from nat-
ural populations. This method is still an established
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practice, but it is gradually being replaced by mutation
and hybridisation.

Studies of genetic resources of the genus Avena
sativa (Bartish & Thakur, 2022) have accumulated val-
uable information on the history of evolution, bioge-
ography, genetic diversity in populations, population
structure, and genes with putative specific adaptive
functions in different species and taxa. Attempts to
disseminate foreign varieties of sea buckthorn in pro-
duction have been unsuccessful due to their low ad-
aptability to significant fluctuations in weather condi-
tions throughout the year (Hohn et al., 2019). First of all,
plants of foreign varieties cannot withstand low tem-
peratures in winter, are not sufficiently drought-resist-
ant, are affected by pathogens and specific pests, and
are characterised by low productivity and fruit quality.
According to L. Dienaite et al. (2021), the low level of
genetic variation in sea buckthorn populations requires
work to develop source material of different ecological
and geographical origins. In China, the main emphasis
was placed on local forms, given their high adaptability
and wide ecological valence, and introduced varieties
that were used in hybridisation with local ones.

The use of the diversity of natural and grassland
ecosystems in the breeding process, given the narrow-
ing of sea buckthorn variability, will expand its genetic
base for further breeding for adaptability, productivity,
and quality to overcome food problems, including pro-
viding the processing industry with healthy raw mate-
rials for the production of products for healthy eating.
The research aims to develop new forms of sea buck-
thorn that combine high adaptability and productivity
for further breeding.

MATERIALS AND METHODS

The research was carried out during 2017-2022 at the
Institute of Horticulture of the National Academy of
Agrarian Sciences of Ukraine (NAAS). Based on the de-
signed model of the variety, a programme was devel-
oped, which consistently substantiated the ways to cre-
ate new sea buckthorn source material. The first stage of
research was carried out in 2015-2016, which involved
studying the populations of fallow land in the Polissia
and Forest-Steppe zones and selecting samples with
desirable economic traits. Locations of sea buckthorn
fallow land populations were examined and analysed
according to the methodology of S.Tkachyk et al. (2016).
The second stage of the breeding involved the intro-
duction of selected sea buckthorn forms into the hospi-
tal of the Institute of Horticulture of the National Acad-
emy of Agrarian Sciences of Ukraine for further study
and involvement of the best ones in further breeding.
The soil type of the site is dark grey podzolised, medi-
um loamy on loess loam, characterised by the following
agrochemical features: humus content - 2.3%, easily
hydrolysable nitrogen - 8.72 mg/100 g of soil, mobile
phosphorus, and exchangeable potassium - 27.5 and
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24.8 mg/100 g of soil, respectively, pH - 6.8 (Puzniak
et al., 2022). Planting scheme of sea buckthorn plants
4x2 mand 4x1.5 m.

In collaboration with the Institute of Cell Biology
and Genetic Engineering of the National Academy of
Sciences of Ukraine, the following reagents were used
to extract plant DNA from sea buckthorn to construct
a molecular genetic profile: lysis DTT buffer with PVP
(20 g/L DTT, 1.4 M NaCl, 20 mM EDTA, 100 mMTris-
HClpH 8.0, 20 g/l PVP, 40.5 mM ascorbic acid, 4.0 mM
DIECA); - chloroform mixture: single-atom isoamyl al-
cohol (24:1); absolute isopropanol; 70% ethyl alcohol;
Tris+EDTA (TE) buffer (10 mM Tris-HCL, pH 8.0, 1 mM
EDTA). The 20 pl polymerase chain reaction (PCR) re-
action mix with the primers used contained 0.50 units
of FIREPol°DNAPolymerase (SolisBioDyne), a thermo-
stable polymerase enzyme, 0.50 yM primers, 2 yL of
10xReactionbufferB PCR buffer (SolisBioDyne), 0.2 mM
of each deoxyribonucleotide-3-phosphate (Thermo-
Fisher Sci.), 50.0-100.0 ng of total deoxyribonucleic
acid (DNA), deionised water Milli-Q.

Before the polymerase chain reaction, it was neces-
sary to defrost, mix and centrifuge the special solution
to the main components of the polymerase chain reac-
tion (except for the DNA polymerase enzyme involved
in DNA replication) and total DNA preparations. The
process of DNA fragment fractionation involved the use
of the following reagents: UltraClean™ agarose (MO-
BIO); LB buffer (10 mM LiOH, H,BO, to pH 8.5); ethidi-
um bromide 10 mg/ml concentration; GeneRuler™ DNA
LadderMix molecular weight marker (ThermoScientific),
distilled water, total DNA preparations.

An agarose gel was produced at a concentration of
1.2% in 1xLB buffer by weighing the required amount
of agarose and placing it in a Simax thermobarrel to the
desired volume of buffer. The mixture of agarose and
buffer was then brought to complete dissolution in a
microwave oven. Next, the heat-resistant jar was cooled
to 60°Cunder a constant stream of tap water, while stir-
ring the mixture continuously. Ethidium bromide was
used as a dye at a concentration of 0.50 pg/mlL The
plates were sealed with rubber spacers and the combs
were placed on the required number of wells. The plates
were filled, and the agarose was allowed to solidify for
30-60 min under a fume hood. Before inserting the plate
into the chamber, the combs were removed. The gel plate
was placed in the chamber so that it was completely cov-
ered with the buffer solution. In each well, 8 pl of sample
(for PCR products) or 5 pl (for total DNA) and 1 pl of 6x
application buffer was carefully added.

Next, the GeneRuler™ DNALadderMix molecular
weight marker (ThermoScientific) was used (plycon
sizes, bp: 100, 200, 300, 400, 500, 600, 700, 800, 900,
1000, 1200, 1500, 2000, 2500, 3000, 3500, 4000, 5000,
6000, 8000, 10000) to determine the size of the am-
plification products. For this purpose, the electrode
voltage was set to 3 to 7 V/cm, depending on the size




of the desired amplicons. The electrophoresis time is 2
to 4 hours. To obtain electrophoregrams, UV light was
used in conjunction with a Canon camera and the GIMP
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graphic editor. The choice of DNA markers and primer
design and their characterisation of sea buckthorn SSR
primer marker loci are presented in Table 1.

Table 1. Amplification profile of sea buckthorn EST-SSR polymorphism markers

Locus name Primer sequence (5'—3’) Repeat Location Annealing temperature (°C) Numberofalleles
:
HrMS012 F:Ff}CTEAGTGCGT;T’EACT GCGAZTCéi/IGGC [CTTH1  CDS 58.0 3
o SABCTISCIS SN 00 s 1
HrMS026 FATG ATG ACG ACG ACAACG {CAC}5 5-UTR 53.0 4

R: AGT GGT GGT GAC GAT AGT ATC

Source: compiled by the authors

Total DNA was extracted from the plant material
by the RT-PCR method (cetyltrimethylammonium bro-
mide). Then, 0.030-0.040 g of the sample was taken and
placed ina 1.5 ml Eppendorf microcentrifuge tube. Next,
600 pul of DTAB buffer (2% DTAB; 1.42 M NaCl; 20 mM
EDTA; 100 mM Tris-ClpH 8.0; 2% PVP; 5 mM ascorbic
acid; 4.0 mM Diethyldithiocarbamic acid (DIECA)) was
added to the sample and heated to 70°C. The prepared
tubes were stirred using an Eppendorf Thermomixer
comfort for 1 minute. The resulting mixture was added
500 ul of chloroform and isoamyl alcohol as a 24:1 mix-
ture. All of this was stirred at 500 rpm for 5 minutes on
an orbital shaker (ML-1). Next, centrifugation was per-
formed for 5 minutes on an Eppendorf Centrifuge 5418

M 1 2 3 4 5 6 7 8 9

1000pn -
500pn -

{10000

LA I

M 20 21 22 23 24 25 26 27 28 29 30 31 32

at 12,000 rpm, after which 200 ul of the upper liquid
phase containing DNA was taken and placed in a sterile
tube with 140 pl of isopropanol, stirred and left for 5
minutes at 18-20°C. After that, the sample was precip-
itated in a microcentrifuge at 12,000 rpm for 20 min,
and then the supernatant was decanted and 800.0 ul of
70% ethanol was added. This was followed by resuspen-
sion and centrifugation for 5 minutes at 12,000 rpm.
Subsequently, the supernatant was decanted again,
precipitated for 2 minutes, and the ethanol residue was
removed using a pipette. The precipitate was dried at
55°C and then DNA was dissolved in 100 pyL TE at pH
8.0 (10 mM Tris-ClpH 8.0, 1 mM EDTA). After that, an
electrophoregram was generated (Fig. 1).

10 11 12 13 14 15 16 17 18 19

33 34 35 36 37

Figure 1. Electrophoregram of total plant DNA before RNase treatment: M — molecular weight marker, 1-37 - samples
of sea buckthorn: 1 - Elizaveta, 2 - Eva (standard), 3 - Karotynna (F 1-15-9), 4 - Rankova (F 1-15-4), 5 - Pyamatka
(F 1-15-3),6 - F 5-17-144, 7 - Aboryhen (1-15-6h), 8 - Olyana (1-10-11), 9 - Nosivchanka (F 1-15-1), 10 - Apelsynova
(F 1-15-6),11 - Mitsna (F 1-15-8C), 12 - F 1-15-8D,13 - F 4-17-213, 14 - Nosivchanka 2 (F 1-15-2b), 15 - Sonyachne
syayvo (F 1-15-8B), - Obil'na (standard), 17 — Moskvichka, 18 - Nivelena, 19 - Adam, 20 - Adaptyvna (F 1-15-5), 21 -
Sribnolysta 5a (F 1-15-5a), 22- Vladna (F 1-15-11), 23 - Nadiyna (F 2-15-50), 24 - Hergo, 25 - Pahorbova (F 2-15-233), 26 -
Vdala (F 1-15-12), 27 - Morkvyana (F 2-15-173), 28 - F 4-17-279, 29 - Solodka zhinka, 30 - F 3-15-17,31 - Syurpryz Baltyky,
32 - Kyyivs’kyy yantar, 33 - Chuyska, 34 - Oranzheva rannya (F 2-15-174), 35 - F 8-18-33, 36 - Lybid, 37 - F 8-18-32
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Spectrophotometric measurement of total plant
DNA was then performed. Sample dilutions and con-
trols were prepared. The sample was prepared as
follows: 95 pl of deionised Milli-Q water (Millipore)
and 5 ul of total DNA preparation were poured into a
separate tube and mixed thoroughly. The control was
treated as follows: 95 pl of water was poured into the

tube, followed by 5 ul of TE buffer (pH 8). The con-
centration of the samples was then measured using
a BioPhotometer (Eppendorf) v.1.35. The total DNA
samples were then normalised to 30 ng/pL to meas-
ure their DNA concentration on a spectrophotometer.
The results obtained made it possible to generate the
following tabular data (Table 2).

Table 2. Results of measuring DNA concentration on a spectrophotometer

Sample No. Variety C, ng/ul A260/280 A260/230
1 Elizaveta 564 1.48 0.59
2 Eva 366 1.75 0.68
3 Karotynna (F 1-15-9) 323 1.63 0.55
4 Rankova (F 1-15-4) 259 2.00 0.76
5 Pamiatka (F 1-15-3) 241 2.23 1.40
6 Kulykivska (F 5-17-144) 264 2.19 1.56
7 Aboryhen (F 1-15-6¢) 231 2.37 141
8 Olyana (F 1-10-11) 136 2.68 1.33
9 Nosivchanka (F 1-15-1) 271 2.24 1.68
10 Apelsynova (F 1-15-6), 401 2.12 1.51
11 Mitsna (F 1-15-8C), 207 2.55 1.36
12 F 1-15-8D 244 2.54 1.58
13 F4-17-213 125 3.27 1.20
14 Nosivchanka 2 (F 1-15-26) 280 2.35 1.51
15 Soniachne siaivo (Sunbeam) (F 1-15-8B) 504 191 1.39
16 Obilna 316 2.32 1.67
17 Moskvichka 359 2.26 1.63
18 Nivelena 360 2.00 1.29
19 Adam 596 1.93 1.47
20 Adaptyvna (F 1-15-5) 295 2.43 1.56
21 Sribnolysta 5a (F 1-15-5a) 198 2.80 1.43
22 Vladna (F 1-15-11) 235 2.39 1.38
23 Nadiina (F 2-15-50) 442 1.83 1.25
24 Hergo 240 222 1.35
25 Pahorbova (F 2-15-233) 302 2.10 1.42
26 Vdala (F 1-15-12) 535 1.94 1.46
27 Morkviana (F 2-15-173) 454 217 1.38
28 F 4-17-279 289 2.20 1.40
29 Solodka zhinka 747 2.04 1.78
30 F 3-15-17 408 221 1.68
31 Siurpryz Baltyky 272 2.11 1.39
32 Kyivskyi yantar 239 2.56 1.60
33 Chuiska 177 2.06 111
34 Oranzheva rannia (F 2-15-174) 434 2.21 1.59
35 F 8-18-33 452 222 1.84
36 Lybid 273 2.34 1.51
37 F 8-18-32 520 2.14 1.83

Source: compiled by the authors
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Then sea buckthorn DNA was diluted in TE buffer,
which was a solution of 4 ug of DNA sample + 8 g
of PCR buffer with the HrMS014F/HrMS014R primer
system. Then, electrophoresis was performed in a 2%

M 123 4567

: 2

1000pn — = &
500pn — = :

-di.JH“%J*

M 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 K
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agarose gel (1xLB buffer + ethidium bromide), and the
electrophoregram showed the following image (Fig. 2).
The field data were processed using Excel 2007 and
Statistica 5.5.

8 9 10111213141516171819

Figure 2. Electrophoregram of amplification products of HrMS014F/HrMS014R system after dilution of DNA samples in
TE buffer: M — molecular weight marker, 1-37 - sea buckthorn samples (see Table 2) diluted 3-fold in TE buffer,
K - negative control without DNA

Source: compiled by the authors

RESULTS

The research carried out at the first stage of the study
allowed to identify the forms of Hippophae rham-
noides L., most of which belong to bushy forms (Adap-
tyvna, Osoblyva, Mitsna, Sonyachne syayvo, etc.), the
rest - to tree-like forms (F 1-10-11,F 1-2-500, F 2-12-4,
F 8-18-32), as well as to distinguish forms by growth
vigour and height, depending on the selection zone. It is
worth noting that the bush forms (Morkvyana, Apel’syn-
ova, Adaptyvna, Nosivchanka) and some tree-like forms
(F 1-10-11, F 2-12-4, F 1-2-500) are characterised by
increased annual growth rates of about 0.90-1.10 and
0.70-1.30 m, which is an important feature for nursery
production. Osoblyva, Lymonna, and Sonyachne syayvo
forms have a lower growth force, which allows for a
reduction in the cost of manual labour for plant care
when growing them in a collection nursery.

In the course of the research, the following forms
of Hippophae rhamnoides L. were selected and stud-
ied: Nosivchanka, Mitsna, Aboryhen 6/11, Karotynna,
Pam’yatka, Sonyachne syayvo, Lymonna, Morkvyana,
Adaptyvna, Osoblyva,Apel’synova, F 6A/11, Sribnolysta
5a are characterised by increased winter and drought
resistance (9 points), as well as resistance to vascular
wilt, fruit endomycosis, fruit fly (9 points), compared to
the best foreign varieties Pollmix and Slovan. It was
found that forms F 1-10-11 and Morkvyana have an

increased fruit weight (about 0.5-0.7 g) and fruit yield
per plant (more than 10 kg/plant).

Forms Adaptyvna, F 1-2-500, and F 1-10-11 are
characterised by dry detachment, annual fruiting, and,
like forms Osoblyva and Nosivchanka, by the optimal
ratio of polyphenolic compounds, organic acids, and
sugars in fruits, which indicates their suitability for the
production of healthy food. The sea buckthorn samples
were registered as a working collection by the National
Centre of Plant Genetic Resources of Ukraine for prior-
ity areas in breeding and genetic research (certificate
No. 00292 dated 23.10.2020). Based on the breeding
results, the best forms for economic traits were formed
and identified, described, and systematised, taking into
account the origin, morphological traits, biological
characteristics, and biochemical properties.

The results of phenological observations allowed
to find out that, in general, in the northern part of the
Forest-Steppe of Ukraine, the beginning of the vege-
tation of sea buckthorn forms selected in the fallow
ecosystems falls on the third decade of March - first
decade of April, in Polissia - on the first decade of April.
During the budding phase, the swelling and blooming
of vegetative and generative buds are observed, which
lasts on average 18 days (for Polissia conditions — about
21 days). However, the weather conditions of April 2022

Scientific Horizons, 2023, Vol. 26, No. 9

97



98

Ecological and biological bases of creating source material of sea buckthorn...

led to the passage of certain stages of organogenesis
in a shorter time, in particular, it was noted that the
period from the beginning of bud development to the
beginning of flowering lasted only 14 days, 7-8 days
shorter than in 2019, 2020 and 2021. The deficit of pre-
cipitation in 2020 and 2021 during fruit filling caused

a decrease in yield and fruit weight compared to 2019.
The most stable forms by years in terms of productivi-
ty were F 1-2-500, Lymonna, Apelsynova, and less sta-
ble - Morkviana, F 1-10-11, Osoblyva (Fig. 3). The forms
Adaptyvna, Osoblyva, F 1-10-11 and Lymonna were sta-
ble in terms of fruit weight (Fig. 4).
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Figure 3. Productivity of varieties and forms of Hippophae rhamnoides L. by years

Source: compiled by the authors
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Figure 4. Berry mass of varieties and forms of Hippophae rhamnoides L. by years

Source: compiled by the authors

Genetic and epigenetic differences between the
forms of Hippophae rhamnoides L. are inherited, which
causes gene expression under the influence of environ-
mental factors, resulting in the manifestation of eco-
nomically valuable traits, the identification of which
is the basis for further breeding work. Sea buckthorn
plants are characterised by low environmental resist-
ance, in particular, when introduced to unfavourable

soil and climatic conditions (high air temperatures,
moisture deficit, heavy soils by mechanical composition,

Scientific Horizons, 2023, Vol. 26, No. 9

etc.), which causes the plants to become relatively weak
in development and are affected by pathogens, dam-
aged by pests, and often fall out, in particular, male
forms. It should be noted that underestimation of these
facts leads to a decrease in the productivity of female
plants. The PCR analysis was used to trace the differ-
ence between the forms against the background of
varieties to establish the range of relatedness and to
identify the genetic polymorphism of the sea buckthorn
genome under study. In the process of applying 5 DNA
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markers for molecular genetic characterisation of the

polymorphic, the others were also manifested in the
studied culture, HrMS025 and HrMS026 were the most

studied samples, but mostly monomorphic (Fig. 5).
1 2 3 4

M,

Figure 5. Electrophoregram of total DNA of Hippophae rhamnoides L. forms in a 1% agarose gel with 1xLB electrode
buffer: 1 - total DNA of the form F 6-18-01; 2 - F 4-17-279; 3 - F 3-15-17; 4 - F 5-17-144;
lanes 5-8 are total DNA of Triticum aestivum L. (control); M, - LadderMix DNA molecular weight marker;
M, - DNA A/Hindlll molecular weight marker

Source: compiled by the authors

Electrophoregrams depicting fragments of nucle-

obtained by electrophoresis in a 2.5% agarose gel
otide sequences with 500 and 1000 base pairs were

(1xLB buffer + ethidium bromide) (Fig. 6).

M1 2 3 456 7 8 9 101112 13141516 17 18K

1000pn -

500pn -

500pn —

Figure 6. Amplification products of the HrMS025F/HrMS025R system in the form of an electrophoregram, where: M -

molecule mass marker, 1 - F 2-15-174,2 - F 8-18-33, 3 - Yeva, 4- Nivelena, 5 - Moskvichka, 6 - Lybid, 7 - Yelyzaveta,

8 - Adam, 9 - Hergo, 10 - Solodka zhinka, 11, 28 - Olyana (F 6-18-01/1-10-11),12 - F 4-17-279, 13, 30 - Kulykivs'ka

(F 5-17-144), 14, 31 - Aboryhen 6/11 (F 1-15-6¢h), 15, 32 - Lymonna (F 1-15-1),16 - F 2-15-233, 17, 34 - Adaptyvna
(F 1-15-5),18, 35 - Apel’synova (F 1-15-6), 19 - Obil’na, 20 - Karotynna (F 1-15-9), 21 -1-15-8d, 22 - Pam’yatka

(F 1-15-3), 23 - Nosivchanka (F 1-15-1), 24 - F 8-18-32, 25 - Syurpryz Baltyky, 26 - Kyyivs'kyy yantar, 27 - Chuyska,

29 -F4-17-279,33 - F 2-15-233; K - negative control without introduction of DNA
Source: compiled by the authors
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It was found that the use of ISSR marker A17898  determination of polymorphism and development of
for sea buckthorn samples allows for qualitative genetic passports (Fig. 7, Table 3).

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 K

Figure 7. Electrophoregram: the effect of using primer A17898 in the separation of amplification products:
M - molecular mass marker, 1 - F 2-15-174,2 - F 8-18-33, 3 - Yeva, 4- Nivelena, 5 - Moskvychka, 6 - Lybid,
7 - Yelyzaveta, 8 - Adam, 9 - Hergo, 10 - Solodka zhinka, 11 - Olyana (6-18-01 (1-10-11),12 - F 4-17-279,
13 - Kulykivs'’ka (5-17-144), 14 - Aboryhen 6/11 (1-15-6¢h), 15 - Nosivchanka (1-15-1), 16 - 2-15-233,
17 - Adaptyvna (1-15-5), 18 - Apel’synova (1-15-6), K - negative control without introduction of DNA
Source: compiled by the authors

Table 3. Certification of sea buckthorn genotypes

No. Name of variety, form (breeding number) Genetic passport formula
1 Olyana (F 6-18-01,1-10-11) As858314271CoPs1zs30F oF 545
2 F 4-17-279 A, By CreDy Eosrnos
3 Aboryhen 3/17 (F 3-15-17) A,

4 Kulykivska (F 5-17-144) A7 B1a Co Do Eranunes
5 Aboryhen 6/11 (F 1-15-6u) Ay By1s Co Daggusse Eq Fass

6 Rankova (F 1-15-4) A3 Bote Co Disguass g Frususes
7 Vdala (F 1-15-11) Ay Bprsuss Co Do Buo Figs

8 Nosivska krupna (F 1-15-12) Ay By Chsg Dagpazs By

9 Morkviana (F 2-15-173) A, B, Cyus D, Egso

10 Pavilionna (F 2-15-174) nd
11 Pamiati Zakharovoi (F 2-15-233) ABCDoE 50,50,

12 Mikki 2 (F 4-17-213) Ay By Coig Disgusso B Fo Gugs
13 Nadiyna (F 2-15-500) Ay By Coso Dy Eso Fiys
14 Soniachne siaivo (Sunbeam) (F 1-15-8g) Ay By G Diprunso Eo Frasses
15 Karotynna (F 1-15-9) A7 Byis Co Do Eg Fagnnes
16 Osoblyva (F 1-15-6c) Ao By Coss Ditrusso Eo Frasses
17 Sribnolysta (F 1-15-5a) Ay Bysginn Co Do Eso Fays
18 F 1-15-8d A17Bys52s0CoDoE s5oF s
19 Pamiatka (F 1-15-3) A22B114CPs1p50E oFsas
20 Adaptyvna (F 1-15-5) Ag By Cogpnn Do Eugo Fuss
21 Mitsna (F 1-15-8c) A7y Bysgizse Co Dsgy B Fags
22 Apelsynova (F 1-15-6) A, Bragirse Co Diigesso Eg Fo Gsgs
23 Nosivchanka (F 1-15-1) A171B381250CoD 15530 F o Fsazazes

Scientific Horizons, 2023, Vol. 26, No. 9
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Table 3, Continued

No. Name of variety, form (breeding number) Genetic passport formula
24 F 8-18-33 nv

25 F 8-18-32 nd

26 Siurpryz Baltyky (F 5-6-17) A, B,C,D,,

27 Eva (F 6-2-17) Ali1i172 Byisnars Co Do Essg
28 Nivelena (F 5-44-17) A1 Brigiass Co Dy Eso
29 Moskvichka (F 6-44-17) ALei Brigirss Co Do Euso
30 Lybid (F 4-41-17) nd

31 Kyivskyi yantar (F 5-41-17) A, B, G,

32 Elizabet (F 6-47-17) A, Byisnr Co Dy By Fo Gy Hy,
33 Chuiska (F 5-42-17) A, B, C, D, E F G,
34 Adam (F 8-42-17) Alii172 Byzs Co Dapgsso
35 Hergo (F 6-42-17) A,B,C,D,E,,

36 Solodka zhinka (F 8-2-17) A,

37 Obylna (F 5-45-17) ALs Bhigrss Co Dg Euso

Note: * nd - not defined
Source: compiled by the authors

PCR analysis allowed to identify the polymorphism
and genetic identity of the studied sea buckthorn forms
in parallel with the use of the MEGA7 programme and
the UPGMA method, which were differentiated into
five groups by their relationship: Group 1 - F 8-8-32,
F 8-18-33, Lybid, F 2-15-174; Group 2 - Aborigine 3/17

(F 3-15-17), Sweet Woman; Group 3 - Silver-leaved 5a
(F 1-15-5a), Adaptyvna (F 1-15-5); Group 4 - Nivelena,
Moskvichka, Obilna; Group 5 - Nosivchanka (F 1-15-1)
and Nosivchanka 2 (F 1-15-1b). The rest of the forms
from the general list turned out to be heterogeneous
and individual in terms of genetic components (Fig. 8).
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Figure 8. The relationship of new forms of sea buckthorn in the form of a phylogenetic tree
based on the results of PCR analysis: 1 - Yelyzaveta, 2 - Yeva, 3 - Karotynna (1-15-9), 4 - Rankova (1-15-4),

5 - Pam’yatka (1-15-3),6 - 5-17-144, 7 - Aboryhen (1-15-6¢h), 8 - Olyana (1-10-11), 9 - Nosivchanka (1-15-1),

10 - Apel’synova (1-15-6), 11 - Mitsna (1-15-8C), 12 - 1-15-8D, 13 —F 4-17-213, 14 - Nosivchanka 2 (1-15-2b),
15 - Sonyachne syayvo (1-15-8V), 16 - Obil’na, 17 - Moskvichka, 18 - Nivelena, 19 - Adam, 20 - Adaptyvna (1-15-5),
21 - Sribnolysta 5a (1-15-5a), 22 - Vladna (1-15-11), 23 - Nadiyna (2-15-50), 24 - Hergo, 25 - Pahorbova (2-15-233),

26 - Vdala (1-15-12), 27 - Morkvyana (2-15-173), 28 - 4-17-279, 29 - Solodka zhinka, 30 - F 3-15-17,31 - Syurpryz Baltyky,

32 - Kyyivs’kyy yantar, 33 - Chuyska, 34 - Oranzheva rannya (2-15-174), 35 - F 8-18-33, 36 - Lybid, 37 - F 8-18-32

Source: compiled by the authors

This information is important for promising direc-
tions of sea buckthorn breeding.Thus, the sea buckthorn
forms studied were heterogeneous and individual. The

information obtained was important for further breed-
ing. The fruits of the varieties Nadiyna (F 2-15-50),

Adaptyvna, Osoblyva, and Karotynna were also found
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to be characterised by a high content of antioxidants
and an inherent flavour-forming complex, which makes
them suitable for the production of healthy food prod-
ucts. It should be added that several forms also have
a high dry matter content, the share of which among
other biochemical parameters varies between 18-25%
(in particular, for forms F 1-15-6 and F 1-5-3). Fruits of
forms F 1-15-8¢,F 1-15-1, F 1-15-5a and F 1-15-2 con-
tain higher than average soluble solids (>13%).

Based on the aforementioned, the combination of
phenological observations, evaluation of breeding ma-
terial for morphological traits, fruit biochemistry, and
PCR analysis allowed us to select sea buckthorn forms
with a set of valuable economic traits. This allowed to
add new forms to the existing source material (Dublian-
ska Osin, Prydorozhna, Pahorbova, Yaruzhna, Soborna,
Adaptyvna Improved, Osinnya Krasunya, Rapsodiya),
which were registered at the National Centre for Plant
Genetic Resources of Ukraine, and the best ones (Sob-
orna, Adaptyvna Improved, Osinnya Krasunya) received
a certificate of registration from the General Bank of
Ukraine. Sea buckthorn breeding samples are charac-
terised by the following novelty elements, in particular,
the breeding form Yaruzhna, which is a seedling from
free pollination of the Adaptyvna variety, has a dry
fruit detachment, no or a small number of thorns, high
resistance to fruit flies (9 b), high winter and drought
resistance (9 b) and low shoot formation capacity. The
breeding form Dublianska Osin, whose pedigree is a
seedling from free pollination of the Adaptyvna variety,
is characterised by dry fruit detachment, annual fruiting,
late maturity, high resistance to fruit fly (9 b), high win-
ter and drought resistance (9 b), high vitamin C content
in fruits (70 mg/100 g), and high transportability (9 b).

The breeding form Prydorozhnia, which is a seed-
ling from free pollination of Morkvyana variety, is
characterised by high growth vigour (over 1.5 m/veg-
etation), productivity (total number of fruits per inflo-
rescence - 10 pcs.), high fruit yield (11 t/ha), annual
abundant fruiting, medium early maturity, high winter
hardiness (8 b), drought resistance (8.5 b), high con-
tent of vitamin C (72 mg/100 g), oil (3.8%), and has a
universal type of fruit use. The breeding form Pahor-
bova is also a seedling from free pollination of the
variety Morkvyana, characterised by high growth vig-
our (over 1.5 m/vegetation), productivity (number of
fruits per inflorescence - 10 pcs.), fruit yield (11 t/ha),
annual fruiting, medium early maturity, high winter
and drought resistance (9 b.), high content of vitaminC
(83 mg/100 g) and carotene (11.5 mg/100 g), and has
a universal type of fruit used.

The breeding form Adaptyvna improved, the ped-
igree of which is a seedling from free pollination of
the Adaptyvna variety, has the following elements of
novelty: moderate or medium growth vigour (up to
0.7 m/vegetation), high productivity (increased num-
ber of fruits per inflorescence - 10 pcs. ), dry fruit

Scientific Horizons, 2023, Vol. 26, No. 9

detachment, absence or small number of thorns, early
age of fruiting (5 years), annual fruiting, late maturity,
high resistance to fruit fly (9 b), high winter and drought
resistance (9 b), high vitamin C content (70 mg/100 g),
high transportability and fruit tasting evaluation (9 b).
The breeding form Rapsodiya is a seedling from free
pollination of the variety Morkvyana and has the fol-
lowing novelty elements: high productivity (increased
number of fruits per inflorescence - 210 pcs.), high
level of self-fruitfulness (275%), dry fruit detachment,
low thorniness, high fruit yield (>15 t/ha), annual fruit-
ing, high vitamin C content (120 mg/100 g), universal
type of fruit use, high suitability of fruits for blended
cider production.

The Soborna breeding form is a seedling from free
pollination of the Nadiina variety and is characterised
by high productivity (number of fruits per inflores-
cence - 10 pcs.), dry fruit detachment, increased fruit
yield (15.6 t/ha), annual fruiting, thornlessness, high
winter and drought resistance (9 b.), high vitamin C
content (70 mg/100 g) and has a universal type of fruit
used. The breeding forms Osinnia krasunia is a seedling
from free pollination of the Morkvyana variety and is
characterised by increased fruit yield (11 t/ha), dry fruit
detachment, high resistance to fruit endomycosis (9 b),
resistance to sea buckthorn fly (9 b), annual fruiting,
late maturity, high winter and drought resistance (9 b)
and fruit transportability (9 b).

Most of the new genotypes of female sea buck-
thorn have a tree life form (Dublianska Osin, Osinnya
Krasunya, Soborna, Rapsodiya, Pahorbova, Pryrodor-
ozhna, Yaruzhna), and one - Adaptyvna Improved - has
a bush life form. Some forms (Adaptyvna Improved,
Osinnya Krasunya, Soborna, Rapsodiya, Prydorozhnia)
have an average growth force that does not exceed 1 m
during the growing season, while the rest - Dublian-
skaia Osin, Yaruzhna and Pahorobova - have a growth
force of about 1.5 m. All new forms have a semi-vertical
position of branches, moderate crown density, average
thickness of the annual shoot and the location of in-
florescences on two-year-old and older shoots. It was
found that Adaptyvna Improved and Soborna plants
have no thorns, while the rest - Rapsodiya, Prydorozhna
and Yaruzhna - have an average number of thorns. The
leaf blade for all samples is narrow to broadly elliptical
in shape, green with a faint silver bloom. Sea buckthorn
samples differ in fruit shape and skin colour. For sea
buckthorn, Dublianska Osin, Soborna, and Pryrozhna,
the fruit shape is elongated-oval, Osnova Krasunya is
broadly oval, Adaptyvna Improved is barrel-shaped,
Rapsodiya, Pohorobova is elongated-barrel-shaped and
for Yaruzhna it is rounded-barrel-shaped. The largest
range of dark yellow, yellow-orange and dark orange
shades is observed in Rapsodiya, Osinnya Krasunya, Pa-
horbova, and Pryrodozhna, while the rest (Dublianska
Osin, Adaptyvna improved, Soborna, Yaruzhna) have
light yellow colour (Fig. 9, Table 4).
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4

Figure 9. Fruits of buckthorn breeding forms: 1 — Adaptyvna Improved, 2 - Dublianska Osin, 3 — Osinnya Krasunya,

4 - Pahorbova, 5 - Prydorozhna, 6 - Rapsodiya, 7 - Soborna, 8 - Yaruzhna
Source: photographed by the authors

In particular, to describe female forms of sea

buckthorn, the system of ranking morphological (Table 4).

Table 4. Improved system for ranking morphological parameters of sea buckthorn by economically valuable traits

parameters by the following features was improved

No. Trait name Trait description Name of the variety or form that has the trait
. bush 2
1. Plant Llifeform tree 1345678
weak (< 0,6) -
2. Growth strength average (0,6-1,0) 2,3,4,5,7
strong (1.5 and more) 1,6,8
very low (up to 2 m) -
low (2.1-2.5 m) -
3. Plant height average (2.6-3 m) 2
high (3.1-2.5 m) 4,5
very high (3.6-5 m and higher) 1,3,6,7,8
loose
4. Crown density moderate density 2,3,4,5,6,8
dense 1
oval 6,7
egg-shaped 5
5. Crown form oval-bushy )
extensive 4,8
arched -
. horizontal -
6 Branch formation half-vertical 1,2,3,4,5,6,7,8
vertical -
Number of thorns (from the middle No or few (1-3) 2,4,5,7,8
7. part to the top), pcs./10 cm of shoot average (up to 5) 1,3,6
length high (more than 5) -
none 2,4,8
8. Thorn by length, cm short (up to 1) 3567
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Table 4, Continued

No. Trait name Trait description Name of the variety or form that has the trait
average (1.1-3.0) 1
8 Thorn by length, cm long (3.1- 5.0 and longer) -
on annual shoots -
9. Location of inflorescences on annual and older shoots -
on two-year and older shoots 1,2,3,4,5,6,7,8
thin (1.5 or less) -
10. Annual shoot by thickness, cm average (1.7-1.9-2.2) 1,2,3,4,5,6,7,8
thick (more than 2.5) -
very narrowly elliptical 9
11. The shape of the leaf blade na”OWl_y eill|pt|cal 1,2,3,8
elliptical 3,5,7
wide elliptical 6
small (< 5 x 0.45) -
12. Leaf blade size,cm average (more than 5.0 x 0.5) 1,2,3,4,5,6,7,8
big (> 9 x0.9) -
sharp -
rounded -
barrel-shaped 2
elongated-oval 1,4,7
broadly oval 3
14. Berry form
elongated barrel-shaped 5,6
rounded-barrel-shaped 8
cylindrical -
egg-shaped -
inverse ovate -
low 8
15. Number of berries per flower bud average 3,4
high 1,2,5,6,7
bright yellow 1,2,4,8
yellow -
16. Berry skin colour dark-yellow >
orange 3
dark-orange 6,7
red -
present -
17. Fetal pubescence absent 12345678
short (<3) -
18. Fruit stalk by length, mm average (from 3 to 5) 1,2,3,4,5,6,7,8
long (more than 5) -
low (up to 0.5) 1,2,8
19. Berry mass, g average (0.5-0.7) 3,5,6,7
high (more than 0.7) 4
low (up to 50) -
20. Vitamin C content, mg% average (51-100) 1,2,3,4,5,6,7,8
high (more than 100) 5
low (up to 2.5) -
1, Berrysugar content, % by fresh average (2.6-5.9) 1,2,3,4,56,7,8
weight
high (>6) -
low (up to 10) 1,4,5,7
22. Carotene content, mg% average (10-13.9) 2,6,8
high (>14) 3
Sour 1
23. Berry taste Moderately sour 5,6,8
Moderately sour, pleasant 2,3,4,7
very early (third decade of July - first )
24.  Time for the start of berry ripening decade of August)
early (second decade of August) 7
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Table 4, Continued
Name of the variety or form that has the trait

No. Trait name Trait description

average (third decade of August) 4,5,6
24.  Time for the start of berry ripening Late (I decade of September) 23,8
very late (second decade of 1
September)
) low (up to 6.6) 8
25, Yield per plillre\;rast Ecjle age of 6-7 average (6.7-9.9) 1
’ high (more than 10) 2,3,4,5,6,7

Note: for all forms, the flowering time is late; the content of polyphenolic compounds in fruits is average (301-
500 mg/100 g of fresh weight), the content of titratable organic acids in fruits is average (4-5 mg/weight); the content of
dry soluble matter in fruits is average (10-15 mg/weight), only for Adaptyvna Improved is it high (over 15 mg/weight); fruit
transportability - high (8.0-9 points); fruit tasting score — average (6.5-8.0 points); frost, winter and drought resistance -
high, resistance to Fusarium wilt, fruit endomycosis, sea buckthorn fly - high (7.0-9 points); fruiting cycle - annual. Code
for sea buckthorn forms: Dublianska Osin - 1, Adaptyvna Improved - 2, Osinnya Krasunya - 3, Soborna - 4, Rapsodiya - 5,
Pahorbova - 6, Prydorozhnia - 7, Yaruzhna - 8, Lymonna - 9

Source: compiled by the authors

Almost all of the new varieties have a medium-long
stalk, which makes them suitable for easier harvesting.
Adaptyvna Improved, Yaruzhna and Dublianska Osin
have a low fruit weight (up to 0.5 g), while Soborna
has a high fruit weight. It is worth noting that most of
the samples are characterised by an average content
of ascorbic acid in the fruit, only the Rapsodiya sample
has a high vitamin C content (over 100 mg%). The fruits
of the Adaptyvna improved form have a high content of
dry soluble matter compared to the others, for which
this indicator is average. Adaptyvna improved, Pahor-
bova, Yaruzhna and Osinnya Krasunya have medium to
high carotene content. The taste of the fruit in all forms
is moderately sour or moderately sour and pleasant. All
samples form medium and high yields and are charac-
terised by high winter and drought resistance (9 points),
high resistance to sea buckthorn fly, Fusarium wilt, and
fruit endomitosis. Genotypes differ in ripeness, in par-
ticular, the time of the beginning of fruit ripening for
Pridorozhna is early, Soborna, Rapsodiya and Pahorobo-
va are medium, Adaptyvna Improved, Osinnya Krasunya
and Yaruzhna are late, and Dublianska osin is very late,
which is important for both breeding and production,in
particular for staggered harvesting.

The new sea buckthorn varieties have proven to
be productive and adaptive, in particular, the Adap-
tyvna Improved (UN3700088), Osinnya Krasunya
(UN3700093), Soborna (UN3700090) and Rapsodiya
(UN3700091) forms have been included in the Plant
Genetic Resources of Ukraine and are promising source
material, of which Adaptyvna Improved and Soborna
will be submitted to the State Variety Testing in 2021.

DISCUSSION

The research and development of new varieties of sea
buckthorn with high adaptability to changing climatic
conditions, high productivity and exquisite fruit quality
is an extremely important task to ensure stable yields,
increase productivity and meet the needs of the pop-
ulation in food resources. Sea buckthorn culture is

popular not only in Europe and Asia but also on other
continents (Hakeem et al., 2018), due to the medicinal
properties of the fruit. Therefore, the relevance of sea
buckthorn culture obliges producers to grow varieties
that meet modern requirements - characterised by high
environmental stability, productivity, and fruit quality.
In turn, such issues require the breeder to work hard
and responsibly to develop appropriate source material
for further breeding.

Sea buckthorn is believed to be a multipurpose
medical crop (Gatlan & Gutt, 2021). In particular, the
anti-cancer activity of sea buckthorn raw materials
has been proven. Much attention was also devoted to
the antioxidant properties of polyphenols, flavonoids,
and polysaccharides of sea buckthorn leaf and fruit
extracts (Ma et al., 2019; Zhuo et al., 2019), including
their processed products (juices, extracts, oils) (Ficzek
et al., 2019). Today, many Ukrainians enjoy products
made from sea buckthorn fruit and consider them a
great food since the products of sea buckthorn process-
ing do not lose their beneficial properties (Olas, 2018;
Tkacz et al., 2020). Therefore, practitioners focus on
the quality of the fruit, in particular the content of to-
tal sugars, organic acids (including malic acid), tannins,
amino acids, trace elements, a complex of water- and
fat-soluble vitamins, in particular ascorbic acid, and oil,
as they are not sufficiently studied (Janceva et al., 2022).

Breeding for quality, in particular for high oil content,
is important (Olas et al., 2018), as sea buckthorn oil has a
positive effect on cell regeneration (Barkhuu et al., 2021),
has a positive effect on oral health (Smida et al., 2019), is
characterised by high antioxidant properties, is a source
of bioavailable xanthophylls (Tudor et al, 2019), reduces
blood cholesterol and changes the intestinal microbiota
(Hao et al., 2019), and is noted for its cardioprotective,
anti-atherogenic, antibacterial, antiviral and anti-inflam-
matory properties (Ulanowska et al., 2018).

According to experts (Leonov, 2022), sea buck-
thorn is just starting to be included in the ratings of
crops popular with Ukrainian gardeners, but the global
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market for berries is growing every year (Rypan, 2023).
Several Ukrainian farmers have assessed the prospects
for sea buckthorn cultivation. At Rovy Agro (Kyiv region),
sea buckthorn plants do not require large investments
in protection and nutrition (AgroTimes, 2022). To max-
imise the biopotential of a sea buckthorn variety, prop-
er environmental conditions are required to determine
the productivity, composition, and quality of the fruit
(Pintea & Magdas, 2022).

In breeding, methods of vegetative propagation,
molecular breeding genetic transformants and invitro
culture are used for mass reproduction of genotypes
with economically valuable traits and preservation of
genetic purity of hybrids (Bansal et al., 2018). Develop-
ments in sea buckthorn genomic resources have led to
the creation of a variety of molecular markers,and DNA
barcodes, which are important for targeted sea buck-
thorn breeding (Liu et al., 2022). In particular, the data
today shows an increase in the resources of microsat-
ellite markers.

Summarising the aforesaid, it can be stated that
scientists are concerned with the impoverishment
of sea buckthorn genetic diversity, therefore, in many
countries, measures are underway to create genetic
banks to preserve different genotypes belonging to
subspecies subsp. caucasica, subsp. rhamnoides, carpat-
ica, subsp. subsp. sinensis, subsp. turkestanica, and subsp.
yunnanensis., subsp. mongolica, subsp. fluviatilis, subsp.
wolongensis well adapted to specific conditions to in-
volve them in the breeding process and obtain forms
resistant to adverse environmental factors with high
yield and fruit quality.

CONCLUSIONS

According to the results of the first stage of analytical
selection, new shrub and tree forms of sea buckthorn
were selected and studied in the wetland ecosystems
of Chernihiv, Kyiv, Zhytomyr, Rivne, Khmelnytsky, Lviv
regions of Ukraine, such as (Aboryhen 3/17 (F 3-15-17);
Kulykivskyi (F 5-17-144); Aboryhen 6/11 (F 1-15-6c¢h;
Rankova (F 1-15-4); Vdala (F 1-15-11); Nosivska krupna
(F 1-15-12); Soniachne siaivo (F 1-15-8v); Karotynna
(F 1-15-9); Osoblyva (F 1-15-8b); Sribnolysta (F 1-15-5a);
F 1-15-8d; Pamiatka (F 1-15-3); Adaptyvna (F 1-15-5);
Mitsna (F 1-15-8s); Apelsynova (F 1-15-6); Nosivchanka
(F 1-15-1); Morkviana (F 2-15-173); F 8-18-33; F 8-18-
32;Nadiina (F 2-15-50) etc. The new sea buckthorn forms
were found to be characterised by increased drought and
winter hardiness (9 points), resistance to vascular wilt,
fruit flies, and fruit endomycosis (9 points) against the
background of high annual yield and fruit quality. This
allowed to creation of a 1.5-hectare collection nursery
at the Institute of Horticulture of the National Academy
of Agrarian Sciences of Ukraine in compliance with sea
buckthorn cultivation technology.

Theresults of a detailed study of sea buckthorn sam-
ples by morphological, physiological, and biochemical

Scientific Horizons, 2023, Vol. 26, No. 9

parameters of the fruit allowed to improve the meth-
odology for systematising the methods of their descrip-
tion both during the route and stationary study, taking
into account the origin, morphological characteristics,
biological features, biochemical properties of the fruit.
It has been shown that the best samples of Adaptyvna
improved, Osinnya Krasunya, Soborna, Rapsodiya, Pa-
horbova, Prydorozhnia, etc. were transferred to the Na-
tional Centre of Plant Genetic Resources of Ukraine for
study, and due to high yield and fruit quality, Adaptyv-
na, Morkviana, Osoblyva and Nadiyna were transferred
to the State Variety Testing, which resulted in certifi-
cates of registration of plant samples of the gene pool
of Ukraine, plant genetic collection and certificates of
State Registration of plant varieties suitable for distri-
bution in Ukraine. For the first time in Ukraine, new sea
buckthorn samples were genotyped in comparison with
the best varieties, and the corresponding genetic pass-
ports were developed, which indicate genetic identity,
which is important for breeding.

The second stage of research involved the involve-
ment of sea buckthorn varieties Adaptyvna, Morkviana,
Osoblyva, Nadiyna, etc. in breeding and the formation
of 1.5-2 thousand hybrid nursery plants under con-
trolled and uncontrolled pollination. The breeding work
allowed us to study and select forms that are valuable
in terms of a set of economic traits, such as Dublianska
osin, Prydorozhna, Pahorbova, Yaruzhna, Osinnya Kra-
sunya, Rapsodiya, etc. All samples were studied at the
National Centre of Plant Genetic Resources of Ukraine,
and the last four samples received a certificate of regis-
tration from the Ukrainian Plant Genebank.In 2021, the
varieties Soborna and Adaptyvna Improved were sub-
mitted to the State Variety Testing. New high-yielding
varieties of female sea buckthorn Adaptyvna, Osoblyva,
Morkviana, Nadiina, Soborna, Adaptyvna Improved and
pollinator varieties Obrii, Aboryhen adapted to the con-
ditions of Polissia and Forest-Steppe of Ukraine have
been proposed for production.
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AHoTauif. AKTyanbHICTb LOCNIAKEHb NONATAE Y NOCTIMHOMY MPArHeHHi A0 NMOMNOBHEHHS | NOKPALLEHHS YKPATHCbKOTO
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nesHoi dinsHkm OHK.Y pe3ynbtati BUKOHAHHS AOCNiLKEHb po3WwmMpeHo hOpMOTBOPUMIA MpoLec y cenekuii obninuxmu
KPYLIMHOMNOAIOHOI Ha afanTWMBHICTb, MPOAYKTUBHICTb | SKICTb LUASIXOM BMKOPWUCTaHHS reHOMOHAY CropiaHeHMX
$opM, WO € OJHMM i3 CNOCOBIB BUpILLEHHS NPO6aeM 3i CTBOPEHHS BMXiLHOrO MaTtepiany ANs NMOAANbLUOI cenekuii
M Ha YoMy 6a3yeTbCa CyTb OOCNIAXKEHb, B Pe3yNbTaTi SKMX BCTAHOB/IEHO LUMPOKUIA CNekTp GOpPMOTBOPYOro npouecy
3a MopdONOriYHMMM 03HaKaMu Ta BioNOriYHUMM BNACTUMBOCTAMM B pe3ynbTaTi ribpuamsauii 6iotmnis, WO AO3BOAMAO
BifiGPaTH LLiHHI ribpmnam 32 KOMMIEKCOM CeNEeKLiMHMX | FOCNOAAPCbKMX 03HAK. 30KpeMa, BUAineHo HoBi dopmu CobopHa
i ApanTvBHa MoOMiNWeHa, WO BiA3HAYAKTbCA BMCOKOK 3MMO- i MOCYXOCTIMKICTIO, NPOAYKTUBHICTIO i SKICTHO M/OAIB,
XapaKTepu3ytobCs BiACYTHICTIO KOMOYOK | CyXMM BiAPWMBOM M/I0AIB Ta NepefaHi Ha [lepkaBHe copToBMNPOBYBaHHS. [HLWi
OTPMMaHi reHOTUMU POCIMH 0BNINUXM NOEAHYIOTL CTIMAKICTb 4,0 BUCOKMX | HU3bKMX TEMMEPATYP LOBKINSA 3 KOMMIEKCOM
iHLIMX roCnoaapCcbkMX 03HaK: CTIMKICTHO L0 XBOPOO, Mano- abo 6e3K0MHUKOBICTHO, AKICTIO NIOAIB i iX NPUAATHICTIO A0
nepepobKu i BUrOTOBIEHHS NPOLYKTIB A4/151 30POBOro XapyyBaHHS. [IpakTMUHA LiHHICTb HAYKOBOI CTaTTi FPYHTYETbCA Ha
TOMY, LLLO Pe3y/bTaTH LOCNIKEHHS PO3LUMPHOKOTL BiAOMOCTI NPO BUKOPUCTAHHS B CeNleKLLii 061inuMxu KpywmHonoaibHoiHa
apanTUBHICTb, MPOAYKTUBHICTD | SKiCTb GOpPM, BifibpaHMX i BUBYEHUX B YMOBAX NPUPOLHUX i NEPENOroBUX EKOCUCTEM
Monicca i licocteny Ykpainu. B pe3ynbtati iX BUBYEHHS BiAibpaHO Kpalli 3pa3ku, aKi yBiMwam fo feHeTMUHOro 6aHky
pOCAMH YKpaiHu, IK MaTtepian 3 LiHHMMM rOCNOAAPCbKMMM 03HAaKaMM Ta SKi 3a71y4eH0 [0 cenekuiiHoi poboTu B IHCTUTYTI
capiBHMUTBA HauioHanbHOT akaaeMii arpapHnX HaykK YKpaiHu

Kntouosi cnoBa: Hippophae rhamnoides L.; no6ip; HOBi GOpMU; pe3ynbTaTh OLiHIOBaHHS; NePCNeKTUBM 419 NOAANbLUOT
cenekuii
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the research, new source material was obtained and valuable genotypes with a unique combination of genetic
material of the source species were identified. An intermediate type of inheritance of plant morphology traits
(plant height, ear length and density, grain weight per ear) in F, hybrids was established. In F, hybrids, a split of 3:1,
indicates the dominant monogenic nature of inheritance. The shape of the ear is inherited monogenically by the
type of incomplete dominance. The analysis of transgressive variability in F, , hybrids Triticum spelta L. x Triticum
compactum Host. shows that the highest proportion of positive transgressions was recorded for the number of
spikelets (28.1-28.5%) and grains (23.4-51.0%) in the ear and grain weight per spikelet (20.3-32.1%). The analysis
of stability and adaptability indices allowed us to distinguish line 201, characterised by high stability (S?,=0.027),
homeostasis (Hom=193.3) and breeding value (Sc=3.9), and line 206, combining high yield (5.11 t/ha) with high
homeostasis (Hom=182.3) and breeding value (Sc=3.9). The introgressive hybridisation with Triticum compactum
Host. identified new genetic sources characterised by the presence of deficient traits for breeding and of great
practical importance for further breeding and genetic improvement of spelt, as they can enrich the existing gene

pool of the crop

Keywords: spelt wheat; inheritance; cleavage; transgression; yield; adaptability

INTRODUCTION

Although the demand for spelt has been growing re-
cently, it remains a widespread species that requires
breeding improvement. Leading research institutions
are engaged in spelt breeding in Ukraine, but only three
varieties are available to farmers, and the source mate-
rial for breeding is limited to local breeding. This leads
to a narrow distribution area of spelt in agricultural
production and low demand for its grain. Therefore,
the creation and analysis of new source material with a
broad genetic basis is an urgent task for crop breeding.
The hybridisation of Triticum spelta L. x Triticum compac-
tum Host. can produce new promising genotypes with
improved quantitative traits due to the introduction of
genetic material T Triticum compactum Host. into the
Triticum spelta L. genome.

Intensive breeding to increase productivity has
led to a significant narrowing of the wheat gene pool.
This necessitated the search for natural sources of val-
uable traits for its breeding improvement (Voss-Fels
et al., 2019). The further development of farming and
consumption culture has led to an awareness of the
negative impact of genetic erosion and has attracted
the attention of scientists and the intraspecific diversity
of the genus Triticum L. and related taxa. L. Babenko
et al.(2018) showed a positive effect of hybridisation of
spelt with durum wheat, in particular, a significant in-
crease in genetic diversity and the development of new
transgressive forms. The same conclusion was reached
by other scientists involved in the breeding improve-
ment of spelt, in particular, R. Yakymchuk et al. (2020),
E. Suchowilska et al. (2020), and J. Alvarez & C. Guzman
(2018). However, according to Rybalka et al. (2018), it
is not advisable to limit ourselves to durum wheat, so
other tetra-, octa- and diploid wheat species should be
included in the hybridisation system, which will allow
us to obtain starting material with a wide range of re-
action rates to different soil and climatic conditions
and improved grain quality. H. Akman (2021) notes the
prospects of involving representatives of the closely

related genus Aegilops L., as well as species of distant
genera — Hordeum, Secale, Agropyron, etc. in breeding
programmes.

In previous studies (Diordiieva et al, 2019;
Diordiieva et al., 2021), the gene pool of less common
hexaploid and tetraploid wheat species has been suc-
cessfully used as a source of economically valuable
traits for breeding and genetic improvement of wheat
and triticale. I. Yadav et al. (2022) note that less com-
mon wheat species can serve as source material for the
search for new mutant variants for genetic analysis and
breeding. P. Shewry (2018) and M. Lacko-BartoSova et al.
(2022) emphasise that ancient wheat species have sev-
eral advantages over modern varieties, including valu-
able genes and gene blocks that determine high grain
quality and adaptive potential.

One of these species could be compact or dwarf
wheat (Triticum compactum Host.), an ancient, rare spe-
cies that in the past occupied large areas in Eurasia, but
nowadays is rarely found in pure cultivation. It is a hexa-
ploid species with the genomic formula BA'D (Wen et al.,
2022). Research by scientists at the V. Yuriev Institute of
Plant Industry under the leadership of V.Kyrychenko et al.
(2018) has shown that hybridisation of durum wheat
with Triticum compactum Host. in the progeny increases
sedimentation, protein, and gluten content in grain, and
inherits genes for resistance to major fungal diseases.
Therefore, the involvement of this species in interspe-
cific hybridisation allows for enriching the wheat gene
pool with new traits and gene blocks.

No data on hybridisation of Triticum spelta L. x Trit-
icum compactum Host. species were found in the sci-
entific literature. Crossing these species will allow the
transfer of valuable genes that control economically
valuable traits, in particular, plant height and spike
density, to spelt. The research aimed to expand the
genetic diversity of spelt wheat and to obtain new in-
trogressive forms with a high level of manifestation
of economically valuable traits. For this purpose, the
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hybridisation of Triticum spelta L. and Triticum compac-
tum Host species was carried out.

MATERIALS AND METHODS

The research was conducted during 2016-2021 at
Uman National University of Horticulture. As a source
material for hybridisation, the winter spelt wheat va-
riety Zorya Ukrayiny (maternal form) and the sample
of Triticum compactum Host. provided for research
by the National Centre for Plant Genetic Resources of
Ukraine were used. Hybridisation was carried out by
manual castration of flowers of the maternal form and
subsequently forced pollination with pollen of the pa-
ternal form by the limited free method under a parch-
ment insulator. Spelt wheat was used as a mother form
and Triticum compactum Host. was used as a pollinator.
Harvesting and accounting of yield structure elements
were performed in the phase of full ripeness.

The nature of inheritance of quantitative traits in
F, hybrids was determined by the degree of dominance
(hp) according to formula (1) of Griffing (1950):

hp = (F; - MP)/(Ppax - MP), (1)

where he is the degree of dominance; F, is the aver-
age value of F, hybrids; P__ is the average value of the
best parental shape; MP is the average value of the two
original forms.

The ranking of the created materials by the de-
gree of dominance was carried out according to the
gradation of Beyl & Atkins (1965): 1) hp>1 - positive
dominance (positive heterosis); 2) 0.5<hps<1 - positive
dominance; 3) -0.5<hp<0.5 - intermediate inheritance;
4) -1<hp< -0.5 - negative dominance; 5) hp< -1 - nega-
tive dominance (depression).

The proportion of hypothetical (2) and true (3) hetero-
sis was calculated according to H. Daskalev et al. (1967):

Hypothetical heterosis:

X = F; x 100/MP, )

where F, is the level of manifestation of the indicator in
the hybrid; MP is the average value of the two original
forms. Real heterosis:

X = (Fl - Pmax) X 100/Pmax, (-7’)

where F, is the level of manifestation of the indicator in
the hybrid; P__ is the highest value of the indicator in
one of the output forms;

The correspondence of cleavage in hybrid F, combi-
nations to the theoretically expected one was assessed
using x2 (Yeshchenko et al., 2014). All records and ob-
servations were carried out according to the methodol-
ogy for the examination of plant varieties of the group
of cereals, cereals, and legumes for their suitability for
distribution in Ukraine (2016). The frequency (4) and
degree (5) of transgressions were calculated according
to the method of G. Voskresenskaya & V. Shpota (1967)
using the following formulas:
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Td = 22227 % 100, (4)
Pr

where Td is the degree of transgression; Ph is the high-
est parameter for the hybrid; Pr is the highest value of
the parameter in the best output form.

Tf = A x 100/B, (5)

where Tf is the frequency of transgression (%); A — ex-
cess of the best parental form in hybrid generations
(averaged from the three best hybrid plants); B - the
total number of plants analysed for this trait by com-
bination.

Ecological plasticity (6) was assessed by the regres-
sion coefficient (b),and stability (7) by the variant of the
trait (5?,). The calculations were performed according
to the method of Eberhart & Russel (1966) using the

formulas:
b, =3X;Y;li / %1%, (6)

where b, is the regression coefficient of the variety sam-
ple in environments with contrasting growing condi-
tions; Y,./. - the yield of a particular variety under any
growing conditions; lj — index of year conditions.

Sai =265 /(n—1), 7)

where 67 is the difference between theoretical and ac-
tual yields:

The samples were ranked by environmental plas-
ticity according to the following gradation: 1) b>1 -
highly plastic, well adapted to unfavourable growing
conditions genotype; 2) b=0 - medium plastic sample;
3) b<1 - low plastic genotype. Homeostatic (8) and
breeding value coefficient (9) were determined accord-
ing to V. Khangildin & N. Lytvynenko (1981) using the
following formulas:

x2

Hom = o_(Xupt_xmin) ’ (8)
Sc = X(Xlim/Xopt)’ (9)
where X, X X - the average, highest and lowest

opt’ “lim

value of a feature; o - standard deviation.

The experimental data were analysed statistically
using Microsoft Excel 2010. The smallest significant dif-
ference (HIP,,) and coefficient of variation (V, %) were
calculated according to the method of V. Yeshchenko
et al. (2014).

RESULTS AND DISCUSSION

Triticum compactum Host. is a hexaploid wheat species
with a similar genomic composition to spelt, so there
are no significant difficulties associated with genetic
incompatibility during hybridisation. In the hybridisa-
tion of Triticum spelta L. x Triticum compactum Host. in
the first generation, the hybrids occupied an interme-
diate position between the original species. F, hybrids
were similar in spike morphology and general plant
habit. They had a pubescent spike of medium length




and density. The analysis of the degree of dominance
and the level of heterosis revealed that plant height,
spike length and density, and grain weight per spike in
F, hybrids Triticum spelta L. x Triticum compactum Host.
are inherited by the type of intermediate inheritance
(Table 1). A negative level of true heterosis was also
recorded. Seeds of F, hybrids were sown in a breeding

Diordiieva et al.

nursery at sparse sowing. Self-pollination of the first-
generation hybrids provided a significant range of
variability in the phenotype of F, samples, in popula-
tions of which, after the end of the growing season, the
phenotypic manifestation of the characteristics of ear
morphology, in particular, the shape of the ear, its pu-
bescence and filminess, was evaluated.

Table 1. The degree of dominance and level of heterosis in F, hybrids of
Triticum spelta L. x Triticum compactum Host., 2017 year

59 5 8 X g

- 3 gEg Py g g 3G

Indicator 9 d w a g2 5% 28 £%8

- o E 5 2 g 28

o8 Zc 7} > o

= < T <

Plant height 118 105 114 4 0.4 PU -3.4 102.2
Length of the ear 15.8 6.5 10.1 0.5 -0.2 PU -36.1 90.6
Ear density 15.4 21.5 16.8 0.8 -0.5 PU -219 91.1
Grain weight per ear 1.38 1.05 1.15 0.09 -0.4 PU -16.7 94.7

Source: compiled by the authors

Hybridological analysis showed that in the second
generation of crosses of Triticum spelta L. x Triticum com-
pactum Host. the spike shape was inherited according

to the monogenic scheme 1:2:1 (Table 2). That is, in the
F, descendants there was a quantitative advantage of
intermediate forms over speltae and compactoids.

Table 2. Descendants F, breakdown by grain morphological traits

Breakdown Plant correlation x2 factors X2 theories
By ear form (1:2:1)
Phenotype speltoid Intermediary compact -
Expected amount 21 42 21 - 3.84
Factual amount 24 39 21 0.642 -
By ear pubescence (3:1)
Phenotype pubescent non-pubescent -
Expected amount 63 21 - 3.84
Factual amount 65 19 0.126 -
Based on the ear filminess (3:1)
Phenotype membranous naked -
Expected amount 63 21 - 3.84
Factual amount 65 19 0.126 -

Source: compiled by the authors

The original form of Triticum compactum Host. was
characterised by a pubescent ear, while spelt wheat
was not pubescent. In the F, progeny of 84 plants,
65 pubescent and 19 non-pubescent were obtained.
The hybridological analysis showed that the actual
results obtained are a consequence of monohybrid
cleavage, which corresponds to the theoretical ratio
3:1. Thus, the trait “pubescence of the ear”, which is
phenotypically manifested in the Triticum compactum
Host. was dominant to the alternative trait of spelta.
The analysis of the splitting of the filminess trait

in plants of the F, population of Triticum spelta L. x
Triticum compactum Host. hybrids revealed that ear
filminess is controlled monogenically, with filminess
being the dominant trait concerning hulling. Similar
results were obtained by R. Yakymchuk et al. (2020)
when hybridising durum wheat with mutant forms
of spelt. This indicates the dominant nature of spelt
grain hulling genes concerning alternative traits of
other hexaploid wheat species.

In the third-fourth hybrid generation, a wide for-
mation process was observed. A significant range of

Scientific Horizons, 2023, Vol. 26, No. 9
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variability was observed in almost all morphological
and physiological traits, in particular, length, shape, den-
sity, colour, pubescence and graininess of the ear, plant
height, shape and colour of the leaf blade and grains,
pubescence and stiffness of the spike scales and the
nature of threshing, duration of the growing season
and plant productivity. It was found that in 2019 (F,)
the frequency of positive transgressions for ear produc-
tivity ranged from 18.8-28.1% (Table 3). The highest

proportion of positive transgressions was recorded for
the number of spikelets (28.1%) and grains (23.4%) in
the ear.In 2020 (F ), the frequency of positive transgres-
sions increased. This is consistent with the scientific
literature, which states that the degree and frequency
of positive transgressions increase in later generations.
The frequency of positive transgressions was the high-
est for grain weight per ear (32.1%) and for the number
of grains per ear (26.8%) (Table 3).

Table 3. Degree and frequency of transgressions in F,_, hybrids of
Triticum spelta L. x Triticum compactum Host., 2019-2020

Indicator Td, % Tf, % Pr Ph
Length of the ear 2.5 18.8 16.1 16.5
Number of grains per ear 2.0 23.4 51 52
Number of spikelet per ear -10.7 28.1 28 25
Grain weight per ear 1.9 20.3 1.58 1.61
Length of the ear 1.6 25.6 18.2 18.5
Number of grains per ear 3.9 26.8 51 53
Number of spikelet per ear -6.0 26.5 28.5 26.8
Grain weight per ear 37 321 1.62 1.68

Note: Pr is the maximum value of the trait in the best parental form; Pg is the maximum value of the trait in hybrids;
Td is the degree of transgression; Tf is the frequency of transgression

Source: compiled by the authors

A significant disadvantage of many introduced lines
is their high stemness, late maturity and tendency to
lodging, which often causes their rejection in the early
stages of the breeding process. It is known that only forms
with a short and strong stem can ensure the practical re-
alisation of the high genetic potential of productivity.
Comparative analysis of the created samples and the
original forms indicates a different nature of inheritance
of plant height. Most of the forms were tall or medium
tall and were close to spelt wheat in this respect (Fig. 1).
Further breeding work with the created forms consisted
of individual selections, which reduced the proportion of
tall-stemmed forms. To preserve the valuable genetic
material of the created high- and medium-stemmed

Average-stem (105-120 cm)

M Short-stem (85-105 c¢cm)

= Tiny (60-85 cm)

49%

® High-stem (more than 120 cm)

forms, they were hybridised with low-stemmed forms of
spelt wheat obtained in our previous studies. As a result,
undersized (81-95 cm) samples were obtained.

Another disadvantage characteristic of Triticum
spelta L. x Triticum compactum Host. hybrids are their
late maturity. The species Triticum spelta L. is late rip-
ening (vegetation period is about 300 days). Although
Triticum compactum Host. ripens 5-6 days earlier, it is
also late-ripening. As a result of hybridisation, the vast
majority of the offspring were mid-season. Individual
selection allowed to selection of a small number of
mid-season (vegetation period 275-285 days) intro-
gressive lines of spelt wheat, which matured simulta-
neously with mid-season durum wheat varieties.

1 Vegetation longer than 305 days
Vegetation period 295-305 days
H Vegetation period 285-295 days

B Vegetation period 275-285 days

Figure 1. Distribution (%) of created lines by plant height and length of the growing season, 2019-2020
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The parameters of adaptability, in particular, eco-
logical plasticity and stability, of the created forms
were determined in the course of the research to
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differentiate them by the level of adaptive potential.
The analysis of yields for 2019-2021 shows that on av-
erage they ranged from 4.64-5.11 t/ha (Table 4).

Table 4. Parameters of stability and adaptability of introgressive forms of spelt wheat in terms of yield

Yield, t/ha Stability parameters Adaptiveness parameters
Genotype Average

2019 2020 2021 b. S%, Hom V, % Sc
Zoria Ukrainy (st) 5.45 4.27 5.64 5.12 1.05 0.042 175.7 4.0 3.9
192 5.15 4.21 5.28 4.88 0.83 0.031 175.7 4.0 3.9
195 5.25 4.32 5.36 4.98 0.81 0.035 164.3 4.1 3.7
201 5.08 4.12 5.24 4.81 0.86 0.027 193.3 44 3.9
205 4.95 4.01 5.24 4.73 0.91 0.037 170.7 4.0 3.8
206 5.38 441 5.54 5.11 0.86 0.061 182.3 4.1 3.9
208 5.05 3.98 5.21 4.75 0.95 0.025 143.5 5.6 3.2
210 4.89 3.92 5.12 4.64 0.90 0.031 170.7 4.0 3.8

LSD 0.26 0.19 0.28 -

05

Source: compiled by the authors

The three studied samples were found to be not
significantly inferior to the variety Zorya Ukrayiny in
terms of yield. The highest yield was recorded in sam-
ple 206 - 5.11 t/ha. Calculations of the regression co-
efficient of the studied genotypes showed that all sam-
ples are low plastic, except for sample 208 (b=0.95),
which belongs to medium plastic forms.

Calculations of S?  showed that the best stability pa-
rameters were characterised by samples 201 (S?,=0.027)
and 208 (5?,=0.025). The relationship between home-
ostasis (Hom) and the coefficient of variation (V) char-
acterises the stability of a genotype under changing
environmental conditions. The most stable among the
created samples were numbers 201 and 206, as indi-
cated by a high level of homeostasis (182.3 and 193.3)
and a low coefficient of variation (V=4.1-4.4%). The coef-
ficient of breeding value (Sc) made it possible to identify
highly productive forms characterised by stable realisa-
tion of productivity potential in a changing environment.
In our research, the highest coefficient of breeding value
was 206 (Sc=4.1), 195 (Sc=4.0) and 192 (Sc=3.9). Line
206, characterised by high yield (5.11 t/ha) and breeding
value coefficient (3.9), was singled out.

Thus, the introgressive hybridisation of Triticum
spelta L. x Triticum compactum Host. resulted in the cre-
ation of new source material and analysis of the pat-
terns of trait inheritance and the formation process. A
comparative analysis of productivity and adaptability
parameters was carried out, which allowed the selec-
tion of valuable genotypes. Modern breeding and ge-
netic studies have shown that morphological traits of
hexaploid wheat species are determined by a small
number of genes. The analysed morphological traits
are controlled by the “large morphology” genes, as
they significantly affect the plant phenotype. F. Hao
& N. Goncharov (2019) note that the division into

hexaploid wheat species is based on the shape and
morphological structure of the ear,which is determined
by the allelic state of these genes.

B. Xu et al. (2018), studying the shape of the spike
in spelt, found that it is controlled by the Q gene, which
is located on chromosome 5A. Recessive alleles of this
gene determine the speltaic type of spike. M. Wen et al.
(2022) noted that in wheat Triticum compactum Host.
the spike shape is controlled by the C gene, which has
the opposite effect of the Q gene. It causes a reduction
in the length of the ear and stem, which leads to the
formation of a stunted plant with a short, superdense
ear and determines the main phenotypic differences of
the Triticum compactum Host species. The spike density
is also regulated by the length genes L, and L,. In the
presence of recessive alleles of all these genes (geno-
type ccl,/,L,[,), hexaploid wheat develops a short, dense
club-shaped ear of the “squarhead” type.

M. Wen et al. (2022) noted that in the hybridisa-
tion of Triticum compactum Host. with durum wheat, the
compact form of the ear dominates in the first genera-
tion. R.Yakymchuk et al. (2020) found a dominant inher-
itance of speltoid mutants with different types of wheat
when hybridising speltoid traits with different wheat
species. The results of the study indicate an interme-
diate inheritance of the spike shape in the hybridisa-
tion of Triticum spelta L. x Triticum compactum Host. The
emergence of speltoid and compacted forms in studies
is associated with different dosages of the Q gene in
the offspring. Plants homozygous for the gg locus have
a speltoid ear type. Increasing the dose of the Q gene
produces offspring with a compactoid ear shape. Hete-
rozygous genotypes (Qg) - have an intermediate phe-
notype. The presence of a significant number of plants
with an intermediate spike shape can be explained by
the independent recombination of genes controlling
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the spike shape in the original species and the pres-
ence of modifier genes.

M. Haas et al. (2019), while studying genetic
changes in wheat during domestication, noted that the
determining factor of the free threshing phenotype is
the gene for coarse spike scales (7g), which is located
on chromosome 2DS. Spelta contains the dominant Tg
gene in the homozygous state, which, in combination
with recessive alleles of the q gene, causes the for-
mation of a speltoid ear type with coarse spike scales
and difficult threshing. The species Triticum compactum
Host. contains recessive alleles of the Tg gene, which
causes free threshing of grain. This is confirmed by the
lack of data in the scientific literature on filmy forms
of wheat compactum with coarse spikelet scales. The
conducted studies show that in the hybridisation of Trit-
icum spelta L. x Triticum compactum Host. the progeny
in the F, generation were characterised by a filmy ear
with difficult threshing of grain. In the F, generation,
a split was obtained in the ratio 3:1 ratio, where three
parts are filmy forms and one part is hulled. Thus, filmy
grain and complicated threshing of spelta are dominant
traits to alternative traits of Triticum compactum Host.

The groups of researchers N. Grant et al. (2018) and
U. Devi et al. (2019) independently found that the prog-
eny obtained from interspecific hybridisation of wheat
occupy an intermediate position between the original
forms in terms of plant height. However, W. Sannemann
et al. (2018) describe the fact of dominance and pre-
dominance of the tall parental form. They also re-
corded selection (additive interaction of genes) and
hybrid (complementary interaction of genes) dwarfism
in the offspring. There is data in the studies on the ge-
netic control of plant height in Triticum spelta L. and
Triticum compactum Host. Most scientists point to the
dominant tallness of spelt. D. Packa (2018) and N. Grant
et al. (2018) note that hybridisation of spelt with wheat
forms with dominant or recessive dwarfism results in
different types of gene interaction (complementary,
epistatic, polymeric) and the formation of progeny with
a wide range of plant height variability. In our studies,
similar results were obtained with significant variation
in plant height of F, , offspring (from 60 to 130 cm).

For successful breeding, positive transgressions ob-
tained in hybrid offspring as a result of the formation
of recombinations for individual valuable traits are of
practical importance. N. Dubovik et al. (2018), studying
the elements of wheat ear productivity, pointed out the
wide range of transgressive variability, in particular, the
frequency of positive transgressions for the number of
grains per ear ranged from 16.0 to 62.0%, and for the
weight of grains per year from 6.0 to 30.0%. M. Lozinsky
& G. Ustinova (2020) note that the maximum frequency
of positive transgressions in ear productivity is observed
in later generations of hybrids, which in the first gener-
ation have a high degree of positive dominance in such
important traits as grain weight per ear and number of
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grains per ear. Similar trends were observed in the stud-
ies conducted, where the frequency of positive transgres-
sions for ear productivity increased in later generations.
The analysis of breeding material by stability and
adaptability parameters provides researchers with in-
formation on the peculiarities of the normal response
of genotypes to changing environmental conditions.
The groups of researchers Y. Kuzmenko et al. (2023) and
S. Popov et al. (2019) analysing wheat source materi-
al for adaptability concluded that these indicators can
be most fully assessed by environmental plasticity or
regression coefficient (b), environmental stability or
stability variant (S?;) and homeostasis. Genotypes with
low ecological plasticity and low S? ; values are consid-
ered extensive and unprofitable. Genotypes with high
environmental plasticity and low S?, are considered in-
tensive. The results of the study indicate a high yield of
sample 206 combined with high homeostatic and me-
dium ecological plasticity and high stability of sample
208, which makes it possible to use them for breeding
improvement of spelt by adaptive potential.

CONCLUSIONS

The hybridisation of Triticum spelta L. x Triticum com-
pactum Host. resulted in the production of new source
material with a broad genetic basis and the identifica-
tion of valuable forms with a high level of manifesta-
tion of economically valuable traits. It was found that in
F, hybrids Triticum spelta L. x Triticum compactum Host.
morphological traits of plants (plant height, length and
density of spikelet, weight of grain per spike) are inher-
ited by the type of intermediate inheritance. The pubes-
cence and filminess of the ear are dominantly mono-
genic. The shape of the ear is inherited monogenically
by the type of incomplete dominance. In hybrids F, ,
Triticum spelta L. x Triticum compactum Host. the highest
frequency of positive transgressions was recorded for
the number of spikelets (28.1-28.5%) and grains (23.4-
51.0%) in the ear and grain weight per ear (20.3-32.1%).
The calculation of adaptability indices allowed
to differentiate the created forms by the norm of re-
action to changing growing conditions. The line 201,
characterised by high stability (S?,=0.027), homeosta-
sis (Hom=193.3) and breeding value (Sc=3.9), and line
206, combining high yield (5.11 t/ha) with high home-
ostasis (Hom=182.3) and breeding value (5c=3.9), were
identified. A promising direction for further research is
the involvement of the created forms in the selection
and genetic improvement of spelt wheat to induce the
formative process and isolate valuable genotypes with
improved quantitative and qualitative productivity.
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Triticum spelta L. x Triticum compactum Host.
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AHoTauif. Y npoBefeHWX LOCNIIKEHHAX B pesynbTati ribpuamsauii Triticum spelta L. x Triticum compactum
Host. oTpMMaHO pekinbka HOBMX (GOPM, AKi BiApi3HATbCA 33 MOpPdO6ioNOriYHMMKM Ta roCNOLAPCbKO-LiHHUMM
03HakaMu. MeTo JO0CNIAXKEHHS € PO3LWMPEHHS FrEHETUYHOIO PiSHOMAHITTA NIWEHML CMenbTM Ta OTPUMAHHS HOBMX
iHTpOrpecnBHUX GOpM 3 BMCOKMM piBHEM MPOSBY FrOCMOAAPCHKO-LiHHMX 03HaK. Y poboTi BUKOPUCTOBYBANM Taki
MeTOAM: NObOBUIA, NAaBOPATOPHUIA, FiAPONOTIYHUI aHANI3, CTATUCTUYHMIA aHani3. B pe3ynbTati 4ocnifxeHb OTpMMaHo
HOBWI BWUXiAHWM MaTepian Ta BUAINEHO LiHHI FeHOTUNM 3 YHIKaNbHUM MOEAHAHHAM FeHEeTUYHOro Matepiany
BMXiAHUX BWAiB. BCTAaHOBNEHO MPOMIKHWIA TUN YCNaAKyBaHHA MOPGONOriYHMX O3HAK POCAMH (BMCOTA POC/VUH,
AOBXMHA i WiNbHICTb KONOCa, Maca 3epHa 3 kosoca) y ribpuaie F .Y ribpuais F, poswennenHa 3:1, wo cBig4mtb Npo
[LOMIHAHTHWIA MOHOTEHHMI XapakTep ycnafKyBaHHS. DopMa Konoca yCnaLKoBYETbCS MOHOTEHHO 3@ TUMOM HEMOBHOTMO
AOMiHyBaHHA. AHani3 TpaHcrpecuBHoi MiHamBocTi y F., ri6puais Triticum spelta L. = Triticum compactum Host.
MOKa3aB, Lo HaibinbLia YacTka NO3UTUBHUX TPAHCIpecilt 3adikcoBaHa 3a KinbkicTo konockis (28,1-28,5 %) i 3epeH
(23,4-51,0 %) y konoci Ta Macoto 3epHa 3 konoca (20,3-32,1 %). AHani3 NokasHMKIiB CTabinbHOCTI Ta aAaNTUBHOCTI
N03B0/IMB BUAINMTM NiHi0 201, W0 XapaKTepu3yeTbcs BUCOKOK cTabinbHicTio (5?,=0,027), romeoctazom (Hom=193,3)
Ta CenekuiMHo LiHHICTIO (Sc=3,9),Ta niHito 206, W0 NOEAHYE BUCOKY BPOXAMHIcTb (5,11 T/ra) 3 BUCOKMM rOMEOCTa30M
(Hom=182,3) Ta cenekuiiHO UiHHicTIO (Sc=3,9). B pe3ynbrati iHTporpecuBHoi ribpuamnsauii 3 Triticum compactum
Host. BuSBNEHO HOBI reHeTUYHI DKepena, Ki XapaKTepu3yTbCs HasBHICTIO AediLUTHUX ANS cenekuii 03HaK i MakTb
BENMKE MPAKTUYHE 3HAYEHHS ANS NOAANbLUOI CenekLii Ta reHeTUYHOro NOAIMLWEHHS CNeNbTU, OCKINIbKM BOHU MOXYTb
36aratuTu icHyUMI reHODOHA KyNbTypu

KniouoBi cnoBa: nweHuLs cnensta; yCnaakyBaHHS; po3LEnaeHHs; TPaHCrpecisl; ypoXKanHiCTb; afanTUBHICTb
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Steppe of Ukraine. The following research methods were used: field, measuring and weighing, mathematical and
statistical. The study presents the results of research for 2016-2019, where the influence of elements of cultivation
technology on the peculiarities of the formation of biometric parameters was studied. plant growth regulator
had an impact on field germination, vegetation period, biometric indicators of plant growth, and leaf area. The
closeness of the correlations of the studied indicators was established, and a correlation-regression analysis of
the data was carried out, which showed a strong correlation between the growing season and plant height, where
the coefficient was R=0.9264, and the coefficient of determination R?2=0.9864. There was also a strong relationship
between stem diameter and plant height, where the correlation coefficient was R=0.9767 and the coefficient
of determination was R?=0.954. The conducted studies confirm the feasibility of using a growth regulator that
improves plant development and will contribute to increasing the yield and quality of grain and biomass of
sorghum. The obtained results of the research give grounds to believe that growth regulators contribute to the
production of environmentally friendly products and are components of environmentally friendly and energy-
saving cultivation technology

Keywords: sorghum; growth regulator; seed quality parameters; vegetation period; biometric parameters; leaf

area; correlation

INTRODUCTION

Establishing the feasibility of using a growth regula-
tor by treating seeds and spraying sorghum crops to
ensure high yields and quality of grain and biomass
as raw material for biofuel production determines the
research relevance. Following R. Saxena et al. (2018),
R. Ortiz-Cruz et al. (2020) and S. Rajini et al. (2020) sor-
ghum (Sorghum bicolour (L.) Moench) is a cereal crop
belonging to the Poaceae family, originating in Africa,
and domesticated 3-5 thousand years ago. According
to D. Fuller & C. Stevens (2018), and B. Pandian et al.
(2022), sorghum can withstand a variety of environ-
mental conditions, including low soil fertility, high
temperatures, and insufficient rainfall. It is cultivated
primarily in semi-arid areas of Africa and Asia, where it
is used for human consumption and is a staple food for
local populations.

K. Aregawi et al. (2022), P. Espitia-Hernandez et al.
(2022) and Q. Yang et al. (2022) note that sorghum is
the fifth most important grain crop in the world after
wheat, rice, corn and barley. In some regions, it is re-
placing maize due to its high yields and resistance to
drought and heat. As noted by B. Pandian et al. (2022),
it is a short-day crop that uses moisture and precipita-
tion efficiently, resumes growth after a long dry period,
and generates high productivity, which means that sor-
ghum can be grown in arid areas and the face of cli-
mate change.

Following C. Mundia et al. (2019) and T. Begna
(20214, b) sorghum is used as food, feed, fodder and
fuel,so it has new market needs in the world. M. Nurmet
et al. (2019) note that the world is facing the problem of
depletion of conventional fossil fuel sources and a fore-
cast of a doubling of energy demand within a decade,
thus raising concerns about unreliable energy supply
in the future. ). Dahlberg (2019), L. Pravdyva (2021) and
L.Pravdyva et al. (2022) found that sorghum is an energy
crop, as it can be used for the production of bioethanol
(ethyl alcohol) and solid fuel: the aboveground mass is

used to produce briquettes and pellets. Therefore, given
the versatility of sorghum use, it is relevant and integral
to study the elements of cultivation technology, in par-
ticular,an important element that affects the formation
of many processes of growth, development and produc-
tivity of the crop is the use of growth regulators.

According to T. Makoveichuk et al. (2018), one of the
ways to solve this problem is to use biologically active
substances in modern crop cultivation technologies
that can regulate plant growth processes and protect
them from abiotic and biotic stresses. Plant growth
and development regulators are synthetic and natural
organic chemicals that are biologically active, even in
small quantities, and cause changes in the physiolog-
ical and biochemical processes of plants. According to
A. Panfilova et al. (2019), biological products stimulate
the growth and development of agricultural plants, in-
crease resistance to stress and disease, and provide bal-
anced nutrition. This effect is achieved by live bacteria
converting insoluble compounds into available forms,
providing nitrogen nutrition, and protecting plants
from bacterial and fungal diseases.V. Hamaiunova et al.
(2019) argue that the use of mineral fertilisers and
growth regulators in cereal crop cultivation technolo-
gies helps to optimise plant nutrition throughout the
growing season. Plant growth stimulants increase the
intensity of metabolic and growth processes in plants,
resulting in increased crop productivity and improved
product quality.

The research aims to determine the effect of the
growth regulator on the quality of sorghum seeds, the
duration of the growing season, biometric parameters,
and correlation in the conditions of the Right-Bank For-
est-Steppe of Ukraine.

MATERIALS AND METHODS

The research was carried out in 2016-2019 at the Bila
Tserkva Experimental Breeding Station of the Institute
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of Bioenergy Crops and Sugar Beet of the National
Academy of Agrarian Sciences of Ukraine - the Right-
Bank Forest-Steppe zone of Ukraine. The research

scheme envisages a two-factor experiment: seed treat-
ment (factor A) and treatment of crops with a growth
regulator (Factor B) (Table 1).

Table 1. Study plan

Factor A:
Seed treatment

Factor B:
Treatment of crops with a growth regulator

1. No treatment - control (water)

1. Untreated seeds + spraying of crops with a regulator

2. Seeds treated with a regulator

2. Treated seeds + and spraying of crops with a regulator

Source: compiled by the author

The area of the sowing plot is 50 m?, the account-
ing plot is 25 m?, and the replication of the experiment
is four times. The plots were arranged by the method
of systematic replication: in each replication, the ex-
perimental variants were placed in the plots sequen-
tially. Sowing of seeds was carried out at a depth of
4-6 cm, row spacing of 45 cm, and density of 200 thou-
sand seeds/ha. Following the methodology of M. Roik
et al. (2020) and L. Pravdyva et al. (2021), crops were
recorded and monitored. To establish the peculiarities
of growth and development of sorghum plants, the fol-
lowing were determined: laboratory and field germi-
nation of seeds, duration of the growing season from
emergence to full maturity; and biometric parameters.

The soil of the experimental site is typical deep
low-humus chernozem of coarse-dusty medium loamy
granulometric composition. Magnesium and calcium
carbonates occur at a depth of 55-65 cm. The topsoil

25

Temperature °C

(%2}

April

2016 2017

June

2018

(0-30 cm) contains about 17% of silt particles and 46-
54% of coarse dust. The terrain is flat, with a groundwater
table of 8 m. The agrophysical and agrochemical proper-
ties of the arable (0-30 c¢m) soil layer are characterised by
the following indicators: humus - 3.5%, total nitrogen -
0.31%; hydrolytic acidity - 2.41 mg-eq; easily hydrolysed
nitrogen (N) - 134 mg, P,O, - 276 mg, K,0 - 98 mg per
1000 g of soil. The degree of saturation with bases is 90%.

Weather conditions in the years of study during the
growing season were characterised by minor deviations
with an excess of long-term indicators (Figs. 1, 2). In
2016, the average air temperature during the grow-
ing season was 17.9°C, which is 2.48°C higher than
the average long-term indicators. In 2017, the average
air temperature was 17.2°C, which exceeded the long-
term average by 1.85°C. In 2018 and 2019, the average
air temperature for the growing season exceeded the
long-term average by 2.91 and 1.83°C.

20
15
10 I
0

July August September

Months

N 2019 e multiannual average

Figure 1. Air temperature during the growing season in 2016-2019

The amount of precipitation was uneven across
months and below the long-term average. In 2016,
during the growing season, the amount of precipita-
tion was 102.6 mm less than the long-term average.

Scientific Horizons, 2023, Vol. 26, No. 9

In 2017, the amount of precipitation was 186.8 mm,

which is 159.2 mm less than the long-term average. In

2018-2019, the amount of precipitation was 84.8 and
72.7 mm less than the long-term average.
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Figure 2. Precipitations during the growing season in 2016-2019

However, for the cultivation of sorghum, the soil
and climatic conditions were typical of the conditions
of the research and favourable for the cultivation of
this crop. The experiment used the growth regulator
Vermistim, a complex preparation made as an extract
from vermicompost obtained through vermiculture as
a product of worms’ vital activity after they process or-
ganic waste. It consists of a wide range of organic and
mineral substances, including humates, fulvic acids, and
strains of beneficial soil organisms in dissolved and ac-
tive form. The complex of organic substances also in-
cludes regulatory, micro, and macro elements, vitamins,
and phytohormones.

Statistical analysis. To determine the statistical sig-
nificance of the treatment effects (P=0.05 or less), after
first undergoing an analysis of variance (ANOVA), all
data were analysed with the software SAS (SAS Insti-
tute Inc., USA). Significant differences between individ-
ual means were determined using the least significant

difference (LSD) test. Correlation and regression
analysis was carried out using a PC in Excel based on
the research results.

RESULTS AND DISCUSSION

Analysing the research results, it was found that sor-
ghum responds positively to the treatment of seeds
and crops with a growth regulator. Thus, the germina-
tion energy and laboratory germination of seeds were
93.4 and 97.8%, which is 2.3 and 3.2% less than the
control (seed treatment with water). Field germination
was slightly lower than the laboratory germination and
amounted to 87.2% in the variant without treatment
with the growth regulator, 91.5% in the variant where
only seeds were treated with the preparation, 87.4% in
the variant with untreated seeds but sprayed crops, and
90.8% with seed and crop treatment (Table 2). The use
of a growth regulator provided a significant increase in
field germination of sorghum seeds.

Table 2. Quality indicators of common sorghum seeds depending on the method of seed preparation for sowing
(average for 2016-2019)

Seed treatment

Treatment of crops with a growth regulator

Seed quality metrics No treatment —

control (water) regulator

Seeds treated with a

Untreated seeds +

spraying of crops with a Treated seeds + and spraying of

crops with a regulator

regulator
e " 91.1 93.4 - -
Labora(;c;)gggsr,rr;)nation 94.6 978 - -
Field germination of 87.2 91.5 874 90.8

seeds, %

LSD,; (seed germination energy) - 1.30

LSD, (seed laboratory similarity) - 0.39

LSD,, (seed field similarity) - 0.84

Source: compiled by the author
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The duration of the growing season varied depend-
ing on the use of the plant growth regulator (Fig. 3). It
was proved that seed treatment and spraying of crops

110
% 105
3 105
kel
0
0] 100
Q.
c
R
= 95
©
5
> 90
85

reduced the vegetation period of plants to 92 days,
while in the untreated variant, the period from germi-
nation to full maturity was 105 days.

Control (water)

Seeds treated with  Seeds not treated+
growth regulator

Seeds treated+
spraying with growth spraying crops with
regulator growth regulator

Figure 3. Duration of the growing season of sorghum depending on the method of seed preparation for sowing
(average for 2016-2019)

The use of the growth regulator significantly im-
proved the biometric parameters of the studied plants
and the crop as a whole (Table 3). The lowest indica-
tors were obtained in the variant where the growth
regulator was not used (control), with a plant height
of 118.6 cm, stem diameter of 1.4 cm, tillering and
plant weight of 1.8 pcs/plant and 88.2 g. In the variant
where only seeds and sowings were treated, the height

of plants was on average 2.0-4.2 cm higher, the diam-
eter was 1.5 cm, the number of tillers was up to 2.0
per plant, and the average plant weight was 2.1 and
3.6 g higher. The highest indicators of plant growth and
development were observed in the variant where both
seeds and crops were treated: plant height significantly
increased - 130.2 cm, diameter - 1.7 cm, plants bushy -
2.5 pieces/plant and plant weight - 93.5 g.

Table 3. Biometric indices of growth and development of sorghum plants depending on the method of seed preparation
for sowing (average for 2016-2019)

Indicator for the harvest period

Seed sowing treatment method
Plant height, cm

Stem diameter, cm

Bushiness of plants, pcs./plant  Plant mass, g

No treatment -

tEx 1186 14 1.8 88.2
TES control
AER Seeds treated with
o © eeds treated with a
=~ plant growth stimulant 1204 15 20 903
b= Untreated seeds +
GEJ &  spraying of crops with a 122.8 15 2.0 91.8
Bs plant growth stimulant
U =
;E Treated seeds + and
o spraying of crops with a 130.2 1.7 2.5 93.5
“ plant growth stimulant
LSD 1.39 0.20 0.28 1.30

0.5

Source: compiled by the author

The use of a growth regulator provided an in-
crease in the area of the assimilative apparatus of
plants (Table 4), and, accordingly, photosynthetic
activity. The growth of leaf surface area in sorghum
plants occurred from germination to flowering, where
the maximum values of the assimilation surface area
were obtained. Thus, in the variant without the use
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of a growth regulator, the leaf surface area was 20.4
thousand m?/ha. Seed treatment and the use of a
growth regulator on sorghum crops increased the leaf
surface area by 2.6 and 5.4 thousand m?/ha. In the var-
iant where seeds and crops were treated, the assimi-
lation surface area reached a maximum and amounted
to 40.32 thousand m?/ha.
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Table 4. Influence of growth regulator on the change of leaf surface area of sorghum, thousand m?/ha,
(average for 2016-2019)

Leaf area, thousand m?/ha, per phase:

Seed sowing treatment method

bushing tube exit blooming maturity
- § < No treatment - control 6.83 204 33.5 3.19
o £ 9
[TRr=I =i .
nB E’ Seeds treated ywth a plant 792 272 261 412
s growth stimulant
e Untreated seeds + spraying
g & of crops with a plant 8.15 28.6 38.9 4.68
§ 5 growth stimulant
‘:E Treated seeds + and
o~ spraying of crops with a 8.56 29.6 40.32 4.97
et plant growth stimulant
LSD 0.11 0.98 1.36 0.13

0.5

Source: compiled by the author

The correlation and regression analysis of the data
between the growing season and plant height is repre-
sented by a second-order polynomial and the equation

132
130 .
128 -
126

124

122

120

118
90 95

Vegetation period, days

is y=0.0831x2 - 17.229x + 1011.7. A strong correlation
was found, with the coefficient being R=0.9264 and the
coefficient of determination R>=0.9864 (Fig. 4).

y=0.0831x2 - 17.229x + 1011.7

R2=0.9867
R=-0.9264
.................. .
100 105 10

Plant height, cm

Figure 4. Correlation and regression relationship between the growing season and plant height
(average for 2016-2019)

Source: compiled by the author

Correlation and regression analysis of the
data showed a strong linear correlation between
stem diameter and plant height, with the equation
1.75
1.7
1.65
1.6
1.55
1.5 *
1.45
1.4 *
1.35
1.3

118

Stem diameter, cm

120 122

124

y=0.0241x - 1.4396 (Fig. 5). The correlation coefficient
was R=0.9767 and the coefficient of determination was
R?=0.954.

.o

y=0.0241x - 1.4396

R2=0.954
R=0.9767
126 128 130 132

Plant height, cm

Figure 5. Correlation and regression relationship between stem diameter and plant height (average for 2016-2019)

Source: compiled by the author
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When studying correlations, two main questions
arise: the closeness and the shape of the relationship.
Special statistical methods called correlation
are used to measure the strength and shape of the

relationship. The data in Table 5 show that there are
strong correlations associated with biometric traits of
sorghum, depending on the use of plant growth reg-
ulators.

Table 5. Correlation matrix (Pearson)

. o —_

£ g B &35 -

& % 5, o 82 ES  3f &%

ey a v ‘= o ®

£ T 8 # 28 s8Sg 2% 2E

Biometric parameters @ E ng E s $€E3 e =

- S ey c s 2> g o

§ g £8 & ES g3 If Zg

a g ] ©E o> B "<

& 3 g 42 g LTS

Plant height,cm 1 0972 0980 0928 0.827 0.738 0.890  0.842

Stem diameter, cm 0.972 1 0972 0923 0.869 0.788 0.868 0.848

Bushiness of plants, pcs./plant 0.980 0.972 1 0.904 0.837 0.748 0.847 0.818

Plant mass, g 0.928 0.923  0.904 1 0.966 0.927 0.991 0.982

Leaf area, thousand m?/ha (tillering) 0.827 0.869 0.837  0.966 1 0.989 0.847 0.985

Leaf surface area, thousand m?/ha (tube yield) 0.738 0.788 0.748 0927 0.989 1 0.928 0.973

Leaf area, thousand m?/ha (flowering) 0.890 0.868 0.847 0.991 0.847 0.928 1 0.988
Leaf area, thousand m?/ha (full maturity) 0.842 0.848 0818 0.982 0.985 0.973 0.988 1

Note: Significant correlation at p < 0.05
Source: compiled by the author

The correlation calculation shows that the most im-
portant indicators that will influence the formation of crop
productivityare plant weight,leaf area,height,and tillering.

Figure 6 shows a sorghum trial plot. The plants are in the
waxy ripeness phase (third decade of August). Area where
seeds and crops were treated with a growth regulator.

Figure 6. Sorghum in the experimental plots

Source: authors’ photo

It is worth noting that during the vegetation pe-
riod, natural genetically determined changes occurred
in sorghum plants under the influence of the growth
regulator, which was reflected in the consistent develop-
ment of plants and crops in general. Research by T. Asami
& Y. Nakagawa (2018) has shown that plants treated
with growth regulators suffer less from unfavourable
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environments and unstable weather conditions. Growth
regulators promote the formation of nutrients that en-
hance the enzymatic activity of plant cells and the de-
velopment of stimulatory connections by the plant itself.
As a result, the permeability of the root cell membrane
increases, and the absorption of mineral nutrients from
the soil solution by plants improves. The use of growth




regulators accelerates the absorption of oxygen and the
process of photosynthesis. Accordingly, the photosyn-
thetic activity of agrocenoses and crop yields increase.

According to M. Szczepanek (2018), the high effi-
ciency of growth regulators on cereals is associated with
their ability to increase the accumulation of macro-and
microelements, the concentration of photosynthetic
pigments and, as a result, to activate photosynthesis
and increase crop productivity. In addition, growth reg-
ulators help to control the duration of certain stages of
plant growth and development and also contribute to
the correction of crop conditions under the influence of
adverse abiotic factors.

Observations of V. Lyubich et al. (2020) show that
the use of a plant growth regulator affects the germi-
nation energy and laboratory germination of sorghum
seeds, increasing it by 4-7% compared to the control
variant. L. Storozhyk et al. (2020) show that the sowing
qualities of sugar sorghum of the studied varieties and
hybrid decrease even with short-term storage of grain.
The laboratory germination rate after 1 year of storage of
sugar sorghum is 80-81%, germination energy - 6-67%
without the use of biological products. The use of the
biological product Phytocide P increased the quality in-
dicators to 83-87% and 73-75%, respectively. Laboratory
germination of 250% ensures storage of sugar sorghum
grain for 4 years. The germination energy is 47-54%, de-
pending on the variety. Treatment of grain with biolog-
ical products can extend the storage period to 6 years
with a germination energy of 50-54%. It is optimal to use
the Medovyi variety for the production of sugar sorghum
seeds, which have the highest sowing properties with
the treatment of grain with a biological product. The lab-
oratory germination rate is 65-87%, and the germination
energy is 54-75%, depending on the storage period.

According to O. Prysiazhniuk et al. (2022), foliar ap-
plication of a plant growth regulator at microstage 21
(BBCH) contributed to faster development of sorghum
plants and increased grain yield of sorghum varieties
(0.19 t/ha of Odesskyi 205 and 0.12 t/ha of Lan 59)
compared to application at stage Il (Kuperman).
S. Dhaliwal et al. (2020) argue that the use of growth
regulators at the optimal time helps to avoid plant
stress caused by unfavourable growing conditions dur-
ing critical growth stages.

According to the research of Dyomin et al. (2021),
the use of the product was found to be detected at the
initial stages of plant ontogeny and did not affect the
rate of seed ripening in the panicle. Changes in the
duration of the interphase periods (sowing-seedlings,
seedlings-bush, bush-emergence into the tube) mainly
depended on the method of application of the prepara-
tion. However, the periods of panicle ejection-flowering
and flowering-seed ripening were not affected by the
experimental variants. At the same time, the total dura-
tion of the growing season of perennial sorghum varied
depending on the factor under study: in the context of

Pravdyva et al.

the experimental variants, it ranged from 122 to 132
days. That is, the use of “Agrostimulin” in pre-sowing
seed preparation reduces this period by 5 days, treat-
ment during the growing season - by 6 days, and the
combined use of these measures - by 10 days.

Thus, based on the conducted research, it should
be noted that the use of plant growth regulators on
seeds and crops of sorghum allows for a reduction in
the rates of fertiliser and pesticide application. It also
has a positive effect on the quality and biometric pa-
rameters of seeds, which was confirmed by correlation
analysis. However, the issue of using growth regulators
on sorghum crops requires further study, as there is vir-
tually no information on such studies.

CONCLUSIONS

The results of the research are statistically significant,
and the elements of the cultivation technology stud-
ied are likely to be used for growing other varieties in
different soil and climatic conditions. The results of the
research showed that the use of the growth regulator
changed the quality indicators of sorghum seeds, namely
seed treatment and spraying of crops increased germina-
tion energy and laboratory and field germination by 2.3,
3.2 and 4.3% compared to the control. The duration of
the growing season without seed and crop treatment was
105 days, while with treatment it was reduced by 13 days.

It was proved that the use of the growth regula-
tor significantly increases biometric parameters: plant
height - up to 130.2 cm, stem diameter - up to 1.7 cm,
increase in productive stems — up to 2.5 pieces per plant
and plant weight - up to 93.5 g. The leaf surface area,
depending on the period of development, in the variant
where seeds and crops were treated, reached a maxi-
mum and ranged from 8.56 to 40.32 thousand m%/ha:
the smallest was in the period of full ripeness - 4.97
thousand m?/ha in the same experiment.

A close correlation was established between the stud-
ied parameters of plant growth and development, which
have a significant impact on the yield of sorghum as an
energy crop. Given the significant effectiveness of growth
regulator application in studies to improve grain and bi-
omass productivity of sorghum and considering climate
change, namely, increasing temperature and decreasing
precipitation, the study of the effectiveness of growth reg-
ulators in sorghum crops is a relevant and promising area
of research. Sorghum is considered as a bioenergy crop,
so it is worth investigating the use of plant growth requ-
lators in combination with other elements of cultivation
technology, which will determine the correct planning
of crops and processing in the future.
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AHoTauif. OcTaHHIM YaCcoM 3pOCTaE iHTepec 4,0 BUPOLLYBaHHS COPro 3BMYAAHOIO IBOKOIbOPOBOTO K 6ioeHepreTUUHoi
KYNbTYpH, Tak SIK MO0 MOXHa BUKOPUCTOBYBATH A1 BUPOOHULTBA HBionanuea (€TMNI0BMI CNUPT) Ta TBEPLOro NanmBa
(nenetiB Ta OpuKeTIB i3 HaA3eMHOI Macu). 3epHO COPro XapakTepu3YeTbC BMCOKMM BMIiCTOM KpPOXMank - A0
80 %. Tema pocnigkeHb akTyanbHa, ane ManoBuBYEHa. MeTa JoCNiAXeHb NoNgrana y BUBYEHHI BMNAWMBY perynstopa
POCTY Ha piCT Ta pPO3BMTOK COPro 3BMYaMHOro 4BOKONLOPOBOro B yMoBax [lpaBobepexHoro Jlicocteny Ykpainu.
BukopuctoByBanucb Taki METOAM AOCAIAXKEHb: NONbOBUIA, BUMIipIOBAaNbHO-BAaroBMi, MaTeMaTUYHO-CTAaTUCTUYHUIA, Y
CTaTTi HABeLEHO pe3ynbTaTh gocnimxkeHb3a 2016-2019 poku, Ae BUBYANMU BMNIMB €1E€MEHTIB TEXHOOTi i BUPOLLYBAHHS
Ha 0cobAMBOCTI POpPMYBaHHS BIOMETPUUYHMX MOKA3HMKIB. JOCNiAKEHO, WO 3aCTOCYBaHHS perynatopa pocty poc/iMH
BMJIMBANO Ha MOJSIbOBY CXOXiCTb, BEreTaLiiMHMiA nepios, 6iOMETPUYHI MOKA3HMKM POCTY POCAMH, MIOLLY JIMCTKOBOI
nosepxHi. BctaHoBNEHO TiCHOTY KOpenauinHMxX 3B'93KiB AOCNIAXKYBAHMX NMOKAa3HWUKIB, Ta NPOBEAEHO KopensuiiHo-
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130 Sorghum (Sorghum bicolour (L.) Moench,)...

perpeciiHMin aHanis AaHWX, KM NOKa3aB CUJIbHY KOpensuilo MK BeretauiMHMM nepiogoMm i BUCOTOK POC/VWH,
ne koeodiuieHT cknae R=0,9264, a koediuieHT neTepMiHauii R?=0,9864. A TaKoX CUIbHUIA 3BKI30K MiX AiaMeTpoM
cTebna Ta BMCOTOK POCAMH, Ae KoediuieHT kopenauii cknae R=0,9767, a koedilieHT AeTepMiHaLii BignoBiLHO
ctaHoBuB R?*=0,954. MNpoBeneHi [OCNIAXKEHHS NiATBEPLXYIOTb AOLINbHICTD 3aCTOCYBaHHS perynstopa pocTy, Wo
NMOKpPALLY€E PO3BMTOK POC/MH i CNPUITUME NiLBULLEHHIO YPOXKAMHOCTI Ta KOCTI 3epHa i BioMacu copro 3BMYaHOro
nBoKonbopoBoro. OTpMMaHi pesynsTatv AOCAIAKEHb OAtOTb MiACTABM BBAXATH, WO PErynsatopu pocTy ChpUAITH

OTPMMaHHIO EKOJOTYHO YMCTOI MPOAYKLii Ta BMUCTYNalTb CKNAAOBMMU EKONOriYHO YMCTOi Ta eHepro3bepiratoyoi
TEXHONOrii BUPOLLYBaHHS

Kntouosi cnoBa: copro 3suyaiiHe 4BOKONbOPOBE; PerynsTop pocTy; SKiCHi MOKa3HWKKU HACiHHS; BereTaliH1i nepioa;
6ioMeTpUYHI NOKA3HMKM; MOLLA IMCTKOBOI NMOBEPXHI; Kopensiyis
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Abstract. The analysis of cytological abnormalities is an important method for
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ecological and genetic variability,and to show the interaction between the variety and
the mutagen. Winter wheat grains of several varieties (Balaton, Borovytsia, Zelenyi Hai,
Zoloto Ukrainy, Kalancha, Niva Odeska, Polianka, Pochayna) were treated with dimethyl
sulphate at concentrations of 0.0125%, 0.025%, 0.05%, and exposure was 24 hours.
The cytogenetic activity was studied by the frequency and spectrum of chromosomal
rearrangements in the corresponding phases of cell division, depending on the variety
and concentration of the mutagen as the main factors affecting these parameters, as
well as the main features of the spectrum, such as the overall rate of chromosomal
rearrangements, the number of fragments and double fragments, bridges, micronuclei,
and lagging chromosomes. The studied concentrations of the supermutagen were
found to have a significant effect on all analysed parameters and can be classified
as optimal and high concentration levels in terms of the effect on cytological activity
and mitotic problems for the factor, despite previous studies. The variety factor has a
much greater impact on the nature and frequency of certain types of aberrations than
an increase in the mutagen concentration, it was characterised by a much greater
site-specific effect than other chemical agents, and various variants in mutagenic
effects were identified according to the subject’s genotype. It was generalised that
the features that reproduced the effect of the mutagen, according to the discriminant
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analysis, were the total frequency, the frequency of fragments and double fragments, and bridges. In practical use
in the genetic improvement of plants and for obtaining valuable traits, the optimal concentrations are 0.0125%,
and 0.025%, which is planned to be further confirmed on a wider range of genotypes and by mutation studies for

the next (second or third) generations

Keywords: chromosomal aberrations; mutagen; winter wheat; dimethyl sulphate; cytological analysis

INTRODUCTION

The study of the chemical factors’activity identifies the
success of the respective substance in inducing both
general variability in plant material and specificity in
the possibility of detecting certain types of changes
in treated plants in subsequent generations. As long-
term studies have shown, the level of activity depends
on the future overall frequency of changes and is sig-
nificantly adjusted by the subject of the action, while
the specificity of the action directly depends on the
reproduction of the specifics of the factor’s effect by
individual indicators.

Following previous studies (Klcuk & Liman, 2018;
Cann et al., 2022), the use of mutagenic factors for
genetic improvement of cultivated plants should be
preceded by careful monitoring of their mutational ac-
tivity and damage capacity. The study was carried out
both at the level of the plant as a whole (mutagenic
depression in terms of plant growth and development
in the first generation) and at the level of the organism,
to determine cytogenetic activity at the cellular level
(analysis of chromosomal aberrations, their frequencies
depending on the genotype and dose (concentration)
of the mutagen, characteristics of the spectrum of cy-
togenetic variability and analysis of the ratios of certain
types of rearrangements).

Monitoring of cytogenetic activity allows not only
to establish the potential activity of a chemical as a
mutagen, as indicated in previous studies (Ariraman
et al.,2018; Abaza et al., 2020; Yali & Mitiku, 2022) but
also to conclude the nature of the aberrations formed
and their correlation with the possible genotype-mu-
tagenic interaction and the suitability of individual
factors for acting on certain genotypes, which has al-
ready been established many times. This is of particular
importance for chemical mutagenesis, given the signif-
icant specific feature of chemicals (mechanism of ac-
tion through structural correspondence to certain DNA
sites) established by previous studies (Von Well et al.,
2018; Chaudhary et al., 2019).

Several researchers (Yang et al., 2019; Hussain
et al., 2021) have shown that varietal material is rather
poorly studied in this area, and even for classical fac-
tors, there is still variability that can reach quite signif-
icant limits. S. Nurmansyah et al. (2018) and E. El-Azab
et al.(2018) proved that only by using the DNA structure
of the original forms, firstly, it is possible to increase
mutational variability or reduce possible depressive ef-
fects when using forms that are very sensitive to this
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factor (especially on the verge of semi- and sublethal-
ity of certain indicators), and secondly, to predict the
level of variability of the resulting material. H. Ram
et al. (2019) found that an important feature of iden-
tifying a mutagenic effect at the cellular level is the
ability to determine the lethality of a particular factor
and its practically useful concentrations in terms of its
genetic activity. When certain thresholds are reached,
the use of higher concentrations is inappropriate and
leads, instead of increasing, to a decrease in the induc-
tion of new forms and their variability, which is associ-
ated with a too-high toxic effect and an increase in the
magnitude of changes in DNA (Hong et al., 2022).

M. Spencer-Lopes et al. (2018) showed that sensi-
tivity to mutagens is genetically determined, and while
two main genetically determined resistance mech-
anisms are known for physical factors, in particular
gamma rays, summarised in the relevant protocols, a
significantly larger number of them are predicted for
chemical agents. It should be noted that one of these
mechanisms was discovered precisely when studying
the cytogenetic activity of local forms of cereal crops,
so cases where individual genotypes in studies (Yang
etal.,2019; Hase et al., 2020) demonstrate a rather spe-
cific, uncharacteristic genotype response to a particular
factor may indicate a new or modified mechanism of
resistance and/or sensitivity to mutagenic effects. This
is especially true given the predominantly recessive
control of these types of resistance.

The research aims to identify the peculiarities of
genotype mutagenic action given the ecological and
genetic variability of subjects in terms of cytogenetic
activity parameters under the influence of a factor with
high damaging ability.

MATERIALS AND METHODS

Cytological analysis studies were conducted in the lab-
oratory at the Department of Breeding and Seed Pro-
duction of Dnipro State Agrarian and Economic Univer-
sity in 2021-2022. The experiment was conducted on
the seeds of eight winter wheat varieties, which were
selected in such a way as to maximise the biodiver-
sity of the crop varieties used for agriculture (Balaton,
Borovytsia, Zelenyi Hai, Zoloto Ukrainy, Kalancha, Nyva
Odeska, Polianka, Pochaina). These varieties in the first
generation were classified into two groups in the field
studies under the action of the mutagen according to
the effects of depression, so to simplify the research




design, we further studied not only the behaviour of
each genotype separately but also linked the data ob-
tained to the groups.

Samples of winter wheat grain were treated with an
aqueous solution of DMS (dimethyl sulphate, hereinafter
referred to as DMS) at concentrations of 0.0125, 0.025
and 0.05%. The control was soaked in distilled water. The
number of treated grains should have ensured the main-
tenance of at least 25-30 samples with a developed pri-
mary root system in the future (at least 100 grains). The
selected concentrations were experimentally proposed
for protocols for the mutational improvement of winter
wheat. The exposure period was 24 hours.

The cytological analysis of chromosomal abnor-
malities under the action of the mutagen was per-
formed on temporary preparations of the primary root
system meristem at the corresponding stages of mitosis
in late metaphase and early anaphase. All types of ab-
errations were studied using Micromed XS-3330 light
microscopy with a 600x magnification on pressed root
tip preparations (2 mm with root length of 1.0-1.2 cm).
In each variant, up to 1000 corresponding cells were
used if available. At a high level of elimination, at least
500 were used.

After exposure to the appropriate concentration
of DMS, the samples were cultured in Petri dishes on
filter paper with distilled water in a thermostat at 20-
22°C. The tips of the roots were then cut off and fixed
in Clark’s fixative, consisting of 3 parts 96% medical
alcohol and 1-part ice-cold acetic acid, for at least 24
hours. The samples were stored in a solution of 70%
ethyl alcohol at 2°C in a refrigerator. For each variant,
up to 30 samples were prepared (but not necessarily
all were used). The resulting pressed root tip prepara-
tions were stained with acetocarmine. For this method
of cytogenetic analysis, such abnormalities as frag-
ments and double fragments, chromatid and chromo-
somal bridges, micronuclei, and lagging chromosomes
were examined. Cells with multiple abnormalities were
counted separately.

Horshchar & Nazarenko

The values in the tables are presented as means
with standard deviation x*SD. The difference be-
tween the variants was determined by factor analysis
(ANOVA module) and was considered significant at
P<0.05. The normality of the distribution was investi-
gated by the Shapiro-Wilks test, pairwise comparison
was performed by the Tukey HSD test, and discrimi-
nant analysis was performed by the multiple statistics
modules of Statistica 10.

RESULTS AND DISCUSSION

The study of the cytogenetic activity of a mutagenic
factor includes such steps as calculating the total fre-
quency of chromosomal aberrations, indicators of the
spectrum of existing changes, and studying the nature
and concentration of mutagens on the variability of
these indicators. The total frequency of chromosomal
aberrations generally depended on the change in con-
centration according to the factor analysis (F=46.17;
F,0s=3.07; P=3.19"10°) and, especially, on the gen-
otype of the source material (F=112.47; F  =2.48;
P=8.26*10), which significantly differed from the pre-
viously studied genetic activity of other, less harmful
mutagens (Table 1). The total frequency, in general,
varied in the control from 0.6 % in Polianka variety to
1.00% in Balaton variety, from 13.47 (Nyva Odeska vari-
ety) to 17.78% in Balaton variety under the influence of
DMS concentration 0. 0125%, under the action of DMS
0.025% from 14.18% in Kalancha to 20.26% in Balaton,
from 12.99% in Nyva Odeska to 23.91% in Balaton with
increasing concentration to DMS 0.05%. In contrast to
the previously studied mutagens, the specificity of the
dynamics of frequency changes in different genotypes
was noted. Thus, the frequency gradually increases in
Balaton and Polyanka, the frequency remains at the
same level and then increases in Zelenyi Hai, Zoloto
Ukrainy, Borovytsia, and Kalancha (i.e. this is the most
typical reaction), the frequency first increases and then
decreases in Nyva Odeska, increases and then remains
at the same level in Pochaina.

Table 1. The total frequency of chromosomal rearrangements in mitotic cells
in the corresponding phases (x£SD, n=500-1000)

Variety Concentration

Mitoses, pcs.

Chromosomal rearrangements

pcs. %

Balaton water 1002 9 0.90£0.11°
Balaton DMS 0.0125% 1007 179 17.78%0.51°
Balaton DMS 0.025% 923 187 20.26+0.48¢
Balaton DMS 0.05% 640 153 23.91£0.37¢
Zelenyi Hai water 1008 8 0.79%0.122
Zelenyi Hai DMS 0.0125% 1001 175 17.48+0.39°
Zelenyi Hai DMS 0.025% 910 161 17.69%0.50°
Zelenyi Hai DMS 0.05% 610 123 20.16+0.69¢
Zoloto Ukrainy water 1001 8 0.80+0.21°
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Table 1, Continued

Chromosomal rearrangements

Variety Concentration Mitoses, pcs.
pcs. %

Zoloto Ukrainy DMS 0.0125% 1008 174 17.26+0.39°
Zoloto Ukrainy DMS 0.025% 890 150 16.85+0.37°
Zoloto Ukrainy DMS 0.05% 610 117 19.18+0.43¢
Nyva Odeska water 1009 9 0.89%0.192
Nyva Odeska DMS 0.0125% 1010 136 13.47+0.40°
Nyva Odeska DMS 0.025% 889 130 14.62%0.28¢
Nyva Odeska DMS 0.05% 670 87 12.99+0.47°
Borovytsia water 1001 7 0.70£0.202
Borovytsia DMS 0.0125% 1009 157 15.560.32°
Borovytsia DMS 0.025% 930 148 15.91¢0.33°
Borovytsia DMS 0.05% 578 106 18.34+0.41¢
Kalancha water 1000 10 1.00+0.15°
Kalancha DMS 0.0125% 1003 139 13.860.34°
Kalancha DMS 0.025% 924 131 14.18+0.39°
Kalancha DMS 0.05% 619 97 15.67+0.41¢
Polianka water 1007 6 0.60+0.26°
Polianka DMS 0.0125% 1005 148 14.73+0.36°
Polianka DMS 0.025% 917 145 15.81%0.39¢
Polianka DMS 0.05% 734 129 17.57+0.51¢
Pochaina water 1005 8 0.80+0.06°
Pochaina DMS 0.0125% 1002 139 13.87+0.35°
Pochaina DMS 0.025% 901 152 16.87+0.33¢
Pochaina DMS 0.05% 712 118 16.57+0.37¢

Note: indicates a significant difference at P<0.05 for the Tukey test with Bonferroni correction. Comparison within the

same variety
Source: developed by the authors

Tukey’s test for pairwise comparison showed that
Balaton (F=11.09; F ,.=2.48; P=0.001), Nyva Odeska
(F=8.34; F,,=2.48; P=0.005), Pochaina (F=4.53;
Fo0s=2:48; P=0.02) were significantly different from
other varieties. Thus, regarding the difference in re-
sponse between genotypes, the following was found in
the pairwise comparison: varieties Zelenyi Hai, Zoloto
Ukrainy, Borovytsia, Kalancha, and Polianka form a more
or less homogeneous group, while varieties Balaton,
Nyva Odeska, Pochaina differ from them and each other.

Considering such an indicator as the number of cells
studied, it can be established that only a concentration
of 0.0125% of DMS allowed us to study the appropriate
number of cells. Already at a concentration of 0.025%,
there was a sufficiently high elimination of the genetic
apparatus of cells to fail to collect such a number (the
difference between genotypes is insignificant), and a
concentration of 0.025% of DMS led to high cell death
in the corresponding phases, especially for the varieties
Balaton, Zelenyi Hai, Zoloto Ukrainy, Borovytsia, Kalan-
cha. The varieties Nyva Odeska, Polianka, and Pochaina
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were more resistant (F=8.90; F .=4.10; P=0.004), but
they have a more characteristic plateau in the effect of
the mutagen at high concentrations (except for Poly-
anka). That is, the overall decrease in frequency at high
concentrations cannot be explained by cell death alone;
the mechanism is more complex and includes a ban on
the rearrangement of individual sites after reaching a
certain limit in aberrations. The peak of genetic activity
should be between the second and third concentrations.

Individual indicators of the chromosomal aber-
ration spectrum are presented following the level of
depression at the level of the organism as a whole in
Tables 2 (higher depression) and 3 (more stable). The
analysis was based on the following parameters: the
presence of bridges, fragments, the ratio between frag-
ments and bridges (since the first type of aberration is
mainly induced by chemical mutagens, the second - by
physical ones), the presence of less frequent types of
aberrations such as micronuclei and lagging chromo-
somes, and the presence of cells with two or more ab-
errations were calculated separately.
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Table 2. Parameters of the spectrum of adjustments. First group (xSD, n=500-1000)

Bridges Other (micronuclei,
Fragments N

(single + double) (chromosomal + fragments/ lagging Double or more

Variety Concentration 9 chromatid) 9" chromosomes)

bridges

n % n % n % n %
Balaton water 4.0+0.4° 44 .4 4.0+1.7° 444 1.0 2.0£0.9° 22.2 0.0¢0.0° 00
Balaton DMS 0.0125%  96.0+1.6° 536  61.0+2.1° 341 1.6 22.0%#1.7° 123 32.0%1.7° 179
Balaton DMS 0.025%  101.0+1.9° 542  64.0%2.2° 34.2 1.6 22.0+#1.5* 118 30.0%2.7° 16.0
Balaton DMS 0.05% 75.0%2.4¢ 49.0  62.0+3.4°> 40.5 1.2 16.01.9c 10.5 22.0+1.5¢ 144
Zelenyi Hai water 4.0£1.0° 50.0 3.0£0.62 375 1.3 1.0+1.1° 12.5  0.0%0.0° 0.0
Zelenyi Hai DMS 0.0125%  109.0£#1.2° 62.3  47.0%3.1°> 269 23 19.0£2.5° 109 26.0+2.0° 149
Zelenyi Hai DMS 0.025% 97.0+1.3¢ 60.2  46.0%2.7° 28.6 21 18.0£2.2° 112 23.0%2.5° 143
Zelenyi Hai DMS 0.05% 75.02.2¢ 61.0  34.0+2.5¢ 276 2.2 14.0+2.1> 114 16.0¥2.3¢ 130
Zoloto Ukrainy water 5.0£1.5° 62.5 3.0£1.22 375 1.7 0.0+0.02 0.00 0.0%0.0° 0.0
Zoloto Ukrainy DMS 0.0125%  93.0+3.0° 535  59.0+2.4> 339 1.6 22.0+#1.8° 126 29.0¢1.4°* 16.7
Zoloto Ukrainy  DMS 0.025% 78.0+3.3¢ 520 52.0%3.1° 347 1.5 20.0£2.0° 133 29.0%#2.3> 193
Zoloto Ukrainy ~ DMS 0.05% 61.0+3.1¢ 521  42.0%2.9¢ 359 15 14.0£2.1¢  12.0 17.0%3.0¢ 14.6
Nyva Odeska water 4.0+1.6° 44 .4 4.0+1.22 444 1.0 1.0£1.22 111 1.0+1.5° 111
Nyva Odeska  DMS 0.0125%  79.0%2.3° 58.1 35.0¢1.8° 257 2.3 22.0£2.0° 16.2 32.0+£2.0° 235
Nyva Odeska DMS 0.025% 74.0£3.2° 569  33.0%2.1° 254 2.2 23.0%£2.1° 177 29.0£2.0° 223
Nyva Odeska DMS 0.05% 55.0+4.1¢ 60.9  20.0+2.1< 230 27 14.0£2.2¢ 161 19.0%#2.2¢ 2138

Note: indicates a significant difference at P<0.05 for the Tukey test with Bonferroni correction. Comparison within the

same variety
Source: developed by the authors

Analysing the data for individual types of rear-
rangements, it can be seen that according to the factor
analysis,the frequency of fragments is highly dependent
on the concentration (F=34.33; F, =3.07; P=1.16"107)
and, to a lesser extent, on the genotype of the source
material (F=29.90; F, =2.48; P=4.17"10%). In general,
the number of fragments varied at 0.0125% DMS from
79 in Nyva Odeska in the first group (Table 2) and 73 in
Pochaina and Kalancha (second group, Table 3) to 109
in Zelenyi Hai and 85 in Polianka. Under the influence
of 0.025% DMS, from 74 in Nyva Odeska in the first
group, 70 in Kalancha to 97 in Zelenyi Hai (first group),
87 in Polianka (second group). Under the influence of
DMS, 0.05% from 55 in Nyva Odeska to 75 in Balaton
and Zelenyi Hai (first group), from 54 in Kalancha to 76
in Polianka (second group).

In the first group, the absolute amount is higher,
and the relative weight in the spectrum is lower in the
second group, except for the variety Polyanka, i.e. the
effect of the mutagen is less pronounced. At the same
time, in Balaton, Nyva Odeska, Borovytsia, Polianka,
Pochaina (F=3.11; F .=4.10; P=0.07) there is no sta-
tistically significant difference between the effect of
the first and second concentration, while in Zelenyi
Hai, Zoloto Ukrainy and Kalancha (F=11.25; F  .=4.44;

P=0.004) the difference at each concentration is signifi-
cant. The number of fragments between the control and
the first concentration, the second and the third concen-
tration always changes significantly within the grade. It
should be noted that, in general, the proportion of this
type of chromosomal aberration varies between 50 and
60% of the total number in the spectrum.The following
groups can be distinguished by variability: in the Bala-
ton variety (F=4.45; F  .=2.48; P=0.01), the proportion
is generally decreasing, in all other varieties it is at the
same level, without significant variations.

As for the frequency of bridges, there is a char-
acteristic dependence on the concentration (F=5.09,
Fo0s=3-07, P=0.02), and a relatively stronger depend-
ence on the genotype of the source material (F=9.34,
Fo0s=2-48, P=0.007). In general, the number of bridges
varied at 0.0125% DMS from 35 in Nyva Odeska in the
first group (Table 2) and 34 in Kalancha (second group,
Table 3) to 61 in Balaton and 47 in Borovytsia. Under
the influence of 0.025% DMS, from 33 in Nyva Odeska
in the first group, 30 in Borovytsia to 64 in Balaton (first
group), and 44 in Borovytsia (second group). Under the
influence of DMS 0.05% from 20 in Nyva Odeska to 62
in Balaton (first group), from 23 in Kalancha to 37 in
Pochaina (second group).
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Table 3. Parameters of the restructuring spectrum. The second group (xxSD, n=500-1000)

Fragments (single + Bridges Other (mic-ronuclei,

X X (chromosomal + fragments/ lagging Double or more

Variety Concentration double) chromatid) bridges chromosomes)
n % n % n % n %
Borovytsia water 3.0£1.0° 429 3.0£1.12 429 1.0 1.0£1.6= 143 0.0+0.00 0.0
Borovytsia DMS 0.0125% 82.0¢3.1° 52.2 47.0£2.0° 30.0 1.7 28.0¢1.9° 178 26.0*2.0° 16.6
Borovytsia DMS 0.025% 78.01.9° 527 44.0+2.5° 30.0 1.8 26.0+2.4> 176 25.0£2.2° 16.9
Borovytsia DMS 0.05% 57.0+3.0¢ 53.7 30.0%3.0¢ 283 1.9 19.0£2.0c 179 20.0¢3.1° 189
Kalancha water 4.0x0.7° 40.0 5.0£1.72 50.0 0.8 1.0:0.6° 100 0.0£1.0° 0.0
Kalancha DMS 0.0125% 73.0%2.2° 525 34.0+1.8° 24.5 2.2 32.0£1.4> 230 29.0£#1.5* 209
Kalancha DMS 0.025% 70.0%2.0° 534 32.0£2.2° 244 2.2 29.0+2.1° 22.0 28.0+2.0° 214
Kalancha DMS 0.05% 54.0+1.1¢ 557 23.0¢2.2¢ 237 2.4 20.0+2.2¢ 207 19.0%2.5¢ 19.6
Polianka water 2.0£1.22 33.3 2.0£2.0° 33.3 1.0 2.0+1.3* 333 0.0£0.0° 0.0
Polianka DMS 0.0125% 85.0£2.1> 574 43.0+2.1° 29.0 2.0 20.0#1.4> 135 23.0*¥1.4* 154
Polianka DMS 0.025% 87.0+2.4>  60.0 41.0£2.6° 283 21 17.0+2.0° 11.7 22.0+2.1° 151
Polianka DMS 0.05% 76.0%2.9¢ 589 31.0+3.1¢ 240 2.5 22.0+3.0° 171 31.0%2.6° 240
Pochaina water 3.0+1.4° 37.5 5.0£1.2° 62.5 0.6 0.0+0.0° 0.0 0.00.0° 0.
Pochaina DMS 0.0125% 73.0%2.1° 525 40.0+2.6° 28.8 1.8 26.0+2.4> 187 25.0¢1.4° 18.0
Pochaina DMS 0.025% 78.0%2.5° 513 42.0+3.3° 27.6 1.9 32.0+3.0c¢ 21.1 28.0+1.5 184
Pochaina DMS 0.05% 60.0¥3.1°  50.9 37.0£3.4° 313 1.6 21.0+3.3> 178 24.0£1.9* 20.3

Note: indicates a significant difference at P<0.05 for the Tukey test with Bonferroni correction. Comparison within the

same variety
Source: developed by the authors

The absolute amount is again higher in the first
group, and the relative weight in the spectrum is ap-
proximately equal in both groups and depends more
on the individual variety, but it is impossible to es-
tablish patterns. The variability in concentrations is
much lower. Thus, in the Balaton and Pochaina varie-
ties (F=2.46, F, .=4.40, P=0.09) there is no statistically
significant difference between the effects of individual
concentrations, while in other varieties there is no dif-
ference between the first and second concentration
(F=1.34, F ,=2.55, P=0.08), only between the control
and the first and third and all other concentrations. In
general, the proportion of this type of chromosomal
aberration varies between 20-40% of the total number
in the spectrum. The following groups can be distin-
guished by their variability: in the Balaton variety, the
proportion is generally increasing, in the Polianka va-
riety it is decreasing, and in all other varieties it is at
the same level, without significant variations. As for the
integrative index of the ratio of bridges to fragments, in
all cases under the action of the mutagen it exceeded

1, which is typical for the action of chemical mutagens.

This is least pronounced in the Balaton variety, with a
significant predominance of fragments in the varieties
Zelenyi Hai, Nyva Odeska, Kalancha, and Polianka.

As for the presence of liquid aberrations, their num-
ber depends on the concentration (F=3.91; F .=3.07;
P=0.04) but does not depend on the genotype of the
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source material (F=2.40; F, .=2.48; P=0.06). In general,
the number of micronuclei and lagging chromosomes
varied at 0.0125% DMS from 19 in Zelenyi Hai in the
first group (Table 2) and 20 in Polianka (second group,
Table 3) to 22 in Balaton, Zoloto Ukrainy, Nyva Odeska
and 32 in Kalancha. Under the effect of 0.025% DMS,
from 18 in Zelenyi Hai in the first group, 17 in Polianka
to 23 in Nyva Odeska (first group), and 32 in Pochayna
(second group). Under the influence of 0.05% of the
DMS, from 14 in three varieties to 16 in Balaton (first
group), there is virtually no variation, from 19 in Bor-
ovytsia to 22 in Polyanka (second group). In general, the
number is much lower than other types of aberrations.

In this case, the absolute amount is higher in the
second group, and the relative weight in the spec-
trum is relatively higher in the second group (except
for Polianka and considering that Nyva Odeska is ap-
proximately at the same level as other varieties in the
second group) and is more dependent on the individual
variety. The variability in concentrations is even lower
than that of bridges. Thus, in the varieties Zelenyi Hai
and Polianka (F=2.99; F .=4.40; P=0.08) there is no
statistically significant difference between the effect
of individual concentrations, while in other varieties
there is no difference between the first and second
concentration (F=2.55; F  .=3.01; P=0.07), only between
the control and the first and third concentrations, and
all other varieties with a significant decrease in the




number under the highest concentration (except for Po-
chaina, which stood out with a higher number under the
second concentration). In general, the proportion of this
type of chromosomal aberration varies between 10 and
25% of the total number in the spectrum. The following
groups can be distinguished by their variability: in the
first group and varieties Borovytsia and Kalancha, it is
approximately at the same level, in the variety Polianka
it decreases at the second concentration and increases
again to the same level at the third concentration, in the
variety Pochaina it increases to increases to the second
concentration and then decreases to the same level.

As for the presence of cells with complex aberra-
tions (two or more rearrangements), their number de-
pends on the concentration (F=5.99, F  .=3.07, P=0.03),
but again does not depend on the genotype of the
source material (F=2.12, F, .=2.48,P=0.07) according to
the factor analysis. When counting the number of cells
with complex chromosomal rearrangements, the effect
of 0.0125% DMS varied from 26 in Zelenyi Hai in the
first group (Table 2) and 23 in Polyanka (second group,
Table 3) to 32 in Balaton, Nyva Odeska and 29 in Kal-
ancha. Under the influence of DMS 0.025% from 23 in
Zelenyi Hai in the first group, 22 in Polyanka to 30 in
Balaton (first group), and 28 in Polianka, Pochaina (sec-
ond group). Under the influence of 0.05% DMS, from 16
in Zelenyi Hai to 22 in Balaton (first group), from 19 in
Kalancha to 31 in Polianka (second group). In general,
the number of such cells is quite high in comparison
with other mutagens, but the lethal effect of high con-
centrations is affected.

In this case, in the second group, the absolute num-
ber is higher at higher concentrations, which is associ-
ated with increased cell elimination in the first group,
the relative weight in the spectrum is relatively higher
in the second group (considering the lower one in the
variety Polyanka from the second group and the higher
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one in the variety Nyva Odeska), this parameter shows
a high genotype-mutagenic interaction in the form of
a variety reaction as a subject of mutagenic action. The
variability in concentrations is quite high but lower
than in the previous parameters. Thus, only in the Po-
chaina variety, the effect of the second concentration is
partially different, while in other varieties there is no
difference between the first and second concentration
(F=2.01; F,,=3.40; P=0.09), there is a statistically signif-
icant difference only between the control and the first
and second concentration, between the first and second
concentrations and the third, highest concentration. In
general, the proportion of this type of chromosomal
aberration varies between 10-25% of the total number
in the spectrum. Such varieties as Polianka (the num-
ber of cells with multiple aberrations increases at the
third concentration) (F=9.46; F .=2.48; P=0.001) and
Pochaina (the indicator does not reflect any increase in
concentration) (F=4.00; F, .=2.48; P=0.03) stood out for
their variability in pairwise comparison, which indicates
the absence of threshold concentrations of significance
for viability. ALl other varieties are characterised by ap-
proximately the same value at the first and second con-
centrations and a sharp decline at the third.

The analysis of the factor loadings of individual
signs of cytogenetic variability (Table 4) showed that
for the genotype, such parameters as the total frequen-
cy, fragments, bridges, rare types of aberrations, and the
presence of cells with multiple rearrangements were
significantly variable, although some were on the verge
of being unreliable. That is, concentration as a factor
was more significant, since in the case of genotype, two
indicators of the presence of other types of rearrange-
ments and complex rearrangements were not signifi-
cant, indicating the fact of the reliability of deviations
in the reaction of only two varieties of Polianka and
Pochaina (in one case, somewhat Zelenyi Hai).

137

Table 4. Factor load by cytogenetic parameters

Parameter Concentration Genotype
General frequency 0.817* -0.934"
Fragments 0.816 0.844*
Bridges 0.790* -0.749"
Other types of aberrations -0.678* 0.436
Complex 0.717* 0.501
Overall explained 2.983 2.114
Unexplained 0.990 1.095

Note: * - important parameters
Source: developed by the authors

The discriminant analysis (Table 5, Fig. 1) confirmed
the data obtained, somewhat specifying the traits that
reproduced the effect of the mutagen. The total frequen-
¢y, number of fragments, and bridges depended on the

genotype. It should be noted that for chemical mutagens,
especially weaker ones, the number of bridges is not al-
ways included inthe model.All parameters changed when
the concentration of DMS changed. In the classification
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space of the canonical functions, the control was clearly
distinguished with a large distance. The grouping also
showed a statistically significant difference in the case

of higher concentrations. Concentrations of 0.0125 and
0.025% of DMS did not differ in the factor space and
formed one continuous mixed group.

Table 5. Discriminant function values for cytogenetic activity parameters

Genotype Concentration
Parameter
Wilks’-Lambda F__  (7.85) p-level  Wilks’-Lambda F__  (3.89) p-level
General frequency 0.022 10.87 0.01 0.017 8.07 0.01
Fragments 0.020 11.34 0.01 0.018 9.76 0.01
Bridges 0.015 8.77 0.03 0.015 4.56 0.03
Other 0.004 3.67 0.07 0.014 4.66 0.04
Two or more 0.003 3.16 0.08 0.014 4.19 0.05
Source: developed by the authors
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Figure 1. Classification by concentrations in the factor space of canonical functions

The strength of the classification of individual pa-
rameters was the same for both genotypes and con-
centrations, which is significantly different from previ-
ous studies, where concentrations had a significantly
(50%) higher strength when divided into groups (Ta-
ble 6). First of all, this is due to the low potency for
the first two concentrations, while for the control and
0.05% DMS, it is quite high. Among the genotypes, we
can hope for a reliable classification for Balaton, Nyva
Odeska, Polianka, and Pochaina, especially for the first

and third. While the other genotypes form a separate
group, with no significant difference between them.
That is, the studied varieties can be divided into three
separate groups according to their efficiency: Balaton
and Polianka, with high genotype-mutagenic interac-
tion (although it can be different in consequences, al-
ways with high identification ability), Nyva Odeska and
Pochaina - mediocre genotype-mutagenic interaction
(can be different) and the other 4 varieties with low
genotype-mutagenic interaction.

Table 6. Classification ability of objects belonging to separate concentrations and genotypes

water 100
DMS 0.0125% 32.0
DMS 0.025% 32.0
Objects in the model, concentration, %
DMS 0.05% 83.5
Total 62.0
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Table 6, Continued

water 100

Balaton 925

Borovytsia 37.5

Zelenyi Hai 52.5

Zoloto Ukrainy 37.5

Objects in the model, genotype, % Kalancha 37.5
Nyva Odeska 75.0

Polianka 92.5

Pochaina 75.0

Total 62.5

Source: developed by the authors

According to such an integrative sign of mutagen
concentration lethality as the number of cells with
multiple aberrations (with the addition of the total
frequency), for most varieties, the critical concentra-
tion can be between the DMS 0.025% and DMS 0.05%
with a plateau in the range of DMS 0.0125% and DMS
0.025% or to the right of the higher one. Based on the
nature of the expression of individual parameters, it can
be concluded that the first hypothesis is more justified.
For the Polianka and Balaton varieties, the critical con-
centration lies further away from the 0.05% DMS, while
the Pochaina variety is characterised by a long plateau
under the influence of all concentrations.

This study is part of a series of studies analysing the
effects of a genotype-mutagenic set of chemical factors
on a corresponding set of genotypes. Previous analyses
of the data obtained showed (Nazarenko, 2017; Beiko
& Nazarenko, 2022; Horshchar & Nazarenko, 2022) a
decrease in site specificity with increasing mutagen ac-
tivity, but when using DMS, the trend reversed, and site
specificity increased significantly. This is evident from
the pairwise comparison of genotypes but was not re-
flected in the number of traits with a significant effect
of genotype, which may indicate the contrast of only
individual varieties.

The plateau found in the studies, depending on the
increase in the dose of the mutagen and the variety,
has already been noted by researchers (Oney-Birol &
Balkan, 2019), with a general decrease in mitotic activi-
ty and a gradual increase in the frequency of rearrange-
ments in other material. This effect is typical in the
range of high values of the agents of action. In addition,
it demonstrated the ability to reduce the genotoxicity
index, which in total allowed the researchers to con-
clude that the mutagenic effect is highly dependent on
the characteristics of a particular variety as its subject.

Protocols of cytogenetic studies of mutagenic fac-
tors show (Spencer-Lopes et al., 2018) that such values,
although they belong to high and ultra-high doses and
concentrations, have quite wide limits of variability in
the case of continuous mutagens, but are 1.5-2 times
lower for chemical supermutagens. The difference in

recommendations is the use of such doses in the case
of physical factors, while for chemical factors these are
pre-critical concentrations (Bezie et al., 2020), given the
maximum values of usefulness in future generations
(in the case of the studied material, DMS 0.0125 and
0.025%, except for the varieties Polyanka and Pochay-
na, for which the use of DMS 0.05% is more effective for
obtaining complex changes)

Previous studies (El-Azab et al, 2018; Pane et al.,
2018) have often found a lower significance of the
subject of mutagenic influence, mainly at the level of
the organism as a whole, The experiment confirms the
significance of this conclusion and proves the preser-
vation of the identified trends in a partial form at the
cellular level, taking into account some changes that
are related to the structural features of the genome
of certain varieties and that may not affect the level
of fixation of depressive effects in terms of phenotypic
indicators in the first generation. This may indicate the
possible presence of separate genetically determined
mechanisms of resistance to the mutagenic factor and
their increasing importance with the increase in the
strength of the mutagen, even though previous stud-
ies (Nader et al, 2022) also associated a decrease in
the site specificity of some chemicals, especially new
classes of nanoparticles, which, despite the overall neg-
ative effect on mitotic activity and induction of a signif-
icant number of rearrangements, may not have shown
any dependence on the subject of action.

Despite the peculiarities of the action of each mu-
tagen in the group as a whole, the greater significance
of such classical indicators (Nurmansyah et al., 2018) as
the total frequency, number and ratio of fragments and
bridges does not decrease. They are the main indicators
of mutagenic activity at the cytogenetic level, as estab-
lished by cycles of previous studies (Bhat & Wani, 2017),
especially in terms of identifying the properties of a
chemical agent, while other indicators are more com-
plementary (Nurmansyah et al, 2018), even when apply-
ing agents with high correspondence to DNA structures
and using insertional mutagenesis (Ram et al., 2019),
which has a higher level of dependence on the subject
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of action. Of great importance for establishing the sig-
nificance of individual concentrations in terms of peak
activity is the rate of complex aberrations, which has
been observed in both less harmful agents (Nazarenko
& Izhboldin, 2017; Bhat & Wani, 2017) and aspects of
continuous action (Pramanik et al., 2018), although in
the latter case, it is proposed to give priority to the use
of sublethal and lethal doses. In the first case, the rec-
ommendation to use more moderate options remains,
which can be based on both mutagenic depression and
monitoring of cytogenetic activity.

CONCLUSIONS

According to the pairwise comparison of cytogenetic
activity for individual varieties, the role of genotype in
determining the reaction of the subject of mutagenic
action to the increase in the damaging properties of
the mutagen (considering both its nature and the in-
crease in the concentration of the factor) was found to
be increasing.As the concentration of the agent of gen-
otype-mutagenic interaction increases, the difference
between individual varieties in the variability of cy-
togenetic parameters of the spectrum increases, which
is reproduced by the power of classification analysis of
objects by a set of indicators and by the significance of
three parameters (total frequency, number of bridges

and fragments) according to factor and discriminant
analysis. The sensitivity of the varieties manifested at
the organism level in terms of mutagenic depression is
partially preserved, although it may differ for individual
varieties (Niva Odeska, Polyanka). A rather significant
variety of reactions to the action of the studied muta-
genic factor was shown. The data obtained on predict-
ing the effectiveness of individual concentrations (DMS
0.0125 and 0.025%) in terms of inducing certain types
of mutations require both the expansion of the source
material to confirm the obtained patterns and further
research at the level of consideration of visual and bi-
ochemically identified micro- and macro- changes that
are heritable during field trials in the next generations,
which is included in the plans (involvement of addi-
tional varieties of Western European ecotypes, research
of the second or third generation).
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LuToreHeTU4YHa aKTUBHICTb MyTareHHoro YMmHHuKa
3 BUCOKOIO YIWWKOA)KYBaJIbHOIO 3paTHicTIo y nweHunui o3mmoi
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AHoTauif. AHani3 UMTONOMYHMX aHOMaNIN € BAXXIUMBMM METOAOM iAeHTU(IKaLIT MOXIMBOCTEN XiMIYHOT pe4yoBUHMU
SK MyTareHy ons ManmbyTHiX CNaflkoBUX rEHETUYHMX 3MiH, PiBHS FeHOTUM-MyTareHHOi B3aEMOAIi Ta canT-cneumdivHoi
aKTUBHOCTI AN Npupoau Ta/abo pi3HMX KOHUEHTpaui MyTareHy. MeTol ekcnepuMeHTy Oyno BM3HAUMTU Mexi
MiH/IMBOCTI FEHOTUNIB Pi3HOrO NMOXOMKEHHS, HAacaMmnepes, i3 WMPOKOK eKONoro-reHeTUYHOK MiHAMBICTIO, MOKa3aTH
B33EMOLI0 MK COPTOM Ta MyTareHoM. 3epHO MueHuLi 031MMoi Kinbkox copTiB (banatoH, boposuusg, 3enexuit fan,
3onoto Ykpainu, KanaHua, Husa Opecbka, MNongHka, MoyaiHa) 06pobnsnm aumetnncynbdaToM y KOHLEHTPALLSX
0,0125 %, 0,025 %, 0,05 %, ekcno3uuia ctaHoBuna 24 roauHW. byno [OCNIAKEHO LMTOreHeTUYHY aKTMBHICTb
[OCNIAKYBANM 33 YacTOTOK Ta CMEKTPOM XPOMOCOMHMX nepebynoB y BignoBifHMX dazax KAITUHHOroO moginy B
3aN1eXKHOCTI Bif, COPTY Ta KOHLEHTpaLii MyTareHy ik OCHOBHMX (DaKTOpIB, WO BNAMBAKOTb HA Li MOKA3HUKM, TAKOX
OCHOBHi 03HaKM CMEKTPY, Taki SK 3arasibHa LWBMUAKICTb XPOMOCOMHMX NepebynoB, KiNbKicTb GparMeHTiB i NOABIMHMX
(dparmMeHTIB, MICTKiB, Mikposiaep i BiACTalOUMX XPOMOCOM. byno BCTaHOBAEHO, WO AOCAIAXKYBAHI KOHLEHTpauii
cynepMyTareHy CyTTEBO BMJIMHY/M HA BCi aHaNi30BaHi NapaMeTpw, iX MOXHa BiAHECTM OO0 ONTUMANbHUX | BUCOKMX
PiBHIB KOHLEHTpALii 33 BMMBOM HAa LMTONOrIYHY aKTUBHICTb | NpobneMamu y MiTo3i, 419 YMHHKMKA, HE3BAXKAOUM
Ha nonepenHi AOCNiAXeHHS, GaKTop COpT 3Ha4HO Binblue BNIMBAE HA NPUPOAY Ta YACTOTY AeSKMX TUMiB abepauii,
HiX 36iNblUEeHHs KOHLLEHTpaLii MyTareHy, BiH XapakTep13yBaBCs 3HaYHO BiNbLUO CanT-cneundiyHO A€, HiXK HLWI
XiMiYHi areHTu, pi3Hi BapiaHTM MO 3MiHAaM MyTareHHoi Aii 6ynu iLeHTUdiKOBaHI BiANOBIAHO A0 reHOTUNY CyOEeKTY.
byno y3aranbHeHo, WO 03HaKaMu, SKi BiATBOPIOBaNM BNJIMB MyTareHy, 3rifHO AUCKPUMIHAHTHOrO aHanisy, € 3aranbHa
4acToTa, YyacTota parMeHTiB i NOABIMHUX dparMeHTiB, MICTKKU. [1pU NPaKTUYHOMY BMKOPUCTaHI B FEHETUYHOMY
noninwWeHi POC/MH Ta AN OTPUMAHHS LiiHHUX 03HAK ONTUMAsIbHUM € BUKOPUCTAHHS KoHLeHTpaui 0,0125 %,0,025 %,
O MIAHYETbCA A0AATKOBO MiATBEPAMTM Ha Binbll WMPOKOMY CMEKTPi FreHOTUMIB Ta AOCNIIKEHHAMMU MyTaLii ans
HaCTYNHUX (BpYroro-TpeTboro) NOKoiHb

KniouoBi cnoBa: XxpoMOCOMHI abepalii; MyTareH; nieHuus 03umMa; AMMeTuCcynbdat; LMTONOTYHWUIA aHani3
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categories according to the level of fire risk: high, moderate, low, and zero. It was determined that, in the summer of
2022,Albania happened a grand total of 620 wildfires. The data were analysed using two indicators: the probability
of fire occurrence for a particular prefecture and the number of fires per prefecture. The analysis revealed varying
degrees of accuracy in fire predictions across different prefectures, with higher precision observed in high-risk
regions but diminishing as the risk level decreased. The most dependable indicator of forecast accuracy, reaching
75%, was observed in high-risk areas during the month of August. Predicting fire localization within moderate-risk
zones consistently achieved results above 50% but fell short of the 60% threshold. Overall, the results confirm
the effectiveness of using data to predict the probability of fires for prefectures with a high and increased level
of the relevant threat. This will make it possible to more effectively deploy and mobilise the resources needed to

overcome them and substantially reduce the losses associated with them

Keywords: fire prevention; predicting fires in forested areas; natural hazards; risk assessment; Albanian forests

INTRODUCTION

Wildfires, often fueled by dry conditions, high tempera-
tures, and flammable vegetation, can unleash destruc-
tive and uncontrollable forces that devastate land-
scapes and endanger lives. The frequent occurrence
of natural forest fires in Europe and around the world
leads to many adverse consequences for the environ-
ment and the population of the country’s most often
affected by this problem. Studying the ability to predict
the possibility of localization, as well as the period and
scale of fire occurrence is relevant, because it allows
you to assess the need for evacuation, as well as to mo-
bilize the necessary resources in time to overcome the
fire and minimize possible consequences.

Albanian scientists E. Muga et al. (2022) deter-
mined that gas emissions from the combustion of
high-carbon biomass not only increase the green-
house effect and, in the long term, can substantially
affect the composition of the atmosphere, but also re-
duce the number of plants that contribute to the con-
version of carbon dioxide and the transfer of carbon
into a form accessible to living organisms, playing an
important role in its transformation. O. Jaupaj et al.
(2023) conducted a survey of forecast warnings and
fire events in the summer seasons for 2017-2021 in
Albania. Scientists have confirmed that gas emissions
affect the condition of soils and soil microbiota, which
also takes an active part in the transformation of el-
ements. The increase in the greenhouse effect and
global warming trends only increase the probability
of fires. Massive fires also pose a threat to the lives,
health, and property of people living nearby and have
a negative impact on their well-being which also in-
creases the relevance of the research.

L.M.Johnston et al. (2020), in their work on defining
the prerequisites for fire prediction, identify the fol-
lowing main components of natural fires: probability,
which includes fire behaviour and the possibility of
its occurrence in a particular place, impacts and con-
sequences, and contact. Based on these key points,
as well as on the array of data collected on fires that
have already occurred, it appears possible to see the
preconditions for a natural fire in the future.

Scientific Horizons, 2023, Vol. 26, No. 9

Currently, there are two global European databases
that collect the works of most researchers and the con-
tent of the archives of numerous research centres in
different countries - the Global Fire Monitoring Centre
(UNDRR, 2017) and the European Forest Fire Informa-
tion System (EFFIS) (European Commission, 2023).

S. Sudhakar et al. (2020) were among the first to
reach the next stage - the creation of a specific index
for characterising fires. They used data from unmanned
aerial vehicles (UAVs) to calculate the Fire Detection
Index (FDI) and the Forest Fire Detection Index (FFDI).
However, the most commonly used is the Canadian Fire
Weather Index (FWI) by C.E. van Wagner and T.L. Pickett
(Archibald et al., 2018), developed within the frame-
work of the Canadian Forest Fire Detection and Rating
System (CFFDRS). For European conditions, this index
is adapted by EFFIS, and for Albania, since 2016, is be-
ing used by the Institute of Geosciences (IGEO) (n.d.).
The actual work on the study of fires in the country is
carried out by a subdivision of this institute - the Cen-
tre for Forecasting and Monitoring of Natural Hazards
(CFMNH) (Jaupaj & Zaimi, 2021). Despite the diversity of
methods explored in the listed works for fire prediction,
it is evident that a unified and comprehensive method-
ology is crucial for effectively forecasting not only the
onset and progression of fires but also their potential
consequences.

Thus, the purpose of this paper was to establish
the degree of reliability of the forecasts obtained using
the FWI system for prefectures of Albania with different
levels of fire risk according to the CFMNH classification.

MATERIALS AND METHODS

To determine the factual reliability of the fire weather in-
dex (FWI), were assessed the correspondence between
the real frequency of fires in the territory of certain pre-
fectures of Albania and the risk levels obtained from the
FWI. Observations of the fact and location of fires were
recorded every day throughout the summer of 2022
by the National Civil Protection Agency (NCPA), whose
data was used during the study. The data were further
processed in three main periods: July and August, as




months of increased risk, and the entire summer. The
results of the observations were compared with FWI
data obtained by getting EFFIS and distributed in 4
categories of Risk. The information was posted on the
center’s website in the open access format “today for
tomorrow’, i.e., one day in advance (European Com-
mission, n.d.).

Depending on the probability of fires occurring
and their real occurrence, prefectures were assigned to
high, moderate, low, and no risk zones, and the assess-
ment was conducted within these zones by analysing
two main factors: the coincidence of the expected and
real number of fires within the risk level and the ratio
of the number of fires per coincidence.

Thus, the first factor was expressed through the
probability of fires in the prefecture (PHP). This indicator
was calculated using the following formula (Formula 1):

Jaupgj et al.

" n%Hit
PHP 1evel = Z o nl;Aletris x100% , (1)
i=

where, PHP - is the probability of fires for the prefec-
ture; n° of HITs - is the number of prefectures where
fires occurred in the risk group under consideration; n®
of Alerts - is the number of fire forecasts for a given
risk level.

The second equally important factor under study
was the average number of fires per prefecture (AFH).
This indicator was defined as the ratio of the number of
fire observations to the number of prefectures and was
calculated separately for prefectures of each risk level.
To simplify the assessment, the data were categorised
into P and P, (category 1 and category 2 performance)
for PHP and AFH respectively and interpreted qualita-
tively in the format “very good”, “good”, and “bad”, ac-
cording to the template (Table 1).

Table 1. Thresholds of PHP and AFH used for categorising the wildfire forecast Performance-Component 1 & 2

PHP
P, PHP, % P, PHP, % P, PHP, %
High risk 70-100 50-70 >50
a 40-50 >40
Moderate risk o 50-70
3 S 70-80 a <80
<
> Q o
Low risk & 20-40 v 10-20 710
oW ris -
~ 40-50 <50
Very low risk 0-10 10-20 <20
AFH
P, AFH Po, AFH P, AFH
High risk <1.5 1.01-1.5 1
a -
Moderate risk Q 12-15 A 15-18 <18
] 3 1-1.2 a
Nt <
& 3 1.2-15 «
Low risk = 1.02-1.2 112 <1.5
Very Low risk 1-1.02 1.02-1.16 <1.16

Source: compiled by the authors based on O.E.Jaupaj and K. Zaimi (2021)

The final fire forecasting performance (P) was
determined based on the obtained indicators and
evaluated on a scale from 1 to 5, according to the

scheme (Table 2). All indicators were evaluated for
the entire summer, as well as separately for July and
August.

Table 2. Categorising the wildfire forecast performance-final evaluation

PCl PCZ PCl PCZ PCl PCZ PCl PCZ PC1 PCZ
; G VG B G
Final VG VG G G B B
evaluation VG G G B
1 2 3 4 5

Source: compiled by the authors

RESULTS

To begin with, it’s essential to discern the distinctions
between the IGEO and EFFIS classifications, as well as

the units used to measure fire intensity. This differenti-
ation is visually presented in Table 3.
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Table 3. IGEQ vs. EFFIS fire danger classes

Fire danger classes FW! ranges
EFFIS IGEO/CFMNH
No risk <5.2

Very low <5.2 -

Low 5.2-11.2 5.2-11.2
Moderate 11.2-21.3 11.2-38.0

High 21.3-38.0 >=38.0
Very high 38.0-50.0 -
Extreme >=50.0 -

Source: compiled by the authors based on O.E.Jaupaj and K. Zaimi (2021)

EFFIS identifies 6 levels of risk, while IGEO has
only four, the ranges of which coincide with the corre-
sponding levels in the EFFIS classification. So, in gen-
eral, the difference is that the European system distin-
guishes two more levels of “very high” and “extreme”
danger, which are not distinguished by the Institute
of Sciences of Albania. The assessment of the possibil-
ity of predicting the risk of fire occurrence in Albania

using FWI methods included the collection of two
types of data: real fire occurrences and fire forecasts in
the respective prefectures. In July, 305 fires broke out
across the country. They were most often recorded in
moderate-risk prefectures — in 61.3% of cases. High-risk
prefectures accounted for 37.7% of the total number
of fires, and less than 1% of fires occurred in low- and
zero-risk prefectures (Table 4).

Table 4. Data on forecast alerts, fire occurrence and HITS by risk levels, 2022

July August Summer
FAcs 74 55 129
FOLiun 115 90 205
Hits 50 41 91
FA ogernte 206 139 345
FO,ouermte 187 166 353
Hits 106 82 188
FA.. 14 68 82
FO,, 2 40 47
Hits 2 23 25
FA,, 18 86 104
FO,, 1 19 20
Hits 1 15 16
FA. .. 312 348 660
FO 305 315 620

Total

Source: compiled by the authors

The forecasts for this period showed a slightly differ-
ent picture: 312 forecast warnings predicted that 23.7%
of the probable fire occurrences would occur in high-risk
areas,and 4.5% and 5.5% in low-and no-risk prefectures.
The forecast for the number of fires in moderate risk
prefectures was close to reality — 66%. Almost the same
total number of fires occurred in August — 315 recorded
incidents. Between different risk levels, the ratio of fires
was as follows: 28.6% in high-risk prefectures, 52.7% in
moderate-risk areas, 12.7% in low-risk areas, and 6% of
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the total number of fires occurred in prefectures with no
risk. Therewith, 348 alerts about possible fires were re-
corded. Forecasts for high-risk, moderate-risk, and low-
risk prefectures were close to reality — 25.8%, 47.7%,
and 11.5%, respectively. As in the previous month, the
number of real fires in areas of no risk was considerably
lower than the estimated 15% (Table 4).

A total of 620 fires were recorded in Albania dur-
ing the summer of 2022. Of these, the prefectures in
the moderate risk zone accounted for the largest share




(56.9%), while in the high-risk zone the figure was
31.1%, and the lowest number of fires was observed in
the prefectures in the low and no risk zones - 6.7% and
3.3%, respectively. The corresponding data obtained as
a result of the daily collection of forecasts regarding
the risk of fire occurrence in the territories of individ-
ual risk zones correlate well with the real map of fires
in the prefectures of the moderate risk zone - 52.3%
of the predicted probability compared to 56.9% - the

Jaupgj et al.

proportion of recorded fires in this zone from all that
occurred in all zones during the summer. Fires in the
high-risk zone really occurred more often than ex-
pected, accounting for 19.6% of the total. It was also
assumed that fires would occur more frequently in low
and zero-risk areas, accounting for 12.4% and 15.7% of
the total. The predicted (FA) and real (FO) quantitative
distribution of fires in prefectures of different hazard
levels is presented in the graph (Fig. 1).
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Figure 1. The distribution of Forecast Alerts (FA) and Fire Occurrence (FO) by risk levels

Source: compiled by the authors

It shows that the percentage of fires that occurred
in moderate-risk prefectures was predicted quite accu-
rately both in the context of individual months and for
the entire season. The largest difference between the
predicted and real situation in all cases concerned the

prefectures with no-risk. Therewith, predictions of fire
occurrence in particular prefectures were more accu-
rate for prefectures in high-risk areas, worse for moder-
ate-risk prefectures, and very poor for low- and no-risk
prefectures (Fig. 2).

Hits vs Misses, 2022
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Figure 2. The distribution of Hits and Misses by risk levels

Source: compiled by the authors
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The hit rates of the latter did not exceed 34%, 30%,
or even 20%. The best indicator of forecast accuracy
and fire occurrence in specific locations was 75% for
high-risk areas in August. This high result could also be
explained by the relatively small number of risk areas
of this type. Predicting fire localisation within moder-
ate hazard zones gave stable results, which, although
exceeding 50%, did not reach 60%. However, apart from
the ratio of correct to incorrect predictions, it is also
worth considering that during the observation period,
especially in higher risk areas, more fires almost al-
ways occurred than predicted, and therefore the ratio
between the predicted and real number of fires differs
for these prefectures (Table 5). Thus, for high-risk pre-
fectures, about 45% of fires were predicted for each

of the time periods under study, and for moderate risk
prefectures, from 49% to 53%. In the case of low- and
zero-risk areas, the percentage of predicted fires ranged
from 57% to 100% and 79% to 100%, respectively.

The average frequency of prefectural fires (AFH) was
highest for high-risk prefectures, with approximately two
or more per prefecture, with no statistically significant
difference between the periods under study. In moder-
ate-risk prefectures, 1-2 fires occurred during the moni-
toring period, with a slightly higher frequency in August.
In July, approximately the same number of fires — one or
none — were observed in low and no probability prefec-
tures, while in August, as in the entire summer period,
these figures were slightly higher for no probability pre-
fectures and higher for low probability areas (Fig. 3).

AFHs, 2022
2.5
2
1.5
1
< 1 _ i
0

July

 No risk

August

Summer

Low risk m Moderate risk ® High risk

Figure 3. The distribution of Average Fires per Hits by risk levels

The prefectural fire probability assessment for July
was most effective for moderate risk prefectures, and,
like the number of fires per prefecture, reached the “very
good” level. In addition, both indicators for the absence
of risk were rated “very good”. For high-risk prefectures,
the result was worse - the first indicator reached only
68%, which corresponds to the ‘good” mark for this level
of danger. Therewith, the second indicator was rated as
“very good”. The low-risk prefectures performed even
worse: both indicators reached the ‘good” level, as they

were too low (28% and 1.0) to reach the “very good” level.
The final performance of the forecasts made in July was
assessed as: “2” or “good”, although the PHP values were
above the “very good” threshold for two risk levels -
moderate and no risk — and the AFH values reached this
threshold for two risk levels — high and no risk.In general,
all levels had different scores in both components, which
allowed them to take certain places in the ranking as
follows: I:’high riskuzn, Pmoderate risk_>“2", Plow risk_)“sn, Pno risk_)“lny
according to the data obtained (Table 4).

Table 5. Wildfire Forecast Performance on a monthly duration basis and season duration
basis PATH 2 raw data, PHP, AFH, 2022

July August Summer
PHP,% AFH P, P, P. PHP% AFH P P P PHP % AFH P P P
Highrisk 68 230 G LowPHP VG 2 75 22 VG VG 1 71 225 VG VG 1
Z’Icgd:srk 51 18 VG G 2 5% 20 VG Ve 2 51 19 VG Ve 2
lowrisk 14 10 G LowPHP v- 3 34 17 VG Vet 20 28 17 VG V&2
No risk 6 10 VG VG 1 17 13 G HighPHP V++ 3 14 13 G HighPHP v+ 3

Source: compiled by the author of this study

The effectiveness of risk assessment in August
was somewhat lower overall, due to the unsatisfactory
results of the assessment of the number of fires per
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prefecture. In turn, the prefectural fire probability score
was slightly better, with three prefectures in the high,
moderate, and low hazard levels achieving a “very good”




rating, up from two in July. Therewith, the forecasting
efficiency for the zero-risk group dropped to ‘good’,
with a result of 17%, which is too high for this level
of danger. AFH values stayed at the “very good” level
for high-risk prefectures, but were too high for moder-
ate, low, and zero risk (2.0,1.7,and 1.3, respectively) and
scored “BAD” on the rating scale, which is significantly
worse than the previous month.

Fulfilment of forecasts for August, due to improved
PHP results, eventually reached the mark of “2”, which
corresponds to a ‘good” rating. Forecasts for high-risk
prefectures have become more effective, with the ‘good”
rating changing to “very good’, and the forecasts for
low-risk prefectures improving from “bad” to ‘good”. The
performance of moderate-risk prefectures stayed gener-
ally unchanged, while the performance of zero-risk pre-
fectures deteriorated from “‘good” to “bad”. The rating of
forecasts for different risk levels in August was as fol-
lows: Phigh risk“l,,, Pmoderate risk_)“zn, I:)low risk_)“zn, I:)zero risk_)“zn-

Overall, during the summer of 2022, the forecasts
for the high-risk prefectures were rated as “very good”
for both indicators. For moderate-risk prefectures, the
first component was also at the “very good” level, while
the second exceeded the values allowed for a positive
assessment and stopped at the “bad” level. The situa-
tion was similar for the low-risk prefectures, with PHP
receiving a “very good” rating and AFH receiving a “bad”
rating. The lowest level of PHP for the season was char-
acterised by zero risk level, along with a rating “bad” for
the second indicator. For the entire summer season, the
predictions were fulfilled for prefectures with different
levels of wildfire risk as follows: Phigh risk “1”, Pmoderate risk—
“27, Plow risk—= “27) Paero risk— 3", with the final score being
“2”-"good”. These figures are closer to those obtained in
August, but the actual results for the season on average
were slightly better, albeit within the respective levels
and without any shifts to higher or lower efficiency rat-
ings. There is also a slight correlation between the total
number of predictions made in a month and the num-
ber of hits, but the number of misses is also increasing.

DISCUSSION

The probability of wildfires is a pressing issue in Europe
and globally, especially during periods of heightened
danger, during which historically more incidents have
occurred in the respective regions. In this context, the
problem of fire prediction is quite acute and consists
of two main components: monitoring their actual oc-
currence and recording the facts of risk, and the devel-
opment and use of algorithms for predicting the prob-
ability of fires in a particular area. The next step is to
prepare both direct firefighting measures and the rele-
vant infrastructure, and to work with the public. EFFIS
currently has 40 member countries, which includes al-
most all European countries, regardless of their affilia-
tion with other international organisations (European
Commission, n.d.). However, only 22 countries have
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been part of the so-called ‘common core” since 2004,
which is engaged in continuous monitoring of the fire
situation and collecting relevant data for comparison in
the community (European Fire Database, n.d.).

This study evaluated the effectiveness of fire fore-
casting using the FWI system for prefectures of four
risk levels on a scale from “bad” to “very good”, with a
final score of 1 to 5. Thus, the prefectures in the no-
risk zone in July and the high-risk zone in August and
for the whole summer received “very good”. However,
the forecasting results in the no-risk zone were not very
good, due to the AFH component. In previous years of
analogous surveys, the results were quite comparable.
In 2020, the observations for July and August resulted
in “very good” for high-risk prefectures in July and Au-
gust (no data for June), and a similar result for zero-risk
areas in June and July (Jaupaj et al., 2023). In 2017, the
“very good” observation result was obtained for prefec-
tures in high-risk and no-risk areas in June,and for high-
risk areas in July and August (Jaupaj & Zaimi, 2021). All
other territories received marks of ‘good” and “bad” in a
roughly even distribution across months and years.

Presumably, forecasting in these areas turned out
to be the easiest for several reasons. In the high-risk
zone, the frequency of fires was very high in all months,
as was the number of fires per prefecture of the cor-
responding risk level, and therefore, apart from the
pronounced risk factors that allowed for more com-
prehensive assumptions, the statistical probability of a
hit was also higher, but this could not affect the final
result in the zone of statistical significance. In turn, for
prefectures with no-risk of fire,4-11 times more predic-
tions were made than real fires. This has increased the
hit rate, but this approach, especially in the context of
prefectures with more hazardous situations, could po-
tentially put added strain on the firefighting system in
general or on certain days.

According to M.M. Miiller et al. (2013), in Austria, lo-
cal fires are often smaller than 30 ha,and therefore their
detection is not satisfactory with the accuracy of EFFIS.
Similar to Albania, the country uses adapted Canadian
indices and conducts fire forecasting based on its own
national forecasting centre, which stores data for the
last 25 years. A study by R. Zotta et al. (2023) estimated
the efficiency of using FWI in Austria at 68%, but when
integrating other information levels, such as socio-eco-
nomic parameters, vegetation parameters, etc., the
forecasting accuracy increased to 87%. These results
are comparable to the ‘good” assessment obtained in
this study, but do not include assessments of individ-
ual risk groups for territories. A. Depicker et al. (2020)
describe the approach of the National Fire Forecasting
Centre of Belgium, which has been intensively involved
in updating and improving cartography since 2013.
Even though spontaneous fires are not a top priority in
this country, fire forecasting is based on extensive data
on the structure and distribution of wood, soil, land use
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history, etc.,and the territory is divided according to the
expected level of risk. These results are consistent with
research |. Vallejo-Villalta et al. (2019).

The study by J. Bedia et al. (2018) on the prospects
for the adaptation and use of the FWI index in the Med-
iterranean countries showed mixed results. The first
part of the study was an analogous approach to the one
used herein,namely comparing predictions and real ob-
servations of fire occurrence. This resulted in ‘good” and
“above average” predictive scores for some countries,
such as Turkey, Greece, and Bulgaria, and partially for
France, and Central Spain. The use of two correction
methods slightly increased the probability of predic-
tion but did not critically change the overall picture.
Negative trends were observed for the southern coasts
of the Adriatic and lonian Seas. In general, the data
presented by the authors correlate with those obtained
in this study and strongly suggest that it is necessary
to consider more variables to predict the probability of
fire occurrence using the index under consideration in
areas that differ climatically and in terms of vegeta-
tion and soil types from the corresponding indicators
in Canada. On the other hand, the study in question
assessed the effectiveness of forecasting in the longer
term - on the ground, while one-day forecasts were
more likely to fulfil their potential (Bedia et al., 2018).

Another analogous study is related to the Mediter-
ranean region, specifically the Iberian Peninsula and
Greece. There, the use of the index was more success-
ful, and T. Giannaros et al. (2021) identified the con-
sideration of wind strength and direction and precip-
itation as factors of problematic aspects of indexing
under this system and called temperature and humidity
characteristics as compensatory aspects. These diffi-
culties are related to the proximity of these territories
to the World Ocean, which is a considerable factor in
the variability of weather conditions and, accordingly,
impairs the ability to predict the phenomena that are
largely dependent on them (Giannaros et al., 2021).
The study by A. Novo et al. (2020) was aimed at ob-
taining a high-quality mapping image with zoning
corresponding to the level of fire risk in Galicia, Spain.
During the study, the authors came to the unequivocal
conclusion that the use of automated and semi-auto-
mated methods for processing and forecasting various
risk factors, and the FWI index in particular, is much
more effective than forecasting with a greater share
of human involvement.

Similar to Austria and Albania, Greece also intro-
duced the FWI index. According to V. Varela et al. (2018)
and K. Papagiannaki et al. (2020), it was implemented in
approximately the same period - 2013, after five years
of monitoring and data collection within the country,
by the national observation centre. And for the effec-
tive functioning of forecasting using this index, work
has been done to consider various combinations of
additional factors. In general, one can observe mixed,
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but rather positive experiences with the FWI index in
different parts of Europe, where studies have been con-
ducted to determine its effectiveness. A general conclu-
sion from the experience of these countries is that the
use of this factor outside of Canada and areas with ap-
propriate climate, soil and vegetation should be com-
plemented by other indicators that are key to the region
of implementation.

CONCLUSIONS

The study evaluated the factual reliability of the Fire
Weather Index (FWI) and examined the correlation be-
tween the actual frequency of fires in specific prefec-
tures of Albania and the risk levels predicted by the FWI.
It was observed that fire predictions in specific prefec-
tures exhibited higher accuracy in high-risk regions, but
declined for those with moderate risk. Predictions for
low and no-risk prefectures performed notably poorly,
with hit rates not surpassing 34%, 30%, or even 20%.
The most reliable indicator of forecast accuracy, reach-
ing 75%, was observed for high-risk areas in August.
Conversely, forecasting fire localization within moder-
ate-risk zones yielded consistent results, consistently
surpassing 50% but falling short of 60%.

It was also determined, for high-risk prefectures,
approximately 45% of fires were forecasted during each
of the examined time periods, while for moderate-risk
prefectures, the prediction rates ranged from 49% to
53%. In contrast, for low-risk and zero-risk areas, the
range of predicted fires spanned from 57% to 100%
and 79% to 100%, respectively. In general, the results of
using indices to predict the occurrence of fires in pre-
fectural areas belonging to the high, moderate, low, and
no risk zones are mixed, but mostly positive. It worth to
say, that the forecasting accuracy in prefectures is still
unstable and shows rather erratic results.

Thus, in countries such as Albania, which are at risk
of many types of natural disasters and their high fre-
quency, such studies are mandatory. The wide variety
and frequency of hazards, if not properly understood
and controlled, can lead to an increase in fire risk over
time. The prospect of further research in this area is de-
termined by the consistently high risks of forest fires in
the Mediterranean forestry sector and the associated need
to investigate the possibilities of minimising these risks
and implementing warning systems for the presence of
such a danger. There is also a need for further research
to analyse burnt forest areas in individual prefectures
at all levels of fire hazard forecasting. Therewith, em-
phasis should be on particular losses that have been
recorded according to the high-risk forecast.
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Anotauis. LUkionuMei Hacnigkyv 3MiHM KAiMaTy, CNPWYMHEHI NICOBMMM MOXEXaMM, 3aBAAKOTb 3HAYHOI LIKOAM
HaCeNeHHI0 KOHTUHEHTaNbHOI EBPOMM, a TaKOX 3aBAaloTb WKOAM GiOPi3HOMaHITTIO BMAIB Ta ekocucTemi. Moro
MOXHa MiHIMi3yBaTH, NiABUWMBLK ebEeKTUBHICTb NPOrHO3YBAHHSA MOXEXHUX PU3MKIB Ta CTPATErii NOM>AKLIEHHS
iX Hacnigkie. MeToto Ui€i cTaTTi 6yN0 AOCNIAMTM TOYHICTb MPOrHO3iB NiCOBMX Noxex B AnbaHii, 3pobneHunx 3a
ponomorot cuctemun FWI (IHoekc noxexHoi norogu). MNpotarom nita 2022 poky 6ynu 3i6paHi cnocTepexeHHs Ta
[aHi Npo ouvikyBaHi Ta GakTUYHi Noxexi B npedekTypax AnbaHii, ki paHiwe 6ynu po3aineHi Ha 4YoTUPK KaTeropii 3a
piBHEM NMOXEXHOI0 PU3MKY: BUCOKMM, MOMIPHUI, HU3bKUI Ta HYNbOBMI. BcTaHOBNEHO, WO BAiTKY 2022 poKy B AnbaHii
3aranoM cranoca 620 nicoBux noxex. [laHi aHanizyBanuca 3a ABOMa MOKA3HMKAMMU: MMOBIPHICTb BUHUKHEHHS
NOXeXi AN9 KOHKpeTHOi npedekTypu Ta KiNbKiCTb NOXeX Ha npedekTypy. AHani3 BUSBMB Pi3HWUI CTYNiHb TOYHOCTI
NPOrHO3iB MNOXeX Yy pi3HUX npedekTypax, NpUYoOMy BULLA TOYHICTb CNOCTEPIranacs B perioHax 3 BUCOKMM PU3NKOM,
ane 3MeHLYBanacs 3i 3HWXKEHHAM PiBHS pu3uKy. Hanbinbl AOCTOBIPHUIA MOKA3HMK TOYHOCTI MPOrHO3Y, CAralym
75 %, cnoctepiraBcs B 30HaX MiABULLEHOMO PU3MKY MPOTArOM cepriHs Micsaus. [porHo3yBaHHA nokanizauii noxexi
B 30HaX MOMIipHOro pu3uKy MOCTIMHO AOCsArano pesynbratie Buwe 50 %, ane He gocarno nopory B 60 %. Y uinomy
pe3ynbTaTu MiATBEPAXYOTb ePEeKTUBHICTb BUKOPUCTAHHS OaHWUX A1 NPOrHO3YBaHHS MMOBIPHOCTI BUHUKHEHHS
noxex Ans npedexTyp 3 BUCOKMM Ta MiABULLEHMM piBHEM BiANOBiAHOI 3arpo3u. Lle no3sonuTb 6inbw edekTnBHO
po3ropTtat Ta MobinisyBatn pecypcu, HeobXigHi Ans iX NOJ0NAHHS, Ta CYTTEBO 3MEHLIMTM BTPATH, NOB'A3aHI 3 HUMK

KntouoBi cnoBa: 3anobiraHHs moxexaM; MpPOrHo3yBaHHS MOXEeX Yy NiCOBMX MacuMBax; NPUPOAHI 3arpo3u; OLiHKa
pu3ukis; nicn AnbaHii
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ways of its development. The following methods were used in the study: dialectical method of scientific knowledge,
monographic, statistical,and economic, economic and mathematical, expert evaluation,and graphical. The general
trend towards a decrease in the share of households with certain types of machinery in 2015-2022 is determined.
Disproportions between large and small forms of management in the provision of machinery,as well as restrictions
on access to financial resources for small agricultural enterprises, have been identified. The study identified a
general decline in the size of the Ukrainian machinery market due to the loss of production capacity in the east and
south of the country. Imports of agricultural machinery - tractors by 57.0%, combine harvesters by 30.0%, seeders
by 33.8%, disc harrows by 45.1%, and cultivators by 38.9% - also decreased significantly in quantitative terms.
The analysis of state support for agricultural machinery and agricultural enterprises is carried out. A forecast of
the development of the agricultural machinery market for crop production under positive and negative scenarios,
including risks and challenges that may arise during and after military operations, is made. Recommendations
for the development of the market of agricultural machinery for crop production have been developed, including
implementation of the state’s protectionist policy; preservation of human resources; evacuation of agricultural
machinery enterprises from the war zone; simplification of business to stimulate investment activity; state support
for small farms, etc. The implementation of these recommendations will help restore the effective functioning of

the agricultural machinery market and the logistics of agricultural production in Ukraine

Keywords: agricultural machinery market; imports; exports; state support; logistics

INTRODUCTION

The market of agricultural machinery is a key element
in the formation of an efficient material and techni-
cal base of agriculture. Unlike the markets of the vast
majority of countries in the world, which are focused
on small producers, the national market is oriented to-
wards large and medium-sized enterprises. Machinery
for small producers is of secondary importance in the
market. Therefore, few studies reveal the specifics of
the functioning of such a market. In addition, war has
a significant negative impact on the functioning of the
agricultural machinery market.

The current state of the market is characterised by
fluctuations determined by the economic and political
situation in a particular country and the world. Agricul-
tural machinery and vehicles are distinguished by their
specificity related to the working environment and con-
ditions of use: difficult working conditions; seasonality
of work; reliability; work on fields with uneven terrain;
service maintenance, etc. (Durczak et al., 2020).

J.Van Loon et al. (2020) identified the problems of
small farms’ access to mechanisation. The most common
of these is the mismatch between the savings from ma-
chine power and the size of the farm - most of the world’s
food production is carried out by small farms, many of
which have land in different places, which negates the
efficiency of using more powerful machinery; the high
cost of machinery makes it unaffordable for many, and
financial support from the state and bank lending is lim-
ited; shortage of skilled workers and limited opportuni-
ties for their training. The authors see a way out in pro-
viding small farms with user-friendly machinery adapted
to work in small fields and suitable for local business
conditions. Technologies should be introduced that min-
imise negative social and environmental impacts.

Studying the evolution of agricultural mechanisa-
tion, D. Lewis et al. (2022) identified the most influential
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factors: the expansion of input markets; the develop-
ment of urban-rural linkages; and the climate crisis.
The authors drew attention to the need to formulate
policies for the development of mechanisation of small
farms and small and medium-sized enterprises by tak-
ing into account local and national characteristics, ob-
taining proposals from various sources, and creating
a database of these enterprises, in particular through
public-private partnership experiments.

The problems of mechanisation development for
small agricultural enterprises are also considered by
Y. Wang & G. Huang (2022). They see their solution in
using the services of specialised enterprises. To solve
the problem of allocating shared agricultural machin-
ery according to time windows, the researchers devel-
oped a two-stage system for dispatching the use of ag-
ricultural machinery with time windows.

The level of mechanisation among small farms
was studied by T. Qiu & B.Luo (2021). They found a re-
lationship between the size of the farm and the level
of use of mechanisation services in agricultural pro-
duction. R. Markov (2019) notes the need to intensify
the processes of technical support of crop production
enterprises in Ukraine, especially small farms, due to
their limited access to machinery. He substantiates the
need to improve an integrated approach to providing
state support for the development of crop produc-
ers and domestic agricultural machinery enterprises.
V. Mukha (2022), studying the Ukrainian agricultural
machinery market during the coronavirus pandemic,
noted its significant development in 2021. With the
beginning of Russian aggression in 2022, there was an
absolute drop in sales. In 2022, Ukrainian-made ma-
chinery, except for tractors, was in particular demand,
with Chinese manufacturers retaining leadership in
this segment.




The research aims to identify effective ways to de-
velop the agricultural machinery market in the context
of military operations and after their end. The research
objectives are as follows: to determine the theoretical
foundations of the agricultural machinery market and
its relationship with market actors; to analyse the dy-
namics of the provision of enterprises with agricultural
machinery, its production and import; the impact of the
war on market development; to summarise the findings
and provide practical recommendations for improving
the functioning of the agricultural machinery market.

MATERIALS AND METHODS

The analysis of the state of the agricultural machinery
market and prospects for its development in the post-
war period in Ukraine on a scientific basis is reflected
in the relevant methodological approach. The scientific
basis of the methodological approach to the analysis
of technical and technological support of agricultural
producers and export-import operations is theoretical
support, practical principles of analysis and evaluation of
this support, description of research methods, conditions
of implementation, list of stages and expected results.

The methodological basis of the study is the dialec-
tical method of cognition and a systematic approach to
studying the development of the agricultural machin-
ery market in Ukraine. At the same time, the following
methods were used in the course of the study: mono-
graphic (in highlighting the views of scientists on the
issues and problems studied in the work, in studying
the current state of agricultural machinery in Ukraine);
economic and statistical (in analysing foreign trade in
agricultural machinery); tabular and graphical (in vis-
ualising the results of the study in the form of figures
and tables); empirical (in studying the state of Ukrainian
agricultural machinery and the sectoral machinery mar-
ket in the wartime); comparative analysis (to identify
the main problems of the development of the domestic
agricultural machinery market in Ukraine); analytical
forecasting method (to determine the tasks and recom-
mendations for the organisational and economic mech-
anism of technical and technological support of agri-
cultural producers in the post-war period); abstract and
logical (generalisation and formulation of conclusions).

The statistical method is used to study the impact
of factors of foreign economic activity and to forecast
the situation on the agricultural machinery market in
the post-war period. The characteristics of import
operations change over time, and indicators of time
series are used to assess the intensity of their devel-
opment (Table 4, Figs. 2-4). The chain analysis method
was used to obtain absolute and relative growth. The
assessment is based on a comparison of imports and
production volumes of machinery in the dynamics
over different periods. The analysis was carried out
both in general and by individual product groups in
physical and value terms.

Navrotskyi et al.

The study analyses the dynamics of import oper-
ations, in addition to studying the characteristics of
import flows, and is supplemented by a study of the
availability of agricultural machinery in enterprises and
households, production volumes of the main types of
agricultural machinery in Ukraine, the purchase of ma-
chinery under the partial compensation programme,
and forecasts the development of the agricultural ma-
chinery market under optimistic and pessimistic sce-
narios. The system of indicators is built based on an
indicative assessment using descriptive statistics and
statistical analysis methods.

The information base of the study was based on the
works of Ukrainian and foreign scholars, reference and
information publications, and the regulatory framework
of state economic regulation of the development of
the agrarian sector of the economy (Official web portal
of the Parliament of Ukraine, n.d.), statistical and ana-
lytical data of the Ministry of Agrarian Policy and Food
of Ukraine (n.d.), the State Statistics Service of Ukraine
(n.d.), the State Customs Service of Ukraine (n.d.), scien-
tific electronic sources of information on the global com-
puter network Internet, and the authors’ observations.

RESULTS AND DISCUSSIONS

Crop production is the basis of human nutrition, the
feedstock for livestock, raw materials for industry, and
thus the basis of the country’s food security. A key con-
dition for its efficient production is to provide agricul-
tural enterprises with modern and high-performance
agricultural machinery, which is impossible without a
functioning agricultural machinery market. In the pre-
war period, agricultural enterprises and households
had the opportunity to constantly upgrade machinery,
which, although not fully and in insufficient quantities,
met production needs, while maintaining the general
trend towards a reduction in the number of machinery
in both agricultural enterprises and households. The is-
sue of the availability of modern and high-performance
machinery is particularly acute for small and medi-
um-sized farms (Table 1).

The number of available machinery in the surveyed
enterprises remained almost unchanged over the pe-
riod, except for a significant drop in the availability
of combine harvesters (29.3%) and harrows (17.5%) in
2019 compared to 2015. This decline is explained by
the periodic mismatch between purchases and write-
offs and fluctuations in demand, and applies to all types
of machinery, as evidenced by a significant decrease in
combine harvesters imports in 2018, when the availa-
bility of this type of machinery decreased (2,197 units),
after significant imports in 2017 (3,250 units). The situ-
ation is similar for other types of machinery. The values
of the indicator of machinery availability in households
are even more unstable than in enterprises, which is
related to their solvency and directly depends on agri-
cultural prices.

Scientific Horizons, 2023, Vol. 26, No. 9
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Since statistical observations on the availability of
equipment have not been conducted since 2020, 2019
figures are taken as the baseline. During the year of
full-scale war, the largest losses in tractors were 9.1%
(18203 units were destroyed and 10068 units were
partially damaged) and the smallest losses in ploughs

were 2.1% (6363 units were destroyed and 241 units
were partially damaged). The total losses of agriculture
from the hostilities for the year amounted to 8717.7
million USD. USD, with losses of agricultural machinery
destroyed and damaged amounting to 4655.7 million
USD or 53.4%. USD or 53.4%.

Table 1. Dynamics of agricultural machinery availability in enterprises and households in 2015-2019*
and losses during full-scale military operations, thousand units

Vehicle type 2015 2016 2017 2018 2019 ,, 2590 . Warlosses,
Tractors™ 1279 132.7 129.3 128.7 130.5
Tractors™* 181.9 207.1 217.8 248.6 180.1 ) )
Tractors, total 309.8 339.8 347.1 3773 310.6 282.3 -9.1
Combine harvesters** 375 379 36.6 26.3 26.5
Combine harvesters™* 18.8 14.8 15 16.6 14.6 ) )
Combine harvesters, total 56.3 52.7 51.6 429 411 38.7 -5.8
Planters™ 65.5 67.2 66.3 65.1 66.5
Planters™** 93.8 98.8 127.5 130.9 1225 ) )
Planters, total 159.3 166 193.8 196 189 178.1 -5.8
Ploughs™ 473 49.3 49.1 49.9 514
Ploughs™* 313.2 284.3 287.6 301.9 258.8 ) )
Ploughs, total 360.5 333.6 336.7 351.8 310.2 303.6 -2.1
Cultivators™ 69.5 717 70.1 70.5 71.6
Cultivators™* 129.4 112.1 119 139.7 121 ) )
Cultivators, total 198.9 183.8 189.1 210.2 192.6 180.2 -6.4
Harrows** 194.0 192.0 181.4 161.1 160.0
Harrows™* 4274 378.6 400.2 363.7 342.6 ) )
Harrows, total 621.4 570.6 581.6 524.8 502.6 473.2 -5.8

Note: * since 2020, statistical observations on the availability of agricultural machinery in enterprises and households

have not been conducted

**in agricultural enterprises

*** In households

¥ from 24.02.2022 to 24.02.2023

Source: compiled by the author based on State Statistics Service (2015-2019) and Agricultural War Damages (2023) data

No statistical observations have been made since
2018. The calculated figure is based on the growth in
the number and share of tractors with engine power
over 90 kW in the total volume of tractor imports.
Although the number of tractors in agricultural en-
terprises decreased from 1991 to 2017, from 497.3
thousand units to 129.3 thousand units, the average
tractor engine power has been steadily increasing -
from 63.2 kW in 1991 to 97.3 kW in 2017 (State Statis-
tics Service of Ukraine, n.d.), and is estimated to reach
99 kW in 2021, which has increased their productivity.
The growth of the average tractor power is influenced
by the development of agricultural holdings that use
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powerful machinery to cultivate large areas. Thus, in
2021, 4129 units of tractors with an engine power of
more than 90 kW (13.7% of all imported units) were
imported into Ukraine, while in 2017, only 2857 units
(10.7%) were imported. Even in 2022, despite the out-
break of a full-scale war, their share in total tractor im-
ports was 12.2% or 2040 units (State Statistics Service
of Ukraine, n.d.).

An analysis of the availability of certain types of
machinery in households indicates a downward trend in
the share of these farms, although the share of house-
holds that owned agricultural machinery increased
from 17.5% in 2015 to 20.0% in 2019 (Table 2).
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Table 2. Share of households with agricultural machinery in use in 2015-2019% and in 2022, %

Vehicle type 2015 2016 2017 2018 2019 2022
Total 17.5 174 19.0 19.9 20.0 20.1
Tractors 31.2 24.6 237 27.2 19.2 19.4
Harvesters 2.3 1.8 1.7 1.7 1.6 1.7
Planters 13.9 12.4 14.5 14.3 13.1 13.2
Ploughs 373 34.6 313 32.0 27.3 27.5
Cultivators 15.8 141 134 15.0 13.2 133
Harrows 34.1 30.9 29.3 27.5 24.0 24.2

Note: *Since 2020, statistical observations on “Share of households with agricultural machinery in use” have not been

conducted
** — calculated

Source: compiled by the author based on State Statistics Service (2015-2019)

The largest decrease was in the share of house-
holds that owned harrows - from 34.1% to 24.0%. The
share of combine harvesters gradually decreased from
2.3% to 1.6% due to the constant increase in the cost of
servicing this complex machinery (fuel, spare parts, ma-
chinery repair services, etc.). For the same reason, the
share of tractor owners decreased significantly from
31.2% to 19.2%. Changes in the share of seeders and
cultivators’ owners were insignificant. Fluctuations in
this indicator are influenced by prices for agricultural
products and energy resources, yields, crop cultivation
technologies, cessation of agricultural activities and
leasing of land to other farms, inflation, etc. During
the period of full-scale military operations, consider-
ing 13% of the occupied territories, internal migration
and physical loss of agricultural machinery, the share
of households that had it in use decreased only in the
temporarily occupied territories. In the territories of
Ukraine free from occupation, the share of these farms
increased slightly due to the evacuation of some of the
equipment and its owners.

In 1991, independent Ukraine gained a power-
ful agricultural machine-building complex, which
provided not only the Soviet Union with modern and

highly productive agricultural machinery but also ex-
ported a significant part of it to the countries of the
socialist camp, as well as to Western Europe, Latin
America, Africa, etc. For example, in 1990, Ukrainian
factories produced 106,000 agricultural tractors alone,
while the production of seeders amounted to 57,100
units (State Statistics Service of Ukraine, n.d.). Gradually,
due to a decline in demand in the CIS countries - the
main buyers of machinery, the use of outdated technol-
ogies in production, and a decrease in investment in
the sector, Ukraine has largely lost its production and,
consequently, export potential (Table 3).

The data reflects a general downward trend in agri-
cultural machinery production and significant volatility
due to several factors. After a long period of economic
growth, the global financial crisis of 2008 led to a sig-
nificant decline in machinery production. The economic
growth in 2011-2012 was followed by a decline due to
the internal economic crisis, loss of territories and the
outbreak of hostilities in eastern Ukraine in 2014. The
economic development of the country was negatively
impacted by the COVID-19 pandemic in 2019-2020. In
2021, a slight recovery began, which was interrupted by
Russian aggression.

Table 3. Dynamics of production of the main types of agricultural machinery for crop production in 2008-2021

YEARS £2021
Vehicle type to 2008,
2008 2009 2011 2013 2014 2018 2019 2020 2021 cases
Wheeled tractors with power
over 59 kW, thousand units 6.3 14 5.4 29 41 24 14 0.9 1.2 -5.3
Combine harvesters, pcs. 309.0 56.0 399.0 68.0 [d 47.0 d d d -

Ploughs, thsnd pcs. 7.1 5.3 6.1 6.2 2.0 3.0 2.5 2.7 2.3 -3.1
Cultivators, thsnd pcs. 104 4.6 74 4.4 37 2.9 3.9 2.5 3.0 -3.4
Disc harrows, thsd. units 55 1.1 74 2.0 2.0 2.2 2.1 2.3 3.5 -1.6

Scientific Horizons, 2023, Vol. 26, No. 9
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Table 3, Continued

YEARS £2021
Vehicle type to 2008,
2008 2009 2011 2013 2014 2018 2019 2020 2021 cases
Planters, thsnd pcs. 9.9 2.5 74 5.6 3.0 3.8 3.2 3.3 5.5 -1.8

Note: c - Data are confidential following the Law of Ukraine “On State Statistics”.
Source: compiled by the author based on State Statistics Service (2008-2021)

During military operations, the impact of such fac-
tors as inflation, rising energy prices and the cost of
logistics services is particularly acute. But without gov-
ernment support and foreign investment, the industry’s
recovery and innovative development is impossible. As a
result of hostilities, seaport blockades, and inflationary
processes in the country’s economy, the level of agricul-
tural machinery available to agricultural enterprises has
significantly decreased. In addition, as of the beginning
of 2023, 109.6 thousand units of agricultural machinery
(14.3%) out of 764.3 thousand units were destroyed and
50.7 thousand units (6.6%) were damaged, and the total
losses amounted to USD 4.7 billion - USD 4.3 and USD
0.4 billion respectively (Report on direct damage..., 2023)

The Kharkiv Tractor Plant, one of the country’s larg-
est manufacturers of a wide range of tractors of various
capacities and tractors from 20 to 180 kW (Kharkiv Trac-
tor Plant, 2023), was significantly damaged. The amount
of damage is estimated at USD 44 billion (Report on
direct damage...,2022). The John Greaves plant in Berd-
iansk, which produced harvesters for various crops and
tillage equipment, is now “producing anti-tank hedge-
hogs and stoves for the occupying army” (Who got MP
Ponomaryov’s plants in Berdiansk, 2023). The Orikhivsil-
mash plant in Orikhiv, which produced tillage equip-
ment, trailers, spreaders, etc. before the war, was heavily
damaged (Ukrainian Armed Forces..., 2022). A significant
reduction in the production of domestic machinery will
have a negative impact, first and foremost, on the logis-
tics of small and medium-sized farms.

Therefore, in the context of military operations, the
government needs to take measures aimed at restoring
the material and technical base of agricultural enter-
prises. The Cabinet of Ministers of Ukraine (Resolution
of the Cabinet of Ministers of Ukraine No. 324, 2022)

amended the list of critical imports. In particular, sev-
eral items under the UKTZED relating to agricultural
machinery were classified as critical imports: sprayers
and atomisers of plant protection products; machines
for preparing or cultivating soil; (soil cultivation ma-
chinery, seeders and planters, distributors of mineral
and organic fertilisers); tractors, in particular for agri-
culture and forestry. Before the outbreak of hostilities in
2022, the country’s agricultural sector largely renewed
its machine and tractor fleet with foreign machinery,
which largely dominated the market. Often, agricultural
enterprises prefer more efficient machinery from for-
eign manufacturers.

The leading countries producing tractors and
other agricultural machinery — the United States, China
and the European Union (Germany, France and the
Netherlands) — were confidently promoting their prod-
ucts in Ukraine. Their share was 40-60% (State Customs
Service of Ukraine). Manufacturers from such countries
as the UK, Canada, Poland, and Belarus also held a
prominent place in the market. The negative balance
between exports and imports contributes to a signifi-
cant outflow of foreign currency from the country, loss
of competitive advantages of domestic machine build-
ers’ products in foreign markets, migration of skilled
labour abroad, and undermining of the economy as a
whole due to critical import dependence.

An analysis of the dynamics of machinery imports
confirms the significant dependence of Ukrainian agri-
cultural production on foreign machinery. The peculi-
arity of the machinery market is that a significant seg-
ment of it is occupied by Chinese products, which have
attractive prices and are gradually improving in quality.
Tillers are in particular demand among households and
small farms, as well as mini tractors (Table 4).

Table 4. Dynamics of imports of monoblocks and mini-tractors in 2017-2022

Years
Vehicle type measurement unit 2022 to 2021, %
2018 2019 2020 2021 2022
thsnd pcs. 475 31.2 40.1 34.8 28.3 -18.7
Motorblocks

mln. USD 10.7 7.6 9.2 10.4 74 -28.8

Mini tractors with engine power up thsnd pcs. 22.5 16.3 18.8 18.7 11.6 -37.9

to 37 kW mln. USD 50.1 40.8 46.4 53.5 354 -33.8

Source: compiled by the author based on State Statistics Service (2017-2022)

Before the outbreak of hostilities, imports of mon-
oblocks and mini-tractors were fairly stable. The hostil-
ities led to an economic crisis and the loss of some ter-
ritories contributed to a significant reduction in imports
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of not only mini-tractors and walk-behind tractors but
also other machinery. Imports of tractors with engine
power over 37 kW decreased by 57.1% in quantity and
44.1% in value (Fig.1).
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Figure 1. Dynamics of imports of tractors and combined harvesters in 2018-2022
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Source: compiled by the author based on State Statistics Service (2018-2022)

This disproportion is explained by the rising cost
of machinery due to increased production and logis-
tics costs. The reduction in imports of combine harvest-
ers in 2022 compared to 2021 is significant in terms
of quantity and value (30.0% and 37.6%, respectively),
but its volumes are at the level of 2019 and slightly
higher than in 2020 due to unmet demand for this type
of equipment and significant losses due to hostilities.

In 2018, 10.8 thousand units of ploughs (87.8%)
for motorblocks and mini-tractors were imported from

180
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China with a customs value of only USD 288.1 thou-
sand (0.82%), which explains the imbalance between
the large number and relatively low value of imported
machines. In 2021, for example, only 0.55 thousand
units of ploughs (27.2%) were imported from China
with a customs value of 29.9 thousand USD (0.1%), so
the total customs value of imports is relatively high -
26.0 million USD. In 2022, 2.1 thousand ploughs were
imported from China with a customs value of only USD
14 thousand (Fig. 2).

165.8
13

11

79.7

pcs.

2022

Seeders*, thsnd. pcs

Figure 2. Dynamics of imports of ploughs and seeders in 2018-2022

Note: * - Seeders, planters, and seedling machines

Source: compiled by the author based on State Statistics Service (2018-2022)
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Seeders were imported from 3.4 thousand units
in 2018 to 6.8 thousand units in 2021 with a customs
value of 79.7 million USD during the study period. USD
in 2022 to 165.8 million USD in 2021.1n 2022, 69.8% of
seeders were imported from China, and their customs
value was only 3.5% of the value of all imported seed-
ers, which indicates the demand for them among small
farms and households. Disc harrows are imported to
Ukraine in small quantities (Fig. 3), which is explained
by their sufficient domestic production. In 2020, 3,929
units of harrows (86.2%) for motorblocks were im-
ported from India with a low average customs value of
only 4.6 USD (State Statistics Service of Ukraine). De-
spite significant domestic production of cultivators, the
vast majority of miniature machinery is imported from

China - in 2022, imports accounted for 96.9% in quan-
tity and only 15.5% in value.

The expansion of Chinese machinery for use in
small areas hurts the development of domestic agricul-
tural machinery. While the limited production capacity
of self-propelled machinery can be partially justified by
the complexity of technological processes and lack of
personnel and necessary equipment, Ukraine has all the
capabilities to produce trailed implements and units
for motorblocks and mini-tractors - production facil-
ities, personnel, and raw materials. The production of
mini-machinery during the post-war reconstruction pe-
riod would create new jobs, increase tax revenues and
save foreign currency, which is so necessary for a coun-
try in a state of war and post-war economic recovery.

60 64.69 70
6152 535
50 60
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a 37.53 40
Q 295
: 30
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Figure 3. Dynamics of imports of disc harrows and cultivators in 2018-2022
Source: compiled by the author based on State Statistics Service (2018-2022)

It is worth noting that Chinese products are grad-
ually occupying not only the segment of mini-machin-
ery in the market but are also confidently covering the
segments of more powerful machinery. For example, in
2017, only 40 units of Chinese-made tractors with an
engine power of more than 90 kW were imported to
Ukraine, while in 2018 the volume of imports was 216
units,and in 2019 - 241 units. In 2020, 547 units of trac-
tors with an engine power of 75-130 kW were imported
from China,and in 2021, imports reached a record high
of 1,546 units. In the same year, tractors with a capacity
of more than 130 kW were imported for the first time in
the amount of 9 units. Due to the outbreak of hostilities
and a decline in demand for Chinese high-power trac-
tors, fewer Chinese tractors were imported in 2022 than
in the previous year: 706 units with an engine power of
75-130 kW and 9 units with an engine power of more
than 130 kW (State Statistics Service of Ukraine). In
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recent years, Chinese machinery started to confidently
compete not only with domestic and CIS machinery but
also with the best global brands due to its affordable
price, improved quality, and performance.

At various times, Ukraine has adopted legislative
acts and programmes aimed at stimulating the tech-
nical and technological modernisation of agricultural
production, in particular by stimulating demand for
domestic agricultural machinery. The most effective
programme was the Programme of Partial Compensa-
tion for the Cost of Domestic Agricultural Machinery
and Equipment, which was renewed in 2017 (Resolu-
tion of the Cabinet of Ministers of Ukraine No. 130).
Although the programme did not start well in 2017,
with only UAH 134.1 million of the planned UAH 550
million being used, it proved to be quite viable. A to-
tal of 1,220 companies participated in the programme
and purchased 2,906 pieces of equipment for a total




of UAH 670.3 million (excluding VAT) with a 20% com-
pensation. The farmers purchased 88 tractors, 1 grain
carrier, 870 units of tillage and sowing equipment, and
1947 units of agricultural equipment (Fig. 4).

In 2018, the programme’s funding increased, and
the interest of participants grew: UAH 912.9 million
(96%) of the UAH 955.0 million budgeted was spent,
the number of participants reached 7,043, and the
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compensation rate increased to 25%. We purchased
17182 units of agricultural machinery and equipment
worth UAH 3651.8 million. In 2021, with a budget of
UAH 991.35 million, 5789 enterprises purchased al-
most 30 thousand units of machinery. Since the data
on certain types of equipment are not published, the
experts of the Institute of Agrarian Economics have
calculated the approximate number of sales.
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Figure 4. Purchase of agricultural machinery under the partial cost compensation programme, units
Source: compiled by the author based on data (The Ministry of Agrarian Policy and Food of Ukraine, n.d.).

Note: 2021 - estimated

Due to the military operations in 2022 and 2023, the
Partial Compensation Programme for Agricultural Ma-
chinery was suspended. Given the destruction of some
agricultural machinery companies and the destruction
of agricultural machinery, the resumption of the pro-
gramme in 2024 could be a powerful compensation for
the losses incurred. To support small and medium-sized
agricultural producers during the war, a soft loan pro-
gramme was introduced (Resolution of the Cabinet of
Ministers of Ukraine No. 274, 2022). Only small and
medium-sized agricultural producers can participate
in this programme. Their turnover should not exceed
EUR 20 million per year (equivalent to enterprises that
cultivate up to 10,000 hectares). The maximum loan
amount is UAH 50 million, the loan term is 6 months,
and the purpose is to carry out agricultural activities for
the period of martial law (at O per cent per annum, and
in case of termination of martial law - until the end of
the loan term). The maximum amount of the state guar-
antee for portfolio loans is up to 80%.

The proposed measures will ensure the timely and
full implementation of a set of necessary technologi-
cal operations in critical conditions of hostilities, which
will help ensure a high level of food security in Ukraine.
As of December 2022, the inflation rate for non-energy

industrial products in the euro area was 6.4%, and as of
1 May 2023, although it decreased to 6.2%, it remains
quite high, which will lead to an increase in prices for
agricultural machinery from European manufacturers,
the main suppliers to Ukraine. In addition, high logistics
costs remain a significant factor behind the rise in ma-
chinery prices. After all, the inflation rate in the energy
sector was 25.5% in December 2022 and decreased
to 2.5% as of 1 May (Official website of the European
Union, n.d.). This will increase demand for new and for-
eign-used equipment and decrease demand for new
foreign equipment. Low domestic prices for agricultural
products, primarily oilseeds and grains, will also reduce
demand for expensive imported machinery.

The aforementioned factors will lead to a decrease in
imports of machinery in quantitative terms in 2023 com-
pared to 2022: tillage machinery - by 25-30%; harvesting
machinery - by 15-20%; and agricultural tractors - by 20-
25%. Considering the analysis of the current state of the
agricultural machinery market, its further development
can be seen in two scenarios - positive and negative.

The positive scenario envisages: rebuilding and
modernising the domestic agricultural machinery in-
dustry through foreign investment; government support
for agricultural machinery, which will increase demand
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for Ukrainian-made machinery; entry of domestic ma-
chinery into new foreign markets in Eastern Europe and
Africa, where it will become fully competitive; prior-
itising the production of mini-machinery and gradually
driving cheap foreign machinery out of the market; fa-
vourable investment climate, cheap energy resources,
and skilled personnel will facilitate the production of
equipment of the world’s best brands and the creation
of joint ventures based on domestic facilities; creation
of new jobs at the restored enterprises.

Under the negative scenario, the loss of the exist-
ing, most high-tech agricultural machinery enterprises
and the lack of budgetary funds for their restoration
should be expected; production of only simple, low-
tech machinery and equipment for soil preparation or
cultivation; minimisation of purchases of new machin-
ery, restoration of existing machinery and purchase of
used machinery by the vast majority of agricultural
enterprises; unfavourable investment climate and dif-
ficult business conditions; expansion of foreign equip-
ment, mostly of low quality; loss of human resources
in the machine-building industry due to war losses
and migration abroad.

Therefore, to overcome the negative effects of the
war on the development of the agricultural machinery
market and the logistics of agricultural production, it
is necessary to create a favourable investment climate
to attract investment in the development and resto-
ration of domestic machinery production, and to or-
ganise joint ventures to produce innovative, high-per-
formance and environmentally friendly machinery;
simplification of the business and licensing system,
reduction of bureaucratic procedures and elimination
of corruption in the process of setting up enterprises;
implementation of protectionist policies by the state
to limit imports of low-quality machinery at dumping
prices by introducing quotas and raising duty rates;
resumption of state programmes aimed at financing
the restoration and development of domestic agri-
cultural machinery; and state incentives to increase
the production of miniature machinery; involvement
of households and small farms in state targeted pro-
grammes for the development of the agricultural sec-
tor; creation of the most favoured nation regime for
critical imports of machinery through a mechanism of
reducing tax pressure; evacuation of agricultural ma-
chinery enterprises and their employees from the war
zone, and training of new specialists.

Only the adoption and clear implementation of
a comprehensive programme to restore the agricul-
tural machinery industry and support agricultural
producers will contribute to the sustainable develop-
ment of the agricultural sector in the post-war period.
S. Késmarki-Gally et al. (2020) determined that adverse
weather conditions limit the time spent on agricultur-
al work and encourage farmers to consider purchas-
ing more powerful machines. This is also caused by a
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significant and persistent labour shortage in agricultural
production. At the same time, farmers are faced with
a choice: to use modern, innovative machinery or to
purchase simpler and cheaper equipment. For Ukraine,
during and after the hostilities, the issue of combin-
ing these factors is acute, given the significant loss of
equipment and the crisis economic situation. Therefore,
the use of used, cheap but innovative equipment is par-
ticularly relevant today and will remain a priority for
several post-war years.

G. Lobos et al. (2021) confirmed that the price of
tractors decreases with age, increases with decreasing
tractor power, and significantly depends on the manu-
facturer’s brand. In Ukraine, used high-capacity tractors
made in Europe and the US are preferred, while mini
tractors are preferred from Japan. In 2022, imports of
used tractors with an engine power of more than 130 kW
from the US and Germany accounted for 84.5%, and
from Japan - 97.8% (engine power up to 18 kW) (State
Statistics Service of Ukraine). M. Jaleta et al. (2019) ex-
amined the mechanisation of agricultural production
and the reduction of soil impact in the process of tillage
in the context of sustainable intensification in develop-
ing countries. According to the authors, soil conserva-
tion, the speed of technological operations and energy
savings in the production process are factors that con-
tribute to the spread of minimum tillage. In Ukraine, the
introduction of these technologies is particularly rele-
vant during and after the war period. First and foremost,
it saves energy resources in the face of their significant
shortage and high cost, as well as reduces depreciation
of technical equipment and the cost of their repair. This
approach will have a positive impact on the efficiency of
agricultural enterprises in the context of high inflation
and low prices for agricultural products.

According to the authors, the statement proposed
by S. Marchenko & A.Voropaev (2019) that “today, the
equipment of Ukrainian manufacturers meets modern
requirements for technical condition, build quality,
safety,and price.And foreign consumers are ready to buy
Ukrainian machinery...” is debatable. After all, exports of
domestic machinery are quite low compared to imports
of foreign machinery. Ukraine’s partner countries were
CIS countries with a relatively low level of agricultur-
al machinery development. Until 2019, Russia was the
main consumer of domestic products. For example, in
2017-2018, Russia ranked first among the importing
countries of Ukrainian tractors in the amount of USD
13.1 (95.3%) and 5.0 (77.6%) million and seeders in the
amount of USD 16.2 (82.1%) and 10.5 (73.6%) million,
respectively. But first, it restricted the import of Ukrain-
ian machinery into its territory, and from 24 February
2022, all exports to Russia were suspended. With the
loss of Russian markets, there was a sharp drop in ex-
ports of certain types of domestic machinery (tractors,
ploughs). In 2019-2021, exports of tractors amounted
to only USD 1.9 million, USD 1.2 million,and USD 642.5




thousand, respectively. Import partners of domestic
tractors were Romania, the Republic of Moldova,
Bulgaria, Kazakhstan, etc. (State Customs Service of
Ukraine). In 2019-2021, Ukrainian-made seeders were
exported to Belarus, Kazakhstan, Moldova, Bulgaria, etc.
It should be noted that seeders are one of the few types
of machinery that meet high standards and whose ex-
ports have been consistently high.

According to O. Boltianskyi & N. Boltianska (2020),
there are significant problems in the production of
Ukrainian agricultural machinery due to the produc-
tion of identical machinery in many enterprises. Each
enterprise produces it using imperfect technology and
low-quality materials, which makes the reliability and
durability of the machine’s working parts three times
lower than that of foreign analogues. In addition, the
decline in sales of Ukrainian-made machinery has led
to a loss of human resources in the agricultural machin-
ery industry, resulting in a decline in product quality and,
consequently, a decrease in competitiveness.

R.Vidosa et al. (2022) studied the patterns of use of
the 1SO 11783 (ISOBUS) standard in the production of
agricultural machinery. The ISO 11783 standard, which
is widely used globally, will become mandatory for suc-
cessful entry into foreign markets. The expansion of ag-
ricultural machinery by multinationals to Latin American
countries may deprive local companies of the ability to
maintain their market share. A similar situation may arise
in the Ukrainian agricultural machinery market. After all,
the Ukrainian machine-building industry operates ac-
cording to old standards that currently meet the require-
ments of only the domestic market and the markets of a
limited number of countries, including the CIS. Therefore,
the issue of the transition of agricultural machinery pro-
duction to new standards will arise after the end of hos-
tilities in Ukraine. Otherwise, the expansion of foreign
machinery will completely displace Ukrainian products
due to their inability to compete with it.

In our opinion, it is reasonable to identify the fac-
tors that influence the decline in production of agri-
cultural machinery enterprises during the crisis period:
“The main negative factors that determine the decline
in industry performance during the intensive unfold-
ing of the economic crisis are a drop in the solvency
of enterprises, and an increase in production costs. The
synergistic effect of the simultaneous action of these
destructive factors has led to the crisis rate of industrial
decline” (Abuselidze et al., 2022). It is quite appropriate
that H. Tong et al. (2020) note the impact of state sup-
port on the quality of agricultural machinery and pro-
duction costs, but it is not unambiguous - the growth
of profits is not equivalent to quality improvement.
Therefore, a condition for financing state support pro-
grammes for domestic machine building should be the
condition of investing in the innovative development of
the enterprise and improving product quality.

Navrotskyi et al.

CONCLUSIONS
Exports of agricultural machinery from Ukraine are sig-
nificantly lower than imports. Until 24 February 2022,
Russia was the main importer of Ukrainian agricultural
machinery. Since the outbreak of the war, this market
has been lost, resulting in a sharp drop in exports of
certain types of machinery. The key importing part-
ners of domestic tractors were Romania, the Repub-
lic of Moldova, Bulgaria, Kazakhstan, and seeders -
Kazakhstan, Moldova, and Bulgaria.

During the hostilities, the impact of inflation, ris-
ing energy prices and the cost of logistics services on
the supply and demand for machinery was particularly
acute. A significant number of agricultural machinery
companies have been damaged, destroyed or are un-
der occupation, which has also reduced the presence of
Ukrainian machinery on the market. As a result of the
hostilities, blocking of seaports, inflation and increased
logistics costs, the availability of agricultural machinery
to agricultural producers has decreased. As of 24 Febru-
ary 2023,160.3 (20.9%) thousand units of equipment out
of 764.3 thousand units were destroyed or damaged, and
the total losses in value amounted to USD 4.7 billion.

The decline in machinery production in Ukraine will
primarily hurt the availability of machinery for small
and medium-sized agricultural producers. Therefore,
the government’s activities should be aimed primarily
at restoring the logistics of agricultural enterprises, and
the government’s relaunch of the Programme for Par-
tial Compensation of the Cost of Agricultural Machinery
and Equipment should be a key factor in this recovery.
In 2021, the budget of the Programme was UAH 991.35
million, which allowed 5789 agricultural producers to
purchase almost 30 thousand units of equipment. How-
ever, the hostilities prevented the Programme from be-
ing funded in 2022 and 2023.

Foreign machinery plays a leading role in updating
the material and technical base of agricultural enter-
prises. The main exporters of agricultural machinery to
Ukraine were the United States, the European Union
(Germany, France, and the Netherlands), Belarus and
China. Their share was 40-60%. China became the main
importer of mini-machinery. In 2023, due to the nega-
tive impact of hostilities, imports of machinery may de-
crease in quantitative terms compared to 2022: tillage
machinery - by 25-30%; harvesting machinery - by 15-
20%; and agricultural tractors — by 20-25%. The posi-
tive and negative scenarios for the development of the
Ukrainian agricultural machinery market considered in
the study indicate the possibility of a full recovery of
the Ukrainian agricultural machinery industry, satura-
tion of the market with domestic competitive machin-
ery and access to new foreign markets for its sales, or
the loss of Ukrainian machinery positions in the market
and complete dependence on imported machinery.

Therefore, to overcome the negative effects of the
war and intensify the development of the agricultural
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machinery market, as well as to meet the full demand
for agricultural machinery, it is necessary to improve
the investment climate, organise joint production with
the world’s leading agricultural machinery manufactur-
ers, and implement a protectionist state policy aimed
at protecting domestic production, restoration of state

as a key link in the machinery market, to reveal the rea-
sons for the decline in its efficiency and determine the
volume of losses as a result of military operations, and
to formulate effective proposals for its restoration and
improvement.

support for the restoration and development of domes- ACKNOWLEDGEMENTS
tic agricultural machinery, support for the development  None.
of technical support for small businesses in rural areas.
The prospect of further research will be to study the CONFLICT OF INTERESTS
state of the Ukrainian agricultural machinery industry ~ None.
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AHoTauif. Yepe3 BOEHHI [Aii HaMbinbWMMKM BTpaTaMy arpapHOro CEKTOpY EKOHOMiKM YKpaiHW CTanu BTpatH
CiNbCbKOroCnoAapCbKOi TEXHIKM —3HMLLEHO i nowkoaxeHo 20,9 %.Tomy,3abe3neyveHHs eekTUBHOMO QYyHKLIOHYBAHHS
PUHKY TeXHiYHMX 3acobiB [Ang cena € KAKYOBUMM UMHHMKOM BIAHOB/IEHHS MaTepianbHO-TEXHIYHOT 6a3u
CiNbCbKOrocnoaapcbkmx NianpuemMcrs. Metoto poboTu 6yno AOCNIAUTU CYYaCHUIM CTaH PUHKY CilbCbKOrOCNOAaPChKOi
TEXHIKM Ta BMAMB Ha HbOrO BOEHHWUX i, BUSHAUUTU ePEKTUBHI LWASXM MOro po3BUTKY. Y NpoLeci AOCNiAKeHHS
Oy BMKOPUCTAHI HACTynHi MeToAM: AiaNneKTUYHWIA METOL HAyKOBOro Mi3HaHHS, MOHOrpadiyHui, CTaTUCTUKO-
€KOHOMIYHUI, EKOHOMIKO-MaTEMATUYHUIN, eKCNEePTHMUX OLIHOK, rpadivyHunini. BusHayeHO 3aranbHy TeHAEHUil [0
ckopoyeHHs npotarom 2015-2022 pokiB 4acTku rocnoaapcTB HaCeNeHHs, SKi MaloTb OKpeMi BUAM TeXHiku. BussneHo
Oucnponopuii Mixk BEIMKMMU Ta ManMMK OpMaMu rocnofaproBaHHs y 3abe3neyeHHi TeXHIKO0, 8 TaKOX 0BMeXeHHS
poctyny Ao ¢biHaHCOBMX pecypCiB Manmx CiibCbKOrocnoAapCbKMx NiANpUMEMCTB. Y npoueci AOCNIAXEHHS BU3HAYEHO
3arafibHe CKOPOYEHHS 0OCAriB PUHKY YKPAiHCbKOI TEXHiKM Yepe3 BTpaTy BUPOOHWMYMX MOTYXKHOCTEW Ha CXOAi Ta
NiBAHI KpaiHW. TaKOX 3HaYHO CKOPOTUBCA iIMNOPT CiNbCbKOrOCNOAapCbKOT TEXHIKM — TpakTopiB Ha 57,0 %, KOMBalHiB
3epHo36upanbHux Ha 30,0 %, ciBanok Ha 33,8 %, 6opiH anckoBux Ha 45,1 %, kynsTnBaTopis Ha 38,9 % y KinbkicHOMY
BMpa3i. 34iMCHEHO aHanis [gepxaBHOI MiIATPUMKM CiNbCbKOrOCMOAAPCbKOro MawMHOOYAyBaHHS Ta arpapHux
nianpuemcrs. CHoOpMOBAHO NPOrHO3 PO3BUTKY PUHKY CiNlbCbKOTOCMOAAPCHKOI TEXHIKWM AN POCAMHHMUTBA 33
NMO3UTUBHUM Ta HEFAaTUBHMUM CLLEHAPISMMU, LLLO BKJTKOYAKOTb PU3MKM Ta BUKITUKM, IKi MOXKYTb BUHUKHYTM Mif 4aC BOEHHUX
L Ta nicng ix 3aBeplueHHs. Po3pobneHo pekoMeHaaLii WoAo po3BUTKY PUHKY CilbCbKOrOCMOAAPCbKOI TEXHIKM ANS
POC/IMHHULUTBA, WO nepeadayvaroTb: 34iIMCHEHHS MPOTEKLIOHICTCbKOI MOMITUKKM AepaBu; 30epexxeHHs KagpoBOro
noTeHLiany; eBakyaLito NignpUEMCTB CiNbCbKOroCNoAapCbKOro MalmMHOBYAYBAHHS i3 30HM BOMOBUX Ail, CMPOLLEHHS
BefeHHs1 Bi3Hecy AN CTUMYNIOBAHHS iHBECTULIMHOT AiSNbHOCTI, AepXaBHY MNiATPUMKY Manux (GepMepcbKux
rocnofapcTs TOW0. BUKOHaHHS LMX peKoMeHAaLin CnpusTUME BiHOBNEHHIO ePeKTUBHOIO QYHKLIOHYBAHHS PUHKY
CiNbCbKOrocnoAapcbKoi TeXHIKM Ta MaTepianbHO-TEXHIYHOrO 3abe3neyeHHs arpapHoro BUPOOGHMULTBA B YKpaiHi

KntouoBi cnoBa: puHOK CiNbCbKOroCNOAApPCbKOi TEXHIKM; IMMOPT; eKCNOpT; AepXKaBHa NiATPUMKA; MaTepianbHO-
TexHiYHe 3abe3neyeHHs

Scientific Horizons, 2023, Vol. 26, No. 9




SCIENTIFIC HORIZONS [es

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 26(9), 167-177

ubC631.2
DOI: 10.48077/scihor9.2023.167

State-of-the-art technologies for remote sensing of crops water status
and nutrients in agriculture: A review

Svetoslav Atanasov’
PhD Student, Magister in Computer System and Technologies
Trakia University
6015, Students campus, Stara Zagora, Bulgaria
https://orcid.org/0000-0002-2658-1611

Article’s History: Abstract. The research relevance is predetermined by the need to introduce effective
Received: 16.05.2023 methods and tools for monitoring water resources and tracking soil nutrient levels to
Revised: 19.08.2023 improve agricultural production and sustainable use of natural resources. The research
Accepted: 27.09.2023 aims to provide a comprehensive overview of the latest technologies and techniques

used in RS for accurately assessing water status and nutrient levels in crops, aiming
to enhance agricultural productivity and sustainability. The latest advancements in
remote sensing techniques that enable precise monitoring and assessment of water
levels and nutrient conditions in crops, crucial for optimizing agricultural practices,
were studied. The literature research was conducted by adapting the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis Methods. The current
study provides an overview of RS technology, with a special focus on establishing
crops’ water and nutrient status in agriculture. A thorough review of research focused
on the applications and technologies of RS in agriculture, using a broad-to-narrow
approach, was also conducted. The scientific studies analysed provide the following:
RS crops on a large scale level, RS crops on a field level, RS crops on a greenhouse
level, RS on a plant level and RS on a leaf level. Current cutting-edge technologies
are also presented. The findings of this study could be beneficial to those involved in
sustainable agriculture, such as researchers, academics, and aspiring students

Keywords: review; precision agriculture; precision irrigation; smart farming; remote
sensing; crop monitoring; plant water response; non-invasive; non-destructive

Suggested Citation:
Atanasoy, S.(2023). State-of-the-art technologies for remote sensing of crops water status and nutrients in agriculture:
A review. Scientific Horizons, 26(9), 167-177. doi: 10.48077/scihor9.2023.167.

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

*Corresponding author


https://orcid.org/0000-0002-2658-1611

168

State-of-the-art technologies for remote sensing of crops water status...

INTRODUCTION
The timely and reliable information on crops’ water and
nutrient status is of critical importance in the condi-
tions of modern precision agriculture and smart farms.
By 2050, the world population is expected to increase
to almost 10 billion people, and to feed them, existing
food production must be increased by 59-98% accord-
ing to estimates by the Food and Agriculture Organi-
zation (FAOQ, 2023). It is also estimated that agriculture
will use over 70% of the world’s freshwater reserves,
with about half of it being lost or wasted. Up to 95%
of the world’s food production depends on soil. As a
result of unsustainable agricultural practices, overex-
ploitation of natural resources, and growing popula-
tions, one-third of the soils have already degraded, and
experts estimate that soil erosion could lead to a 10%
loss of crop yields by 2050. Soils are also full of life and
contain approximately 25% of the world’s biodiversity.
Globally, remote sensing (RS) has been supporting de-
cision-making in the field of agriculture for many years.

Several previously published literature reviews par-
tially examine the application of the RS in the crops’
water status and nutrients determined in agriculture.
M. Weiss et al. (2020) conducted a meta-review of agro-
nomical variables and plant traits that can be estimat-
ed from remote sensing. They described different meth-
odological approaches to retrieve them, discussed how
these variables are employed by different stakeholders
for specific applications and concluded with an over-
view of caveats and future challenges. A. Konings et al.
(2019) presented a review of microwave remote sens-
ing observations sensitive to plant water content. They
introduced the principles behind microwave remote
sensing observations to illustrate how they are sensi-
tive to plant water content and discussed how various
sensor types can be leveraged for specific applications
depending on the spatiotemporal resolution needed.
M. Bacco et al. (2019) provided a survey of the most
recent research activities in the area of digitalization
of agriculture, in the form of both research projects and
scientific literature, to show the already achieved results,
the current investigations, and the still open challenges,
both technical and non-technical. G. Lassalle (2021) con-
ducted a meta-review about the advances achieved in
monitoring natural and anthropogenic plant stressors by
hyperspectral remote sensing over the last 50 years. He
presented advances in hyperspectral monitoring of plant
stress with a total of 466 peer-reviewed articles.

N. Katsoulas et al. (2016) conducted a review of
crop reflectance monitoring as a tool for water stress
detection in greenhouses. They presented challenges of
detecting water status in greenhouses by remote sens-
ing, discussed sensors available for reflectance sens-
ing and applications, effects of environmental, canopy
structure and other parameters and proposed possible
solutions to mitigate the effects of those parameters.
U. Ahmad et al. (2021) conducted a review on crop
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reflectance monitoring as a tool for water stress detec-
tion in greenhouses. They reviewed past research and
recent advances regarding the sensors and approaches
used for crop reflectance measurements and the indi-
ces used for crop water and nutrient status detection.
A. Damm et al. (2018) conducted a review of remote
sensing of plant-water relations. They reviewed suita-
ble remote sensing approaches to assess plant-water
relations ranging from pure observational to combined
observational-modelling approaches. They used a com-
bined energy balance and radiative transfer model to
assess the explanatory power of pure observational
approaches focusing on plant parameters to estimate
plant-water relations, followed by an outline for a more
effective use of remote sensing by their integration into
soil-plant-atmosphere continuum (SPAC) models. It is
possible to conclude that there are similar studies, but
they are not categorized as in this publication - from
the general to the particular, from the global scale to
the leaf level.

The research aims to present a thorough examina-
tion of contemporary technologies and methodologies
employed in remote sensing to precisely evaluate the
water conditions and nutrient concentrations in crops.
The ultimate goal is to improve agricultural efficiency
and promote sustainable practices.

REMOTE SENSING CROPS
ON LARGE SCALE LEVEL

Improved satellite data resolution from platforms like
Landsat 8 and Sentinel-2 has opened up new possibili-
ties for monitoring crop conditions and mapping yields
on a larger scale in agriculture. J. Clevers et al. (2017)
utilized Sentinel-2 satellite images to estimate LAl,
LCC, and CCC of potato crops using vegetation indices
(VIs). Their study found that Sentinel-2 bands with a
10 m spatial resolution were sufficient, eliminating the
need for red-edge bands with a 20 m resolution.). Miao
et al. (2022) employed machine learning models to es-
timate leaf nutrient levels in mangrove forests using
Sentinel-2 images. They compared XGBoost, RF, and
LightGBM models and mapped nutrient levels for mul-
tiple seasons, highlighting the importance of monitor-
ing seasonal changes. A. Hama et al. (2022) introduced
a low-cost LiDAR approach to estimate leaf water con-
tent (LWC) by measuring reflectance in the 905 nm
band, which was found to be closely related to leaf
structure. T. Dong et al. (2020) utilized Landsat 8 and
Sentinel-2 data to estimate crop biomass in Manitoba,
Canada, by parametrizing a crop growth model using
remotely sensed LAI. Lastly, I. Sanches et al. (2014) used
spectral feature analysis to detect plant stress in visi-
ble/near-infrared wavelengths, identifying a new index,
PSDI, effective for detecting stress in hydrocarbon-im-
pacted plants based on field and airborne data. Table 1
presents the above data in a summarized form:




Atanasov

Table 1. Examples of RS crops on large scale level

Source Sensor Crop Estimation Results
At 10 m spatial resolution:
WDVI estimating LAl with R?=0.80, RMSEP=0.36;
LAl CVI estimating LCC: R?=0.656; RMSEP=0.066 g-m);
(Clevers Sentinel-2 satellite Potato LCC" Clgreen linear estimator of CCC: R2=0.818;
etal, 2017) images ccC RMSEP=0.29 g-m™?;
At 20 m spatial resolution:
TCARI/OSAVI linear estimator of LCC: R?=0.696,
RMSEP=0.062 g-m™
Seasonal leaf XGBoost demonstrates high accuracy in estimating leaf C,
(Miao et al nutrients: N, and P levels with R? values of 0.655,0.799, and 0.829
2022) N Sentinel-2 image Mangrove carbon (C), in spring, summer, and winter for leaf C,and R? values of
nitrogen (N) and  0.668,0.743,and 0.704 for leaf N, and R? values of 0.539,
phosphorus (P) 0.622,and 0.596 for leaf P
leaves Using LiDAR reflectance, the estimation of LWC (Liquid
(Hama et al., LiDAR and of sweet LWC by LiDAR Water Content) achieves a high level of accuracy, with an R?
2022) hyperspectral data otatoes reflectance value of 0.950, an RMSE (Root Mean Square Error) of 6.78%,
P and a MAPE (Mean Absolute Percentage Error) of 18.6%
Anola The accurate estimation of above-ground dry biomass
5o bea’n Cron biomass for these six crops is achieved by assimilating LAl data
(Dong et al., Landsat 8 and whe);t cor’n usinp remotel obtained from satellite sources. The estimation yielded
2020) Sentinel-2 data oats 'and ’ se?]sed LAl Y favourable results, with an R? value of 0.81, an RMSE of
beans 135.4 g/m?, a normalized RMSE (nRMSE) of 37.9%, and a
relative per cent difference (RPD) of 2.26
ProSpecTIR-VS Forages Plant stress in
(Sanches airborne imaging brachiaria hydrocarbon- Among the leaf data, the PSDI and chlorophyll feature
spectrometer for grass and - . area demonstrated the highest proportion (67-70%) of
etal, 2014) far-range field erennial contaminated soil, lants exhibiting signs of stress
h 9 P true leaf data P 9519
yperspectral RS data  soybean

Source: developed by the author

REMOTE SENSING CROPS ON THE FIELD LEVEL
T. Silva et al. (2022) conducted on-site measurements
of chlorophyll levels in grapevines to assess their ni-
trogen status. The study established a relationship be-
tween chlorophyll meter readings and actual leaf nitro-
gen contents. C. Aradjo-Paredes et al. (2022) evaluated
the accuracy of using an aerial sensor to estimate plant
water status (PWS) through the Crop Water Stress Index
(CWSI). They compared CWSI values derived from aerial
thermographic and portable thermal cameras with
measurements of stem water potential and demon-
strated the feasibility of estimating CWSI and generat-
ing spatial maps using aerial thermography. H. Zheng
et al. (2018) assessed the performance of three sen-
sors on an unmanned aerial system (UAS) for estimat-
ing nitrogen status in rice. They employed various Vis
to estimate leaf and plant nitrogen accumulation and

evaluated their integration with field data. P.Rosso et al.
(2022) compared ground-based LAl data with remote
sensing information using Vls, machine learning, and
radiative transfer models in barley experiments. They
determined that machine learning algorithms and Vls
performed well, indicating the potential of using satel-
lites and remotely piloted aircraft in precision agricul-
ture. Du et al. (2022) used a multi-rotor UAV equipped
with image sensors to gather maize canopy data and
developed models for LAl estimation using different
algorithms. N. Katsoulas et al. (2016) utilized ML algo-
rithms to estimate NDVI in Arabica coffee cultivars us-
ing a passive RGB sensor in a UAV. They derived an NDVI
equation based on RGB bands and found satisfactory
agreement compared to in situ data, providing a simple
method for evaluating vegetative vigour. Table 2 pre-
sents the above data in a summarized form:

Table 2. Examples of RS crops on field level

Source Sensor Crop Estimation Results
The generated models produced estimations for
chlorophyll a, b, and total with calibration errors of 0.98,
(Silva et al., Chlorophyll Wine grape Chlorophvll 0.58,and 1.47ug ml* cm?, respectively. For prediction,
2022) hand-held meter  “Chardonnay” phy the errors are 1.03,0.67,and 1.49 ug ml* cm2. In

terms of leaf nitrogen content, the calibration error is
1.49 g kg, while the prediction error is 3.39 g kg*
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Table 2, Continued

Source Sensor Crop Estimation Results
Among the two models analysed, it is observed that for
CWSITair, CWSIS demonstrated better evaluation of crop
(Araujo- water stress compared to stem water potential, with an
Paredes et al, Thermal Imagery Grape vine CWsSI R? value of 0.55. Additionally, CWSIS exhibited a strong
2022) correlation with the portable sensor, with an R? value of
0.58, indicating its potential for practical application in
field measurements
The findings indicated that the red edge (VIs) derived
from multi-spectral (MS) images achieved the
RGB, colour- highest level of accuracy in estimating Leaf Nitrogen
(Zheng et al., infrared and Rice Nitrogen status Accumulation (LNA) with R? values ranging from 0.79
2018) multispectral 9 to 0.81 and RMSE values of 1.43 to 1.45 g m™. Similarly,
cameras for Plant Nitrogen Accumulation (PNA), the red edge Vls
demonstrated strong performance with R? values ranging
from 0.81 to 0.84 and RMSE values of 2.27 to 2.38 g m™?
The coefficients of determination obtained from all
(Rosso et al Sentinel-2, approaches ranged from approximg@ely Q.7 to 0.9.When
2022) 7 Landsat and Barley LAI only four Sentinel-2 bands are utilized instead of the
Sen2-Agri full set of 12, the top-performing ML algorithms achieve
even higher levels of accuracy
There is a strong correlation between RGB-based Vs and
CMOS sensors LAI.Thg (RF model.outper_formed other mogels across
the entire observation period as well as during specific
(RGB bands of - ; ”
(Du et al. spectral ) growth stages. It ex2h|b|teq the highest coefficients
2022) ’ and spatial Maize LAI of determination (R?) ranging from 0.71 to 0.88 and
information of the lowest RMSE values ranging from 0.12 to 0.25 on
image pixels the test datasets. Following the RF model, the BPNN
(Backpropagation Neural Network) model and LR models
also showed good performance
(de Oliveira Passive RGB 20 Arabica Foliage level A high ratio between the foliage level and the NDVI can
etal, 2022) sensor on UAS  coffee cultivars 9 be observed (r=0.97, p-value < 0.01)

Source: developed by the author

REMOTE SENSING CROPS
ON THE GREENHOUSE LEVEL
Q.Lietal (2022) investigated the relationship between
soil water content (SWC), drought stages of wheat, can-

opy temperature, and spectral response characteristics.

They found that red-valley position (RVP) and red-edge
position (REP) parameters showed significant shifts
during certain drought stages of wheat, while vegeta-
tion water indexes effectively distinguished different

levels of water stress across various growth stages.

A.Bianchi et al. (2017) developed a water balance mod-
el based on the FAO-56 method to schedule irrigation

for greenhouse spinach crops. They found that nitrogen
treatment had minimal impact on crop development
and irrigation requirements. C. Ru et al. (2020) exam-
ined the effectiveness of using the CWSI based on leaf
temperature to assess the water status of grapevines.
They determined the optimal time and conditions for
observing CWSI values and concluded that CWSI was
more effective than Tc-Ta (canopy temperature minus
air temperature) in monitoring plant water stress, with
stomatal conductance (gs) showing the strongest cor-
relation with CWSI. Table 3 presents the above data in
a summarized form:

Table 3. Examples of RS crops on the greenhouse level

Source Sensor Crop Estimation Results
The presence of water stress at various growth stages
Water stress resulted in noticeable variations in spectral characteristics.
(Li et al, Ground hyper- Wheat during tillering,  Notably, there are significant differences in SWC and canopy
2022) spectral RS jointing and temperature across different stages of wheat drought, with
milk maturity.  the jointing stage experiencing the most pronounced changes
in canopy temperature
The FAO-56-GH model demonstrated favourable performance
during both the validation and calibration periods, as
(Bianchi Spinach Water indicated by the evaluation metrics. In the validation period,
etal., RGB images (Spinacia ] the model exhibited a coefficient of determination (R?) of
2017) oleracea) requirements 0.80,an RMSE of 0.41 mm day, and an NSE of 0.78. Similarly,

during the calibration period, the model achieved an R? of
0.84,an RMSE of 0.21 mm day?, and an NSE of 0.83
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Table 3, Continued

Source Sensor Crop Estimation Results
The correlation between the leaf-air temperature difference
(T-T,) and indicators of PWS (¢, g, E) is statistically
Leaf significant (P<0.05). Among these indicators, the relationship
(Ru et al., Infrared Grapevines temperature, between g, E,and T -T_is particularly strong, with R? values
2020) thermometer P Water status - ranging from 0.530 to 0.604 and from 0.545 to 0.623,

water stress

respectively. Additionally, there is a reliable linear correlation
between the CWSI value and soil moisture at depths of
0-40 cm, with statistical significance (P<0.05)

Source: developed by the author

REMOTE SENSING ON PLANT LEVEL
N. Chandel et al. (2022) developed a non-invasive
method using computer vision and thermal-RGB imagery
to detect water stress in winter wheat crops. Deep learn-
ing models and function-approximation models are uti-
lized to classify crops as stressed or non-stressed based
on thermal-RGB images and various input parameters.
P. Lépez-Garcia et al. (2022) conducted experiments to
assess the impact of different water qualities and irri-
gation start times on crop growth. LR techniques and
ANN models are trained using multispectral and RGB

data to simulate water stress.J. Fernandez-Novales et al.
(2021) focused on assessing the water status of grape-
vines using leaf water potential and canopy temperature
measurements. Spatial-temporal maps are generated to
analyse variations in water status. S. Zhuang et al. (2017)
developed a model for early identification of water stress
in maize using image analysis. A two-stage detection
model based on gradient-boosting decision trees is used
to distinguish between adequate water supply and wa-
ter stress conditions in maize fields. Table 4 presents the
above data in a summarized form.

Table 4. Examples of RS crops on the plant level

Source Sensor Crop Estimation Results
Different irrigation treatments significantly affect measurements of
canopy temperature (Tc), relative water content (RWC), SMC, and RH
concerning crop and soil responses. The 100% ETc treatment resulted
in the lowest Tc (22.5%2°C), highest RWC (90%), and highest SMC
RGB and (25.7%2.2%), while the 25% ETc treatment had the highest Tc (28+3°C),
(Chandel  thermalimagery  Winter Crop water lowest RWC (74%), and lowest SMC (20.5+3.1%). ResNet50 performed
etal,2022) plus computer wheat stress the best among feature extraction models, achieving a discriminant
vision accuracy of 96.9% with RGB inputs and 98.4% with thermal imagery
inputs. Thermal imagery generally provided higher classification
accuracy compared to RGB imagery. Among function approximation
models, the DL-LSTM model achieved the highest discriminant accuracy
of 96.7% and displayed lower errors in stress/non-stress classification
Utilizing ML techniques, such as ANN models, is an efficient approach to
analysing data obtained through UAV remote sensing for the estimation
(Lopez- Multispectral of S . These models outperform LR models and using RGB bands and GCC
Garciaetal, and RGB UAV Vineyard Water Status  as inputs leads to satisfactory outcomes. High-resolution RGB cameras
2022) Imagery are a cost-effective alternative to multispectral and thermal sensors, with
promising results. To avoid soil effects and obtain precise GCC values,
accurate vegetation segmentation is essential
Ground drone; The researchers employed Partial Least Squares (PLS) regression to
(Fernandez- Thermal develop calibratiop and prgdjction models. The ﬁnc}ings revealed
Novales infrared Grapevine PWS that the most effective prediction models for grapevine water status
et al, 2021) radiometry and achieved a cross-validated determination coefficient (r? ) of 0.57 in the
N multispectral morning and 0.42 at midday. The RMSE of cross-validation (RMSE ) was
sensor determined to be 0.191 MPa in the morning and 0.139 MPa at midday
(Zhuang RGB outdoor Maize Earsltyr‘\e/vsaster The accuracy of identifying three different water treatments is found to
etal.,2017) camera detection be 80.95%, while the accuracy of detecting water stress is 90.39%

Source: developed by the author

REMOTE SENSING ON LEAF LEVEL
In 2015, Dhillon introduced the “Leaf Monitor,” a contin-
uous leaf monitoring system specifically designed for
measuring the PWS of almond and walnut trees. The
Leaf Monitor system utilized a thermal infra-red sensor
to measure leaf temperature and integrated additional
sensors to monitor various environmental factors such

as air temperature, relative humidity, photosynthetically
active radiation (PAR), and wind speed. To optimize its
performance, the system included a leaf holder, a so-
lar radiation diffuser dome, and a wind barrier. These
systems were interconnected in a wireless mesh net-
work, allowing data collection and transmission every
16 minutes through the internet.
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In a subsequent study published in 2019 by the same
research team led by Dhillon, they developed a method-
ology to predict PWS in almond and walnut trees using
the continuous leaf monitoring system. The researchers
collected data on leaf temperature and environmental
conditions using the Leaf Monitor system. These data
were then utilized to calculate a Modified CWSI, which
served as an indicator of the plant’s water status. Before
an irrigation event, MCWSI values were estimated and
used to determine the appropriate irrigation amount for
low-frequency variable rate irrigation (VRI). The irrigation
amounts were based on the correlation between MCWSI
and Drought Stress Water Potential (DSWP). By imple-
menting variable rate irrigation, the researchers achieved
a significant average reduction of 39% in water consump-
tion compared to the fixed 100% evapotranspiration (ET)
replacement irrigation method for all the trees.

Analysing strawberry leaf colour can effectively
help evaluate soil status and protect against excess
environmental nutrients and financial losses in straw-
berry crops (Madhavi et al., 2022). The objective of this
study was to create ML models, specifically multiple
linear regression (MLR) and gradient boost regression
(GBR), that can simulate variations in strawberry leaf
colour. These colour changes are based on soil physic-
ochemical properties and plant age, using mean values
of the RGB channels. Accurate measurements of soil
physicochemical components were obtained from the
largest and most diverse coloured leaves of the straw-
berry plants using a multifunctional soil sensor in the
rooting zones. Additionally, 400 strawberry leaflets
were sampled at different stages of vegetative and re-
productive growth, and individual leaves were captured

using a digital imaging system.The RGB mean values of
the coloured leaf images were extracted using image
segmentation algorithms incorporated into image pro-
cessing techniques. Subsequently, MLR and GBR mod-
els were developed to predict the RGB mean values of
the leaves based on the soil physicochemical measure-
ments and plant age. The GBR model demonstrated
superior performance compared to the MLR model,
achieving high-performance metrics.

Several other studies have explored the use of
advanced techniques for assessing PWS and health in
various crops. F. Hahn et al. (2021) focused on man-
go trees and employed dendrometers and capacitors
with Teflon clamps to measure LWC and examine the
influence of water on mango production. H. Skoneczny
et al. (2020) investigated the potential of non-invasive
proximal hyperspectral remote sensing (RS) to dis-
tinguish between healthy, infected, and dry leaves of
apple trees using spectral bands and indices. F. Rojo
et al. (2016) proposed a new method for calculating
CWSI and Modified CWSI using continuous leaf monitor
data in almond orchards and vineyards to implement
site-specific irrigation management. J. Rodriguez-Perez
et al.(2018) compared ordinary least squares regression
(OLSR) and functional linear regression (FLR) models
to predict LWC using reflectance data and wavelengths
in grapevines. T. Zhao et al. (2020) used hyperspectral
imaging to evaluate water status in tomato leaves and
computed vegetation indices (Vls) to assess LWC in dif-
ferent parts of the plants. These studies highlight the
potential of advanced techniques in monitoring PWS
and health for improved crop management.Table 5 pre-
sents the above data in a summarized form.

Table 5. Examples of RS crops on leaf level

Source Sensor Crop Estimation Results
Thermal infrared sensor
(Dhillon, for conttinuausly monttor In almond: MCWSI and DSWP linearly related,
2015; the tempberatiure 0" €9V Almond WS r2=0.67;
. as well as the ambien . .
et%?llzlgqg) temperature, relative humidity, and walnut In walnuts,rl;/ltg\t/;/osrllsahnig RDZS;\g/F;én quadratic
N photosynthetically active ’
radiation (PAR), and wind speed
. GBR model, utilizing RGB mean values throughout
IﬁeGan E,Ioégﬁrvglﬂzg the growth stage, demonstrated a good fit with
Based on Soil R? and RMSE values of (R=0.77,7.16,G=0.72,7.37,
(Madhavi RGB camera with a pixel Strawberrv  Physicochemical and B=0.70, 5.68), respectively. On the other hand,
etal,2022) resolution of 5472 x 3648 y Par)a/meters Usin the MLR model performed moderately, with R2
Machine 9 and RMSE values of (R=0.67,8.59,G=0.57,9.12, and
Learnina Models B=0.56, 6.81), when predicting RGB mean values
9 consecutively in strawberry leaves
. -, The capacitance and Hall effect sensors can
(Hazhgzell; al, InductlvcesgggogjpaC|tlve Mango Leaf Monitoring produce signals that can be used for scheduling
irrigation based on predetermined thresholds.
The 1450 nm band in the SWIR range effectively
Hyperspectral ~ separates infected (I) and healthy (H) leaves, while
(Skoneczny Non-invasive proximal Apple Analysis of the 1900 nm SWIR band distinguishes all three
et al, 2020) hyperspectral RS PP Healthy, Infected leaf types. Pearson correlation tests revealed

and Dry Leaves that ARI, MSR, and QFI showed the strongest

correlations with the progression of infection
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Table 5, Continued

Source Sensor Crop Estimation Results
te%)ggrr:,:&ues rivgr!\:tgi?rig Almond In grapes: MCWSI and DSWP are linearly related,
H ; 2= .
(Rojo et al, system and soil and pressure orchards PWS with R*=0.70;
2016) sensors. latching solenoid and In almonds, CWSI and DSWP strongly correlated
’ valvesg Vineyards with a second-order relationship and R?=0.78
The most accurate model is achieved by utilizing
. ) functional linear regression (FLR) within the
(Rodriguez Four grape LWC’expressed as spectral range centred around 1465 nm, resulting
Perez et al., Hyperspectral 2 equivalent water = ; S B
varieties ] in a coefficient of determination (R?) of 0.70 and
2018) thickness o
a percentage root mean squared error (%RMSE)
of 8.485
The most successful regression model for
evaluating water content (WC) is obtained
by utilizing TBI regression with DIFF data at
1410 nm and 1520 nm wavelengths. Similarly, the
(Zhao et al, most efficient regression model for determining
2020) Portable hyperspectral camera Tomato Leaf Water Status moisture content (MC) is achieved through

NDVI regression with RAW data at 1300 nm and
1310 nm wavelengths. The models used for
the MC assessment showed better performance
compared to those used for the WC assessment

Source: developed by the author

CUTTING-EDGE TECHNOLOGIES
Industries are moving towards smart factories, and
the agricultural sector should also embrace the con-
cept of smart farms. Unmanned ground vehicles (UGVs)
play a vital role in the development of smart farms
(Gonzalez-De-Santos et al, 2020). While there are
similarities between smart factories and smart farms,
specific research is needed to address the unique char-
acteristics of UGVs designed for outdoor agricultural
tasks. Multi-drone systems consisting of smaller or
medium-sized drones can perform tasks with greater
accuracy, tolerance, and safety compared to larger ma-
chines. Autonomous drones, whether operating alone
or in fleets, are essential for the precise application of
herbicides and fertilizers. This approach reduces chem-
ical usage, resulting in benefits such as lower costs,
improved operator safety, enhanced community health,
and higher food quality with reduced toxicity.

The Research Centre for High Technology Green-
house Plant Production at Ehime University is working
on a project called “Intelligent Greenhouse Systems,”
in which the main concept is the “Speaking Plant” ap-
proach (Hiroshige, 2015). The SPA approach suggests
that the best way to grow crops is by considering the
plants’ physiological status. To implement SPA, a chlo-
rophyll fluorescence imaging drone is developed to
measure the photosynthetic activity of tomato plants
in greenhouses. This drone is designed to be low-cost,
easy to use, and suitable for commercial tomato pro-
duction. The researchers also studied how storage tem-
perature affects tomato fruit colour using multiple re-
gression analysis to improve postharvest management.

This study (Kalaitzoglou et al., 2021) aims to inves-
tigate how blue light affects plant growth by measuring
light absorption and photosynthesis in tomato plants.
The experiment involved growing tomato plants in

six different combinations of artificial solar and blue
LED light, with varying levels of blue light. The results
showed that increasing the blue light fraction led to a
decrease in plant growth, which is related to a more
compact plant morphology and lower light absorption.
However, the blue light did not affect the plants’ maxi-
mum photosynthetic capacity. The study suggests that
increasing blue light in a solar light environment can
hinder plant growth, but further research is needed to
confirm this in high-light growth environments typi-
cally used in tomato production.

A digital twin refers to a virtual representation of a
farm that offers benefits such as increased productiv-
ity, improved efficiency, and reduced energy consump-
tion and losses. A. Nasirahmadi and O. Hensel (2022)
presented a comprehensive overview of digital twin
concepts and technologies in the field of agriculture.
It covers various aspects including soil management,
irrigation, robotics, farm machinery, and post-harvest
processing. The review explores data recording, model-
ling, artificial intelligence, big data, simulation, analysis,
prediction, and communication aspects of digital twin
systems in agriculture. By continuously monitoring the
farm in real time and updating the virtual model to re-
flect changes in the physical environment, digital twins
provide valuable support to farmers. This technology
represents the cutting-edge advancement in the digital
transformation of the agricultural sector.

C. Pylianidis et al. (2021) used a combination of
qualitative and quantitative methods to explore the
advantages of digital twins in the agricultural domain.
The study begins with a comprehensive literature re-
view focusing on digital twins in agriculture between
2017 and 2020. By examining 28 use cases and compar-
ing them with examples from other fields, the research-
ers assess the extent of digital twin implementation in
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agriculture. They analysed reported benefits, service
categories, and technology readiness levels to evaluate
the adoption of digital twins in the agricultural sector.
Furthermore, the study identifies specific characteris-
tics of digital twins that can be beneficial in agricul-
ture and proposes a roadmap for their implementation,
considering increasing levels of complexity. Ultimately,
the research underscores the distinctive attributes of
digital twins that make them particularly valuable in
the context of agriculture.

“Agri-Food 4.0 is a term used to describe the latest
developments in the agriculture sector, which includes
the integration of digital technologies and the Inter-
net of Things. Similar to the concept of “Industry 4.0,
Agri-Food 4.0 aims to optimize efficiency and produc-
tivity through the use of these technologies. While the
agriculture sector has already incorporated electronic
controls and data collection methods through sensors
and drones, there is still a need to improve supply chain
performance and decision-making processes. This sur-
vey (Lezoche et al, 2020) reviews over a hundred pa-
pers on new technologies and supply chain methods to
understand the future of Agri-Food 4.0.

According to the United Nations Development Pro-
gramme (2021), global agriculture and food systems
are under constant enormous pressure. It is estimated
that by 2050 the world population will grow to almost
10 billion people and to feed it, current food produc-
tion must be increased by 59-98% (Domingues et al.,
2022). It is also estimated that agriculture uses over
70% of global freshwater supplies, with around half of
this being lost and wasted. Globally, about one-third of
the food produced is wasted or thrown away. Agri-food
is at the heart of the United Nations 2030 Agenda and
impacts all 17 Sustainable Development Goals.

In 2019, the twenty-six EU member states signed
a declaration of cooperation to support the successful
digitization of agriculture and rural areas in Europe. In
it, they recognize the potential of digital technologies
to help tackle important and pressing economic, social,
climate and environmental challenges facing the EU’s
agri-food sector and rural areas. In 2022, FAO calls for
an end to soil degradation. Up to 95% of the world’s
food production depends on soil. As a result of unsus-
tainable farming practices, overexploitation of natural
resources and a growing population, one-third of soils
have already been degraded, and experts estimate that
soil erosion could lead to 10% crop loss by 2050. Soils
are also full of life and contain approximately 25% of
the world’s biodiversity (FAO, 2023).

The introduction of so-called precision agriculture
(PA) and digital technologies in the field of agriculture
are ways to optimize and improve the processes in it.
New digital technologies make farming more acces-
sible, using a combination of different technologies
working together to improve the precision of farming,
including high-speed internet (5G) mobile phones,
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high-resolution RS technologies through images from
satellites and unmanned aerial vehicles (UAVs), sen-
sors connected to the Internet of Things (loT), wire-
less sensor networks (WSN), robotics and 3D printing
(Kalaitzoglou et al., 2021).

The use of PA is primarily driven by WSN, which
consists of interconnected wireless nodes that moni-
tor environmental conditions (Shafi et al,, 2019). These
nodes are equipped with components, such as trans-
mitters, microcontrollers, sensors, antennas, and elec-
tronic circuits to collect and transmit data to a gateway.
Nodes are categorized as either data sources or receiv-
ers/gateways, with receivers having more computing
power. In agriculture, different plants have varying
needs even within the same farmland, and sensors are
employed to monitor the changing behaviour of plant
parameters, including soil properties, plant charac-
teristics, weather conditions, fertilization options, and
water requirements. The most commonly used wireless
communication protocols in agricultural loT applica-
tions are Cellular, 6LoWPAN, ZigBee, RFID, Wi-Fi, and
LoRaWAN (Avsar & Mowla, 2022).

The combination of ML, HPC, and big data technol-
ogies opens up new opportunities for data-intensive
science in the interdisciplinary field of agrotechnolo-
gies. ML algorithms applied to sensor data transform
farm management systems into real-time Al-driven
programs that offer valuable recommendations to sup-
port farmers’ decision-making (Liakos et al., 2018). ML
approaches were successfully applied in various areas,
such as classifying plant diseases from plant images
using CNNs for different plant species and diseases,
detecting insects on leaves through object segmenta-
tion and deep learning techniques (Domingues et al.,
2022), and predicting soil moisture levels (Atanasov
et al,, 2023). In a global context, RS has been support-
ing decision-making in agriculture for over 45 years
(Ammoniaci et al., 2021; Domingues et al., 2022).

CONCLUSIONS

Remote sensing technologies offer valuable insights for
improving agricultural productivity and efficient water
resource management. Soil moisture sensors provide
accurate and consistent data, enabling objective ob-
servations of plant water status, although they have
limitations in capturing field-wide moisture variations.
Handheld remote sensing devices offer better tempo-
ral, spectral, and spatial resolution for on-site moni-
toring, but their effectiveness is limited for evaluating
larger areas compared to sensors on planes and satel-
lites. Proximal sensors require location-specific calibra-
tion and may pose data analysis challenges. Leaf phys-
iology methods provide objective assessments of crop
water stress but are time-consuming, destructive, and
not suitable for real-time monitoring. Modern imaging
techniques such as fluorescence, thermography, and
multispectral imaging enable fast and non-destructive




phenotyping for early detection of water stress. Satel-
lite-based remote sensing has significant potential but
can be constrained by spatial and temporal resolution
limitations and cloud cover. To overcome these chal-
lenges, unmanned aerial vehicles (UAVs) equipped with
remote sensing sensors offer a cost-effective alterna-
tive, providing high-resolution imagery with flexibil-
ity in flight and mission timing. UAVs surpass satellite

Atanasov

Prospects for future research in state-of-the-art
technologies for remote sensing of crop water status
and nutrients in agriculture include advancing sensor
technologies for improved accuracy and resolution,
integrating data from multiple sources for compre-
hensive analysis, and exploring the integration of re-
mote sensing with precision agriculture techniques for
site-specific management.

resolution and offer quick and repeatable deployment.
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Cyu4acHi TexHonorii AUCTaHUiMHOro 3oHAYBaHHS BOAHOIO PEXUMY
Ta NOXXUMBHUX PEYOBUH Y CiJibCbKOMY rocrnopapcTBi: ornaa,

CeeTocnaB ATaHacoB

AcnipaHT, Marictp KOMMOTEPHUX CUCTEM Ta TEXHOJIOTIN
YHiBepcuTeT Tpakis
6015, CryneHTcbke MicTeuko, M. Ctapa 3aropa, bonrapis
https://orcid.org/0000-0002-2658-1611

AHoTauif. AKTYanbHiCTb AOCNILKEHHS 3yMOBMiEHA HEOOXiAHICTIO BMpPOBaKeHHS e(eKTUBHUX MEeTOoAiB Ta
IHCTPYMEHTIB MOHITOPUHIY BOAHWX PECYPCIB Ta BiACTEXEHHS PiBHS MOXMBHUX PEYOBUH Y IPYHTI A5 NOKPALLEHHS
CiNbCbKOroCnoAapcbKoro BMPOOGHULTBA Ta CTasoro BMKOPUCTAHHS MPUPOLHUX pPecypciB. MeTow OOCNIIKEHHS €
HafaHHS KOMMIEKCHOro OrnsiAy HOBITHIX TEXHONOTIM Ta METOLIB, WO BMKOPUCTOBYHOTLCS B [133 ANS TOYHOI OLiHKM
CTaHY BOOHMX PecypciB Ta PiBHSA MOXWMBHUX PEYOBMH Y CiNlbCbKOrOCNOAAPCbKMX KYNbTypax 3 MeTol MiABULLEHHS
NPOAYKTUBHOCTI Ta CTaNOCTi CiZIbCbKOro rocnoAapcTea. bynu BUBYEHi OCTaHHI LOCATHEHHS B METOAAX AUCTAHLiIMHOrO
30HAYBAHHS, AKi A03BONAOTb NPOBOAUTU TOYHUI MOHITOPUHT | OLIIHKY PIBHIB BOAM | MOXMBHMX PEYOBMH Yy NOCIiBaX,
WO MAa€E BWpillasbHe 3HAYeHHs A0S ONTUMI3aLii CiNbCbKOrocnoAapcbkmMx NpakTuK. JocnimxeHHa nitepatypu
NpoBOAMNOCA LWASXOM afanTauii METOAIB CUCTEMATUUYHMX OMSAIB | MeTa-aHanidy, SKMM HaJaAEeTbCs nepesara npu
CKNaAaHHi 3BITIB. Y LbOMY JOCNIAXKEHHI NpeacTaBneHo ornsg TexHonorii [133 3 0cobnnBUM akLLEHTOM Ha BU3HAYEHHI
BOJHOTO Ta MOXMBHOIO CTATyCy CilbCbKOrOCMOAAPCbKUX KYAbTYP Y CiibCbKOMY rocnoAapcTsi. Takox 6yno npoBeaeHo
peTeNbHMI OrNaa AOCNIAKEHb, NPUCBAYEHMX 3aCTOCYBaHHIO Ta TexHonoriam [33 y cinbCbkOMy rocnogapcrsi,
3 BMKOPWUCTAHHAM NiAXOAY «Bif, LUIMPOKOro A0 By3bkOro». [MpoaHanizoBaHi HAayKOBi AOCAIOXEHHS CBifyaTb Npo
HactynHe: [133 Ha BenukoMacwTabHoMmy piBHi, [133 Ha piBHi nons, 33 Ha piBHi Tenauup, [133 Ha piBHi pocanH Ta [133
Ha piBHi NIMCTKIB. TakoX NpeacTaBNeHi CyyacHi NnepenoBi TeXHONOriT. Pe3ynbtati Lboro AoCHimKEHHS MOXYTb OyTH
KOPUCHUMM AN TUX, XTO 3aMMAETbCA MUTAHHAMM CTANOMO CiNIbCbKOro rOCNOAAPCTBA, TaKMUX K AOCNIAHWKK, BUKNAdaui
Ta CTYAEHTU-NOoYaTKIBL

KntouoBi cnosa: ornsg; TouHe 3emM1epobCTBO; TOUHE 3POLLEHHS; pO3YMHe 3eMNepobCTBO; AUCTaHLiiHe 30HAYBAHHS;
MOHITOPMHT MOCIBIB; peakLis pOCAMH Ha BOLY; HEIHBA3UBHWUIA; HEPYIHIBHUA
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