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model. Scientific Horizons, 24(10),9-16.  and daily data. For each data set, the input parameters were selected using
correlation analysis. Considering the determining factors, the models of
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the potential volume of electricity production by the solar power plant for
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Determination of the concepts of building a solar power forecasting model

INTRODUCTION

One of the largest sources of energy is the sun. Every year
there is an increase in the exponential dependence of
the electricity production of a solar power plant (SPP)
in Ukraine [1].According to [2],the main target parameters
for the period up to 2035 include optimisation of the
energy balance of the state, based on the requirements
of security of energy supply and ensuring the share of
renewable energy at 25%. A significant role is devoted
to solar energy. However, with the development of re-
newable energy sources, there is a problem of ensuring
the appropriate manoeuvrability of the power system.
In [3], it is stated that the structure of the generating
capacities of the Integrated Power System (IPS) of Ukraine in
terms of ensuring effective frequency and power reg-
ulation in the power system is suboptimal. Among the
reasons are the unregulated and variable operation of
wind and solar power plants, aggravated by a lack of tools
and approaches for forecasting electricity generation
regimes.

According to the Law of Ukraine No. 1928-1X
‘Amendments to Certain Laws of Ukraine on Improving
the Conditions for Supporting the Production of Electricity
from Alternative Energy Sources” [4], in the day-ahead
energy market, the fines for imbalances in the generation
of SPP came into force since 2020. However, the Law
does not provide a mechanism for short-term genera-
tion forecasting. There are no comments on databases,
algorithms, techniques, and other grounds for effective
day-ahead forecasting. In addition, Ukraine does not have
an infrastructure base for a synoptic accurate short-term
forecast for this field, which should be the basis for
calculating the volume of generation, does not specify
the degree of responsibility of third parties who provide
data for forecasts, and there are no indications of the
permissible accuracy of weather data for forecasting. At
the same time, the Law imposes fines for actual hourly
deviation from the projected schedules for the day-ahead
and obliges the producer to be financially responsible
for the imbalance of electricity to the Guaranteed Buyer.

That is why the issue of accurate forecasting of
the possible electricity generation volume has become
acute. However, solar energy forecasting is a rather dif-
ficult task, as it largely depends on climatic conditions
that change over time. To overcome the above issues, it
is important to use new intelligent methods to obtain
reliable and accurate results.

Today, Machine Learning Methods have attracted
considerable attention from many researchers and devel-
opers in solar radiance and power generation forecast-
ing [5; 6]. Linear models based on the Autoregression
method are mostly used to determine the radiation inten-
sity. This method is simple but not flexible.An improved
autoregressive integrated model with a moving average
for determining the monthly solar radiation based on a
set of radiation and temperature data for previous periods
was proposed in [7]. A novel solar radiation prediction

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

approach that combines two models, the Auto Regres-
sive Moving Average (ARMA) and the Nonlinear Auto
Regressive with eXogenous input (NARX) is presented
in [8]. The effectiveness of combining a modification au-
toregression model and a convolutional neural network
was studied in [9]. An empirical hybrid Autoregressive
Integrated Moving Average (ARIMA) and Artificial Neural
Network (ANN) approach shows a high correlation with
experimental results and a relatively small error rate [10].
Deterministic and probabilistic forecasting of photovoltaic
power based on a deep convolutional neural network
is discussed in [11]. Also, recurrent neural networks are
used for the hourly prediction of photovoltaic power
output using meteorological information [12].

In addition, there are also some nonlinear meth-
ods based on time series. For example, a deep learning-
based Photovoltaics (PV) power generation forecasting
model based on Long Short-Term Memory (LSTM) model
uses both outdated and forecast data by replacing the
outdated weather data with the future weather forecast
data during the testing phase for daily PV power generation
forecasting [13]. In [14], the authors used a traditional
recurrent artificial neural network and Support Vector
Machine (SVM), based on a set of time series data, to
increase forecasting accuracy for the next 24 hours. The
special feature of time forecasting is that it considers the
trend and seasonality of the predicted parameter. But
the influence degree of the nature of changes in the
values of climatic parameters in these models is mainly
not considered. The question arises about the need in
evaluating the application of other methods of Regression
Analysis of Machine Learning, that will better account
for the influence of disturbing factors on the further
forecast through artificial neural networks. [15] presents
Feature-Selective Ensemble Learning-Based Long-Term
Regional PV Generation Forecasting. The Ensemble model
that used simple multilayer perceptron and CNN with
applied feature selection shows higher predictive power
than the time series based single model.

The purpose of the study is to develop a concept
and methodology for building a mathematical model
for forecasting the amount of electricity generated by
solar panels. It can be done by feature selection for active
power generation parameters and selection of an adequate
mathematical model for determining the target value
of the energy generation function based on actual data.

MATERIALS AND METHODS

Data for the analysis of electricity generation by pho-
tovoltaic facilities and factors affecting the solar power
plant (SPP) were obtained from Dymerska SPP in the
village of Velyka Dymerka, Kyiv region. The data consisted
of more than 26 thousand samples collected from July 1,
2020, to December 31, 2020, which characterize the
operating conditions of solar panels with a capacity of
9 MW.




The data set consists of two types:
1.Weather condition data. The first part of the data
consists of measured weather parameters such as tem-
perature, humidity, solar radiation, atmospheric pressure,
wind direction and wind speed.
2. Data from metering devices on the amount of
electricity produced.

The analysed dataset consisted of the actual value
of the output electric power for 10-minute intervals (the
meter transfers the generation value to the monitoring
point with the discreteness of 10 minutes) and the mea-
sured climatic parameters for the appropriate period.
The data of 10-minute discreteness samples also need
to be aggregated into daily samples for forecasting elec-
tric power generation on a day ahead.

To estimate the actual value of the influence of
each parameter on the target function and separately
on each of the input factors of the model, a correlation
matrix is used. It is a structured approach to ranking
the importance of predictors or input variables at the
output. The correlation coefficient for the sample is de-
termined from the equation [16]:

S Yii1 Xy, — nXy _ Y (=00 =)
T =Dssy, Y (- 02 Y O - 9)?

where n is the sample size; x and y are the sample means
of the individual sample points x and y accordingly; s
and s, are the sample standard deviations for x and y
accordingly.

The first task of this study was to determine the
nature of the dependence of the output target function,
i.e.,the volume of electricity generation on the set of in-
put parameters (climate conditions) and to build math-
ematical models based on them. Thus, it is necessary to
determine the amount of electricity generated (Y):

1)

Y= Z Bix i (X1, ., Xy) )
k=1

where ,Bjk is an unknown constant, when 1,(-) is the set
of basic functions, at k€{1,..,N},X,,...X, are the set of in-
put parameters (temperature, humidity, solar radiation,
wind speed etc.).

The determination of active power generation
from solar panels is possible by the methods of linear
regression,ridge regression, lasso regression and random
forest regression. For linear regression, the relationship
between the data was built using linear functions, and
the unknown parameters of the model were estimated
from inputs. Using the linear regression model, it is pos-
sible to obtain a process model:

y=PBo+PiXi+ +pX +e¢ 3)

where y is the target variable (the predicted value); X,,..,.X,
are independent variables; f, is the bias coefficient;
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B,...B, are coefficients of independent variables; ¢ is the
error term (the residual).

The coefficient §, is the predicted value of y when
Xis 0.The coefficients B, of the model were selected by
the least-squares method (LSQ). This method minimizes
the sums of the squares of the regression residuals.

In the case of increasing the number of model
parameters, the linear regression does not differentiate
between “important”and “less important” predictions in
the model. So, it includes all variants. The model will be
retrained, and it will be difficult to find unique solutions
after. There will also be issues with the multicollinearity
of data.

One of the solutions to the multicollinearity issue
is to use L, reqularisation. Ridge regression belongs to
a class of regression tools that uses L, regularisation.
L, regularisation adds an L, penalty, which is equal to the
square of the value of the coefficients. All coefficients
are reduced by a coefficient (so none are excluded) [17]:

N k
Ridgeloss = Z(yz - j)i)z + AZ wiz (4)
i=1 i=1

Loss

Penalty

wherey, is the actual value; y. is the predicted value; A is
a non-negative tuning parameter; w, is the model weight.

Another modification of linear regression is lasso
regression. In lasso regression, the loss function is modi-
fied to minimise the complexity of the model by limiting
the sum of the absolute values of the model coefficients
(the so-called L,-norm):

n k
Lasso;,s = Z(yi -9+ AZ|‘”}'| (5)
i=1 j=1
Loss Penalty

L, regularisation will lead to zero weights of some
features. So, the features selection is the result of the
L, regularisation, which produces sparse coefficients.

The influence of random fluctuations in a single
dimension is weakened by averaging the results of ob-
servations. This can provide a more stable and reliable
assessment. Algorithms of combining models present a
similar concept. The construction of their ensembles is
one of the most powerful methods of Machine Learn-
ing. They are often the best models for the quality of
forecasts compared to other methods. One of the most
common ensemble methods is the random forest method.
Random Forest Regression builds several decision trees
of a regression model during training and obtains an
average forecast as input. The basic concept of a random
forest is that a set of random trees find a solution in-
dependently of each other and act together, surpassing
any solution obtained by a single decision tree [18].

The results of testing models obtained using the
considered methods must be checked for the accuracy
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of obtaining forecasts for the generation of electricity.
For this purpose, authors applied such criteria as mean
square error (MSE), root mean square error (RMSE), mean
absolute error (MAE), mean absolute percentage error
(MAPE) and coefficient of determination (R2). The MAE
measures the average distance between y and y, i.e.,
directly describes the mean offsets. The R-squared (R?)
measures the level of correlation between y and y, [19].
The MSE is a function that corresponds to the expected
value of the error loss square. The MAPE is widely used
as a loss function for regression problems and in model
evaluation, because of its very intuitive interpretation
in terms of relative error. In the case of SPP, it is normalised
by power. Mathematical equations of indicators are for-
mulated as follows:

N
1
MSE == (= 9)? ©
i=1
RMSE = VMSE 7)
N
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where N is the sample size; y, is the actual value; y., is
the predicted value; yis the sample mean; P, is the rated
power of the SPP.

Sometimes, the equation (9) is normalised by the
actual value, i.e., y, rather than P, which has the disad-
vantage as a zero power value has a meaning when the

SPP does not generate energy.

RESULTS AND DISCUSSION

The thermal parameter correlation matrix for the power
generation data for the 10-minute intervals is shown
in Figure 1a and for the daily intervals in Figure 1b. For
daily intervals, the values of wind speed, temperature,
humidity, and atmospheric pressure were averaged per
day, and the total value per day was calculated for so-
lar radiation and generation. Weather condition data on
10-minutes discreteness consists with measured wind
direction parameters for each period. Otherwise, values
of this parameter cannot be aggregated on a daily period.
But for a daily active power generation can be used an-
other parameter - the duration of daylight. It is a time
duration from sunrise to sunset.

-100

Active_power— 1 096 0.83 [RIEIFEEIINEE 0.85

~0.75
Iradiance— g g6 1 036 [RESRREZINNER 092 0.50
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Figure 1. Correlation heatmaps for weather features and active power generation
for a) 10-minutes intervals data; b) daily intervals data

According to the results of the calculation, two
parameters had positive correlations with the output
power, namely solar radiation, air temperature on each
data time discreteness. Also, such parameter as the du-
ration of daylight on daily data has a huge correlation
with active power generation (85%) and the wind speed
parameter on 10-minutes intervals has almost 50% cor-
relation. Relative humidity had a negative correlation.
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It should be noted that the wind direction is correlated
with an atmospheric pressure of 99% on 10-minute
discreteness. This dependence means that the value of
one parameter changes almost completely as the value
of another. Thus, these factors in the model will be dupli-
cated. Such a case could increase the error of the model
and the possibility of retraining. Therefore, the “wind
direction” parameter was excluded. If ensemble models




are built in combination with other climatic parameters,
the atmospheric pressure factor can also affect them.
However, there was no effect of atmospheric pressure
on the model at a daily interval according to the correlation
matrix and this factor was not included in the totality
of output parameters. In this case, the degree of influ-
ence of most factors may vary depending on the season.
Therefore, in further studies, both solar radiance and
electricity generation values should consider seasonality
and introduce the degree of importance of input parame-
ters depending on the age of the data.

The data for the six months which were used in
the experiment were divided into three segments: a
training data set (60%), a validation data set (20%), and
a test data set (20%). A training data set was used to
train the models and a five-time test was performed as
a resampling procedure. The experiments were imple-
mented using the scikit-learn library in Python 3.8 which
allows implementing the Machine Learning Methods.

Construction models should be analysed on the
accuracy of forecasting active power generation. MAE,
MSE, RMSE could be used to characterise the difference
in solar forecasting performance attributed to spatial aggre-
gation [20]. A lower value of these indicators points to a
higher quality of the forecast. For a day-ahead forecast,
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the value of these errors is important, as in absolute
terms it shows how real data may differ from the fore-
cast. However, it is necessary to consider the variability
of data in the short term. There can be a significant dif-
ference between the possible minimum and maximum
value of absolute errors for certain climatic conditions.
In particular, at night in the winter months, the genera-
tion of active electricity varies from 0 to 10 W per hour.
At the same time, during daylight hours in the summer
months, the generation can vary from a few hundred
W to 50 W per hour. For this period, the absolute errors
are higher. In this case, it is also advisable to use rel-
ative errors to assess the effectiveness of the model.
Percentage errors have the advantage of being unit-
free, so they are frequently used to compare forecast
performances between data sets [21]. MAPE metric can
be used to compare the results from different spatial
and temporal scales of forecast errors. Firstly, attention
should be paid to absolute errors and the coefficient
of determination. Then it is necessary to determine the
MAPE value (Table 1). In case the model has a bad or
insufficient forecast error of MAPE then it is better to
choose another model with lower absolute errors [22].
Table 2 shows the results of the calculation of accuracy
for all models.

Table 1. Interpretation of typical MAPE values

MAPE, % Forecast accuracy
Lower than 10% High
10-20% Good
21-40% Satisfactorily
41-50% Bad

More than 50%

Unsatisfactorily

Table 2. Comparison of errors criteria for the results obtained for each of the tests from the solar radiation forecast

Model MAE,W MSE, W RMSE, W MAPE, % R?, abs.un.
10-minute interval
Linear regression 243.25 259514.05 509.43 11.12 0.912
Ridge regression 242.71 260008.21 509.91 10.86 0.915
Lasso regression 231.51 266892.45 516.62 11.56 0.916
Random forest regression 146.91 172864.78 415.77 9.34 0.941
Daily interval
Linear regression 28979.11 1.24e+09 35227.21 15.19 0.947
Ridge regression 25719.42 1.21e+09 34734.32 1343 0.949
Lasso regression 35520.55 1.77e+09 42024.57 34.92 0.925
Random forest regression 25509.59 1.41e+09 3755794 17.99 0.94

The simulation results showed that in the dataset,
where a better correlation of model parameters was

observed (more than 80%, and especially with the value
of solar radiation of 0.96) with the target function, linear

Scientific Horizons, 2021, Vol. 24, No. 10
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regression and ridge regression had better quality. This
is mainly attributable to the fact that the model did
not require a combination of features, and the sample
was smaller. Such results were obtained for daily intervals
datasets. The best results in a sample of the 10-minute
interval were obtained by the method of random forest
regression, where the overall correlation was not so close.
In this case, sorting features and randomly searching for

the optimal model by combining and crossing features
allowed to get a more accurate model. The combined
features were more correlated with the target function
than when they were alone. The results of the forecast
of active power generation on July 1%t and July 2" ac-
cording to the initial parameters in the test sample and
the real data are shown in Figure 2.

Active power predictions

8000

6000 - j

4000 - })

2000

Active power, KW

|
l
(/

Observed active power
il Predicted active power

2.07.20
Date

Figure 2. The forecast of active power generation by the method of random forest regression
according to the initial parameters

Figure 2 shows thatin general,the model predicts
the amount of electricity generation accurately. The results
in Table 2 also show that the models obtained at the
daily interval have a higher coefficient of determination -
0.95 (ridge regression), while on the 10-minute interval
the model obtained by the random forest method was

MAEuq, = MAE gminute - 6 - 24 = 146.9 - 6 - 24 = 21 155[W],

because an hour has 60 minutes (six 10-minute intervals),
and a day has 24 hours.

Obtaining accurate predictions of solar radiation
can be quite a challenge for certain measurement sites.
Therefore, models determining the amount of electricity
generation according to the climatic data defined above,
excluding the amount of solar radiation, were found. On

0.94. However, to determine which time period was more
effective, it is necessary to compare the value of the
obtained deviation of values of the original function. If
in the random forest regression model for a 10-minute
interval the MAE value is 146.9 W, then it can have the
following maximum value per day:

(11)

the daily interval, instead of its value, it is possible to
apply data on the duration of daylight (the correlation
coefficient according to Figure 1b is 0.92). The 10-minute
model excluded the parameter of radiation.

The values of the accuracy indicators of the models,
excluding the solar radiation and including the duration
of daylight at daily intervals, are given in Table 3.

Table 3. Comparison of criteria for results errors, excluding the solar radiation at 10-minute intervals
and including the duration of daylight at a daily interval

Model MAE,W MSE,W RMSE,W MAPE, % R?, abs.un.
10-minute interval
Linear regression 1290.65 3.19e+06 1787.89 62.34 0.494
Ridge regression 1288.024 3.2e+06 1788.72 61.47 0.494
Lasso regression 1476.25 3.86e+06 1963.55 72.64 0.39
Random forest regression 735.5 1.86e+06 1362.17 83.12 0.61
Daily interval
Linear regression 36549.11 1.24e+09 3522721 27.75 0.793
Ridge regression 34719.42 1.21e+09 3473%4.32 16.88 0.823
Lasso regression 42521.52 1.77e+09 42024.57 21.14 0.82
Random forest regression 35512.19 1.41e+09 37557.94 15.95 0.827
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The forecast result shows that the complete elimi-
nation of the radiation parameter from the model did
not allow obtaining an adequate accuracy of the target
function (R2<0.75 and MAPE is 50% higher). The daily chart
shows that the presence of the duration of daylight param-
eter made it possible to obtain a model with R2>0.75.
However, it was significantly worse than the model with
a solar radiation parameter (R?=0.827 compared to R?=0.949
for a model with a solar radiation factor at the input). Ac-
cordingly,the MAE value is also lower by about 26% and
MAPE has a higher evaluation error. The results showed
the need for a solar radiation parameter in the model,
and the daylight indicator did not replace it completely.
Therefore, it is needed to predict solar radiation for a short
period ahead. These results should then be used in a model
for predicting active power generation from the data sets
used at 10-minute intervals.

The next step in the research involves a forecast-
ing model based on neural networks of long short-term
memory. This network may allow providing time series
in conditions when there are time delays of unknown du-
ration between important events and when it is necessary
to take into account the seasonality of parameters [23].
So, obtaining a model by random forest method for ob-
taining active power generation amount on 10-minutes
intervals can be used for forecasting on a long short-term
period by time series models.
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CONCLUSIONS

It is established that the main factors for building a
model of power generation forecasting are solar radiation,
temperature, humidity, and wind speed. The obtained mod-
els by using both 10-minute and daily intervals were quite
accurate, as the coefficient of determination was more than
0.94 for each of them. In addition, it was found that the
models that used a 10-minute interval had a lower MAE
value per day compared to the value from the daily interval.
Therefore, the use of a model with a lower discreteness
of the forecast of climatic parameters will determine
the possible volume of electricity generation of SPP for
the day-ahead with a lower forecast error. The best accuracy
in models at a 10-minute interval was obtained in the
ensemble model of a random forest,and among models,
with daily interval, the best one was obtained based on
linear regression and its regularisation. This results from
the high correlation dependence of the main factors (so-
lar radiation, temperature, and humidity) with the target
function.

The models that did not use solar radiation as one
of the input parameters had an unsatisfactory value of the
coefficient of determination (R2<0.75) and MAPE (>50%).
By replacing the solar radiation parameter with the du-
ration of daylight on the daily interval, it was possible
to obtain an adequate model (R?>0.75), although the
MAE value increased by more than 25%. This indicated
that the model should include solar radiation.
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BusHauyeHHS KoHUenuii no6yaosn mopesi NporHo3yBaHHSA COHAYHOI eHeprii

Anna BacunieHa bocak?, AmMutpo CepriitoBuuy Matywkin?, Bonogumup lpuroposuu [ly6oBuk?,
Cesatocnas CBaTocnaBosuy loMoH?, JleoHin ipocnaBoBuy KynakoBcbkuii'

'HauioHanbHUit TeXHiIYHMI YHiBepcuTeT YKpaiHu «KUIBCbKMIA NONITEXHIYHWUIA IHCTUTYT
iMeHi Iropsa Cikopcbkoro»
03056, npocn. Nepemoru, 37, M. Kunis, YkpaiHa

ZHauioHanbHMI YHiBEPCUTET BOAHOIO rOCNoaapcTBa Ta NpUpoaoKOPUCTYBaHHS
33028, Byn. CobopHa, 11, M. PiBHe, YkpaiHa

AHoTaujia. Ockinbku B YkpaiHi AitoTb wrpadu 3a aucbanaHc BUpOOHWULTBA COHAYHOI eHeprii Ha PUHKY eneKTpoeHeprii «Ha
o6y Bnepeny, To BUHUKAE HEOOXiAHICTb MPOrHO3yBaHHS BUPODHULTBA €NeKTPOEHeprii COHAYHOI eNeKTpoCcTaHUieto. s
NPOrHO3yBaHHA BUPOOHMLTBA aKTUBHOI MOTYXKHOCTiI (DOTOENEKTPUYHMX NaHenel NoTpibHO po3pobuTH MaTeMaTUYHY
MOAENb 3 ypaxyBaHHAM OCHOBHMX (PAKTOPIB, WO BMAMBAOTbL HA BENIMUYMHY reHepaLii eHeprii. B cTatTi BuaineHHs
OCHOBHMX (DAKTOPIB, L0 BMNIMBATb HA POBOTY COHAYHUX NaHenei, 6yno 34iACHEHO 33 ONOMOrOK KOPEensLiiHOro
aHanisy. Habip paHunx ong nobynoBu Mogeni NporHo3yBaHHs 6y10 OTPMMAHO Ha COHSAYHIM enekTpocTaHLii B KUiBCbKil
obnacti. lng aHani3y GakTopis i N0byL0BM MOAENT BUKOPUCTOBYBANMUCA iBA TUNM HAbOPiB AaHUX: AaHi 10-XBUIMHHMX
iHTepBaniB Yacy Ta 4060Bi AaHi. [1ns KOXHOro Habopy AaHUX 33 LOMOMOrol KOpPEensuiinHoro aHanisy 6y obpati
BiAMNOBIAHI BXiAHI mapaMeTpu. 3 ypaxyBaHHAM BM3Ha4YeHMX (akTopiB nobynoBaHO MOAENT 3HAXOMKEHHS DYHKLIT
BifOOpaxeHHs1 MeTeoponoridyHmMx GakTopiB Big 06cary BUpobneHHs1 enekTpoeHeprii. BctaHoBneHo, wo moaeni 3
MEHLLO AUCKPETHICTI0 NPOrHO3Y KNiMaTUYHMX NapaMeTpiB A03BONAAIOTb BUSHAYUTU MOXKIMBKIA 06CAr BUPOOHMLTBA
eneKTpOeHeprii COHSAYHOK eNnekTPOCTaHLie Ha A00y Bnepen 3 MeHLWOW cepefHbol abCoMTHOK MOXMOKOH.
Halkpaly TouHicTb MoAeni NporHo3y BUpobiTKy enekTpuyHoi eHeprii Ha 10-XBUMAMHHOMY iHTEpBani OTPMMAHO B
aHcaMbnesin moaeni BUNaaKoOBOro Nicy. BctaHoBneHO, WO MoAenNi, LWO He MiCTATb Ha BXOAI NapaMeTpy iHTEHCUMBHOCTI
COHSIYHOIO BUMPOMIHEHHS, MalOTb HE330BINIbHUI KOedilieHT AeTepMiHaLii. TOMy noganblli LOCNIIKEHHS 6yayTb
30cepemKeHi Ha NOEAHAHHI MoAeni MPOrHO3YBaHHS COHAYHOIO BUNPOMIHEHHS 3 10-XBWIMHHOK AMCKPETHICTIO Ha
[06y Hanepep, i3 MOAENN0 BU3HAUYEHHS KiNbKOCTI BUPOO/IeHOi enekTpoeHeprii. Bu3HauyeHi NporHo30BaHi 3Ha4YeHH$
COHSIYHOTO BUMNPOMIHEHHS ByayTb BXiAHMM NapaMeTpoM OMUCaHOoi B CTaTTi MOAENi MPOrHO3YyBaHHS

KniouoBi cnoBa: COHAYHA eN1eKTPOCTaHLisl, COHSIYHE BUMPOMIHIOBAHHS, perpecinHunii aHanis, perynspusawis, TO4HiCcTb
Mogeni, koedilieHT geTepMiHaLii
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INTRODUCTION

Tuberculosis has a special place among infectious diseases
of farm animals since this disease not only causes con-
siderable economic losses to animal husbandry but also
poses a constant danger to human health. According to
WHO, tuberculosis is currently the most common infec-
tion in the world [1-4]. Human and animal tuberculosis is
widespread and is registered in many countries. Among
domestic animals, tuberculosis most often occurs in cattle.
The main method of intravital diagnostics of tuberculosis
is an allergic study using PPD-tuberculins for mammals
and poultry. Therewith, literature sources provide infor-
mation indicating a decrease in the diagnostic value of
allergic reactions after irradiation of animals [5; 6]. One
of the reasons for the development of a non-specific
allergy to tuberculin can be not only sensitisation by
microorganisms of the genus Mycobacterium but also au-
toallergisation (autosensitisation) of the body by the break-
down products of its own tissues. Several researchers state
that this is the reason for the simultaneous existence
of specific and non-specific reactions in tuberculosis [7].
Tissue breakdown processes are observed when exposed
to ionizing radiation,an indicator of which is an increase
in urinary excretion of deoxycytidine [8-14]. The mecha-
nism of changing the allergic reactivity of an irradiated
organism is still poorly understood. It was proved that
it is based on a violation of the general immunological
state of the body, in particular, an increase in the ap-
pearance of autoantibodies [15; 16]. Non-specific re-
actions to tuberculin in animals sensitised by atypical
mycobacteria are usually called paraallergic (paraspe-
cific),and reactions caused by other factors (including un-
known ones) are called pseudoallergic [17]. Differential
diagnosis of non-specific tuberculin reactions remains
not yet a completely solved problem, although there are
several tests for its implementation (simultaneous al-
lergic test, CSC, etc.). An important reason for the manifes-
tation of non-specific reactions can be autoallergisation
of the body by decay products of its own tissues, which
is especially pronounced in radiation damage [18-21].
lonizing radiation affects the manifestation of tuberculin
sensitivity, the course of tuberculosis, and autoimmune
processes in the body [22-26]. The widespread use of
nuclear energy in the national economy is of great im-
portance for the development of the domestic economy.
However, radiation pollution of the biosphere as a result
of the Chernobyl accident causes increasing exposure
of populations of living organisms. Long-term contacts
of humans, farm animals and other biological objects with
sources of ionizing radiation of various nature have become
a reality.

As a result of the Chernobyl accident, more than
144 thousand hectares of agricultural land were with-
drawn from crop rotation. In total, about 10 million
hectares are contaminated with radionuclides, of which
more than 3 million are farm land [1]. In Ukraine, the ter-
ritory of 17 regions is contaminated with radionuclides.
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The contaminated areas contain a considerable number
of farm animals, including those with tuberculosis or
sensitised by atypical mycobacteria. lonizing radiation
can affect both the causative agent of an infectious dis-
ease and the susceptible organism. The degree of such
exposure depends on the character of the radiation, the
dose, its power, and many other factors. Therefore, the
situation that arose after the Chernobyl accident required
a deep study since the effect of radiation on the links of
the epizootic process could lead to unforeseen changes
in the epizootic and epidemic situation. In this regard,
the determination of the epizootic value of mycobac-
teria (pathogens of tuberculosis of animals, poultry,
humans and atypicals) under the influence of ionizing
radiation, the study of the features of the biological ef-
fect of ionizing radiation of different intensities on the
animal body, the introduction of optimal measures and
means for the diagnostics and control of tuberculosis
in radioactively contaminated territories have gained
particular importance. Information on changes in aller-
gic reactivity and features of clinical and immunolog-
ical manifestations of animal tuberculosis against the
background of ionizing radiation exposure is limited and
is usually obtained in experiments on experimental models
of laboratory animals. Until recently, the epizootic situation
of animal tuberculosis in radioactively contaminated
regions of Ukraine was not monitored. Methods for
diagnosing tuberculosis in livestock kept in radioactively
contaminated regions of the country have not been op-
timised.

Nowadays, when man-made disasters are a real-
ity, the study of allergic diagnostics of animal tubercu-
losis is relevant, especially for Ukraine, on the modern
territory of which the Chernobyl nuclear power plant
is located with the adjacent exclusion territory and ra-
dionuclide-contaminated regions where productive ani-
mals are kept and used.

The purpose of the paper is to study the effect of
irradiation on the allergic reactivity of laboratory animals.

MATERIALS AND METHODS

To study the effect of ionizing radiation on the specificity
of allergic reactions, an experiment was conducted on
200 cavies weighing 300-350 g, selected according to
the analogue method. The animals were divided into
5 groups of 40 heads each. To exclude natural tubercu-
losis of all animals, an allergic sample with mammalian
PPD-tuberculin and an allergen from atypical mycobacte-
ria was previously studied (30 days before irradiation) [27].
At the same time, brucellin (produced by Kherson bio-
logical factory) and mallein (produced by Kursk biolog-
ical factory) were administered at a dose of 0.1 cm®in-
tradermally. The purpose of introducing allergens that
are not specific to tuberculosis and animal species (cav-
ies), whose body cannot be sensitised to brucellosis and
equinia pathogens by natural or experimental infection,




was to study the possibility of developing non-specific
pseudoallergic reactions in irradiated animals against
the background of autosensitisation of their body by de-
cay products of their own tissues due to radiation dam-
age. In addition, the purpose was to establish whether
irradiation and the resulting immunodeficiency state
will contribute to the occurrence and development of
characteristic pathoanatomical changes in cavies infected
with poultry tuberculosis pathogen (M. avium). M. avium,
according to the Ranion classification (1959), is classified
as atypical mycobacteria of the third group: non-photo-
chromogenic mycobacteria (achromous or have a yel-
low tint regardless of lighting). M. avium is pathogenic
for poultry, rabbits and pigs, not pathogenic for cavies,
cattle, but when administered to immune animals causes
an immunobiological restructuring of the body, sensiti-
sation and the occurrence of paraallergic reactions to
mycobacterial allergens (PPD-tuberculin for mammals,
PPD-tuberculin for poultry,and an allergen from atypical
mycobacteria (AAM), differentiation of which is carried out
using a simultaneous allergic test [27].

To solve the objectives set in the work, four groups of
animals were separately irradiated with total gamma radi-
ationindoses 0f 0.0129 C/kg (50 R); 0.0258 C/kg (100 R);
0.0387 C/kg (150 R),and 0.0516 C/kg (200 R) with a dose
rate of 2.85 R/sec on the IGUR gamma emitter (radiation
source ¥(Cz). Irradiated and intact (unirradiated) cavies
were divided into two equal groups of 100 animals each.
Animals of the first group were examined one day after
radiation treatment by a simultaneous allergic sample
with mammalian PPD-tuberculin and an allergen from
atypical mycobacteria [27]. 7 days after irradiation, ani-
mals of this group (5-6 irradiated doses of 0.0129 C/kg
(50 R); 0.0258 C/kg (100 R); 0.0387 C/kg (150 R), and
0.0516 C/kg (200 R) and intact) were infected with my-
cobacterium cultures. Cultures of bovine (M. bovis No. 8),
human (M. tuberculosis, strain M), and bird (M. avium 780)
species of mycobacteria from the Museum of the tu-
berculosis laboratory of the VIEV were used. Infectious
material was administered subcutaneously to each lab-
oratory animal (cavies) in the groin area according to
the generally accepted method of 1 mg of raw bacterial
mass suspended in 1 ml of sterile isotonic solution of
NaCl. Infected animals and cavies of the other group
(not infected, irradiated and intact) were examined with
a simultaneous allergic test 7 days after exposure to
ionizing radiation. 14 days after irradiation, uninfected
animals (5 cavies from each group exposed to the spec-
ifled doses and intact) were inoculated with the same
cultures of tuberculosis pathogens (M. bovis, M. tuberculosis
and M. avium) in the same doses.

That is, after total gamma radiation exposure in
doses of 0.0129 C/ kg (50 R),0.0258 C/kg (100 R),0.0387 C/kg
(150 R),and 0.0516 C/kg (200 R), experimental animals
were infected with cultures in two stages: 7 and 14 days
after radiation exposure (75 animals each) were infected
with M. bovis, M. tuberculosis and M. avium. 50 cavies
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(10 irradiated with doses of 50 R (0.0129 C/kg); 100 R
(0.0258 C/kg); 150 R (0.0387 C/kg),and 200 R (0.0516 C/kg)
and intact) were not infected with mycobacteria and were
used as a control group. Before the infection (1 and 7 days
after irradiation), experimental animals were examined
by a simultaneous allergic test with PPD-mammalian
tuberculin and an allergen from atypical mycobacteria.

14,45 and 90 days after infection, experimental
animals were examined with simultaneous allergic testing,
as well as brucellin and mallein (to study the possibil-
ity of non-specific pseudoallergic reactions against the
background of autosensitisation of the body of irradiated
laboratory animals with decay products of their own tissues
during radiation damage), which were administered in-
tradermally in a dose of 0.1 ml using separate labeled
syringes in the centres of depilated (hairless) skin areas
on the sides of cavies. The results of allergic tests were
considered 24 and 72 hours after drug administration,
entered in the table and analysed using statistical methods.

The work was carried out based on VIEV (Moscow)
and the All-Russian Research Institute of Farming Ra-
diology and Agroecology (Obninsk). The results are sub-
mitted for printing for the first time.All the experiments
described in the paper were conducted in accordance
with the current legislation of Ukraine and general in-
ternational ethical rules and requirements for the use
of vertebrates in medical experiments — conclusion of
the SNAU Bioethics Commission, Protocol No. 5 dated
May 17,2021 [28-30].

RESULTS AND DISCUSSION

During allergic studies with a simultaneous allergic test
7 days after exposure to ionizing radiation, 2 out of
19 uninfected animals irradiated with doses of 150 R
(0.0387 C/kg) and 3 out of 18 irradiated with a dose of
200 R (0.0516 C/kg) showed reactions at the site of ad-
ministration of mycobacterial allergens. Therewith, re-
actions to tuberculin were: in the group irradiated with
a dose of 150 R (0.0387 C/kg) - in one animal (5.3% of
the studied); 200 R (0.0516 C/kg) - 1 (5.5%). The reaction
to an allergen from atypical mycobacteria was noted: in
the group irradiated with a dose of 150 R (0.0387 C/kg) -
1 animal (5.3% of the studied), 200 R (0.0516 C/kqg) -
2 animals (11.5%).

Notably, 72 hours after the administration of al-
lergens in two cavies with an irradiated dose of 200 R
(0.0516 C/kg) at the site of administration of an allergen
from atypical mycobacteria, cold, painless swellings of
dense consistency in the form of peas with a diameter
of 9x9 and 5x5 mm were observed, respectively, which
indicates the possibility of developing non-specific re-
actions to mycobacterial allergens in irradiated animals
at a later time compared to specific tuberculin ones.

14 days after infection (20 days after irradiation),
an allergic study of cavies infected 7 days after general
gamma radiation was conducted. Therewith, it was es-
tablished that among cavies irradiated with a dose of
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0.0129 C/kg (50 R), infected with M. bovis and M.tuberculosis,
isolated reactions to mammalian PPD-tuberculin were
reported after 24 and 48 hours (16.7 and 33% *0.2 mm
responded, respectively). The diameter of the papule at
the injection site in cavies infected with M. bovis was
9.0£33.0 mm, in infected with M. tuberculosis - 9.9%2.5 mm.
For those infected with M. avium, no allergic reactions
to allergens were observed in infected and uninfected
animals exposed to a dose of 0.0129 C/kg (50 R).
Among cavies irradiated with a dose of 0.0258 C/kg
(100 R) and infected with M. bovis, no allergic reactions
to tuberculin were recorded. In single animals (20% of
the studied) infected with M. tuberculosis and M. avium,
reactions to tuberculin with a papule diameter of 7.1-
9.2 mm were observed after 24 hours. There were no al-
lergic reactions in uninfected animals exposed to this dose.
In the groups irradiated with doses of 150 R
(0.0387 C/kg) and 200 R (0.0516 C/kg), mass death of
animals was noted (from 66.7 to 100%). At the autopsy,
hemorrhagic diathesis was noted in the form of extensive
hemorrhages of various forms in the mucous and serous
membranes of the thoracic and abdominal cavities and
parenchymal organs, as well as the serous-hemorrhagic

exudate in the cavities. No allergic reactions to the ad-
ministration of allergens were observed in animals.

Isolated allergic reactions were observed among
unirradiated infected animals:

ein 10% of cavies infected with M. bovis - on
PPD-tuberculin for mammals (papule diameter from 15
to 29 mm);

e in 50% of those infected with M. tuberculosis (papule
diameter 17+1.25 mm);

e in 30% of infected with M. avium (papule diameter
8.0£2.0 mm).

No reactions to the allergen were observed in
uninfected animals. That is, 14 days after infection, ani-
mals infected with tuberculosis pathogens 7 days after
irradiation in doses of 0.0129 C/kg (50 R) and 0.0258 C/kg
(100 R) and not irradiated developed isolated reactions
to mycobacterial allergens. Infected animals exposed to
doses of 150 R (0.0387 C/kg) and 200 R (0.0516 C/kg),
as well as uninfected, both irradiated and intact, did not
respond to the administration of allergens.

The results of accounting for a simultaneous al-
lergic test of infected cavies 14 days after irradiation
are shown in Table 1.

Table 1. Results of an allergic study of cavies 14 days after infection and 28 days after irradiation

Reaction intensity (mm) to:

Number of animals with

Radiation dose (R/C/kg) Type of pathogen allergic reactions PPD-tuberculin for KAM
mammals
1 2 3 4 5

5 10.0+0.5

50/0.0129 M. bovis
3 6.3%£2.5
3 10.0+0.5

50/0.0129 M. tuberculosis
2 6.3%£2.5
2 8.0+1.2

50/0.0129 M. avium
3 8.8%1.1
1 9x9

50/0.0129 Not infected -
4 10.1£0.5

100/0.0258 M. bovis
2 6.1¥1.6
3 9.0£1.5

100/0.0258 M. tuberculosis
2 6.4%2.2
2 8.0+1.1

100/0.0258 M. avium
3 8.8+1.2
1 8x6

100/0.0258 Not infected -
1 10x10

150/0.0387 M. bovis -
2 8.2+1.7

150/0.0387 M. tuberculosis
1 6x6

150/0.0387 M. avium B

150/0.0387 Not infected ~
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Table 1, Continued

Reaction intensity (mm) to:

Number of animals with

Radiation dose (R/C/kg) Type of pathogen allergic reactions PPD-tuberculin for KAM
mammals
1 5x5
200/0.0516 M bovis _
200/0.0516 M. tuberculosis ~
200/0.0516 M. avium _
200/0.0516 Not infected ~
4 7.7¥1.3
M. bovis
1 7x7
2 6.8%1.2
M. tuberculosis -
Not irradiated -
M. avium ~
Not infected -

The study was conducted 14 days after infection
(28 days after irradiation of animals). From the table
materials, it can be seen that cavies irradiated with
doses of 50 R (0.0129 C/kg) and 100 R (0.0258 C/kg)
and infected with M. bovis and M. tuberculosis, had in-
tense reactions to the introduced allergens in the form
of hyperemia and extensive infiltrates. Animals mainly
reacted to mammalian tuberculin (75-100%), while re-
actions to an allergen from atypical mycobacteria were
observed in 50-66% of cases or were absent. In terms of
the intensity of manifestation, reactions to tuberculin
were larger (papule diameter 10.0£0.5 mm) than to an
allergen from atypical mycobacteria (6.3*025 mm).

In the groups of uninfected animals exposed to
total gamma radiation at doses of 50 R (0.0129 C/kg)
and 100 R (0.0258 C/kg), two cavies (one in each group)
responded to tuberculin after 48 hours. Reactions were
dense consistency, painless infiltrates at the injection
site (papule diameter 9x9 and 8x8 mm, respectively),
skin hyperemia was not noted. In cavies irradiated at
doses of 50 R (0.0129 C/kg) and 100 R (0.0258 C/kg)
and infected M. avium, positive reactions were observed
mainly on KAM. Reactions were observed in 66.7-80%
of the experimental animals, with a papule diameter of
8.8%+1.1 mm. Positive reactions to mammalian tuberculin
were observed in 33.3-40% of the studied animals, the
infiltrate diameter was 8.0£1.2 mm.

Among animals irradiated with doses of 150 R
(0.0387 C/kg) and 200 R (0.0516 C/kg), deaths were re-
corded (from 33.3 to 100% in the group). At the autopsy,
the hemorrhagic syndrome was observed with the serous
effusion in the body cavities. In groups of animals ir-
radiated with doses of 150 R (0.0387 C/kg) and 200 R
(0.0516 C/kg),infected with M. bovis, positive reactions to
mammalian PPD-tuberculin were noted. Therewith, in

the group irradiated with a dose of 150 R (0.0387 C/kqg),
one cavy remained and reacted during the study (papule
diameter - 10.0 mm). In the group irradiated with a dose
of 200 R (0.0516 C/kg), the reaction was observed in one
of the three studied animals (papule diameter - 5.0 mm).

In the group of irradiated cavies with a dose of
150 R (0.0387 C/kg) and infected with M. tuberculosis at
the time of the study, two animals remained alive. Both
responded positively to mammalian administration of
PPD-tuberculin (papule diameter - 8.2+1.2 mm). One
cavy reacted to KAM (papule diameter - 6.0 mm). In the
group of irradiated with a dose of 150 R (0.0387 C/kq)
and infected with M. avium, one of the two animals left
alive on the day of the study responded to KAM with a
papule diameter of 5.0 mm.

Among the unirradiated cavies infected with
M. bovis and M. tuberculosis, positive reactions to tuber-
culin were observed. In animals infected with M. avium,
no allergic reactions were observed. Thus, from 50 to
100% of infected animals reacted to specific allergens
14 days after exposure to various doses of gamma radia-
tion (with the exception of those infected with M. avium).
Atthe same time,uninfected cavies irradiated with doses
of 150 R (0.0387 C/kg) and 200 R (0.0516 C/kg) had single
150 R (0.0387 C/kg) and 200 R (0.0516 C/kg), non-specific
reactions to tuberculin.

Based on a comparison of the results of an allergic
study of experimental animals infected at intervals of
7 and 14 days after exposure to ionizing radiation, it can
be argued that 2 weeks after the administration of in-
fectious material,contaminated animals, both irradiated
and intact, showed an infectious allergy to specific al-
lergens. Therewith, in groups of animals infected with
mycobacteria 7 days after irradiation, 16.7-50% reacted
positively, while among animals infected 14 days after
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irradiation - 50-100%, which indicates a faster develop-
ment of the infectious process in animals infected 2 weeks
afterirradiation,when the symptom complex of pronounced
clinical signs of radiation sickness manifests itself more
intensively, as evidenced by the mass death of cavies
(up to 100% in groups irradiated 150 R (0.0387 C/kg)
and 200 R (0.0516 C/kg)) with a picture of hemorrhagic
syndrome and progressive changes in the hematopoietic
organs.

That is, 14-21 days after irradiation among cavies
irradiated with doses of 150 R (0.0387 C/kg) and 200 R
(0.0516 C/kg), mass death of animals was noted (from
66.7 to 100% in the group). At the autopsy, pathoana-
tomical changes characteristic of radiation damage were

Figure 1. Generalised tuberculosis of cavies that died
25 days after infection with M. bovis, irradiated with
gamma radiation at a dose of 150 R (0.0387 C/kg).
Considerable enlargement of the liver, spleen, foci
of caseous necrosis

- di

Figure 3. The spleen of the cavy deceased 31 days after
an infection with M. bovis (left). On the right is the
spleen of a cavy infected with M. avium at the same time.
Irradiation with a dose of 150 R (0.0387 C/kg)

noted: hemorrhagic diathesis in the form of extensive
hemorrhages on the mucous membranes and in the serous
membranes of the thoracic and abdominal cavities, as
well as the presence of serous-hemorrhagic exudate in
the cavities.

Starting from 21 days after infection in dead ir-
radiated and unirradiated cavies infected with M. bovis and
M. tuberculosis, tuberculosis-specific lesions of varying
intensity were noted: exhaustion, ulcers at the culture
injection site, and at autopsy, a considerable increase
in the liver and spleen was observed with the presence
of foci of caseous necrosis in them (Fig. 1-4). Among
the cavies infected with M. avium, no such lesions were
observed.

Figure 2. Considerable enlargement of the spleen, miliary
tuberculosis in cavy exposed to a dose of 200 R (0.0516 C/kg),
which died 25 days after an infection with M. tuberculosis

Figure 4. Spleens of cavies irradiated with a dose of
50 R (0.0129 C/Kg), who died after the twentieth day
after infection: 1 - M. bovis; 2 = M. tuberculosis;

3 - M.avium

Figure 4 shows that the seals, the appearance of
tubercles and necrotic foci with caseous contents are
noticeable in the first two cases. In the third case, there
are no tuberculosis lesions.

Notably, 25-33.3% of uninfected animals exposed
to doses of 50 R (0.0129 C/kg) and 100 R (0.0258 C/kg)
had pseudoallergic reactions to tuberculin (non-specific
allergy) 27 days after irradiation.

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




60 days after the beginning of an experiment
allergic reactions to mammalian PPD-tuberculin were
observed among animals irradiated with a dose of 50 R
(0.0129 C/kg) in groups infected with M. bovis and M. tu-
berculosis. Out of the nine cavies infected with M. bovis,
reactions were observed in six (66.7 %), the papule diameter
was 11.8+1.1 mm. Out of eight animals infected with
M. tuberculosis, 7 reacted positively to tuberculin, the
papule diameter was 21.3#1.6 mm. In the group contam-
inated with M. avium, seven of the eight cavies that re-
mained alive at the time of the study showed reactions
to PPD-tuberculin for poultry, the papule diameter was
13.6%1.2 mm.Therewith, isolated pseudoallergic reactions
to brucellin and mallein (non-specific allergy) were noted
in the studied animals. Therewith, in the group of animals
infected with M. tuberculosis, three cavies with a papule
diameter of 9.7+0.2 mm reacted to brucellin.In the group
infected with M. avium, two cavies reacted to brucellin,
the papule diameter was 8x8 mm, and three reacted to
mallein (diameter 7.0£0.7 mm). In the group of uninfected
animals irradiated with a dose of 50 R (0.0129 C/kg), one
of the ten cavies had a reaction to brucellin (diameter
10 mm).

In the group of cavies exposed to radiation at a
dose of 100 R (0.0258 C/kg) and infected with M. bovis,
two out of five animals responded positively to mam-
malian tuberculin (papule diameter 13.0£0.2 mm). In the
group infected with M. tuberculosis, all animals responded
to drug administration (papule diameter 17.50.7 mm).
Among those infected with the poultry tuberculosis
pathogen, all animals responded to PPD-tuberculin for
poultry. One cavy had a reaction in the form of an infil-
trate with skin redness with a diameter of 10 mm at the
brucellin injection site. No allergic reactions were observed
in control (uninfected) animals exposed to a dose of
100 R (0.0258 C/kg).

Among those irradiated with a dose of 150 R
(0.0387 C/kg) from the group of animals infected with
M. bovis on the day of the study, one guinea pig remained
alive, which developed an allergic reaction in the form
of an infiltrate with erythema of the skin with a diameter
of 5 mm 48 hours after the administration of PPD-tuber-
culin for mammals. Out of those infected with M. tuber-
culosis, two cavies that reacted to mammalian tuberculin
(papule diameter 20.0£1.6 mm) remained alive. One of
these animals had a skin allergic reaction to brucellin in
the form of an infiltrate with skin redness of size 8x6 mm.

All studied cavies infected with M. avium reacted to
PPD-tuberculin for poultry (papule diameter 17.1+0.8 mm).
One animal showed a reaction to brucellin (infiltrate with
a diameter of 5 mm). All control (uninfected) animals
exposed to a dose of 150 R (0.0387 C/kg) died during
the study. In the group irradiated with a dose of 200 R
(0.0516 C/kg) and infected with M. bovis on the day of
the study, no cavies remained alive. In the group of
cavies infected with M. tuberculosis, only one remained
alive. The animal was exhausted, an open abscess was
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observed at the site of infection. The animal did not
respond to the administration of allergens (a state of
anergy).

In the group of cavies irradiated with a dose of
200 R (0.0516 C/kg) and infected with M. avium, two
animals remained alive. One of them showed a reaction
to PPD-tuberculin for poultry, the papule diameter is
20 mm. All uninfected animals from the group exposed
to a dose of 200 R (0.0516 C/kg) on the day of the study
died.

In the group of unirradiated, infected with M. bo-
vis at the time of the allergic study, only one cavy re-
mained alive, which responded to the administration of
PPD-tuberculin for mammals, with a papule diameter
of 16 mm.

Out of nine animals infected with M. tuberculosis,
skin allergic reactions in the form of large infiltrates
with a diameter of 22.0£2.2 mm with areas of ischemia
and necrosis in the centre were observed in eight unir-
radiated animals at the site of tuberculin administra-
tion. In 40% of the studied animals, skin lesions were
observed in the form of abscesses and ulcers at the site
of administration of infectious material.

In the group of unirradiated animals, contami-
nated with avium, allergic skin reactions with a diame-
ter of 13.0 £ 2.1 mm were observed in 6 out of 7 studies
at the injection site of PPD-tuberculin for poultry. All
the cavies were well-fed and active. No allergic reactions
were recorded in the group of unirradiated and uninfected
animals.

Thus, reactions to homologous allergens were
observed 60 days after exposure (48-53 days after in-
fection) and most (50-100%) infected irradiated and intact
animals. Reactions were intense in the form of hyper-
emia and extensive infiltrates, often with areas of isch-
emia and necrosis. Exhausted animals with noticeable
skin lesions in the form of ulcers or abscesses did not
respond to allergens (a state of anergy).

In infected and intact animals exposed to doses
of 50 R (0.0129 C/kg), 100 R (0.0258 C/kg) and 150 R
(0.0387 C/kq), isolated reactions to the administration
of heterologous bacterial allergens (brucellin and mallein)
were observed. Therewith, 12.5% of the total number of
animals exposed to brucellin reacted, including 20% of
those exposed to a dose of 50 R (0.0129 C/kqg), 3.5% of
those infected with a dose of 100 R (0.0258 C/kg), and
30% of those exposed to a dose of 150 R (0.0387 C/kg)
in groups infected with M. tuberculosis and M. avium.
8.3% of irradiated animals reacted to mallein, while reac-
tions were observed only in the group of cavies exposed
to a dose of 50 R (0.0129 C/kqg).

Thus, after the infection with tuberculosis patho-
gens, laboratory animals developed allergic reactions
to homologous allergens (PPD tuberculin and an aller-
gen from atypical mycobacteria). Non-specific reactions
to mycobacterial allergens were observed in 5.6-33%
of animals not infected with the causative agent of
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tuberculosis after irradiation. Cavies infected with the
causative agent of tuberculosis experienced isolated
reactions to heterologous allergens: brucellin and mallein
60 days after irradiation. The manifestation of non-spe-
cific allergies in irradiated laboratory animals depended
on the radiation dose. After infection of cavies irradiated
with various doses of radiation and not irradiated with
the causative agent of poultry tuberculosis, starting
from 14 days after the administration of infectious ma-
terial, the animals developed delayed-type hypersensi-
tivity to mycobacterial allergens, which persisted until
the end of the experiment. Clinical and pathoanatomi-
cal manifestations of the disease were not observed in
irradiated and intact animals.

The results of previous researchers in the area
of studying the allergic reactivity and state of delayed
hypersensitivity of irradiated and infected animals with
tuberculosis convincingly prove that ionizing radiation
affects the manifestation of tuberculin sensitivity, the
course of tuberculosis infection, and autoimmune processes
in the body. The works of B.A. Egorov, A.A. Kirstner [31];
PA.Kartashov et al.[32; 33]; N.N. Klemparskaya et al.[34-
39]; RV. Petrov [40; 41]; A.Yu. Kassich [42] and other au-
thors showed that the effect of ionizing radiation is not
the same depending on the value of the radiation dose.
One of the reasons for the manifestation of non-specific
reactions may be autoallergisation of the body by the
decay products of the tissues of the irradiated body, which
is especially pronounced with radiation damage. When
studying the specificity of allergic reactions in tuberculosis
in irradiated animals, it was determined that the occur-
rence of pseudoallergic (“false”) reactions depends on
the level of autosensitisation of the body, which, in turn,
depends on the total radiation dose received. Thus, re-
searchers believe that the main role in the pathogen-
esis of radiation damage is played by activated oxygen
metabolites - products of lipid peroxidation, which cause
the development of autoimmune processes in the mac-
roorganism. After radiation exposure, autosensitisation
of the body occurs due to a violation of the antigenic
specificity of proteins. The resulting autoantibodies have
cytolytic activity. N.N. Klemparskaya et al. [43] believe
that autoimmune reactions in the irradiated body pro-
ceed according to the type of auto-allergic processes,
the side effect of which is the occurrence of non-spe-
cific (pseudoallergic) reactions to the administration of
homologous and heterologous allergens. Therewith, if
autoantibodies completely neutralise the products of
cellular destruction, the pathological process with the
development of large amounts of cytotoxic autoantibodies
does not occur. With incomplete neutralisation of products,
clinical signs of radiation damage develop. Some research-
ers believe that autoantibodies formed in the irradiated
body are involved in increasing its radioresistance with
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single sublethal doses and with chronic low-dose radi-
ation. It is also known that in irradiated animals that
are not infected with pathogens of infectious diseases,
due to autosensitisation by decay products of their own
tissues, skin allergic reactions can occur to the admin-
istration of various non-specific stimuli [1; 4; 10; 12; 15].
The authors have suggested that this phenomenon can
be used to differentiate pseudoallergic reactions in an-
imals, in particular those kept in the zone of radioac-
tive contamination. The conducted experiments proved
that when using non-specific heterologous allergens at
the same time with specific diagnosticums when con-
ducting allergic studies for tuberculosis, it is possible
to assert the specificity of allergic reactions to tuberculin
and allergen from atypical mycobacteria and the degree
of autosensitisation of the body. If skin reactions develop
simultaneously to the administration of different aller-
gens (PPD-tuberculin for mammals, poultry, an allergen
from atypical mycobacteria,brucellin and mallein),then
this refers to an autoallergic state of the body caused
by non-specific (non-infectious) agents, in particular, the
action of ionizing radiation.

CONCLUSIONS

The effect of irradiation on the allergic reactivity of lab-
oratory animals experimentally infected with tuberculosis
pathogens was determined.

1.14-60 days after infection with tuberculosis
pathogens M. bovis, M. tuberculosis and M. avium, 90-100%
of laboratory animals developed allergic reactions to
mammalian and poultry PPD-tuberculin, mainly to a ho-
mologous allergen. Allergic reactivity persisted until
90 days of the study.

2. Afterirradiation with sublethal doses of gamma
rays, cavies developed non-specific reactions to tuber-
culin, mallein, and brucellin. In cavies not infected with
the causative agent of tuberculosis, non-specific reac-
tions to mycobacterial allergens were observed 7 days
after gamma radiation exposure at a dose load of 200 R
in 16.6%; 150 R - 5.3% in the group, and after 27 days
in those irradiated with doses of 50 R and 100 R in 25%
and 33% of the studied animals, respectively. Reactions
manifested themselves in the form of infiltrates at the
allergen injection site with necrosis in the centre and
developed over time at the same time as specific tuber-
culin reactions.

3. Isolated reactions to brucellin and mallein oc-
curred in animals infected with the causative agent of
tuberculosis and intact animals 60 days after irradiation
with doses of 50 R, 100 R and 150 R.The manifestation of
non-specific allergies in irradiated laboratory animals
depends on the radiation dose rate and radiosensitivity
of the animals. Further studies of the allergic reactivity
of farm animals exposed to tuberculosis are required.
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Bnnue ioHi3ylo4oi paaiauii Ha cTaH anepriyHoi peaKTUBHOCTI
iHpiKOBaHUX TY6epKyNbO30M JTAa6opaTOPHUX TBapPUH

Bonoaumup KOpiitoBuu Kacciul, OkcaHa IBaHiBHa KacsHeHko?,
Bonoaumup Bonoaummuposuu 3axkapcbkuit?, IBaH BonoaumupoBuu AueHko?,
)XaHHa €BreHiiBHa KniwoBa*

1CyMCbKMIA HaLiOHaNbHMI arpapHuUii yHiBepcuTeT
40000, Byn. I Konpgpatbesa, 160, M. Cymu, YkpaiHa

2[IHINPOBCbKMI1 flepXXaBHWIA arpapHO-EKOHOMIYHWIA YHiBEpCUTET
49000, Byn. Cepria €dppemMoBa, 25, M. [IHiNpo, YkpaiHa

’XapkiBCcbKa AepyKaBHa 300BETEPMHAPHA akaaeMis
62341, Byn. AkagemiyHa, 1, c. Mana laHunieka, YkpaiHa

*MeanunHnii iHcTUTYT CyMCbKOTO AEPXKABHOMO YHiBEPCUTETY
40000, Byn. CaHaTtopHa, 31, M. Cymu, YkpaiHa

AHoTauis. AnepriyHe gocnigkeHHs 3 BUKOpUCTaHHam MM O-TybepkyniHiB € OCHOBHUMM METOAOM NPUXKUTTEBOI A4iarHOCTUKM
Ty6epKynbo3y CiflbCbKOrocnofapCbKMX TBApMH Ta NTUL.[1poTe BiLOMO NP0 3HWXKEHHS AiarHOCTUYHOT LLIHHOCTI aneprivyHmx
peakLuii nicns onpoMiHeHHs TBapWH, NOABY HecrneundiyHmx, nceBpoanepriyHmx peakuin. OgHieo 3 NpUUYnH Npossy
HecneumdivyHMX peakLin Moxe ByTh ayToceHCKbini3aLis (@ytoaneprisauis) opraHiaMy npooyKtamMmu po3nagy ocobmcTmx
TKaHWH, Lo 0COH6AMBO BMPAXKEHO 32 NPOMEHEBOT0 ypaXKeHHs. |loHi3ytoua paaialig BNAMBaE Ha NposiB TybepKyniHOBOI
YyTAMBOCTI, Nepebir Tybepkynbo3y Ta ayToiMyHHI NpoLecy B opraHi3mi.AndepeHuianbHa giarHocTMka HecneuudiyHux
TyOepKyNiHOBUX peaKLii NIMILAETBCS MOKM WO He MOBHICTHO BUpILLEHO NpobneMoto, Xo4a iCHYE Linuii psaa TecTiB
ons ii 3pivicHeHHs. Nicns aBapii Ha YopHobunbcbkin AEC Ha npunernunx 3abpyaHeHUX pafioakTUBHUMU peHOBUHAMM
TEPUTOPISX ULUMAOCS 3HAYHE NOroNiBa TBAPUH, y TOMY Ynchi iHdiKoBaHMX 30yAHMKOM TybepKynbo3y Ta aTUNOBUMU
MikobakTepisgmu. BigoMo, Wwo pagiauiiiHe onpoMiHeHHs NpM3BOAMTL A0 ayToceHCMbini3auii opraHiaMy npoaykTamm
po3nafy BNAaCHUX TKAHUH | PO3BUTKY HecrneumdbivuH1X NceBaoaneprivHnx peakLin Ha reteponoriyHi anepreHun. Tomy 6yna
npoBefieHa poboTa 3 BUBYEHHS aNepriyHOi peakTMBHOCTI XBOPUX Ha Ty6epKy/bo3 i CEHCMBiNI30BaHUX aTUMOBUMM
MikobaKTepisiMM ONpOMiHEHUX raMMa-pagiaLieto nabopaTopHux TBapuH (200 MOpCbKMx CBUHOK). Byno BCTaHOBNEHO,
wo yepe3 14-60 pi6 nicng 3apaxeHHsM 36yaHuKkamu Ty6epkynbo3y y 90-100 % mMypuakiB po3BMBanuChb anepridHi
peakuii Ha MMA-TybepkyniH ANg CCABLIB Ta NTULL, NEPEBAXHO Ha FOMOJOrIYHMIA anepreH. AnepriyHa peakTUBHICTb
36epiranacb 8o 90 nobu pocnipkeHHs. [licns onpoMiHeHHs cybneTanbHUMK (He NeTanbHUMK) L03aMU FaMMa-NPOMEHiB
y 3apaXeHMX Ta iHTaKTHUX MOPCbKMUX CBMHOK PO3BMBaNMCh HecneumdivyHi peakuii Ha TyObepKyniH i reTeponoriyHi
anepreHun: ManeiH Ta 6pyuenin. Y HesapaxeHux 36yaHMKOM Ty6epKynbo3y MypyakiB yepes 7 aib nicng onpoMiHeHHs
ramMmma-BMMNpOMIiHIOBAaHHSAM crocTepiranu HecneundiyHi peakuii Ha MikobakTepianbHi anepreHn npu 4030BOMY
HaBaHTaxeHHi 200 Py 16,6 %; 150 P - 5,3 % no rpyni,a yepes 27 pi6 y onpomiHeHux fo3amu 50 Pta 100 Py 25 % Ta
33 % [OCNioKEeHUX TBAPUH, BiANOBIAHO. Y iH(DiKOBaHMX 30yAHUKOM TyOepKynbo3y Ta iHTaKTHMX TBapuH Yepe3 60 ai6
nicns onpoMiHeHHs1 B go3ax 50 P, 100 P ta 150 P BMHMKanu nooamMHOKI peakuii Ha bpyueniH Ta maneiH. [poss
HecneumdivHOi aneprii y onpoMiHeHMX TBapUH 3anexana Bif NOTY)XHOCTI 403K ONPOMIHEHHS Ta PafioyyTIMBOCTI TBAPUH

KntouoBi cnoBa: Ty6epkyniH, reTeponioriyHi anepreHu, raMmMa-onpoMiHeHHs, MikobakTepii, anepriyHi LOCNiLKEHHS
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INTRODUCTION

The agricultural sector with its basic component, agri-
culture, is system-forming in the national economy and
provides stability, food independence, and security of the
state [1; 2]. The most dynamic branch of agriculture, which
began to revive one of the first and has already achieved
high technological and economic results is the poultry
industry, which provides high-quality food to the popu-
lation of Ukraine and allows exporting some products
abroad [3]. It is known that one kilojoule of energy from
eggs and poultry requires twice less energy than milk
production and three times less than pork and beef [4].
Intensive development of the poultry industry faces
the problem of excessive environmental pollution, as
along with the main products (meat, eggs, products of
slaughter and processing, down, feathers, etc.) there is
an accumulation of considerable by-products of animal
origin, including large quantities of poultry litter [5; 6].
Thus,the average anthropogenic load from poultry waste
on the territory of Ukraine is 0.22 million tonnes/km?, that
is, 3000 tonnes for every thousand of population [4; 7].

The accumulation of considerable amounts of waste
causes various types of atmospheric pollutions, including
greenhouse gases such as methane, carbon dioxide, nitro-
gen oxide, etc., which serve as a source of air, soil, and
water pollution and thus lead to air temperature in-
crease on the planet, emergence of acid rain, droughts,
floods, declining of drinking water supplies, formation
of atmospheric aerosols [8; 9]. Greenhouse gases are the
driving factors of climate change that have befallen hu-
manity over the last century [8]. According to the Food
and Agriculture Organisation of the United Nations (FAO),
greenhouse gas emissions from agriculture, forestry and
fisheries have almost doubled over the past 50 years and
tend to increase by 30% by 2050 if a number of effec-
tive measures will not be implemented to improve en-
vironmental situation [10]. In terms of the greenhouse
gas emissions scale, agriculture, although inferior to
energy and industry, is still a powerful source of pollu-
tion both in Ukraine and worldwide [11; 12]. Agriculture,
which often suffers from climate change, is simultane-
ously one of the reasons for this change [13]. Given the
above, a necessary condition for the development of
the poultry industry is maintaining a balance between
increasing production and effective rational disposal of
waste, which will minimise the negative effect of agricul-
ture on the environment [14-16]. The research of many sci-
entists has been devoted to the problems of environmental
pollution caused by the activities of poultry farms [17-19].
However, the available literature provides information
mainly on reducing emissions of certain gases from the
waste, in particular,ammonia or hydrogen sulfide [20-22].
The task of developing measures to reduce the emission
of greenhouse gases — methane, carbon dioxide, nitrogen
oxide from animal by-products remains unsolved.

Thus, minimising greenhouse gas emissions from
poultry litter is an extremely important task today due to
the active development of the poultry farming and the
intensive accumulation of a considerable amount of waste.
Therefore, the search for effective means and ways to
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reduce greenhouse gas emissions from poultry litter
without harming the environment is an important scien-
tific and practical issue to solve.

The purpose of the study was to establish the ef-
fect of inorganic and biologically active substances on
the emission of greenhouse gases from poultry litter -
CH,, CO,, NO during anaerobic fermentation (in vitro) to
prevent their entry into the environment.

MATERIALS AND METHODS

Research for establishing the effectiveness of inorganic
and biologically active substances on the level of such
greenhouse gases emission as methane, carbon dioxide,
nitrogen oxide from poultry litter was carried out using
experimental-laboratory, statistical-mathematical,and
analytical methods. To conduct the experiment, samples of
poultry litter without additions were taken at the farm
“Zahid-Ptytsia” in Pustomyty district, Lviv region. The
study was performed in vitro according to the method of
0.G. Skliar et al. [23]. Closed tanks were used in the ex-
periment for anaerobic conditions. To stabilise the pro-
cess of anaerobic fermentation, poultry litter was dilut-
ed with water and the substrate humidity was adjusted
to 92%. Each option of the experiment was repeated
three times. During the experimental studies, the sub-
strate was periodically shaken. Similar conditions of the
biofermentation process were in the control option of
the study, where anaerobic fermentation of the substrate
occurred due to the natural microflora of litter, as well
as in experimental analogues using the studied inorganic
and biologically active substances. In the experiment,
at each stage of biofermentation (hydrolysis, oxidation,
acetogenesis,methanogenesis),the temperature regime
was maintained. The study was conducted under the
mesophilic regime at a temperature within 33°C since
the mesophilic regime is characterised by the highest
stability of the biofermentation process and small tem-
perature fluctuations are allowed without disrupting
fermentation. It is known that biofermentation can be
carried out in a wide range of temperatures, but not be-
low 6°Cssince there is a cessation of the microorganisms’
activity at this temperature [24]. One of the important
factors is also the time of biomass fermentation. Depend-
ing on the temperature, the fermentation exposure is
set in the following intervals: at 10-25°C up to 30 days,
at 25-40°C - from 10 to 20 days, at 45-55°C - from 4 to
8 days [25].In this experiment, the exposure to biomass
fermentation was 17 days.

To achieve the reduction of greenhouse gas emis-
sions from poultry litter, on the 17 day from the begin-
ning of anaerobic fermentation, inorganic and biolog-
ically active substances were added to the fermented
substrate in optimal pre-established and economically
substantiated doses: Option | — control (without sub-
stances); Option Il - perlite, 3%; Option Il — glauconite,
3%; Option IV - saponite, 3%; OptionV - vermiculite, 3%,;
Option VI - Kapeliukhiv Yarok, 150 g/m3; Option VII -
Scarabei, 40 g/m?; Option VIII - magnesium acetate,
3%; Option IX - superphosphate, 3%. In addition, the
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level of greenhouse gases — methane, carbon dioxide,
nitrogen oxide in the control and experimental variants
was measured. Subsequently, during the experiment,
every three days, the measurement of greenhouse gases
level was performed using a portable alarm-analyser
Dozor (-M-5 (certificate of the device verification
type UA.TR.001 212-18 and certificate of conformity
UA.TR.002.CB.1234-19). The key factor determining the
area of anaerobic fermentation is the hydrogen index (pH).
That is why the experiment also determined the acid of
the test substrate (at the beginning of the experimental
studies and their completion) using a pH-meter Tour N5170.
Statistical and mathematical analysis of the obtained
research results was performed using the methods of
variation statistics and Student’s t-test standard package
Microsoft EXCEL and AtteStat. Arithmetic mean values (M)
and arithmetic mean errors (m) were calculated. Differences
between arithmetic means were considered statistically
significant by: *P<0.05; **P<0.01; ***P<0.001.

RESULTS AND DISCUSSION
Based on the studies, it was established that the pH

of poultry litter in hydrogen substrates in the control
options (without the introduction of substances) before
and at the end of the study (in vitro) was in the range
of 8.35-8.55 units (Fig. 1), that is, had an alkaline reac-
tion. After the introduction of inorganic and biologically
active substances into the fermented poultry litter, the
processes of anaerobic fermentation decreased and at
the end of the study, there was a change in the hydro-
gen substrates of poultry litter in pH to the acidic side
with the use of perlite = up to 7.38 units, glauconite -
7.3, saponite - 7.6, vermiculite - 7.15, biologically active
substances - Kapeliukhiv Yarok — 6.55, Scarabei - 6.7,
magnesium acetate - 6.65, superphosphate - 6.75 units,
compared with the control - 8.55 units, which indicates
inhibition of the activity of microorganisms due to in-
creasing concentrations of H* ions.

The obtained experimental data indicate that
the studied substances, which caused the greatest de-
crease in pH, were at the same time the most effective
in reducing the emission of studied greenhouse gases -
CH, (Fig. 2), CO,, NO from the substrate of poultry litter
(in vitro).
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Analysis of the results showed that the intensity
of anaerobic fermentation and the processes of green-
house gases emission in the substrate of poultry litter
depend on the duration of the experiment. The introduc-
tion of natural sorbents into the fermented poultry litter -
perlite, glauconite, saponite, and vermiculite helps to
reduce the level of methane and carbon dioxide (Fig. 3).
In particular, when perlite is added to the studied sub-
strate, methane and carbon dioxide emissions are re-
duced by 20-26™ days, respectively, by 22-39 |/m? and
15-28 |/m3,that is 3.9-7.1% (P<0.05-0.001) regarding con-
trol. The use of glauconite causes a decrease in the level
of CH, and CO, from fermented poultry litter,depending
on the day of the experiment, respectively, by 33 |/m?
and 24 /m?* - 6.2% (P<0.01-0.001) - 20t day; by 47 |/m?
and 33 |/m®or 8.5% (P<0.01-0.001) - 23 day; by 61 l/m?

Vorobel et al.

and 44 |/m?3,that is 11.1% (P<0.001) - 26 day, compared
to the control options. It was also established that in the
options with the addition of saponite there is a decrease
in methane and carbon dioxide emissions from the studied
substrate, namely: on the 20" day - 25 I/m?® and 18 I/m? -
4.6% (P<0.01); on the 23" day - 37 |/m3 and 26 |/m? or
6.7% (P<0.05-0.001); on the 26" day - 48 |/m>* and 34.5 /m’,
that is 8.7% (P<0.001), relative to control. During the same
study period (20-26 days), the level of CH, and CO, emis-
sions from fermented poultry litter when using vermiculite
was lower than the control, respectively, by 57-79 |/m?
and 41-57 |/m?, which was the percentage - 10.5-14.4%
(P<0.01-0.001). Thus, the natural sorbent - vermiculite -
had the most pronounced effect on reducing the emission
of methane and carbon dioxide from the substrate of poul-
try litter in the above period.
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Figure 3. The level of carbon dioxide emission in options using inorganic and biologically active substances

The use of biological products - Kapeliukhiv Yarok
and Scarabei - also have a positive effect on the emis-
sion of greenhouse gases from the substrate of poultry
litter. The application of the biological product Kapeli-
ukhivYarok to the substrates helps to reduce the level of
methane and carbon dioxide from the studied substrate
during anaerobic fermentation, respectively, on the
20" day - 70 IYm? and 50 l/m3, that is 12.9-13.1% (P<0.05-
0.001), compared to control; on the 23 day - 82 |/m* and
58 |/m? or 14.9-15.1% (P<0.001) and on the 26™ day -
95 |/m?® and 68.5 I/m? - 17.3% (P<0.001). The use of the
biological product Scarabei reduces the emission of CH,
and CO, from fermented poultry litter by 20-26 days, re-
spectively, by 65-87 |/m3and 47-62.5 |/m? relative to the
control, which in percentage was 12.1-15.8% (P<0.001).

According to the obtained research results, it was
established that the introduction of magnesium acetate
into the studied substrate helps to reduce the level of
methane and carbon dioxide emissions, depending on the
day of the study, respectively: on the 20" day - 79 |/m? and

59 I/m3 or 14.8% and 15.2% (P<0.001); on the 23" day -
98 I/m* and 73 I/m? - 18.0% and 18.7% (P<0.001), and
on the 26™ day of the study - 97 |/m?® and 74 |/m?, that
is 17.6% and 18.7% (p<0.001).

In the options using superphosphate, the emission
of CH, and CO, from fermented poultry litter is reduced
on 20-26™" days of the study, respectively, by 75-84 |/m>
and 58-68 l/m?3, which in terms of percentage was 14.0-
15.3% and 14.9-17.4% (P<0.001). Thus, analysing the
obtained results, it should be noted that the lowest level
of methane and carbon dioxide emissions from poultry
litter substrate in all experimental options using inor-
ganic and biologically active substances was observed
on the 26 day of the experiment - 7.1-18.7%.

The obtained results testify that at the introduc-
tion of perlite in the investigated substrate there was a
decrease in emission of nitrogen oxide (Fig. 4), depending
on days of the experiment,accordingly: on the 20t day -
12.5 mg/m?, that is 9.9%; on the 23 day - 8.7 mg/m® -
8.3% (P<0.01), and on the 26" day - 6.7 mg/m?® or
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8.2% (P<0.05) relative to control. The use of glauconite helps
to reduce the level of NO emission from fermented poul-
try litter, respectively, by 14.6 mg/m?or 11.5% (P<0.01) -
20% day; by 10.9 mg/m3, that is 10.4% (P<0.01) - 23 day;
by 8.0 mg/m?® - 9.7% - 26th day, compared to the control
analogue. The introduction of saponite into the studied
substrate causes a decrease in nitrogen oxide emission by

20t day - 9.1 mg/m® - 7.2%; on the 23 day - 6.2 mg/m>
or 5.9% (P<0.05),and on the 26th day - 4.3 mg/m?,that is
5.2%. The level of NO emission from fermented poultry
litter was lower in the options with vermiculite, relative to
control, respectively, by 14.2 mg/m?® - 11.2% (P<0.05) -
20% day; by 11.1 mg/m?, that is 10.6% (P<0.05) - 23" day
and by 7.9 mg/m3 or 9.6% (P<0.05) - 26" day.
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Figure 4. The level of nitrogen oxide emission in options using inorganic and biologically active substances

Reduction of nitrogen oxide emission from the
studied substrate is also observed by the use of biological
products Kapeliukhiv Yarok and Scarabei, respectively,
on the 20" day - 13.3 mg/m? and 15.8 mg/m?>, that is
10.5% and 12.5% (P<0.05); on the 23“day - 11.8 mg/m?
and 13.9 mg/m> or 11.3% and 13.3%; on the 26" day -
8.1 mg/m?* and 9.7 mg/m® - 9.9% and 11.8% (P<0.05),
compared to the control options.

When magnesium acetate and superphosphate
were added to the fermented poultry litter, the level of
NO emission was lower, respectively, by 19.5 mg/m3,that
is 15.4% (P<0.05) and 15.7 mg/m? - 12.4% (P<0.05) -
20™ day; by 16.9 mg/m? or 16.1% (P<0.001) and 15.4 mg/m?* -
14.7% (P<0.01) - 23 day; by 12.6 mg/m® or 15.3% (P<0.01)
and 11.4 mg/m?® that is 13.9% (P<0.001) - 26™ day.

The most effective in reducing nitrogen oxide
emissions in the process of biofermentation of the studied
substrate using natural sorbents - perlite, glauconite,
saponite and vermiculite were set on the 20™ day, and
biological products - Kapeliukhiv Yarok and Scarabei;
magnesium acetate and superphosphate - on the 23 day
of research. The obtained research of results in reducing
the level of greenhouse gases emission from chicken
manure is consistent with studies of W. Qasim et al. who
used aluminum sulfate and ferric chloride blend in different
ratios in vitro, which caused a pH decrease of the tested
substrate and hence a decrease in gas emissions [26].
Researchers K.Anderson et al.[27], B. Eugene et al. [28],
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J.Sims et al.[29], M. Spiehs et al.[30] also obtained sim-
ilar results in reducing the level of greenhouse gases
emission from litter of the poultry industry using various
substances of organic and inorganic origin. Thus, it is
experimentally proved that the studied substances -
perlite, glauconite, saponite, vermiculite, biological prod-
ucts - Kapeliukhiv Yarok and Scarabei, magnesium acetate
and superphosphate have an effect on reducing the level
of greenhouse gases - CH,,CO, and NO from the substrate
of poultry litter during mesophilic fermentation.

The most effective of natural sorbents (perlite,
glauconite, saponite, vermiculite) in reducing the level
of greenhouse gases - methane, carbon dioxide and ni-
trogen oxide from the studied substrate in anaerobic
fermentation is vermiculite (9.6-14.4%), and from bio-
logical products (Kapeliukhiv Yarok, Scarabei) - Kapeli-
ukhivYarok - on CH,, CO,,and Scarabei - on NO, respec-
tively, by 12.9-17.3% and 11.8-13.3%. The introduction
of magnesium acetate and superphosphate in the fer-
mented poultry litter helps to reduce the emissions of
the studied gases - CH,, CO, and NO, respectively, by
14.8-18.7% and 12.4-17.4%.

Therefore, out of the studied inorganic and biolog-
ically active substances, the most effective in reducing
the emission level of greenhouse gases - CH,, CO, and
NO from the substrate of poultry litter was found in the
options using magnesium acetate. The effectiveness of
others decreases in the following sequence: magnesium




acetate - superphosphate - biological product Kapeli-
ukhivYarok - biological product Scarabei - vermiculite -
glauconite - saponite - perlite.

CONCLUSIONS

The study theoretically substantiated the effectiveness
of the use of inorganic and biologically active substances,
in particular natural sorbents (perlite, glauconite, saponite,
vermiculite), biopreparations (Kapeliukhiv Yarok, Scarabei),
as well as magnesium acetate and superphosphate in
reducing the emission of the studied greenhouse gases -
CH,, CO,, and NO from poultry litter (in vitro) due to
changes in substrate pH. It was experimentally proved

Vorobel et al.

that the most effective substances in reducing the level
of methane, carbon dioxide and nitrogen oxide from
poultry litter (9.6-18.7%) are magnesium acetate, su-
perphosphate, biopreparation Kapeliukhiv Yarok, and
vermiculite, which indicates the feasibility of their use
to prevent environmental pollution in the intensive
management of the poultry farming. A promising area
of further research is establishing the influence of stud-
ied substances on reducing greenhouse gases emission
directly in the premises where poultry are kept and in
manure storages (lagoons) during keeping animal by-
products, which is important for solving environmental
problems of the agro-industrial complex.
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3MeHLUEeHHS eMicii NTapHUKOBUX rasiB 3 Kypsuoro nocniny 3a BAKOPUCTaHHS
HeopraHiYHUX Ta 6ionoriyHo aKTUBHUX Pe4YOBUH

Mapis IropisHa Bopo6enb!, Bacunb Bacunbosuu Kannincbkuitl, Oner ipocnasosuu Knum?,
Banepiit OnekcanapoBuu lMiHuyk?, AHapisHa IBaHiBHa OMuTpoual

HcTUTyT cinbebkoro rocnoagapctea Kapnatcbkoro periony HAAH
81115, Byn. [pyweBcbkoro, 5, c. 06polumnHe, YkpaiHa

2|HcTuTYT arpoekonorii i npupoaokopuctyBaHHs HAAH
03143, Byn. MeTponoriyHa, 12, M. Kuis, YkpaiHa

AHoTauis. lpoBiaHe Micue y cTpyKTypi BUpOOHULTBA NPOAYKLIi TBAPUHHULITBA 3aiiMa€e NTaxiBHULTBO. IHTEHCUBHUIA
PO3BUTOK L€l rany3i CTaHOBWUTb NpobaeMy LLOA0 36epexeHHs YUNCTOTH LOBKINNS, OCKibKM KPiM OCHOBHOI NPOAYyKL,ii
HaKOMUYYETbCS 3HAUHUIM 06car BiaxoaiB. OCTaHHI CNYrytoTb AXKEPENOM HAAXOXKEHHS B aTMOChEPY NapHUKOBUX rasis,
AKi € OJHI€I0 i3 OCHOBHMX MPUYMH HEFAaTUBHUX 3MiH Y KNiMaTUYHOMY BanaHci nnaHeTu. TOMy, BCTAHOBNEHHS PiBHS
eMicii MapHMKOBMX rasiB 3a BM/MBY HEOPraHiYHMX i BIONOrIYHO AaKTUBHUX PEYOBUH OYAM OCHOBOK 3amnaaHOBAHUX
[ocnigxeHb.Y pesynstaTi npoBeAeHNX AOCNIAXKEHb BCTAHOBAEHO eDeKTUBHICTb A4iT AOCNIAXKYBAHUX PEYOBUH — NEPAITY,
rNayKoHiTY, CanoHiTy, BepMUKyniTy, bionpenapatis Kanentoxis Slpok # Ckapabein, auetaTy marHito Ta cynepdocdary
Ha 3MEHLWEeHH: piBHA BuaineHHa metany (CH,), syrekucnoro rasy (CO,) i okenay asoty (NO) i3 kypsayoro nocnigy
(in vitro). 30Kpema, BU3HAYEHO, L0 HanedeKTUBHILLE HA 3HWXKEHHS eMicii MAapHMKOBKX rasiB i3 Kypavoro nocnigy 3
NPUPOAHMX COPOEHTIB B/IMBA€E BEPMUKYNIT, AKMIA 3MEHLWYE piBeHb BuaineHHa CH, i CO, Ha 10,5-14,4 %, a NO -
9,6-11,2 %. bionpenapat Kanentoxie flpok 6inbw ehekTUBHO 0OYMOBIOE 3HUKEHHS €MiCii 3 LOCNIAXKYBAHOIO
cyberpary CH,1a CO, Ha 12,9-17,3 %,a Ckapaber - NO Ha 11,8-13,3 %. BHeceHHs aueTaTy MarHito Ta cynepgpocgary
B 30pOMKEHMI KypSUunid NOCAIL, CMPUSIE 3MEHLLEHHIO PiBHS BUIINEHHS CH, Ta COZ, BianoBiaHo Ha 14,8-18,7 % Ta
14,0-17,4 %,a NO - Ha 15,3-16,1 % i1 12,4-14,7 %. LocnipKyBaHi pe4oBUHU, SKi B HANOINbLLIIA Mipi 3MEHLWYOTb
eMiCito MapHWMKOBUX rasiB (in vitro) — aueTaT MarHito, cynepdocdar, 6ionpenapat Kanentoxie fpok Ta Ckapabei,
BEPMUKYNIT i3 LOCNIAKYBAHOIO CybCTpaTy, 3abe3nevytoTb BOAHOYAC | HaiMeHLWwuit pieHb pH - 6,55-7,15 oa. Omxe,
BCTaHOB/EHHS eeKTUBHOCTI BNAMBY AOCTIAXKEHUX HEOPraHiYHMX Ta Bi0N0OriYHO aKTUBHUX PEYOBUH HA 3HUXKEHHS
eMicii napHMKOBMX rasis 3 Kyps4oro nocnigy (in vitro) BKa3yroTb Ha NEPCNEKTUBHICTb iX 33CTOCYBAHHA 418 3an06iraHHs
3abpyLHEHHS AOBKINAS NpU IHTEHCMBHOMY BeLEeHHi ranysi nTaxiBHALTBA

KniouoBi cnoBa: nTaxiBHMUTBO, BiAXOAM, METAH, BYIMEKMUCNIA Ta3, OKCU, a30Ty
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Abstract. To obtain high yields of winter wheat, it is important to control
the contamination of crops with weeds. It is known that yield losses can
be 30% or more due to the presence of segetal vegetation in wheat crops.
With intensive technology of growing winter wheat, the chemical method
of protection against weeds is an extremely important element. The paper
highlights data on the species composition and class of contamination of
winter wheat agrocenosis. The effectiveness of herbicides and their tank
mixtures in winter wheat crops to reduce the presence of the weed component,
increase grain yield and quality in the conditions of Luginsky District of
Zhytomyr region on sandy loam soils during 2019-2021 was studied. It is
established that the structure of the weed component of agrophytocenosis
of winter wheat in farm conditions is dominated by dicotyledonous weed
species, namely: field mustard (Sinapis arvensis L.), wild radish (Raphanus
raphanistrum L.), wild pansy (Viola tricolor L.), shovelweed (Capsella bursa-
pastoris L.),toadpipe (Equisetum arvense L.),and blue bottle flower (Centaurea
cyanus L.), the share of which is 64.8%. Graminaceous species of weeds are
represented by silky bent grass (Apera spica-venti L.), couch-grass (Elytrigia
repens L.), rye brome grass (Bromus secalinus L.). The technical efficiency
of the studied herbicides with the separate and joint application was in
the range of 60.8-94.6%. The highest indicator of technical efficiency of
herbicides in winter wheat crops, which is 94.6%, was obtained in an experiment
using a tank mixture of Granstar Pro 75 + Apiros 75 preparations, with norms
of 0.025+0.013 kg/ha, as well as an increase in wheat grain yield by 2.0 t/ha
compared to the contaminated control. Spraying winter wheat crops with
herbicides during the growing season allows improving the quality indicators
of the grain yield structure. In particular, the content of protein and fibrin
increases by 1.1 times; the moisture content of grain decreases by 1.0-1.1 times,
and the content of dirt impurity decreases by 2.8-6.7 times, compared to the
control version

Keywords: winter grains, weeds, chemical protection, yield, technical efficiency,
agrophytocenosis
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INTRODUCTION

Among all field crops grown in Ukraine, winter wheat
is the most important and popular among both farmers
and the private sector. This is evidenced, first of all, by
the areas under this grain crop, which in recent years
occupy an average of 6.3 million hectares, which is ap-
proximately 23% of the total area of crops [1].

The popularity of winter wheat is conditioned
upon a number of factors: it is used for making flour, ce-
reals, pasta, for feeding livestock and poultry, etc. High
protein content, which can be up to 15% in soft wheat
varieties, a considerable amount of carbohydrates and
starch, vitamins A, B, D, E, PP, essential amino acids, etc.
increase the value of winter wheat grain compared to
other cereals. The most important thing in economic
terms is that winter wheat is in great demand as an export
crop. Ukraine occupies an important place in this regard,
as it is one of the top ten wheat exporting countries in
the world. Every year, the export of the main grain crop
from the country accounts for about 17-19 million tonnes.
Winter wheat is a crop that produces large yields on
soils with a high agricultural background and slightly
smaller ones with a low one, but at the same time re-
mains highly profitable. Its average yield on soils with
a high bonus is 5-7 t/ha, while on less fertile soils it is
possible to get 3-4 t/ha [2].

The soil and climatic conditions of all regions of
Ukraine are mainly suitable for growing winter wheat.
However, some annual temperature fluctuations during
certain periods of wheat growth, as well as changes in
moisture supply, force producers to resort to certain ad-
justments in the technology of growing crops in different
zones. This crop produces good yields using various cul-
tivation technologies, in particular conventional, mini-
mal or zero. Important techniques in the technological
process of growing winter wheat are the selection of
varieties, sowing dates, balanced nutrition, and protection
from harmful organisms. The varietal resource of winter
wheat, which is currently formed in Ukraine and rec-
ommended for production, consists of almost 80% of
varieties of Ukrainian selection. They are characterised
by above-average and increased winter hardness, high
drought resistance, resistance to lodging, etc. Sowing
dates are also of great agrotechnical importance and
affect the size of the resulting crop. In recent years, the
terms of sowing in various soil and climatic zones of
Ukraine deviate from the recommended ones. This indi-
cator is influenced by weather conditions, soil moisture
reserves, the quality of seed material, and a number
of other factors. Depending on the ecological zone of
winter wheat cultivation in Ukraine, the recommended
sowing dates are from the first decade of September to
the first decade of October [1; 2].

Another factor affecting the growth, development
and yield of winter wheat is the fertilizer application
system and the correct application of nitrogen fertilizers.
To obtain high yields of winter wheat, a considerable
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role is given to controlling the contamination of crops [3].
It is known that crop losses due to the considerable
presence of segetal vegetation in wheat crops can be
30% or more. Contaminated winter wheat crops cannot
fully provide themselves with moisture and nutrients,
and they also receive a limited amount of light [4]. In
addition, the area of nutrition decreases, which limits
the growth of the root system and thickens crops due
to weeds, which leads to a decrease in air movement
between plants and, accordingly, a deterioration in the
overall phytosanitary state of agrocenosis. Weeds can
also be used as reserves of many pathogens and pests,
which also leads to a negative impact on the yield of
winter wheat [5].

Sowing of winter wheat is mainly carried out by
seeders designed for continuous sowing with row spac-
ing of 15-19 cm, but in recent years, many farms have
experienced wider row spacing of 20-50 cm, which, in
turn, requires more attention to control the contamination
of crops [6]. Increasing the width of row spacing creates
more favourable conditions for weed germination, that
is, a “free ecological niche” appears [7]. Therefore, reg-
ulating the level of presence of the weed component
in the agrocenosis of winter wheat at all stages of its
organogenesis is one of the factors for preserving grain
yield and quality. The use of agrotechnical measures to
destroy weeds in winter wheat crops does not always
allow getting the maximum result. For effective control of
segetal vegetation in the agrocenosis of winter wheat,
a comprehensive approach to solving this problem is
necessary, including the use of herbicides [3; 8].

The purpose of the research was to establish the
effectiveness of herbicides and their tank mixtures in
the agrocenosis of winter wheat in the conditions of
Ukrainian Polissia. The objectives of the study were to
establish the species composition of segetal vegetation,
select suitable herbicides, and determine their effective-
ness against the most common types of weeds, as well
as their impact on the yield and quality of winter wheat
grain in the conditions of Ukrainian Polissia.

LITERATURE REVIEW

With intensive technology of growing winter wheat, the
chemical method of protection against weeds is an ex-
tremely important element. With the correct selection
of herbicides, their timely use in compliance with all the
requirements on this crop, the presence and negative
impact of the weed component can be minimised [5].
The range of drugs that are presented on the Ukrainian
market for regulating the number of weeds in wheat
crops is sufficient and can meet the needs of almost any
farm. Wheat can be attributed to crops on which the
widest “line” of herbicides can be applied. It is represented,
in the vast majority, by chemicals for the destruction of
dicotyledonous weed species, but there are a certain
number of chemicals that have a detrimental effect on




grain species. There are herbicides that combine the
ability to destroy dicotyledonous and grain weed species.
In addition, there are preparations with a soil effect or a
weakly expressed soil effect on weeds.

The most popular herbicides on winter wheat are
chemicals based on active ingredients: tribenuron-methyl,
dicamba, florasulam, etc. [9]. To regulate the number of
dicotyledonous perennial weed species in the agrocenosis
of winter wheat, mixtures of several active substances
from the group of sulfonylureas and synthetic auxins are
used [10]. Among the drugs that negatively affect the
development of grain weeds in the agrocenosis of winter
wheat, manufacturers often use monitor 75 WG, Axial
045 EC, Puma super 144 EW [11].

In recent years, the use of herbicides in the autumn
period has been quite popular, but not all of the chemicals
allowed for use on winter wheat are suitable for this pur-
pose.When using some chemicals in the autumn period,
there may be a negative impact on wheat plants and,
accordingly, on the future harvest [12]. In addition, a
combination of two chemicals Grodil maxi 375 OD and
Zenkor liquid 600 SCwith norms of 0.11 and 0.3-0.4 l/ha,
respectively, is recommended for use in the autumn period
in agrocenosis of winter wheat. The use of this mixture
is quite effective, but it is impractical on light sandy soils
and soils with low humus content. The advantage of the
mixture of these drugs is their long-term protective ef-
fect, which, under optimal conditions in winter, continues
in spring, while ensuring the initial spring growth with
almost no weeds [13].

More effective and widespread is the use of chem-
icals in the agrocenosis of winter wheat in the spring
after the resumption of crop vegetation. The positive side
of using herbicides in spring is that winter, wintering
and early spring weed species germinate in wheat ag-
rocenosis,which allows more carefully selecting herbi-
cides or their tank mixtures. Therewith, if the treatment
is carried out as late as possible but within the permissi-
ble phase of crop development, a very high efficiency of
controlling the number of weeds in winter wheat crops
can be obtained.Although with the later use of herbicides,
it is possible to lose the crop due to the competition of
weeds with winter wheat plants for solar energy, mois-
ture, and nutrients at the beginning of its growth and
development. In addition, there is a possibility of over-
growth of segetal vegetation in the wheat agrophyto-
cenosis, which also negatively affects the effectiveness
of herbicides [14]. Considering the fact that the effect of
chemical preparations may vary slightly depending on
soil and weather conditions, the authors of this paper
conducted special studies to determine the effective-
ness of herbicides in regulating the amount of segetal
vegetation of winter wheat agrocenosis.

MATERIALS AND METHODS

Field studies were conducted during 2019-2021 in the
conditions of farm “Obriy” of Luginsky District of Zhytomyr
region. On the farm, sandy loam, sod-podzolic soils are
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characterised by the following indicators: humus (accord-
ing to Tyurin and Kononova) - 1.10-1.23%, easily hydro-
lysed nitrogen (according to Cornfield) - 57-66 mg/kg
of soil, mobile phosphorus (according to Chirikov) -
108-170 mg/kg of soil, exchange potassium (accord-
ing to Chirikov) - 76-104 mg/kg of soil, pH_ - 5.7-6.4.
Weather conditions during the study period were some-
what different in terms of indicators from long-term data
but did not cause a considerable negative impact on the
development of winter wheat.

Winter wheat in the experiment was grown using
minimal soil treatment technology. The previous crop
in the experiment was soy. After collecting the previous
crop, the soil was treated with the DAN 2.1 unit (disco-
plow with a roller), pre-sowing cultivation, and sowing.
The Kraevid wheat variety, characterised by increased
resistance to pathogens and stress factors, was sown at
the experimental sites. The seeding rate was 4.5 million
tonnes of grain per 1 hectare. Sowing was carried out with
a row spacing of 15 cm. The seed material was used well
cleaned and calibrated with mandatory pickling before
sowing with fungicidal and insecticidal chemicals.In all
variants of the experiment, mineral fertilizers were used,
in particular, during sowing, 100 kg of physical weight
of ANP fertilizer NPK was locally applied to the rows at
the rate of 16:16:16+6S per hectare; 100 kg per hectare
of ammonium nitrate was superficially scattered on fro-
zen-thawed soil, and another 50 kg of physical weight
of the same fertilizer was applied in the phase of the
beginning of stem elongation. Spraying of wheat plants
with the studied herbicides and tank mixtures was car-
ried out in the tillering phase before the stem elonga-
tion using a mounted sprayer OGN 600 with a working
fluid consumption rate of 200 l/ha. During the growing
season of wheat, crops were protected from pests and
pathogens. Harvesting was carried out by direct com-
bining using the Niva SK-5m combine.

The species composition of weeds in wheat ag-
rocenosis was determined using atlases and reference
books [15]. Studies on the effectiveness of herbicides
were conducted according to the following scheme:
1. Contamination control (water treatment); 2. Granstar
Pro75,v.g.(d.r.tribenuron-methyl- 750 g/kg) - 0.025 kg/ha;
3. Prima, s. e. (d. r. florasulam 6.25 g/l + 2-ethylhexyl
ether 2.4-D 452.5 g/l) - 0.5 l/ha; 4. Apiros 75,v.g.(d.r.
sulfosulfuron - 750 g/kg) - 0.026 kg/ha; 5.Granstar Pro +
Apiros,0.025 kg/ha+0.013 kg/ha; 6.Granstar Pro + Prima,
0.025 kg/ha+0.3 I/ha. The size of the experimental site
was 0.5 hectares. The experiment is repeated three times,
and the placement of sites is systematic. Records of con-
tamination of winter wheat crops were carried out three
times during the growing season: the first - before the
use of herbicides; the second - on the 30™ day after ap-
plication; the third — before harvesting. The level of con-
tamination of winter wheat agrocenosis was assessed
on a five-point scale, where 1 point is a very weak degree
of contamination (1-5 pcs/m?),and 5 points - a very strong
degree of contamination (more than 100 pcs/m?) [16].
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The technical effectiveness of herbicides was calculated
30 days after their application, in comparison with the
initial contamination and with a mandatory adjustment
for control according to the generally accepted method.
After harvesting wheat, its quality indicators were stud-
ied according to the methods [17]. Mathematical pro-
cessing of the obtained research results was carried out
by the method of variance analysis according to meth-
odology B.A. Dospekhov [18].

RESULTS AND DISCUSSION

Over the years of research, the specific and quantitative
composition of weeds in winter wheat crops has been
studied. When studying the species belonging of sege-
tal vegetation in winter wheat crops in the conditions of
farm “Obriy” of the Luginsky District of Zhytomyr region, it
was established that dicotyledonous weed species are
dominant, the share of which in the overall structure of
contamination was 64.8% (Fig. 1).

m Dicotyledonous
species of weeds

B Monocotyledonous
species of weeds

Figure 1. Ratio of single- and dicotyledonous weed species in winter wheat crops
under the conditions of farm “Obriy’, 2019-2021

Among dicotyledonous weeds, the dominant spe-
cies were: field mustard (Sinapis arvensis L.,), wild radish
(Raphanus raphanistrum L.), wild pansy (Viola tricolor L.),
shovelweed (Capsella bursa-pastoris L.), toadpipe (Equisetum
arvense L.) and blue bottle flower (Centaurea cyanus L.)
(Fig.2).In the agrocenosis of winter wheat, the following
types of cereal weeds prevailed: silky bent grass (Apera
spica-venti L.), couch-grass (Elytrigia repens L.), rye brome
grass (Bromus secalinus L.).

In winter wheat crops, when accounting, 24.9%
of the detected weed species were only 1-2 specimens

on the accounting site. In particular, these are such ce-
real types of weeds as common oatmeal (Avena fatua L.),
annual bluegrass (Poa annua L.), black grass (Alopecurus
myosuroides L.), etc. Single specimens of pig weed (Che-
nopodium album L.), canada thistle (Cirsium arvense L.),
purple deadly (Lamium purpureum L.), doorweed (Polygo-
num aviculare L.), water pepperwort (Polygonum hydrop-
iper L.), small-flower galinsoga (Galinsoga parviflora L.),
wild chamomile (Chamomilla suaveolens L.) have been
identified from dicotyledonous species of segetal veg-
etation.

® Field mustard
® Blue bottle flower
= Wild pansy
m Silky bent grass
® Couch-grass
= Wild radish
= Shovelweed
= Toadpipe
Rye brome grass

m Other species

Figure 2. Structure of winter wheat crops contamination in the conditions of farm “Obriy’, 2019-2021

According to the results of monitoring the phy-
tosanitary condition of winter wheat crops in the Polissia
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zone of Ukraine, conducted by N.V. Hrytsiuk et al., the
synusia weed is represented by nine species from six




families. The largest percentage of the detected weeds
were rye brome grass and silky bent grass, belonging to
annual winter crop species [10].

To ensure high and stable yields of winter wheat
on poor sod-podzolic soils of Polissia, one of the main
methods in the technology of its cultivation is the con-
trol of the weed component. Analysis of the structure
of winter wheat crops contamination showed that the
agrophytocenosis of this crop was characterised by a
mixed class of contamination, namely dicotyledonous-
monocotyledonous. That is, dicotyledonous species pre-
dominate in the composition of the weed synusia of win-
ter wheat agrocenosis, which must be considered when
using chemicals in regulating the number of weeds.

In certain soil and climatic conditions, studies are
conducted to determine the effectiveness of chemicals
against various types of weeds in winter wheat crops.
In particular, the effectiveness of diflufenican, clopiralide,
and fluroxipir against broad-leaved weed species and
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their impact on wheat yield was confirmed in Iran [9].
In addition, the use of a mixture of fluroxypir and 2,4 D
after germination is effective in controlling the number
of Viola arvensis in spring wheat crops [14]. The use of a
post emergence herbicide based on the active substance
isoproturon in Pakistan allows regulating the number of
Avena fatua, Convolvulus arvensis, Melilotus indica, Cirsium
arvense, and Fumaria indica in wheat crops [13].

That is why in the conditions of Ukrainian Polissia,
a study was conducted to determine the effectiveness
of herbicides and their tank mixtures for a comprehen-
sive solution to the problem of contamination of winter
wheat crops. The initial contamination of crops before
the use of the studied chemicals was in the range of
48.9-51.1 pcs/m? (Table 1). The obtained results of the
study allow asserting the expediency of using herbicides
separately and in mixtures to control the amount of segetal
vegetation in winter wheat crops.

Table 1. Effectiveness of herbicides in winter wheat crops (2019-2021)

Number of weeds,

Research variant ..
initial, pcs/m?

Number of weeds,
30 days after application

A A Number of weeds,
Technical efficiency,

o before harvesting,
%

of the chemical, pcs/m? pcs/m?
Contamination control (water
48.9 51.7 - 60.2
treatment)
Granstar Pro 75,v.g.,0.025 kg/ha 49.8 17.7 66.4 27.8
Prima, s.e., 0.5 l/ha 51.1 21.2 60.8 29.3
Apiros 75,v.g.,0.026 kg/ha 50.4 20.1 62.3 234
Granstar Pro 75 + Prima,
49.9 8.7 83.5 254
0.025+0.3 kg, I/ha
Granstar Pro 75 + Apiros 75,
50.5 29 94.6 8.5
0.025+0.013 kg/ha
HIP 0.11 0.02 - 0.03

05

In particular, the use of herbicides Granstar Pro
75,v.g.(0.025 kg/ha), Prima, s.e. (0.5 l/ha),Apiros 75,v.g.
(0.026 kg/ha) contributed to a decrease in the number of
weeds on the 30™ day after the use of chemicals by 2.4-
2.8 times compared to the initial contamination. Mix-
tures of Granstar Pro+Apiros, 0.025 kg/ha+0.013 kg/ha
and Granstar Pro+Prima, 0.025 kg/ha+0.3 |/ha showed
high efficiency against weed synusia in winter wheat
agrocenosis and contributed to a decrease in its number
by 5.7-17.4 times compared to the initial contamination
of experimental plots.

In the variants of the experiment using each of
the studied herbicides with their separate application
(Granstar Pro 75, Prima, s. e., Apiros 75), technical effi-
ciency was obtained at the level of 60.8-66.4%. When
studying the effect of a tank mixture of Granstar Pro 75 +
Prima preparations with norms of 0.025+0.3 kg, l/ha,
the decrease in the presence of the weed component

in crops was 83.5%, compared with the contamination
control. The use of a tank mixture of herbicides Grans-
tar Pro 75 + Apiros 75 at a rate of 0.025+0.013 kg/ha, re-
spectively, contributed to the reduction of weeds in the
agrophytocenosis of winter wheat by 94.6%, which was
the most effective option in the experiment. The high
effectiveness of this combination of chemicals can be
explained by the fact that it can control grain species of
weeds, the share of which is about 35% of the total, due
to the herbicide Apiros 75.

After considering the number of segetal vegetation
before harvesting, 60.2 weeds per 1 m? were recorded in
the control version of the experiment. In three variants
of the experiment using each of the studied herbicides
separately,as well as when using the Granstar Pro 75 + Prima
tank mixture before harvesting winter wheat, the number
of weeds in crops was in the range of 23.4-29.3 pcs/ m2.
The smallest number of weeds before harvesting, which
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was 8.5 pcs/m?, were observed in a variant of the exper-
iment using a mixture of Granstar pro 75 + Apiros 75
chemicals with appropriate standards.

With a decrease in the presence of the weed compo-
nent in the agrophytocenosis of winter wheat, a positive
effect on crop yield indicators was noted (Table 2). In
the control version of the experiment (water treatment),
the lowest yield of winter wheat grain was obtained,
which was 1.4 t/ha. In the variants of the experiment

using the studied herbicides, the yield was preserved
separately at the level of 1.4-1.5 t/ha. For the use of a
tank mixture of Granstar Pro 75 + Prima chemicals, an
increase in the yield of winter wheat grain in the range
of 1.6 t/ha was obtained. The largest preserved grain
yield of the studied crop (2.0 t/ha) was obtained when
using a mixture of Granstar Pro 75 + Apiros 75 prepa-
rations with norms of 0.025+0.013 kg/ha, respectively.

Table 2. Influence of herbicides on the yield of winter wheat grain (2019-2021)

Chemicals Preserved harvest
Research variant consumption rate, Yield, t/ha % to contamination
l/ha, kg/ha t/ha control
Contamination control (water treatment) - 14 - -
Granstar Pro 75,v.g. 0.025 2.9 1.5 1071
Prima,s.e., 0.5 2.8 14 100.0
Apiros 75,v.g., 0.026 2.8 14 100.0
Granstar Pro 75 + Prima 0.025+0.3 3.0 1.6 114.3
Granstar Pro 75 + Apiros 75 0.025+0.013 34 2.0 142.9
HIP - 0.03 0.01 -

05

The study of the effectiveness of herbicide use and
their tank mixtures on winter wheat allows drawing
conclusions about the feasibility of their use. In particu-
lar, if the studied herbicides are used singly, then their
technical efficiency is 60.8-66.4%, and when using tank
mixtures of these same chemicals, it increases from 83.5%
to 94.6%.

After analysing the study data, it should be noted
that the highest efficiency in the use of herbicides was
obtained in the version with the Granstar Pro 75 + Ap-
iros 75 tank mixture. In the authors’ opinion, this is ex-
plained by the ability of the active substances of these
two herbicides to control both dicotyledonous and grain
species of weeds in winter wheat crops.

For the sale of winter wheat grain, quality indica-
tors are of great importance, in particular: protein con-
tent, fibrin content, nature, humidity, and dirt admixture.

It is known that grain quality largely depends on the
genotype of the variety [2], and the effect of herbicide
treatments is not fully studied. That is why the main
quality indicators of the resulting winter wheat grain
were evaluated. The conducted studies established
that the use of herbicides allows improving the quality
indicators of grain yield, in comparison with the con-
taminated control (Table 3). In particular, the content
of protein and fibrin increases by 1.1 times. The high-
est levels of protein and fibrin content were obtained
in the experiment version using the Granstar Pro 75 +
Apiros 75 tank mixture, which amounted to 13.9% and
31.3%, respectively. Grain humidity in all the studied
variants was within the normal range and did not ex-
ceed 13.7-14.0%. In the control version, this indicator
was 14.6%, which required drying the resulting crop to
remove excess moisture.

Table 3. Influence of herbicides on the quality indicators of winter wheat grain (2019-2021)

Research variant Protein Fibrin Grain size, g/l G'ra.in 'Dirt

content, % content, % humidity, %  admixture, %
Contamination control (water treatment) 12.8 28.5 748.3 14.6 4.7
Granstar Pro 75,v.g.,0.025 kg/ha 13.8 30.7 757.5 13.9 1.4
Prima,s.e., 0.5 l/ha 13.8 309 756.5 139 1.5
Apiros 75,v. g.,0.026 kg/ha 13.8 30.8 755.9 14.0 1.7
Granstar Pro 75 + Prima, 0.025+0.3 kg, l/ha 139 311 758.7 13.7 0.9
Granstar Pro 75 + Apiros 75,0.025+0.013 kg/ha 139 314 764.9 13.7 0.7
HIP - - 214 - -

05
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Dirt admixture in the control variant was the
largest and amounted to 4.7%, which required additional
measures for post-treatment of grain. When using herbi-
cides singly, the indicator of dirt admixture decreased
by 2.8-3.4 times, and when using tank mixtures of
chemicals - by 5.2-6.7 times, compared to the control.

CONCLUSIONS

The structure of the weed component of winter wheat
agrocenosis in the conditions of farm “Obriy” in Luginsky
District of Zhytomyr region is dominated by dicotyle-
donous weed species, the share of which is 64.8%. Di-
cotyledonous weeds are represented by the following
dominant species: field mustard (Sinapis arvensis L.),
wild radish (Raphanus raphanistrum L.), wild pansy (Viola
tricolor L.),shovelweed (Capsella bursa-pastoris L.),toadpipe
(Equisetum arvense L.) and blue bottle flower (Centaurea
cyanus L.). Among the grain species, the following were
most often found: silky bent grass (Apera spica-venti L.),
couch-grass (Elytrigia repens L.), rye brome grass (Bromus
secalinus L.).

The use of herbicides Granstar Pro 75,v.g.(0.025 kg/ha),
Prima, s.e. (0.5 l/ha), Apiros 75, v.g.(0.026 kg/ha) reduces
the number of weeds by 30 days after the use of chemicals

Gurmanchuk et al.

by 2.4-2.8 times, and mixtures of chemicals Granstar
Pro+Apiros, 0.025 kg/ha+0.013 kg/ha and Granstar Pro +
Prima, 0.025 kg/ha+0.3 l/ha - 5.7-17.4 times, compared
to the initial contamination. The highest indicator of
technical efficiency of herbicide use in winter wheat
crops, which is 94.6%, was obtained in a variant of the
experiment using a tank mixture of Granstar Pro 75 +
Apiros 75, with norms of 0.025+0.013 kg/ha. The use of
herbicides Granstar Pro 75,v.g.(0.025 kg/ha),Prima,s.e.
(0.5 I/ha), Apiros 75, v. g. (0.026 kg/ha) contributes to
an increase in the yield of winter wheat grain in the range of
1.4-1.5 t/ha. The use of a mixture of herbicides Granstar
Pro 75 + Apiros 75, with norms of 0.025+0.013 kg/ha
contributes to an increase in wheat grain yield by 2.0 t/ha,
compared to the contamination control. Treatment of
wheat crops with herbicides allows improving the qual-
ity indicators of the crop structure, in particular, the
protein and fibrin content increases by 1.1 times; grain
moisture decreases by 1.0-1.1 times, and the content
of dirt admixture decreases by 2.8-6.7 times compared
to the control variant. The highest quality indicators of
the crop structure were obtained in a variant of the ex-
periment using the Granstar Pro 75 + Apiros 75 tank
mixture.
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EdekTUBHICTb repbiumaiB y nociBax nweHULi 03MMoi

Onekcin BikropoBuu [ypmanuyk, Hatania MuxainisHa NMnotHuubka, Onbra MuxaiinisHa HeeMepxkuupbka,
IpnHa OnekcaHapisHa MaBntok, AnboHa OneriBHa MoluKiBCbKa

MonicbkMi HaLiOHaNbHWI YHiBEPCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHotauig. [1ns 0TpMMaHHS BUCOKMX YPOXKaiB MLUEHMLLi 03MMOIi BaX/IMBUM € KOHTPO/b 3abyp’sHeHOCTi nocigis. Bigomo,
LLLO BTPATU YPOXKAMHOCTI 32 3HAYHOI NMPUCYTHOCTI CEreTasibHOi POCAMHHOCTI Y NOCIBax MLEHMLI MOXYTb CTAHOBUTH
30 % i binbLue. MMpu iHTEHCMBHIM TEXHONOTIT BUPOLLYBAHHS MIWEHWULL 03MMOI XiMIYHUI MeTof, 3aXMCTy Big, Oyp’sHiB
€ HaA3BMYANHO BXK/IMBUM ii eneMeHTOM. Y CTaTTi BUCBITNIEHO AaHi LWOAO BMAOBOrO CKady, knacy 3abyp’aHeHoCTi
arpoLeHo3y niieHuLi 03uMoi. JocnigpkeHo edekTUBHICTb repbiumais i ix 6aKoBMX CyMilleit y NociBax NweHMLi 03MMOi Ha
3MEHLUEHHS MPUCYTHOCTI Byp’IHOBOIr0 KOMMOHEHTY, 30ibLIEHHS YPOXXaMHOCTI Ta AKOCTi 3epHa B yMoBax JIyrMHCbKOTo
paioHy XXutommpcbkoi obnacTi Ha cyniwaHux rpyHTax npotarom 2019-2021 pp. BctaHoBNEHO, WO Y CTPYKTYpI
6ypsIHOBOr0 KOMMOHEHTY arpodiToLLeHO3Y MLWEHULL 03MMOI B yMOBaX rocnofapcTBa NepeBaxatoTb ABOAO/bHI BUAM
byp'aHiB, a came: ripumusa nonbo.a (Sinapis arvensis L.), pefbka auka (Raphanus raphanistrum L.), dianka TpukonipHa
(Viola tricolor L.), rpuumkn 3BuyaiHi (Capsella bursa-pastoris L.), xsow, nonboBuii (Equisetum arvense L.) Ta BonoLwka
cuHg (Centaurea cyanus L.), yacTka skux ctaHoBuTb 64,8 %. 3nakoBi BMAM OypsHiB npencTaBneHi MeTNoroMm
3BUYAHUM (Apera spica-venti L.), nupiem noe3yuuMm (Elytrigia repens L.), 6GpoMycom XuTtHim (Bromus secalinus L.).
TexHiuHa edeKTUBHICTb JOCNIAKYBaHWUX repbiLMAIB 3a PO34iNbHOMO Ta CYMICHOIO iX BHECEHHS CTaHOBMNA Y MeXax
60,8-94,6 %. HalBMLLMIA NOKA3HMK TEXHIYHOI eeKTUBHOCTI repbiLumMaiB y NOCiBaxX NWeHML 03UMMOI, L0 CTAHOBUTb
94,6 %, OTpMMaAHO y BapiaHTi fAocniay i3 3actocyBaHHsAM 6akoBoi cymiwi npenapatis 'paHcTap MMpo 75 + Anipoc 75,
3 HopMamu 0,025+0,013 kr/ra, a TaKOX OTPUMAHO 3pOCTAHHS YPOXAMHOCTI 3epHa nweHuui Ha 2,0 T/ra, NOPiBHSHO i3
3abyp’sHeHnM KoHTponieM. O6npuckyBaHHS NOCIBIB MLLEHML 031MOi repbiumnaamu y nepios BereTawii La€ MOXIMBICTb
NOKPALLMUTK SKICHI MOKA3HMKM CTPYKTYPW BPOXKato 3epHa. 30KpeMa, BMICT Binky Ta knemkoBuHK 3poctae y 1,1 pasa;
BOJIOTiCTb 3epHa 3HWXKYeTbea y 1,0-1,1 pasa, a BMiCT CMITTEBOI [OMILLKM 3HUXKYETbCA B 2,8-6,7 pa3u, y MOPIBHAHHI
i3 KOHTPONbHMM BapiaHTOM

KntouoBi cnoBa: 031Mi 3epHOBI, Oyp’siH, XiMiYHUI 3aXUCT, YPOXKANHICTb, TEXHIYHA €PEKTUBHICTb, arpodiToLeHO03
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Abstract. Amaranth is called the culture of the future due to its unique food,
feeding and medicinal properties. The acreage of Amaranth in Ukraine is
very small, which can be explained by the lack of adaptive cultivation
technologies, especially for growing this crop for grain. The purpose of
the research was to establish the most productive cultivars for growing in
the conditions of excessive and sufficient moisture in the western forest-
steppe on dark grey soil. For this purpose, field research was conducted in
the experimental field of Lviv National Agrarian University. The total area
of the site was 30 m?, recording - 20 m?2. The studies were conducted in
three repetitions. The authors studied seven of the most common cultivars
of Amaranth in Ukraine: Kharkivskyi 1, Lera, Sam, Studentskyi, Polishchuk,
Aztec, Ultra. It was established that the yield of amaranth considerably
depended on the hydrothermal conditions of the year. It was lower in years
with excessive rainfall in the first half of vegetation (2019 and 2020). The
highest grain yield (2.46-4.35 t/ha) was formed in 2021 when the amount
of precipitation in May,June and July was within the normal range. A strong
inverse correlation was established (r=-0.82-r=-0.95) between the yield
of amaranth cultivars and the amount of precipitation. The highest grain
yield (4.03 t/ha) among the studied amaranth cultivars was obtained in
Kharkivskyi 1. The lowest yield was formed in the Ultra cultivar (1.97 t/ha),
which is less than in the Kharkivskyi 1 cultivar by 2.06 t/ha. The study of
elements of the yield structure showed that the height of the plant had a
positive effect (r=0.63) on the level of amaranth grain yield, while average
relationship was observed between panicle length and yield (r=-0.36).
The weight of 1000 seeds in the cultivars ranged from 0.74-0.88 g. The
low mass of seeds per plant had the greatest impact on yield (~=0.99). The
highest yield of amaranth of the Kharkivskyi 1 cultivar was formed with
the following ratio of the main elements of the crop structure: the number
of plants - 21 p/m? and the mass of seeds from the plant - 19.2 g. To
obtain a high stable yield of amaranth grain, additional research is required
to clarify the main elements of cultivation technology for these soil and
climatic conditions

Keywords: amaranth, cultivars, yield gain, weight of 1000 seeds, hydrothermal
conditions, structural elements
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INTRODUCTION

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

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

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

There is little data on determining the effect of
fertilisers on amaranth yields, which is often contra-
dictory. Notably, it is advisable to apply the calculated
amount of fertilisers [12], or that the most important
fertilisers are nitrogenous ones [13]. It was established
that the application of complete mineral fertiliser
(NyoPgoK5,) in the conditions of the northern steppe of
Ukraine caused an increase in the yield of amaranth
grain (Amaranthus paniculatus) by 0.42 t/ha, compared
to the control without fertilisers [14]. According to the
authors, this is a low gain in yield. There is practically no
data on the use of macroelements such as magnesium,
sulfur, and calcium in amaranth cultivation technology.
There are no recommendations for the introduction of
microelements. Namely, a scientifically based fertiliser
system allows increasing the yield to 4.0-5.0 t/ha.

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

In the technology of growing amaranth, the pos-
sibility of using plant protection products has almost not
been studied. Amaranth, with the existing small areas
of sowing, is almost not affected by diseases but there
are many problematic issues with weed and pest control.
Amaranth grows very slowly at the early stages and can
become infested with weeds. Areas intended for medicinal
purposes use agrotechnical methods of weed control:
several surface treatments before sowing, harrowing,
inter-row aeration, manual weeding. In large industrial
areas, these methods will not be effective and it will be
impossible to obtain high yields without the use of plant
protection. Therefore, it is necessary to study the pos-
sibility of using herbicides, their effectiveness, and the
cultivar reaction of amaranth to them. There are data
on the study of Betanal Max Pro, Dual Gold, Caribou,
Lontrel Grand, Piramin Turbo, Frontier Optima, Fusilad
Forte, Aramo 45 herbicides on amaranth [15]. The most
dangerous and mass pests on amaranth are the following
two types: been aphid (Aphisfabae Scop.) and amaranth
stem borer (Lixussubtilis Boh.). To control them on crops
that are not intended for medicinal purposes, it is recom-
mended to use insecticides Aktara, Ampligo, Engio, Ka-
rate Zeon, Nurel D, Fastak, Mospilan [16].

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

LITERATURE REVIEW

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

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

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




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

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

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

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

MATERIALS AND METHODS

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

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

Cultivars. Seven cultivars of amaranth were studied.

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

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

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

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

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

Ultra. Entered in the Register of Plant Varieties

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

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

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

RESULTS AND DISCUSSION

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

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

Table 1.Yield of amaranth seeds depending on the cultivar

Cultivars Years Average for crop gain

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

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

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

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




of amaranth crops. In addition, due to overwatering, air
was displaced from the soil and there was not enough
oxygen in the soil for the normal development of the
root system. This limited the assimilation of nutrients,
slowed down the growth processes in amaranth, inhib-
ited the development of the root system, the increase
in biomass, which ultimately led to a decrease in yield.
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The works of T.I. Hoptsii note that when establish-
ing the interaction and effect on the sowing-germination
period of climatic conditions of the year, sowing meth-
ods and plant density on the yield of green mass, the
conditions of the research year had a more pronounced
effect for species A. hypochondriacus and A. hybridus -
4.7 and 4.9% than for the species A. cruentus — 2.4% [18].
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Figure 1. Hydrothermal conditions in 2019

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

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

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

in the Polissia zone were also obtained by other re-
searchers [24]. Correlation and regression analysis has
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shown that the amount of precipitation during the veg-
etation affects the grain yield of all the studied ama-
ranth cultivars. A strong relationship was identified for:
Kharkivskyi 1, Ultra and Lera cultivars, the correlation
coefficient was r=-0.82, =-0.82 and r=-0.83, and for the
Studentskyi, Aztec, Polishchuk, and Sam cultivars it was
r=-0.86, r=-0.87,=-0.91, and r=-0.95, respectively.

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

Y=0.12X+3.803 (1)

where Y - yield, t/ha;

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

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

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

On average, for three years among amaranth cul-
tivars, the lowest grain yield was obtained in the Ultra
cultivar - 1.97 t/ha (Table 1). The Aztec cultivar also had
a low yield of 2.19 t/ha, which is 0.22 t/ha higher than
the Ultra cultivar (11.2%).The grain yield of the Polishchuk
cultivar was formed almost at the same level - 2.21 t/ha,
or more than the Ultra cultivar by 0.24 t/ha (12.2%).
The Studentskyi cultivar had a yield of 2.45 t/ha, which
is 0.48 t/ha higher than the Ultra cultivar (24.4%). The
Sam cultivar with a yield of 2.74 t/ha exceeded the
Ultra cultivar by 0.77 t/ha (39.1%). Fluctuations in the
yield of Ultra (1.8-4.9 t/ha) and Studentskyi cultivars
(1.6-5.1 t/ha) depending on weather conditions during
the study years were noted in studies conducted in the
left-bank forest-steppe of Ukraine during 2014-2016 [20].
Seed yield of species A. hypohondriacus and A. hybridus
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ranged from 51.8-203.3 g/m? and 104.7-142.2 g/m?
accordingly [17].

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

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




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

Table 2. Elements of the crop structure of amaranth cultivars

Number of plants

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

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

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

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

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

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

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

CONCLUSIONS

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

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

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

Mapis JibBiBHa Tupycb, Bonogummup Bonoaummuposuu Jinxousop

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

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

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

Hyperxerophytes have a well-balanced water regime ac-
cording to all the parameters studied. High water-holding
capacity determines stable hydration and low water de-
ficiency in plants. Very high heat resistance (59.5-62.8°C)
characterizes Hyperxerophytes [1]. Roots of young taproot
plants deepens into the soil faster than its desiccation
occurs. That is of great adaptive importance for this group.
Most hyperxerophytes of the arid zone of Uzbekistan
(Haloxylon aphyllum, Salsola orientalis, Halothamnus psam-
mophilus, Anabasis eriopoda, Salsola paulsenii, Climacoptera
lanata, etc.) have reduced leaves, except for Halimiphyllum
atriplicoides, Halothamnus auriculus and Peganum harmala,
which have laminar ones. Halimiphyllum atriplicoides has
two generations of leaves: spring leaves are large, me-
sophilic (falling in summer), summer leaves are small, more
xerophilous, remaining green until the spring of the follow-
ing year.Reducing the leaf surface is a common way to re-
duce the evaporation surface.ln Halothamnus auriculus [2],
as in species with reduced leaves [3; 4], a centric mesophyll
type is observed, which an adaptation to arid conditions
is. Some stomata are characteristic per 1 mm? of the leaf
area. Assimilating organs have a cranial structure with
signs of succulence. The retention of moisture in the
leaves is facilitated by specialized water-bearing paren-
chyma, thin-walled, large-cell epidermis and hypoderm [5].
The walls of the epidermal cells of the leaves contain
hemicellulose and pectin substances with high hygro-
scopicity [6].

Hyperxerophytes are characterized by a stable,
relatively uniform daily and seasonal course of photo-
synthesis and the maximum degree of realization of its
potential. The high resistance of the respiratory system
to extreme temperatures has been revealed: the critical
respiratory temperature is 51-57°C[7].

Vegetation continues until late autumn. In August,
summer generation leaves are formed. In Kochia prostrata,
the regrowth of wintering buds is observed in spring of
favorable years. However, in summer, the depression of
growth processes is clearly expressed, the shedding of
part of the leaves. The reduction of the evaporating sur-
face in these species is achieved in various ways: Kochia
prostrate is a microphilic plant; Geratoides eversmanniana
has laminar, relatively large leaves. In both species, com-
pared with hyperxerophytes, the signs of scleromorphosis
are more pronounced and less succulent [5].

As the intensity of transpiration, the photosynthetic
activity is higher in Kochia prostrate and Geratoides evers-
manniana than in plants from the hyperxerophyte group [8].
Phosphorus metabolism during drought is less stable in
these species, a decrease in the content of nucleic acids
due to RNA was noted [4; 9]. The critical respiration tem-
perature is almost as high (50-55°C), as in hyperxerophytes.

The purpose of the study is to identify a complex of
elements of plant adaptation to arid zone to xerothermic
conditions and to characterize ecological groups by the
generality of adaptation systems.

Allaberdiev et al.

MATERIALS AND METHODS

The methodology of adaptation studies is based on system
analysis [10]. We tried to display the ecological rela-
tionship.We have revealed that the most adapted to xe-
rothermic conditions are representatives of hyperxero-
phytes: Haloxylon aphyllum, Halothamnus psammophilus,
Anabasis eriopoda, Salsola orientalis, Climacoptera lanata,
S. sclerantha, Girgensohnia dintera, etc. The given brief
analysis of the biological, morphological and physiolog-
ical data suggests that the considered representatives
of the type of xerophytes, namely hyperxerophytes, eu-
xerophytes, teroiremoxerophytes, hemixerophytes, are
unequal in the complex of adaptive features that de-
termine their stability in arid conditions. The growth in
the same habitats and in the same type of vegetation of
representatives of different drought-resistant ecological
groups from the type of xerophytes indicates a wide range
of plant adaptations to the conditions of the arid zone
of Uzbekistan.

Our scientific research continued in the zone of the
global ecological crisis of the Southern Aral Sea region
of the Muynak district of the Republic of Karakalpakstan,
a fibrous high-performance technical culture of kenaf
is the object of the study (Hibiscus cannabinus). The site
is located in Muynak district of Karakalpakstan 20 km
from the former bank of the Aral Sea. The soil is slightly
saline; groundwater is located 2.2 meters deep from
the surface of the earth. Kenaf sowing was carried out
on 04/12/2019. Sowing of seeds was carried out in the
following way: the depth of seeding in the soilwas 5 cm,
between rows 60 cm, the distance between plants was
10 cm, the first shoots appeared on 04/24/2019, branch-
ing occurred in the second decade of May, budding was
noted in mid-June, flowering at the end of June, fruiting
was noted in July. During the growing season, watering
of plants was carried out 2 times in July and August. The
height of the plants at the end of the growing season
reached 2-2.5 meters.

The reliability of the difference is significant be-
tween ecological groups in terms of maximum and min-
imum (average daily) values of transpiration, hydration
and water scarcity [11]. Anatomical features play a sig-
nificant role: submerged stomata of the anomocytic type,
mesophyll isopalysisus, sclerification of the main vein of
the leaf, highly developed storage tissues [12]. Along
with forage plants of the arid zone, the biological and
ecological features of the introduced kenaf (Hibiscus
cannabinus) representative of the Malvaceae family were
studied.

RESULTS AND DISCUSSION

The water regime of representatives of the xerophyte
group is more labile than that of hyperxerophytes. The
intensity of transpiration in them is much higher, and the
hydration of assimilation shoots is lower. From spring
to summer, the hydration of shoots decreases sharply, and
osmotic pressure increases.The water retention capacity
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is lower than that of hyperxerophytes, and the water
deficit is higher. Less economical water consumption in
the mesothermic period is associated with their lower
water retention capacity than that of hyperxerophytes
(Table 1). There is an inverse relationship of transpi-
ration intensity with osmotic pressure (K=0.5-0.9) and
water-holding capacity (K=-0.5-0.7), as well as a positive

relationship between water retention capacity and osmotic
pressure (K=+0.4+0.8). An increase in osmotic pressure
determines the stability of plants during the xerothermic
period. Heat resistance is lower (59°C) than in hyperxero-
phytes. Thus, the plants of this group are distinguished
by a deep and versatile adaptation to living in conditions
of lack of moisture and high temperatures.

Table 1. Water regime main indicators of plants from various ecological groups

. . . . Frequency
. Average daily  Average daily i Maximum water  Average daily P
Envnro:rr‘r:je:;:é group evapotranspiration  moisture Wact:; a'g:;';',ng deficiency, %  osmotic pressure, of ::Zsbpeul'ta“t’:’on
o, ] H
rate, m/g/h content, % of full saturation atm. 400 mg/g/h, %
Hyperxerophytes
Haloxylon "’J’Z?iy,j‘”’" (Minkv)173/630" 60.8/80.6 82.1 7/6 6/42 70.6
Halimiphyllum atriplicoides
(Fesch et Mey, Boriss. 276/518 64.8/85.5 81.8 19.7 6/22 09.9
Halothamnus psammophilus 5 4/3.49 72.6/83.8 94.2 11.4 717 97.5
Botsch sp. nov.
H. auriculus (Mog.) Botsch 170/580 74.4/81.1 94.0 11.5 8/15 69.3
Anabasis eriopoda (Schrenk) _
Benth 127/344 68.3/74.4 76 8/23 01.0
Peganum harmala L. 225/412 71.2/79.5 - 21 24/34 64.6
Salsola orientalis S.G.Gmel. 169/660 52.2/86.2 83.8 12.2 5/43 82.7
S. paulsenii Lity. 161/625 69.7/78.5 88.4 25 10/32 66.3
S.sclerantha CA.Mey 68/296 58.2/73.7 87.3 279 9/19 95.8
Girgensohnia dintera Bge. 133/401 54.4/63.7 89.1 26 9/44 66.2
G.oppsitiflora (Pall,) Pens. 95/644 51.0/73.3 87.8 27.8 9/28 -
Climacoptera lanata (Pall.) 65/186 75.0/86.2 95.2 17.0 6/19 -
Euxerophytes
Kochia prostrata (L.) Schrad. _
subsp. grisea Prat. 114/762 34.9/76.4 45.9 6/22 65
K. prostrata (L.) Schrad.
subsp. virescens. 180/900 36.1/79.9 71.7 24.0 6/65 65
Geratoides eversmanniana
(Stschrq. ex Losinsk.) Botch. 175/170 37.2/78.5 72.6 49.0 7/67 56.0
et Jkon.
Ceratocarpus utriculosus B.uk. 204/1017 34.1/75.2 62.4 34.0 9/50 40.2
Theroiremoxerophytes
Artemisia ferganensis H.
Krasch. 226/1704 42.3/775 56.0 58.0 5/56 63.8
A.Sogdiana Bge. 230/1676 46.0/80.6 56.0 63.3 4/56 52.8
A. turonica H.Krasch 226/1670 42.5/79.1 50.5 59.0 6/65 52.2
F. tenuisecta Nevski. 224/1645 35.4/76.1 52.7 57.2 6/65 55.2
Hemixerophytes
Alhagi pseudaalhagi (Bieb) 41471267 61.3/78.7 70.5 14 5/23 19.0
Capparis spinosa L. 519/900 63.1/72.0 - 19.0 5/37 19.0
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As can be seen from the above data, the adaptation
of euxerophytes was in the direction of increasing the
ability to reduce the evaporating surface in summer, in-
crease osmotic parameters, and change the generation
of leaves from spring mesophilic to summer xerophilous.
A smaller variety of adaptive features determined their
lesser adaptability to xerothermic conditions [13].

Artemisia-wormwood species from the Seriphidium
section are very widespread in the deserts and semi-
deserts of Uzbekistan, which we refer to the group of
theroiremoxerophytes, i.e. summer-resting xerophytes.
Structurally and functionally, they are less adapted to
xerothermic conditions than species from the hyper-and
euxerophyte groups. The high viability of wormwood in
arid conditions is mainly determined by the peculiarities
of seasonal rhythmic and the specifics of the morpho-
logical structure of vegetative organs, to a lesser extent
adaptation affected the more conservative anatomical
and functional features.

The leaves of wormwood are small, dissected, pu-
bescent, but anatomically less xeromorphic than those
of the representatives of the above groups; the meso-
phyll is thin-walled, with an insignificant number of
water-bearing cells located only around the veins [14].

The water regime of wormwood is even more labile
than that of euxerophytes. The intensity of transpiration
is very high in spring, and it decreases by six times in
summer. The water content of assimilation shoots is halved
in summer. Water retention capacity is significantly lower
than that of representatives of hyper — and euxerophytes,
water deficiency reaches high values. This causes a vio-
lation of the water balance and a forced period of semi-
rest, when assimilation processes are minimized. The
preservation of the water reserve in the summer is pos-
sible due to a sharp reduction in transpiration and an
increase in osmotic parameters, as well as a decrease in
the evaporating surface by dropping leaves (70-100%
of leaves fall off). The development of shoots begins in
autumn, and then continues in spring. In summer, there
is a pronounced depression of growth processes. The
maximum heat resistance is lower (52-56°C), than in
hyper- and euxerophytes [1].

Photosynthetic activity in wormwood is active
during the mesothermic period of the year, however, in
summer, like water exchange, it slows down.The adapt-
ability of photosynthesis to high temperatures and illu-
mination is limited: light saturation is observed in the
range of 40-50 thousand lux, and the temperature zone
of the optimum of photosynthesis is in the range of 12-
37°C. Critical breathing temperature - 47-50°C, which is
somewhat lower than in all the plants described above [8].
So, the representatives of this group are characterized by
a decrease in functional and biological activity during
the xerothermic period, which is a kind of “escape” from
unfavorable conditions.

Peculiar xerophytes are plants that have an ex-
tremely deep root system, up to 20-30 m, penetrating into

Allaberdiev et al.

horizons with constant moisture, i.e., according to the
method of water nutrition, they belong to phreatophytes.
The most common representatives of phreatophytes in
the arid zone are Alhagi pseudalhagi, Capparis spinosa and
Glycyrrhiza species.We attributed them to hemixerophytes,
as they are adapted to the transfer of air, but not soil
drought. These species are characterized by high tran-
spiration; its lower limit is on average 414 mg/g h per day.
During the flight period, the intensity of transpiration
increases, which is unusual for representatives of other
ecological groups such as xerophytes. The water content
of assimilation shoots decreases little during the grow-
ing season, osmotic pressure and water deficit increase
slightly by summer. As can be seen, the plants of this
group have a relatively stable water regime. Unlike hy-
perxerophytes, high transpiration, stable hydration and
osmotic pressure are provided by the activity of a deep
root system reaching the groundwater level. They vege-
tate from spring to late autumn, maintaining high vital
activity throughout the summer period.

The aboveground organs are xerophilic in structure.
According to L. Shamsuvalieva and M.N. Davletshina [12],
Alhagi pseudalhagi is characterized by mesophyll isopaly-
sisus, sclerification of the main vein of the leaf, axial organs
and thorns, strong development of water-retaining tissue
with a large amount of starch.

The intensity of photosynthesis in representatives
of hemixerophytes is higher than in the above-mentioned
groups. According to S.F. Fazylova [15; 16], near Tashkent,
Alhagi sparsifolia photosynthesis intensity was 57 mg
CO, dm?/h,and Alhagi pseudalhagi was 40 mg CO, dm/h’.
The maximum heat resistance was 60°C.

The functional adaptation of hyperxerophytes to
the conditions of existence in the arid zone is manifested
in the stability of the water balance and photosynthesis.
Their water management is characterized by significant
hydration of assimilating organs, economical water con-
sumption, its insignificant deficit, high water retention
capacity. The high heat tolerance of the assimilation
apparatus determines the ability of plants of this group
to tolerate overheating well.

Unlike hyperxerophytes, the lability of many bio-
morphological and functional features is of adaptive
importance for euxerophytes. This is clearly manifested
when comparing plants in sharply different meteoro-
logical conditions in years: in dry years, the rhythm of
generative phases shifts, the assimilating surface decreases
sharply in summer. During the growing season, in ac-
cordance with environmental conditions, the levels of
the main indicators of the water balance (transpiration
intensity, hydration, osmotic indicators, etc.) change
dramatically.

In theroiremoxerophytes, the most important
adaptation to experiencing an unfavorable xerothermic
period is the ability to almost completely shed leaves
in summer, which reduces water consumption for tran-
spiration, and this does not interfere with the normal
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development of reproductive organs. This feature (reduc-
tion of the evaporating surface) is very labile; its sever-
ity is determined by the degree of soil drought. Functional
adaptation manifests itself in a sharp change in the ac-
tivity of photosynthesis and the level of indicators of
the water regime during the growing season: the most
physiologically active period falls at the end of spring -
beginning of summer, before the onset of soil drought [17].

In hemixerophytes, signs of functional adaptation
are poorly expressed; high transpiration, low osmotic
pressure, adaptability to living in xerothermic conditions
are provided, first, by a deeply penetrating root system (up
to 20-30 m), reaching constantly moistened soil horizons.
In the conditions of the Southern Aral Sea region in
Muynak, highly efficient, comprehensively used for
various purposes (fiber, paper, cardboard, tarpaulin, etc.).
The biological and ecological features of kenaf have
not been fully studied by scientists [18; 19]. Kenaf has a
biological feature, about 30-40 days after germination it
grows very slowly (3-5 mm per day), and from budding
to flowering its rapid growth begins (50-60 mm per day).
The yield of green kenaf depends on the height of the
plant and its development, which in turn is due to the
density of standing. The yield of the aboveground mass
of kenaf is 27.5 c/ha.

CONCLUSIONS

From the above material, it can be seen that according
to the degree of adaptation to extreme xerothermic con-
ditions, the studied species of the arid zone of Uzbeki-
stan can be divided into a number of ecological groups.
Representatives of each of them have similar adaptive
traits, although their combination and severity in species
belonging to the same group may be ambiguous, and this
determines their different (within the group) degree of
fitness. The analysis made it possible to deduce a complex
of adaptive features inherent in environmental factors,

the physiological essence of the ways of adaptation.
The ability to tolerate the xerothermic period normally
is characteristic of a wide type of xerophytes. In hy-
perxerophytes and euxerophytes, this is achieved not
only by structural adaptations of assimilation organs,
but also as a result of the development of a powerful
root system that provides water from the soil, econom-
ical consumption, increased water retention capacity,
in teroiremoxerophytes - as a result of a reduction in
the evaporating surface during the xerothermic period,
increased osmotic pressure, in hemixerophytes due to
the strong development of the root system reaching
groundwater.

Our research has revealed that kenaf adaptation
to the conditions of the Southern Aral Sea region has
the following ecological properties: kenaf is a thero-
phyte (annual plant) in its life form in relation to photo-
heliophyte (photophilous) to mega temperatures (ther-
mophilous). It is a hemixerophyte by the water factor
and halomesophyte by the soil salinity. The root system
is rapidly growing (more than 2 meters), it reaches the
moistened horizon of the soil trichohydrophite. Based
on our scientific research, it should be noted that kenaf is
a promising highly profitable crop, ecologically adapted
to the conditions of the Southern Aral Sea region. In
addition, its role is great to optimize the environment
as a sand protection.

The developed ecological classification of for-
age plants is the scientific basis of their zoning during
phytomelioration. Representatives of ecological groups
are unequal in the degree of adaptation to xerothermic
factors. Plants with stable (hyperxerophytes) and me-
dium-stable (euxerophytes) water regime, content with
limited water supply, can be widely zoned in the arid zone.
Culture phytocenoses are profitable only from teroire-
moxerophytes in areas where the annual precipitation
exceeds 200 mm/year.

REFERENCES
[1] Zaprometova, N.S. (1977). Heat resistance of plants introduced into the culture. In Ecological and biological basis
forthe creation of artificial pastures and hayfields on adyrs of the Ferghana Valley (pp. 98-110). Tashkent: Ukituvchi.
[2] Paizieva,S.A., & Rakhimova,T.(1972).Biology Aellenia auricula (Mey.) Ulbr.and Aellenia subaphy!la (CAM) Aellen.
In Morphobiological and structural features of forage plants in Uzbekistan (pp. 52-58). Tashkent: lzdatelstvo

Akademii Nauk.

[3] Butnik,A.A.(1983).Anatomy Haloxylon aphyllum (Minkw.) Jljin. In D.K. Saidov (Ed.), Adaptation of forage plants to
the conditions of the arid zone of Uzbekistan (pp. 151-154). Tashkent: Izdatelstvo Akademii Nauk.

[4] Nigmanova,R.(1983).Anatomy Salsola orientalis S.G. Gmel. In D.K. Saidov (Ed.), Adaptation of forage plants to the
conditions of the arid zone of Uzbekistan (pp. 98-102). Tashkent: Izdatelstvo Akademii Nauk.

[5] Butnik, A.A. (1977). About adaptive traits of leaves of Chenopodioideae. In Biological and structural features
of useful plants in Uzbekistan (pp.4-15). Tashkent: Izdatelstvo Akademii Nauk.

[6] Lyshede, O.B.(1982). Structure of the outer epidermal wall in xarophytes. In D.F. Cutler, K.L. Alvin, & C.E. Price (Eds.),

The plant cuticle (pp. 87-98). London: Academic Press.

[7] Alekseeva, L.N. (1983). Ceratoides eversmanniana, Kochia prostrata, Salsola orientalis, Halothamnus subaphyllus,
Haloxylon aphyllum, Artemisia turanica, Artemisia ferganensis — respiration. In D.K. Saidov (Ed.), Adaptation of
forage plants to the conditions of the arid zone of Uzbekistan. Tashkent: |zdatelstvo Akademii Nauk.

[8] Zakharyants, LV., Naaber, L.Kh., Fazylova, S.F., Alekseeva, L.N., & Oshanina, N.P. (1971). Gas exchange and
metabolism of plants of the Kyzylkum Desert. Tashkent: Izdatelstvo Akademii Nauk.

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




Allaberdiev et al.

[9] Nigmatov, M.M. (1983). Phosphorus exchange Ceratoides eversmanniana, Kochia prostrata, Salsola orientalis,
Haloxylon aphyllum, Artemisia turanica. In D.K. Saidov (Ed.), Adaptation of forage plants to the conditions of the
arid zone of Uzbekistan. Tashkent: I1zdatelstvo Akademii Nauk.

[10] Baranovskaya, N.V.(2013). Modern problems of ecology and nature management. Tomsk: Tomsk Polytechnic University.

[11] Rakhimova, T. (1988). Biological characteristics of prospective forage plants introduced in the adyr zone of Uzbekistan.
Tashkent: Institute of Botany.

[12] Shamsuvalieva, L., & Davletshina, M. (1983). Anatomy Alhagi pseudalhagi (Bieb.) Desv. In D.K. Saidov (Ed.), Adaptation
of forage plants to the conditions of the arid zone of Uzbekistan (pp. 226-229). Tashkent: |zdatelstvo Akademii Nauk.

[13] Khasanov, O.Kh.,Vernik, R.S., & Rakhimova, T. (1982). Ecological characteristics of plants promising for introduction
into culture in the Fergana adyrs. Ecology, 3, 16-21.

[14] Alimukhamedova, S. (1974). The influence of growing conditions on the formation of the internal structure
of the turanian and spreading wormwood leaf. In Morphological and biological characteristics of wild plants in
Uzbekistan (pp. 3-6). Tashkent: [zdatelstvo Akademii Nauk.

[15] Fazylova, S.F. (1960). On the photosynthetic ability of some plants of the Southern Kyzylkum, depending on
the phase of their development. Uzbek Biological Journal, 4, 34-39.

[16] Fazylova, S.F.(1983). Photosynthesis Ceratoides eversmanniana, Kochia prostrata, Salsola orientalis, Halothamnus
subaphyllus, Haloxylon aphyllum,Artemisia turanica,Artemisia ferganensis,Alhagi pseudalhagi.In Adaptation of forage
plants to the conditions of the arid zone of Uzbekistan. Tashkent: |zdatelstvo Akademii Nauk.

[17] Komilova, N.K., Rakhimova, T., Allaberdiev, R.K., Mirzaeva, G.S., & Egamberdiyeva, U.T. (2021). Ecological
situation: The role of education and spirituality in improving the health of the population. International Journal
of Health Sciences, 5(3), 302-313. doi: 10.53730/ijhs.v5n3. 1512,

[18] Abdurazakova,N.A.(1982).Influence of pre-sowing soil cultivation on the growth,development and productivity
of zelenz kenaf. Questions of biology, growth, development of kenaf and elements of its agricultural technology.
In Proceedings of the Uzbek experimental station of bast cultures. Tashkent: Uzbek Experimental Station of Bast
Cultures.

[19] Ayadi, R., Hanana, M., Mzid, R., Hamrouni, L., Khouja, M.I., & Salhi Hanachi, A. (2017). Hibiscus cannabinus L.
Kenaf: A review paper. Journal of Natural Fibers, 14(4), 466-484.

BuBuYeHHS apanTauii pOCNMH A0 NOCYLUWIUBOI 30HU Y36eKUCTaHy
Ha OCHOBI CUCTEMHOIO aHanisy

PycramxxoH Annabepgaies, Typa PaximoBa, Hinygap Kominosa,
Man3sypa Kamanosa, Hyp6ek Kyukapos

HauioHanbHWI yHiBEepcuTeT Y36ekuctaHy imeHi Mip3o Ynyrbeka
100174, Byn. YHiBepcUTETCbKA, 4, M. TalukeHT, Pecnybnika Y3bekucraH

AHoTauis. BuByatoumn ekonoro-6ionorivyHi 0cobnnBoCTi Ta BOLHUIM PEXMM POCIMH FipCbKOi HaniBnycTeni Y3bekucraHy
[N BUSHAUYEHHS iXHbOT CTIMKOCTI B JaHMX YMOBaX, aBTOPM CTaTTi AiALLAM BUCHOBKY NPO HEODOXIiAHICTb KOMMIEKCHOTO
niaxoapy Lo BMpilWeHHs npobnemu agantauii. CTiMKicTb BUAY L0 EKCTPEMANbHUX (PAKTOPiB MOXKE OHAKOBOK Mipoto
BM3HAYaTUCS PYHKLiOHANbHUMMU, CTPYKTYPHUMM ab0 iHWMMK BionoriyHMMK 0COBIMBOCTAMMU, K, HAMPUKNAA, PUTMIKa
po3BUTKY. MeTa pob0oTU — BUSBNEHHS KOMMNEKCY eNeMeHTiB afanTaLii pOCAWH L0 apuAHOI 30HU A0 KCEPOTEPMIYHMX
YMOB | XapaKTepUCTUKA eKONOTriYHMX Tpyn LWOAO CMiSIbHOCTI afanTauiiHUX cucteM. Ha OCHOBI CMCTEMHOrO aHanisy
NpoaHani3oBaHo Bi0NOriYHI Ta CTPYKTYPHO-PYHKLiOHANbHI NPUCTOCYBasbHI 0COBMMBOCTI POCAMH, IK afanTaLiiHi
CMCTEMM Ta 33 CMINbHICTIO NPUCTOCYBaHb, [0 MEPEXMBAHHA MOCYLLIMBOrO Nepiofy BMBYEHI BUAM KNACUMDIKOBaHI
Ha ekonorivHi rpynu. OTpuMMaHi opuriHanbHi AaHi, WO HanexaTb A0 XapakTepUCTUKM eneMeHTiB BioMopdonorivyHoi
afanTauii Ta aganTawii BOAHOMO pexuMy, iHLWi aganTauiiHi eneMeHTn BUSBAEHO Ha MiACTABI aHanisy nitepatypHuMx
naHux. MNopsg i3 CTpyKTYpHUMM Ta NOBELiHKOBMMM 03HaKaMu OCHOBHY yBary npuaineHo TMM ocobnnBoCcTaIM BOLHOIO
pexuMmy, aki 3abe3nevyoTb NO3UTUBHUI BOLHMI BanaHC y NpeacTaBHUKIB Pi3HUX €KONOTiYHUX rpyn. ns KOXHOI
3 BMAINEHUX EKONOMYHWUX FPyn POC/IUH XapaKTepHe MeBHe MOEAHAHHA MPUCTOCYBasbHUX O3HAK (i3ionoriyHoro
Ta 6ioMmopdonoriyHoro nnany. MNpu pi3HOMaHITHOCTI aganTauiMHMX 03HAK Y Pi3HUX BUAIB POCAMH A0 MOCYXM Ta
BiACYTHOCTi iHTErpanbHOro NOKa3HMKA MOCYXOCTIMKOCTi HE MOXHA OPIEHTYBATUCA Ha OyAb-9KWUiA 3 HUX, B€3YMOBHO,
HeobXifHO BpaxoByBaTM BeCb KOMMEKC 03HaK. KoMmnneKkc 03HaK f03BONUTb Hinbll TOYHO BCTAHOBUTU XapaKTep TOro
4M iHLWOro NoefHaHHA 6ioMopdonorivyHMX i YHKLiOHaNbHMX 0COBNMBOCTEN, BNACTUBMX Til UM iHLLIMA €KONOTIYHIN rpyni

Kniouogi cnoBa: ¢pnopa, 6ionoriuHi 0cobnmBocTi, rinepkcepodit, KCepoTEPMIYHI YMOBU, NTUCTS, EKONOTIYHI Tpynu
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Abstract. Rural territories of Ukraine are locked in a “circle of decline” by
two mutually reinforcing trends: firstly, the lack of jobs and sustainable
business activity, and secondly, the lack of positive changes in the service
sector for the rural population. This is often conditioned upon the low
development of infrastructural facilities. This causes the need to finance
modern, efficient and environmentally friendly rural infrastructure, which
will increase the comfort and quality of living, stop the outflow of the
working-age population to cities,improve the demographic situationin rural
areas, and contribute to the development of the rural economy. Therefore,
the research is aimed at diagnosing the current state of infrastructure
support for rural areas and finding effective tools to eliminate the causes
of their socio-economic decline. The research methodology is based on
the use of such general scientific research methods as economic analysis
and synthesis in the interpretation of statistical data sets, comparison in
determining dynamic changes in the socio-demographic characteristics of
rural areas, logical method in making generalisations and conclusions, graphical
and computational-constructive for constructing a Lorentz curve, etc. The
essence, definition and types of infrastructure are established. The current
level of socio-economic development of rural areas of Ukraine is clarified
and its interdependence with infrastructure support is discovered. The level of
transport, housing and communal services, medical, cultural and educational,
trade,and business infrastructure development is described.The paper highlights
the experience of stimulating rural development in the EU countries, in
particular, outlines financial instruments and the scope of support and
comprehensive assistance to rural businesses, environmental protection,
competitiveness, and social integration. European investment funds and their
role in the development of EU rural infrastructure are described

Keywords: infrastructure, rural communities, rural population, quality of life,
demographic situation, financial instruments, European funds

(SO

*Corresponding author

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/)



INTRODUCTION

Active processes of decentralisation in Ukraine have
given new opportunities for the development of spatial
organisation of economic systems, in particular rural areas.
Rural communities can make their own decisions about
their life support. Among the priorities are the restruc-
turing of expensive inefficient services; the redistribu-
tion of available capital to the most problematic areas;
focusing on a new type of partnership between the state,
rural population,rural entrepreneurs,and other partners
in rural development; the search for sources of financing
for promising projects to reduce dependence on the state
budget; the creation of decentralised funds for rural de-
velopment, which communities manage independently;
the development of diversified areas of rural entrepre-
neurship, etc. To set new mechanisms in motion and im-
plement the best experience of such reforms, it is nec-
essary to revive rural infrastructure, which would stop
the negative processes of high mortality, depopulation,
poverty, and migration of the working-age population
to infrastructure-developed territories. In addition, the
destroyed infrastructure of the village hinders investment
processes and the development of new forms of rural
entrepreneurship: organic production, green tourism, bio-
energy, etc. The above makes it necessary to separately
study the modern features of infrastructure support for
rural areas.

A considerable part of scientific publications of
Ukrainian and foreign scientists is devoted to the prob-
lems of infrastructure development in rural areas. Chinese
researchers Q. Wu, X. Guan, J. Zhang, Y. Xu study the role
of infrastructure in the development of agricultural
production [1]. They focus on the impact of rural infra-
structure on eco-friendly agriculture and reducing pro-
duction costs of enterprises. In particular, the authors’
reasoned relationships between irrigation infrastructure,
poor-quality roads, and the cost of agricultural production
deserve attention, which is proved by the quantile re-
gression model [1].]. Manggat, R.Zain and Z.Jamaluddin
provide an in-depth analysis of literature sources on the
impact of infrastructure and its relationship to the social
well-being of rural communities [2]. The authors base
their research on proving the importance of institution-
al support for rural development and the need for the
functioning of social institutions. Among Russian scien-
tists, of particular importance is the work of T.M.Yarkova,
who studies the relationship between economic and so-
cial infrastructure and rural development [3]. Attention
is focused on the considerable infrastructure impact on
innovation and investment processes. In addition, as a
result of the neglect of life-supporting infrastructure
facilities, the demographic situation in Russian villages
is deteriorating. Italian scientists E. Brovarone, G. Cotella
study modern ways of reducing the distance between
the socio-economic development of urban and rural set-
tlements, prove the existence of the problem of social
inequality and marginality [4]. They draw attention to the
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problem of limited accessibility of remote rural commu-
nities to high-quality passenger transportation services
and the need for effective institutional support for rural
areas in Europe. It can also serve as an experience for
Ukrainian transport infrastructure stakeholders.

The problem of infrastructure development is par-
ticularly acute in developing countries. Thus, an Indian
researcher Nenavath Sreenu critically analyses the fu-
ture challenges of developing India’s rural health infra-
structure, discussing the burden of disease, widespread
financial shortages, vaccination policies, and poor access
to health care [5].

This problem does not bypass Ukrainian scientists.
Among the recent publications that have made a large
contribution to the development of theoretical aspects
and practical recommendations for infrastructure sup-
port in rural areas, it is advisable to highlight the works
of D.S. Bohdanov, who raises the problem of the high
capital intensity of infrastructure facilities and limited
financial resources of rural communities for their devel-
opment [6, p. 95]. He notes that important components
of the implementation of rural areas infrastructure po-
tential are improvement programmes (water supply, as-
phalting, sewerage) with the support of public and private
institutions; legislative regulation of the tax system sim-
plification and the provision of benefits to business enti-
ties; improving the culture of peasants’living,and many
others. OV. Dovhal and L.S. Bezuhla identify barriers
that hinder the effective functioning of the ecotourism
infrastructure of the regions [7]. The authors propose a
regional innovation model, the implementation of which
will contribute to the growth of rural incomes, reduce
unemployment, and develop small businesses in rural
areas, which will be based on public-private partner-
ship. M. Tymoshenko discloses scientific and theoretical
foundations of the social infrastructure of a village and
searches for the causes of its destruction in Ukraine [8,
p.134]. The researcher applies multifaceted correlation
and regression models to determine the correlation between
social factors that affect rural development. A rather ex-
haustive classification of rural social infrastructure fa-
cilities is appealing, depending on the impact on the
professionalism and education of farmers, labour produc-
tivity, ensuring social and living conditions, living stan-
dards, and comfort of living. Attention should be paid to
the results of research by O.M. Shubalyi, who carries out
a deep comparative analysis of urban and rural housing
infrastructure (housing stock, its accident rate, equipment
with sewerage, heating, hot water supply, water supply,
etc.) and transport [9].

After conducting a literary analysis of these and
many other papers, the authors came to the conclusion
that Ukrainian literature does not sufficiently cover cur-
rent problems of infrastructure support of rural areas.

The purpose of the paper is to clarify theoretical
and methodological approaches to the development of
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infrastructure and evaluates the state, features of func-
tioning and availability of infrastructure facilities in ru-
ral areas of Ukraine as an area of their socio-economic
development.

MATERIALS AND METHODS

The methodology of the research is based on the iden-
tification, clarification and use of the framework of catego-
ries of research problems, in particular “infrastructure”,
“rural territories”, “socio-economic development’”, which
allowed identifying their essential aspects and properties,
find the main patterns of functioning, and establish the
relationship between them. The course of the research
consists of principles that also form its methodology:
assumptions - the construction of a working hypothesis,
its proof or refutation; the opposition of processes that
contradict each other; objectivity and logic of judgments;
quantity, which turns into quality and thus increases the
standard of living of the population in a certain territory;
continuity of development and variability of socio-eco-
nomic processes, etc.

The working hypothesis consists in suggesting that
the proper development of rural infrastructure will con-
tribute to the socio-economic growth of the rural popula-
tion. To test the hypothesis, an economic analysis of the
results was applied.

In addition to categories and principles, the meth-
odology of the research is formed by a system of certain
research methods. The dialectical method of cognition
in combination with logical and comparative methods
allowed establishing the truth in the scientific discussion
about the concept and significance of infrastructure in
the socio-economic development of a particular commu-
nity. The paper uses general scientific methods: induc-
tion and deduction in reasoning about the cause-and-effect
ties between modern trends in infrastructure support and
the development of entrepreneurship in rural areas; sci-
entific abstraction and concretisation in identifying the
most important problems of infrastructure support in rural
areas, system analysis in establishing structural links
between various elements of infrastructure support in
rural areas and establishing the sequence of research
process, reductionism and wholism in explaining the regu-
larity of functioning of the socio-economic system “rural
territory - community” and demographic processes and
characteristics that arise in it, etc. Statistical methods
of comparison in determining dynamic changes in the
demographic characteristics of the rural population of
Ukraine for 1990-2020, the average monthly salary by
type of economic activity, differentiation of the standard
of living of the population, providing social and com-
mercial infrastructure of the rural population with ob-
jects are of great importance in establishing individual
factsand proving theirimpact on rural development.The
reception of mean values is applied in the calculation of
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indicators of infrastructure support for rural territories of
Ukraine in general and on the example of the Zhytomyr
region in particular. Graphic methods are used to visually
represent the results of the study: diagrams, figures, tables.

The main data sources are materials from the state
statistics service of Ukraine and the Main Department
of Statistics in Zhytomyr region. In particular, the sections
of demographic and social statistics [10] are of interest,
such as:“Population and migration”,which highlights ar-
rays of initial data on demographic processes and phe-
nomena; “Labour market” contains information about
employment, unemployment and earnings of the popu-
lation of Ukraine in various industries and territories;
“Income and living conditions” provides an opportunity
for in-depth research of the causes of deterioration in
the socio-economic development of the rural population.
Materials of a sample survey of Ukrainian households on
living conditions and the level of their material support,
conducted by the department of household surveys of
the State Statistics Service through a survey in January
2021 became significant in clarifying the arguments of
negative dynamic processes in rural areas [11]. In addi-
tion, to evaluate the degree of satisfaction of the rural
population with the level of development of individual
social infrastructure facilities in the context of the COVID-19
pandemic, statistical materials such as “Access of Ukrainian
households to the Internet”[12],“Self-assessment of the
population’s health status and availability of certain types
of medical care”[13], and others were used.

RESULTS AND DISCUSSION

Identification of the infrastructure entity as an economic
category

The provision of rural infrastructure usually consists of
relatively small investments over a geographically large
area. Having appropriate management tools and consid-
erable resource potential (large land areas, free labour
resources, entrepreneurial initiatives), local authorities
have the opportunity to plan and control the functioning
of rural infrastructure [14].In general, rural development
is considered necessary to reduce differentiation at the
social,economic and cultural levels between regions. The
developed infrastructure is designed to improve the
quality of life, thereby solving the problem of migration
to the city in search of a comfortable life [15]; create the
necessary auxiliary production for agriculture, ensure
equal involvement of rural entrepreneurship in market
relations. Investing in rural infrastructure will provide
long-term competitive advantages and a reliable basis
for community development [16].

The origin of the term “infrastructure” itself is
well known from the Latin words “infra” - below and
“structura” - structure [17], but its practical application
is found primarily in construction as the basis, the foun-
dation of a building. In addition, it is associated with




“...military sphere as a complex of structures, commu-
nications that ensured the success of military opera-
tions (training grounds, sites, airfields, radar posts, etc.),
and supported the defence capability of the state in
peacetime” [18]. Modern interpretations and the scope
of the term have changed and expanded. It has pene-
trated all spheres of society. Referring to the Cambridge
Dictionary, infrastructure is interpreted as a system of
transport and energy supply services that a country or
organisation uses for efficient operation [19]. A simi-
lar definition is given in the Oxford Dictionary - “basic
physical and organisational structures (for example,
buildings, roads, power supply) necessary for the func-
tioning of a society or enterprise” [20]. In the Dutch dic-
tionary, infrastructure is defined as a system of roads,
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railways, waterways, ports, airports, electrical equip-
ment, cables, etc. [21], but in fact, it provides the same
function - traffic. When studying infrastructure, most
often scientists use objects of the transport system,
which are certainly the elements of infrastructure sup-
port, but such a list is far from complete. A broader in-
terpretation of this category is provided by World Bank
experts, who vary it from railway lines and electricity
consumption to internet subscribers and daily newspa-
pers [22]. The contradictions of previous visions of the
essence of infrastructure consist in an incomplete list
of its objects that limit its functional purpose. Thus, for
example, infrastructure as a category, should perform
social, organisational and economic functions in addi-
tion to the function of movement (Fig. 1).

Social

Provision of
information and
consulting

Housing and
communal
and
household
services

Educational
and cultural
development of
the community

Transport

Figure 1. Infrastructure functions depending on the scope of operation

Source: developed by the author

In particular, infrastructure should include ob-
jects that perform social functions, such as hospitals,
schools, cultural and artistic institutions, public buildings.
It is also advisable to include objects that perform mar-
ket functions and serve the development of entrepre-
neurship (exchanges, service cooperatives, fairs, exhibi-
tions). In addition, if the infrastructure has the function
of an auxiliary basis of society, this should include ob-
jects of financial and credit services (banks, insurance
companies, credit unions) and information and advisory
centres that help with entrepreneurship, financing, em-
ployment, education, advanced training, retraining, etc.
This list is not complete and depends on the object of
research. Gustav Nemes divides the concept of infra-
structure into three categories: physical, economic and

political [23]. Physical infrastructure consists of buildings
and structures for residential,transport,commercial,and
social purposes. The infrastructure that mediates the
movement of money, information and labour is considered
economic. Finally, the political infrastructure serves the
functioning of state and public institutions, as well as
contributes to the development of effective partnerships
between all participants of economic activity: society,
investors, state and local self-government bodies. Thus,
infrastructure is a whole system of physical objects and
organisational and economic processes, consisting of
subsystems designed to ensure the life of business, com-
fortable life of the population, its way of life, cultural
development, health and amenity (Fig. 2).
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Figure 2. Infrastructure functioning process

Source: developed by the author

Infrastructure can include a fairly wide list of ob-
jects that are difficult to limit: road and railway systems,
tunnels and bridges; ports, airports, waterways, and
channels; public transport systems (buses, trolleybuses,
metro); energy facilities (wind, hydroelectric, power plants,
etc.); national power grid (power lines and connections);
communication (telephone cables, mobile communication

Criterion 1 Criterion 2
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and services Memiltoy

s N e N
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or material objects)

o J o J

s N e N
Soft (services) Urban

o J o J

towers, Internet); water supply (reservoirs, dams, pumping
stations); medical services, hospitals, clinics, and emer-
gency response systems; education (kindergartens, schools,
colleges, universities, and other educational institutions
for adults); police and prisons; waste removal and dis-
posal, sanitary conditions. Therewith, all infrastructural
facilities can be systematised in the following way (Fig. 3).

Criterion 3 Criterion 4

Functionality Area
' | Transport |
Production | Trading I
| Social |
Market | Ecological |
| Financial |
Organisational |__Communication |
| Energy |
Political I Digital |
(institutional) | Consulting |

Figure 3. Classification of the main types of infrastructure by criteria

Source: compiled by the author

There are many types of infrastructure, but for the
most part, it is divided into two classes: hard and soft [24].
The first one is defined as the physical (material) vector
of auxiliary production necessary for the functioning of
the economy. The second one applies to all institutions
that provide cultural,social,medical,environmental,and
economic services in the country and consists of educa-
tional institutions, law enforcement agencies, emergency
services, parks, recreation centres, etc. From a functional
standpoint, the production infrastructure creates condi-
tions for the implementation of the production process
(workshops, warehouses); the market promotes the dis-
tribution and sale of goods and services; the political
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infrastructure provides institutional support for the com-
prehensive development of the rural community (devel-
opment of strategies, plans, financial measures); the
organisational infrastructure helps to combine all the
necessary processes and provide them with systemic
unity. Urban and rural infrastructure are distinguished
by territorial features.

Current level of socio-economic development of rural areas
of Ukraine

In Ukraine, after the shocks of the global financial crisis,
economic reforms, political instability, and social tension,
there is a destabilisation of territorial development.The




situation is complicated by the military conflict in the
east of the country, the annexation of Crimea, and the
global COVID-19 pandemic. For many years, rural areas
have experienced depopulation, population ageing, mi-
gration of mostly young people to cities and abroad, lack
of jobs and investment. The rural settlement network and
the revival of rural infrastructure need to be considered
and refined.

Kravchuk et al.

Infrastructure development of rural areas has
not been given due attention since the development
of independence, which, along with other factors, has
led to a demographic crisis (a decrease in birth rates, an
increase in morbidity and mortality of the population)
(Table 1), low standard of living, labour migration of
capable rural residents to European countries (Poland,
Italy, Germany, etc.).

Table 1. Main demographic characteristics of the rural population of Ukraine

Indicator 1990 1995 2000 2005 2010 2015 2020 1929%?2;?%
Rural population, million people 17.0 16.6 16.1 15.3 144 13.3 12.8 -4.2
Ezgﬁa‘flg:e;“ral population in the total 327 321 326 323 314 301 305 22
Birth rate, % 12.6 11.1 9.2 9.4 11.9 11.3 8.5 -4.1
Mortality rate, % 17.2 19.1 18.8 20.5 18.6 18.0 17.2 0
including children under 1 year old 139 14.7 11.9 10.0 9.1 7.8 7.0 -6.9
Natural growth rate (reduction) -4.6 -8.0 -9.6 -11.1 -6.7 -6.7 -8.7 -4.1
Average life expectancy at birth, years 68.5 66.8 674 66.9 69.0 69.9 70.7 2.2
Migration growth (reduction), thousand people 1.5 -2.6 -2.7 -5.1 -5.2 +11.9 -21.2 -19.7
Demographic burden per 1 thousand population 507 517 465 445 425 443 480 27

aged 15-64 years.

Source: developed according to the state statistics service of Ukraine [10; 25]

The most urbanised regions in Ukraine are the
eastern regions, where at the beginning of 2021 the
share of the urban population was [25]: Donetsk region -
91%, Luhansk - 87%, Dnipropetrovsk - 84%, Zapor-
izhzhia - 77%. A large share of the rural population is
observed in the western part of Ukraine. Thus, the share
of people living in cities is: Transcarpathian - 63%,
Chernivtsi - 59%, lvano-Frankivsk — 56%, Rivhe — 52%.
In 2020, the worst situation in terms of natural popu-
lation decline was observed in rural areas of Chernihiv
region --19.7%, as well as Sumy --14.5%, Cherkasy and
Khmelnitsky regions - -13.6% each. The highest mor-
tality rate of the rural population was recorded from
diseases of the circulatory system - 70.4%, in second
place - from malignant neoplasms - 11%. Compared to
European countries, Ukraine has a low life expectancy.

For example, this figure for men in Ukraine is 66.7 years,
while in the EU countries it is about 80 years.

The assessment of interstate migration [25]
shows that the largest number of rural residents who
left for Europe is 46%, in particular to Russia - 27%,
to Germany - 19%. A considerable part goes to Belarus,
Poland and Lithuania (8% on average). Asian countries
are in second place - 30%. 17% of the population of
Ukraine left for the United States. The main reason for
population migration is the search for work, higher wages,
and the desire for better conditions and quality of life.
Official data of the statistical service indicate a low level
of income of the population in all sectors of economic
activity (Table 2).In 2020, the average monthly salary of
1 full-time employee was 430.50 US dollars.

Table 2. Average monthly salary in Ukraine by type of economic activity, USD per 1 full-time employee
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Type of economic activity 2015 2016 2017 2018 2019 2020 2020in % to 2015
On average in the economy 192.0 202.46 267.07 32592  406.86 430.5 335.1
Agriculture and forestry 151.51 163.87 22771 27783 343.26 362.7 239.4
Production 219.28  230.55  286.88 35415  456.90 474.3 162.4
Construction 162.59 18480 235.00 28842  362.64 365.5 2247
Trading 21484  226.88 286.88 345.74 41841 419.5 195.3
Transport activities 208.61 22563  296.35  368.01 45558 444.2 2199
Information and telecommunications 325.60 372.27 45180 524.85 679.96 739.3 227.0
Financial and insurance activities 39391 399.49  483.65 59415  741.55 7575 192.3
Education 143.41 147.23 220.19 25886  315.31 344.6 240.3
Healthcare 129.53 13281 18711 21518  272.09 3289 2539
Art, sports, recreation, entertainment 189.29 189.22 248.42 279.85 337.02 3577 188.9

Source: developed by the authors according to the NBU [26] and the state statistics service of Ukraine [27]
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According to the Ministry of Finance of Ukraine, in
2020, the average European received 2,073 dollars for a
month [26], while a Ukrainian received 430 dollars,which
is 4.8 times less. The lowest level of average monthly
wages is conventionally recorded in the healthcare sector -
3 328.9 dollars/month; education - 344.6 dollars/month;
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culture, sports, entertainment and recreation — 357.7 dollars/
month; agriculture - 362.7 dollars/month, which indi-
cates the lack of an effective social policy in the country.
The Lorentz curve illustrates the differentiation of the
well-being level of the population (Fig. 4).

—a— Lorenz curve (2019)

--A--- Lorenz curve (2018)

Line of iniform distribution

1
60 70 80 90 100

% of population

Figure 4. Inequality of distribution of total income by decile (10%) groups of the population of Ukraine in 2018-2019
Source: developed according to the state statistics service of Ukraine [28]

Since the line of the actual income distribution
of decile groups deviates considerably from the line of
uniform distribution, a large gap in the highest incomes
of the 10% of the poorest population and the lowest in-
comes of the 10% of the richest population can be noted.

Negative trends can be traced in the structure of
total household expenditures in rural areas, where the
largest share belongs to food expenditures — 50.7% in
2019 and 41.6% in 2021; housing, water, electricity,and
fuel costs account for 12%; another 12.6% - clothing,
medicines and transport services. Spending on recreation
and cultural development is quite low and continues to
decrease from 2.6% in 2019 to 0.7% in 2021 [29]. In
addition, food insecurity is observed in the most vul-
nerable population of the 1% decile group with the low-
est incomes. In 2021, one person accounted for 3.7 kg
of meat and meat products consumed, 1.1 kg of fish,
2.5 kg of fruit, which is half the recommended medical
standards [29]. Although Ukraine almost completely pro-
vides itself with food, there is an under-consumption of
animal food by its inhabitants. A Ukrainian is forced to

compensate for the lack of animal proteins with pota-
toes, vegetables, bread, butter, which violates a healthy
diet.

According to calculations made by M.V. Ptoukha
Institute of Demography and Social Research of the
National Academy of Sciences of Ukraine, the level of
relative poverty is growing due to the coronavirus crisis
and amounts to 51% in 2020. The poverty line reached
the level of 3017 UAH on average per person per month
and increased by 15% [30]. At the same time, data from
the State Statistics Committee’s report on a sociological
study conducted on household self-assessment of their
income level in 2020 shows that 67.1% of the population
consider themselves poor [11].

The share of poor people among rural households
was 31%, compared with urban households — 16%, among
households with children = 29% (including 60% of poor
large households). In 2020, the population with an av-
erage equivalent total income per capita per month be-
low the actual subsistence level was 8.8 million people
(Table 3).

Table 3. Differentiation of the standard of living of the population of Ukraine

Indicator 2014 2015 2020 2020 to 2010, +/-

Population with average equivalent total income per capita per month below the

) . L S 3.6 2.5 0.6 -3.0
legally established subsistence minimum, million people
% of the total population 8.6 6.4 1.6 -7.0
Population with average equivalent total income per capita per month below the ) 202 8.8 )
actual subsistence level, million people ) )
% of the total population - 51.9 23.2 -
Average annual amount of the legally established subsistence minimum (on average 8432 12273 20784 12352
per person per month), UAH
Average annual amount of the actual subsistence minimum (on average per person ) 22570 38472 )
per month, UAH)
Quintile coefficient of differentiation of total incomes of the population, times 1.9 1.9 2.0 0.1
Quintile ratio of funds (by total income), times 3.5 3.2 3.5 -

Source: developed according to the data [31]
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Almost every fourth person in Ukrainian society
has an income below the actual subsistence level. Such
indicators show a low level of social and economic de-
velopment of Ukraine, cultural degradation of Ukrainian
peasants,and the need to survive in difficult conditions.

Infrastructure support for rural areas of Ukraine

The deterioration of demographic characteristics associ-
ated with the low level of socio-economic development
of rural areas is aggravated by the unsatisfactory situ-
ation of social and industrial infrastructure. This is in-
dicated by argumentative factors. Firstly, rural transport
infrastructure ensures the mobility of labour resources
and promotes access of the population to services that
are not available in rural areas, and farmers to the nec-
essary material and technical resources, logistics of raw
materials and finished products. By improving transport
links (the presence of paved roads and transport itself),
rural areas become investment attractive.A sample sur-
vey conducted in January 2020 established that 23%
of rural areas do not have regular daily transport links
with infrastructure-developed localities [11]. According
to a sample survey [11], a significant proportion of house-
holds are not provided with housing. The living area
of 29% of rural households is below the sanitary norm
(13.65 m? per person). Every second person lived in over-
crowded housing. 20% of households have poor living
conditions: 10.8% of rural homes have leaking roofs, wet
walls, rotting window frames or floors; 30.5% have low
residential temperatures during the heating period, which
leads to an increase in colds, especially among children,
and increases the cost of treatment. For comparison, in
the EU countries in 2020, the same indicator was 7.3%.

A positive trend is observed in the prevalence,
availability and free use of mobile communication and
internet services, which is especially important in the
context of informatisation, digitalisation and distance
learning. In rural areas, the share of people with inter-
net access increased from 40% to 66% during the coro-
navirus crisis, mainly due to households with children
(79% of people used the Internet) [12]. 34% of the rural
population does not have internet services, the main
reasons are no need, lack of knowledge, poor health, and
high cost of services.

The rural water supply system affects the provision
of drinking water to the population and water-intensive
types of production,in particular agriculture and private
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farming. Despite the dense network of rivers in Ukraine,
not all localities have a centralised water supply, which
forces farmers to independently build wells, pumping
stations, and irrigation systems, which creates additional
pressure on the expenditure side of the limited budget.
According to the state statistics service, 27.6% of the
rural population suffers from the lack of water supply in
housing, and therefore 32.7% do not have a bathroom
or shower room inside the housing [32].

Medical infrastructure serves to prevent and treat
diseases. Ukraine has an extremely low level of medical
support. There are not enough outpatient clinics, beds,
pharmacies, and qualified medical personnel. According
to a survey conducted in October 2020 [13], the level
of availability of healthcare services and the purchase
of pharmaceutical products has improved compared to
2019. Among the households surveyed, almost one in
five reported that it was impossible to receive medical
care if necessary, which is 1.3 times less than in 2019,
and to purchase the necessary medicines. Therewith, there
is a problem of provision of medical personnel in rural
areas: 35% of households did not receive medical care
if necessary; 42% of sick rural families did not have the
opportunity to visit a doctor, 30% of them explained
this by the lack of a medical specialist of the necessary
profile [13]. In addition, 39% of rural areas are not pro-
vided with emergency medical care.

In rural areas in Ukraine, the sphere of public utili-
ties remains problematic, in particular, the high cost of
electricity and gas and the lack of autonomous thermal
power plants from alternative sources lead to high de-
pendence on intermediary structures and an increase
in the energy intensity of production. In the structure of
expenditures of the rural population, payment for hous-
ing, utilities and services increased by 1% over two years
and amounted to 9% or 797 UAH per month. Therewith,
the cost of services is growing annually: water supply -
by 18.4%, sewerage - by 20%, supply and consumption
of natural gas - by 2.6%, heating - by 18.3%, compared
to 2019 [33]. As a result of such processes, 18.3% of
rural households are unable to pay their gas, water and
supply bills on time and in full. The presence of house-
hold communications as a source of comfortable living
is indicated by the data in Table 4. In particular, the dif-
ferentiation between urban and rural areas in providing
water supply, sewerage, and centralised gas supply is
illustrated.

Table 4. Comfort of housing for Ukrainian households and the degree of its satisfaction in 2020

All households Including residents
Indicator Of cities Of villages
2019 2020 Large Small Total
2019 2020
2020 2019 2020
Number of households,
14881.7 147843  5852.0 4150.2 100375 10002.2 48442 4782.1

thousand units
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Table 4, Continued

All households Including residents
Of cities Of villages
Indicator
2019 2020 Large Small Total
2019 2020
2020 2019 2020
Distribution of households by availability in their housing, %:
Central heating system 36.4 35.6 73.7 229 53.7 52.6 0.5 0.1
Individual heating system 45.2 48.0 24.5 65.1 39.1 41.3 58.0 61.8
Water supply system 82.9 85.6 98.9 90.9 94.2 95.6 59.5 64.9
Sewers 82.3 85.2 98.8 90.3 93.7 95.3 58.8 64.2
Hot water supply 46.9 52.6 78.6 443 59.4 64.4 21.0 27.9
Electric boiler 1.3 1.4 0.9 2.0 1.3 1.4 1.4 1.3
Double-circuit gas boiler 19.6 239 154 34.6 194 234 19.9 25.0
Solid fuel boiler 7.8 8.4 1.1 8.6 4.6 4.2 14.5 17.0
Electric water heater 32.7 36.8 36.5 39.2 32.8 377 32.6 349
Gas-fired water heater 11.7 10.3 10.8 134 14.2 11.9 6.4 7.1
Centralised gas supply 78.8 80.5 90.1 85.2 87.6 88.1 60.6 64.6
Bottled gas 11.2 10.3 0.4 6.3 2.8 2.8 28.6 259
Electric stove 5.4 5.6 8.9 4.3 6.9 7.0 2.4 2.7
Bath or shower 79.1 82.3 98.0 85.9 91.3 93.0 54.0 59.8
Telephone 14.4 8.3 12.3 7.2 17.7 10.2 7.5 4.3
Garbage chute 12.3 13.3 29.9 5.2 18.3 19.6 0.0 0.2
Distribution of households by a degree of satisfaction with their housing conditions, %:

Very dissatisfied 2.9 2.9 1.9 2.9 2.1 2.3 4.6 4.1
Dissatisfied 11.7 10.5 76 9.6 9.9 8.5 15.3 14.8
Not much satisfied 30.4 26.9 233 28.1 28.3 253 34.6 30.2
Satisfied 52.9 57.6 64.5 58.1 57.3 61.8 43.8 48.9
Very satisfied 2.1 2.1 2.7 1.3 2.4 2.1 1.7 2.0

Source: developed by the author based on data [32]

The lack of infrastructure for centralised processes
of collection, sorting and disposal of economic waste,
as well as sewage systems, considerably worsens the
quality of life of the rural population. Thus, 38% of the
surveyed population in 2020 did not have a toilet inside
their home (for example,45.7% in 2017) [32]. Therefore,
it is necessary to invest in environmental infrastructure
facilities: sewers, drains, specialised transport, sorting
stations and waste processing plants, etc. In addition,
part of the organic waste of agriculture, forestry and
public utilities is the potential of bioenergy, which in
developed countries of the world is a strategic area of
energy conservation. This problem sets Ukraine apart
from the prospects of a civilised European country for
many decades.

Negative demographic processes in rural areas
have exacerbated the problems of preschool and school
education. Rural schools and kindergartens are being
closed and the staff of such infrastructure facilities is
being reduced due to the extremely small amount of
children in classes and groups. In the village, there is often
a 1t graduating class where up to 10 children study.
There are often cases when a family that has children
moves to a city where there are necessary educational
infrastructure facilities. The net rate of pre-school cov-
erage of children in rural areas is 29.3%. For compari-
son, this indicator was 24.0% in 2010 [34]. 7.6% of the
surveyed population do not have money to pay for any
professional education (Table 5).

Table 5. Dynamics of infrastructure provision of preschool education in Ukraine

Indicator 2014 2015 2020 2020 to 2010, %
A number of pre-school educational institutions, thousand units 8.5 9.1 9.2 108.2
Places in total 315 333 343 108.9
Kindergartens 124 135 135 108.9
Nurseries-kindergartens 152 128 127 83.6
Others 38 70 80 210.5
Number of children in institutions, thousand people 247 310 266 107.7
Zg: ;er\(/)eulpc: ‘;;Ore—school education institutions’ coverage of children of different 33 40 39 1182
Number of children in pre-school institutions per 100 places 82 87 73 89.0

Source: developed according to the data [34; 35]
Scientific Horizons, 2021, Vol. 24, No. 10




Due to the optimisation of general secondary
educational institutions, the number of kindergartens in
rural areas is also decreasing. The primary reasons for
closing preschool institutions are the lack of a sufficient
number of preschool-age children and, most importantly,
the lack of funding. In addition, starting from 2027, a
three-year senior specialised school will start operating,
which provides for the creation of specialised lyceums.
This will require appropriate transport infrastructure to
ensure access to education for children from remote ru-
ral areas with a small population to educational insti-
tutions (gymnasiums, lyceums) of other communities. In
2020, the fleet of buses that transport students consists

Kravchuk et al.

of 276 units, of which 186 buses meet the technical
requirements of DSTU 7013;2009, and the additional
need for them is 40 new ones [36].

The full value of life in rural areas is provided
by such less important but necessary service facilities
as hairdressers, dry cleaners, workshops for tailoring
clothes and shoes and repairing household appliances.
According to the results of the study, these infrastructure
facilities are not available at all in 50% of localities.
Considerable potential for economic growth in rural areas
now lies in the trade infrastructure as the most profitable
area (Table 6).

Table 6. Profitability of operating activities of infrastructure entities in Ukraine in 2020, %

Type of economic activity Ukraine Zhytomyr region
Total 3.9 7.2
Construction 2.0 3.7
Wholesale and retail trade; repair of motor vehicles 16.2 11.8
Transport, warehousing, postal and courier services -0.4 -6.1
Temporary accommodation and catering services -12.7 -4.5
Information and telecommunications 24.2 4.6
Financial and insurance activities 5.8 2.6
Real estate transactions -7.7 -14.7
Professional, scientific and technical activities -7.8 6.1
Administrative and support services activities 2.5 -5.1
Education -7.5 3.1
Health and social assistance 76 15.7
Arts, sports, entertainment and recreation -40.6 -6.3
Provision of other types of services -8.2 -2.2

Source: developed according to the state statistics service of Ukraine and the Main Department of Statistics in Zhytomyr

region [37; 38]

Enterprises of wholesale and retail trade, informa-
tion and telecommunications, financial and insurance
activities, healthcare are profitable in 2020. Therewith,
social infrastructure entities are the most vulnerable
to negative processes in the country, whose operating

profitability was -40.6%. These include art, sports, en-
tertainment and recreation. Transport and warehouse
facilities, postal and courier activities, as well as public
catering remain unprofitable. The availability of a network
of retail enterprises in rural areas is shown in Table 7.

Table 7. Network of retail enterprises in rural areas of Ukraine, as of 01.01.2020

Indicator Value
Retail items in total, units 7429
Including stores 6168
Stands 101
Gas stations 1160
Retail area of retail stores, thousand m? 7030.8
Including in urban-type settlements 6436.0
In rural areas 594.8
Availability of retail space, per 10000 people, m? 1659
Including in urban-type settlements 2191
In rural areas 457
Network of pharmacies and pharmacy points, units 1385
Including pharmacies 901
Pharmacy points 484
Retail area of pharmacies and pharmacy points, thousand m? 619.2
Provision of the population with retail space of pharmacies and pharmacy points, per 10000 people, m? 338

Source: developed according to the data [39]
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The programme “Development of rural territories
and territories around the cities of the region” [40] also
provides for the creation of regional wholesale markets,
which will contribute to the development of the entre-
preneurial potential of rural territories. The develop-
ment of information and advisory infrastructure in rural
areas is of great importance in creating a favourable
environment for ensuring entrepreneurial potential in the
context of digitalisation. Public associations designed to
promote and comprehensively support entrepreneurship
are the most common in Zhytomyr region, in particular
in rural areas. In total, according to the Ministry of Eco-
nomic Development, Trade and Agriculture of Ukraine,
as of 1.01.2020,Zhytomyr region has 2 business centres,
1 business incubator, 2 technoparks, 4 leasing centres,
2 entrepreneurship support funds, 7 investment funds and
companies, 8 innovation funds and companies, 257 in-
formation and advisory institutions, 112 public associ-
ations of entrepreneurs, 29 coordination councils [41].
Analytical studies show that in 2019, the region hosted
338 training seminars and trainings on entrepreneurship,
50 forums, round tables and conferences, which were
attended by approximately 4200 people.As a result of this
work, 41324 regional orders were made, 13 business
projects were financed [40; 41].

The European Social
Fund (ESF)

The European Regional
Development
Fund (ERDF)

The Cohesion Fund (CF)

The European Structural
& Investment Funds
(ESIF)

European experience of rural infrastructure growth

Infrastructure support of rural areas is the main vector
of rural development not only in Ukraine but also world-
wide. The implementation of positive experience of the
national policy on the development of rural communities
of the European community on the territory of Ukraine is
of considerable importance. The main financial instru-
ment for the development of the European economy is the
European Structural and Investment Funds (ESIF) [42]:
the European Regional Development Fund (ERDF), the
Cohesion Fund (CF), the European Social Fund Plus (ESF+),
the European Agricultural Fund for Rural Development
(EAFRD), and the European Maritime Fisheries and
Aquaculture Fund (EMFAF) (Fig. 5). The European Com-
mission allocates the budget of the five funds to EU
member states, which, for their part, use ESIF resources
through operational programmes managed at the na-
tional and/or regional level by designated governing
bodies. Thus, the European Agricultural Fund for Rural
Development (EAFRD) for 2017-2020 has developed a
system of programmes, financing, monitoring, and audit
aimed at achieving the main vectors of rural develop-
ment [43]: competitiveness of rural business, environ-
mental protection, economic diversification, which is a
powerful foundation for the growth of the quality and
standard of living of the rural population.

The European
Agricultural Fund for
Rural Development
(EAFRD)

The European Maritime
and Fisheries Fund
(EMFF)

Programme period: 2021-2027 Budget: 95.5 billion euros
Funding targets:

Smart Europe

Green
Europe

United Europe

Social Europe

Europe of Citizens

Innovation, digitalisation, support for small and medium-sized

businesses

Carbon-free economy, implementation of the Paris Agreement,

renewable energy sources

Strategic transport and digital networks

Social rights, quality employment, education, social integration

Support for local development and urban development strategies

Figure 5. EU rural infrastructure development funds

Source: developed by the authors according to the data [42]
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The priority areas or so-called “areas of attention”
of financing in the rural development programmes of
European countries were: restoration and preservation
of ecosystems - 44%, competitiveness of agriculture -
20%, social integration, economic development and poverty
eradication - 15%. The next programme period started
in 2021 and will end in 2027 and has the following prior-
ity funding vectors: Smart Europe, Green Europe, United
Europe, Social Europe, Citizens’ Europe. The amount of
funding for rural development projects for 2021-2027 is
95.5 billion euros [44].

CEF is a key EU financing tool designed specifi-
cally for direct investment in European transport, energy
and digital infrastructure to address weaknesses and
bottlenecks. Financial support is provided to priority
projects. The instrument’s budget is 30.4 billion euros
(22.4 billion euros for transport, 4.7 billion euros for en-
ergy,and 0.3 billion euros for telecommunications) [45].
EFSI was created to encourage investment in the EU-28,
which contribute to economic growth in rural areas and
employment, in particular in infrastructure and innova-
tion, in the amount of 16 billion euros from the EU bud-
get and 5 billion euros from small and medium-sized
enterprises.

The European Commission aims to support rural
initiatives not only in EU member states. Much attention
is also paid to developing countries. On 28.01.2020, an
agreement was signed between the Government of Ukraine
and the European Commission on financing the event
“EU support for the development of agriculture and
small farms in Ukraine” [46], with a total estimated cost
of 26 million euros with an implementation period of
108 months. The main purpose of the event was to pro-
mote the development of an inclusive, competitive ag-
ricultural sector and fight against the impoverishment
and depopulation of rural areas of Ukraine.

Therefore, the attention is being paid to rural
development and it has the potential for revival, in par-
ticular due to financing from European funds. The only
condition for such assistance should be transparency
and targeted use of funds, as well as the absence of
corruption schemes.
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CONCLUSIONS

1. Infrastructure is a set of enterprises, institutions, or-
ganisations, and individuals that provide favourable and
comfortable living conditions for people both in the sphere
of economic activity and in everyday life. Infrastructure
support for rural areas of Ukraine is marked by nega-
tive dynamic changes due to the structural crisis of the
economy, anti-terrorist operations of the Luhansk and
Donetsk regions, the complication of doing business,
changes in living conditions, and the implementation
of work activities of people in the context of a pandemic.

2. The establishment, development and self-ful-
filment of people in rural areas is influenced by a num-
ber of factors: the specific features of the organisation
of a rural family’s life, the features of small educational
institutions, the settlement network, limited access to
institutions of high-quality education, health, commu-
nal-housing, sanitary-hygienic, sports, cultural, household,
transport, trade services.

3. Problematic areas of infrastructure support for
rural areas are: poor quality of roads and transport links;
lack of central communications and sanitary facilities,
abandoned educational infrastructure; underdeveloped
health infrastructure.

4.To achieve socio-economic growth and reduce
poverty in the country, it is advisable to implement
positive European experience. The main financial instru-
ments for supporting and stimulating rural develop-
ment of the European Union are 5 investment funds of
the European Commission, in particular: the European
Regional Development Fund, the Cohesion Fund, the
European Social Fund Plus, the European Agricultural
Fund for Rural Development, and the European Maritime,
Fisheries and Aquaculture Fund. Financing is provided
in the amounts that correspond to the priority of the
development programme. The amount of funding for
rural development projects in the EU member states
for 2021-2027 is 95.5 billion euros.

5. Positive effects of rural infrastructure develop-
ment will include: rural business development; reduc-
tion of regional inequality, increase in investment in
the region, creation of jobs, diversification of the rural
economy, and increase in the level of citizens’ mobility.
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IHppacTpyKTypHe 3a6e3neyeHHs couiasibHO-eKOHOMIYHOro PO3BUTKY
CinbCbKUX TEePUTOPIN YKpaiHU

Haraniga IBaHiBHa KpaBuyk, OneHa CepriiBHa KinbHiubka,
CeitnaHa OnekcaHppiBHa JlaBpuHeHKo, MapuHa IBaHiBHa flpemoBa

Monicbkni HaLiOHaNbHWI YHiBEPCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

Anotauig. CinbcbKi TepuTopii YKpaiHM 3aMKHEHI B «KONO 3aHenaay» ABOMA B3aEMONIACUIOIUYUMU TEHAEHLIAMU:
no-nepuue, HecTaye poboyUmx Micup i CTIMKOT LiNOBOT aKTUBHOCTI, NO-ApYyre, BiACYTHICTIO NO3UTUBHUX 3MiH y chepi
nocnyr Ans CinbCbKOro HaceneHHs. Yacro ue BiabyBaETbCS Yepe3 HM3bKMIM po3BUTOK 0O€EKTIB iHhpacTpykTypu. O3HaueHe
BUK/IMKAE NoTpeby diHaHCyBaHHS Cy4acHOi, eeKTUBHOI Ta eKOIOMYHO YMCTOI CilbCbKOi iIHDPACTPYKTYpH, LLO MiABULLMUTD
KOMGOPTHICTb Ta SKiCTb NPOXXMBAHHS, 3yNMMHUTb BIATIK NPaLEe34aTHOrO HaCeNeHHs A0 MICT, NoNINWKTb geMorpadivHy
CUTYaLito B ceni, CnpusiTuMe po3BMTKY CislbCbKOI eKOHOMIKW. BiaTak npoBeaeHi A0CNiMKeHHS HanpaBAeHi Ha AjarHOCTYBaHHS
Cy4acHOro CTaHy iHQPACTPYKTYpHOro 3abe3mneyeHHs CinbCbKUX TEPUTOPIN i NOLLYK eDEeKTUBHUX IHCTPYMEHTIB YCYHEHHS
MPUYMH iXHBOIO COLLiaNbHO-EKOHOMIYHOTO 3aHenaay. MeToamKa AOCIMKEHHS MPYHTYETHCA HA 3aCTOCYBAHHI 3ara/lbHOHAYKOBUX
METOAIB AOCNIAXEHHS, TAKMX 9K EKOHOMIYHMI aHani3 i CUHTE3 B iHTEPNpeTyBaHHI CTaTUCTUYHMX MACUBIB AaHMUX,
NMOPIBHSHHSA Y BU3HAYEHHI AMHAMIYHMX 3MiH CoLianbHO-AeMorpadiuyHmMX XapakTepUCTUK CiNbCbKUX TEPUTOPIN, TOTIYHUA
y 34iMACHEHHI y3aranbHeHb i BUCHOBKIB, rpadivyHuii i pO3paxyHKOBO-KOHCTPYKTUBHUI AN nobyaoBuM KpuBoi JTopeHua
Towo. BcTaHOBNEHO CYTHICTb, 3HAYEHHS, TUNK IHDPACTPYKTYPU. 3'9COBAHO CYYACHWI PiBEHb COLLIANIbHO-EKOHOMIYHOMO
PO3BUTKY CiNbCbKUX TEPUTOPIK YKpaiHM Ta BUSBNEHO MOro B3aEMO3aNEXHICTb 3 iHDPACTPYKTYPHUM 33a6€3NeYeHHsM.
OxapakTep130BaHO piBEHb PO3BUTKY TPAHCMOPTHOI, XKUTNI0BO-KOMYHA/IbHO1, MEAUYHOI, KYNbTYPHO-0CBITHBOI, TOPriBeNbHOI,
NiANPUEMHULBKOT iHDPaCTPyKTypu. BUCBiTAEHO AOCBIA CTUMYNOBAHHS PO3BUTKY CiIbCbKMX TEPUTOPIN Y KpaiHax €C,
30KpeMa oOKpecaeHo (iHaHCOBI IHCTPYMEHTM Ta 06Car NiATPUMKM 1 BCEBIYHOTO CNPUSAHHSA CiIbCbKOMY Bi3HeCY, OXOPOHi
HaBKOIMLIHLOIO CepenoBMLLA, KOHKYPEHTOCMPOMOXHOCTI Ta COUianbHii iHTerpauii. YooknafgHeHo €BpOMenchki
iHBECTULLIMHI GOHAM Ta TXHIO PO/b Y PO3BUTKY IHOPACTPYKTYpU CiNbCbkMx TepuTopin €C

KniouoBi cnoBa: iHPpacTpyKTypa, CifibCbKi FpOMaaM, CilbCbKe HAaCENEHHS, SKiCTb XUTTS, AemorpadiyHa cuTyauis, GiHaHCOBI
iHCTpYMEHTH, EBPONENCHKI POHAM
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INTRODUCTION

Ukrainian enterprises, during the implementation of
operational, financial, and investment activities, are con-
stantly faced with the variability of the environment due
to transformational processes that are constantly taking
place at the level of the world economy, the Ukrainian
financial and economic system, sectoral markets, etc. In
the long run, the tendencies of changes for Ukrainian
enterprises are [1]: “Ukraine’s accession to the European
Economic Space; implementation of projects to harmo-
nise the Ukrainian national standardisation system with
the requirements and rules, according to which the sys-
tems of national standardisation of the European Union
members are functioning; implementation of energy
and resource-saving programs as a priority direction of
the country economic security development; the digital
transformation of the country economic system; transition
to the digital basis of many organisational, structural,
and financial-economic relations between economic enti-
ties; deregulation and institutional changes of the econ-
omy; the influence of economic cycles, structural trans-
formations caused by events in the east of the country”.
Changes constantly affect all spheres of enterprises ac-
tivity. They influence all factors of future development,
and also have different directions. That is, changes can
influence enterprises in a positive aspect (transforma-
tion of the institutional environment [2], changing the
regulatory framework due to the transition to European
product quality requirements [3]), and in a negative as-
pect (COVID-19 epidemic, etc.). To develop effectively, to
use favorable trends, and confront negative challenges,
enterprises need to change, transforming the operational
system in response to external environment impacts, even
ahead of them. That will help to ensure their own sur-
vival and sustainable development in the long term. But
the uncontrolled changes can threaten the existence of
the enterprise even more than external influences, so the
actual direction of economic science development today
is change management.

For successful implementation of changes in the
system of strategic management, business entities need to
change the approach to management, involve personnel
support, form an effective organisational structure, pro-
mote changes in corporate culture, and establish links
between all management chains for effective communica-
tion.The paper[4] notes:“the implementation of changes
is a complex process, which is not always successful due
to different reasons. Failures in most change processes
can be caused by poor communications and connections,
underestimation of the amount of necessary preparation
for change, and the main goal of the study is to identify
key steps that can improve change management”. It is
also important to emphasise the importance of change
management not only at the level of individual enter-
prises but also for the implementation of projects in
different sectors of the economy. Thus, in the article [5]
it is noted that ‘change management plays an important
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role in improving the success of projects. Flexible project
management provides new management opportunities
based on the adoption of changes as an inevitable com-
ponent of the project management process in the con-
struction sector”. One can agree with the authors of the
article that change management should be implemented
at all levels of management and areas of activity of en-
terprises.

Change management is a relatively new direction
of economic development and enterprise management,
which along with the most pressing tasks of the present
day, for example: ensuring sustainable development [6;
7], digital transformation of construction [8; 9], resource
and energy saving [10], assuring long-term competi-
tiveness [11-13], transition to industry 4.0 and 5.0 [14].
But the scientific studies, which are conducted in this
direction, are trying to solve one of the most urgent tasks
of economic science - providing opportunities for en-
terprises to implement adaptation to constant changes
and transformations of the external environment. As a
result of the change management process, enterprises
should gain greater operational efficiency and/or pro-
ductivity, while creating additional competitive advan-
tages and gaining new perspectives and platforms for
further development. The urgency of change management
research is indisputable and has great prospects for de-
velopment, therefore the purpose of the study is to build
the dependence between the ability to transform enter-
prises and adaptive capabilities of enterprise person-
nel - the main driver of change management. In phase
two, we have to identify internal factors that form the
list of change factors (on the example of construction
enterprises).

LITERATURE REVIEW

The issue of change management at enterprises is con-
sidered in numerous scientific works, which are focused
on solving tasks on revealing changes and their conse-
quences within the framework of construction projects [15],
simulation modeling of changes [16], identification of
factors of change management success at the level of
realisation of construction mega-projects [17] and factors,
which lead to changes in construction enterprises [18]
the influence of organisational culture on the efficiency
of construction enterprises [19-21], leadership [22-24]
and support for changes by management staff [25; 26],
a clear plan for implementation of changes [4] practical
aspects of implementing changes [27], search for solu-
tions that will provide the best flexibility and response
to changes [5].

The article [12] analyses and groups the changes
and their factors at the construction stage, which are
grouped according to the degree of impact, the time of
implementation,the person responsible for change man-
agement, the reason for changes, the renewable or non-
renewable resources, the type of contract, the stakeholders’
interest, as well as shows the impact of changes on key
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elements of the project and gives recommendations, which
will minimise the consequences of unwanted changes for
stakeholders. In the paper [16] it is stated that the pro-
cesses of change management may fail due to depen-
dence on the human factor, and also proposed the use
of automation systems for change management in order
to reduce the “human factor” influence. The authors of
the work [17] identified eleven factors that ensure the
efficiency of change management in construction proj-
ects. Namely: accumulation and application of technol-
ogies, innovations, application of specific management
system, organisational regime and structure, support from
management staff, implementing of project culture, social
behavior, corporate reputation, and fulfillment of social
obligations in five categories (project environment, con-
struction opportunities, organisation, positive culture and
behavior, as well as requirements for sustainable devel-
opment).The study[18] presents a number of factors that
lead to changes, among which authors distinguish the
following: “increased competition, new laws and regula-
tions, organisational growth, economic crises, support from
top management,and clear planning of changes are factors
of successful change management”.

The paper [19] examines the impact of organisa-
tional culture, learning, and knowledge management sys-
tems on the effectiveness of construction, and authors
of [22; 25; 26] emphasise the importance of leadership,
motivation, and support of transformations at the level
of top management. The article [4] highlights critical
importance for successful implementation of changes

in the following steps: clear planning of the program of
changes, neutralisation of opposition, and formation of
new organisational culture. Anthony Mento, Raymond
Jones & Walter Dirndorfer [27] in their work consider
practical aspects of the implementation of the three most
famous change management models in the business,
including Kotter’s strategic eight-step model for trans-
forming organisations, Jick’s tactical ten-step model for
implementing change,and General Electric (GE)’s seven-
step change acceleration process model. In the work [5]
it is stated that the most effective decisions of flexibility
in change management are: permanent monitoring and
improvement of resources, flexible working process, client
participation, simplified communication, quick response
to requirements, constant learning.

Since most of the analysed papers emphasise the
importance of staff in change management, it is proposed
to use the widely used McKinsey 7-S model created by the
American authors’team, T. Pithers and R. Waterman as the
basis for assessing the company’s ability to transform [28].
This model gained wide popularity in the 1980-ies.The
advantage of the model (compared to other models of
the company’s microenvironment assessment) is that it
emphasises the importance of the human factor in the
company’s development and considers the structure of
the company not only on the basis of available material
values [29].

MATERIALS AND METHODS
The research is carried out in several stages (Fig. 1).

i

Choice of indicator for estimation of transformation ability of the enterprise “y

v

Defining a list of indicators that influence the transformational ability of the groups of the
model “7S”: Strategy, Skills, Shared Values, Structure, Staff, Systems, Style

A 4

v

The choice of influencing factors for each group x;... x,

v

Data processing by tools of Fuzzy logic

v

Identification of enterprise change management drivers

'

System of change management of the enterprise

A

Formation of a system of rules for belonging of an enterprise to a
group with a low, medium, or high level of transformation ability

Figure 1. Conceptual model for determining the impact of staff adaptability on enterprise transformation

The first stage of the model is the assessment of
the ability of the enterprise to change. Transformative
ability is proposed to be defined as the ratio of the effi-
ciency of the operational activities of the construction en-
terprise in the estimated period to the average efficiency
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of the operational activities of the construction sector
in the relevant period. This is due to a study hypothesis,
which assumes that the higher the ability to change the
enterprise is, the higher the effectiveness of its activity
compared to other competitors.




The second stage of the research is to determine
on the basis of the literature review the list of indicators
to be combined in the group according to the model “7S”
and to determine their influence on the transformation
ability of the enterprise on the basis of Fuzzy logic. The
system of fuzzy logical conclusion by means of the Mat-
lab Fuzzy Logic Toolbox application package was created
with the help of the system of fuzzy output of the Madami
type. In this case, systems like Madami are the result of
designing and learning a neurofuzzy hybrid model.

The third stage is the formation of a system of fuzzy
rules to manage the transformation ability of enterprises
and to identify change management drivers, due to which
changes can be accelerated or slowed down.

As a sample, the authors used data on 26 construc-
tion enterprises collected from open sources. A sample of
151 observations was studied.All the enterprises chosen
belong to section F of construction of buildings (section 41),
construction of buildings (section 42) by the Classifier of
economic activity types (KVED 2010). These enterprises
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carry out general construction works and road construc-
tion. Data on the activity of companies from 2007 to 2020
are used. Among the indicators that characterise the
development of enterprises are those that can describe
the ability to change the personnel of the enterprise. It
is assumed that the adaptation capacity of the construc-
tion enterprise “y” depends on the following factors:

P, - labor productivity in the investigated period (ratio
of revenue from sales of products to the average annual
number of employees of the building enterprise).

P, - the ratio of administrative expenses to wages in
operating expenses.

P, - the share of employees with higher education
in the total number of management staff.

P, - experience of management staff.

P, - the ratio of labor costs to wage costs.

For the hybrid network training, the authors used
a “hibrid” method with error level 0 and number of cy-
cles 40. For input factors x,-x, and integral y the model
“five inputs-one output” was obtained (Fig. 2).

~

D

< P, —labor productivity

P, — the ratio of administrative
expenses to wages in operating
expenses

~

D
Ta\

SOS

<

of management staff

P, — the share of employees with
—' higher education in the total number

Transformation ability
of the enterprise

N
T\

N

P, — experience of management staff

SO

4

costs

P — the ratio of labor costs to wage

Figure 2. Model of influence of factors x,-x, on the transformation ability of the enterprise

The fuzzification can be provided by means of the
membership function of incoming variables, i.e., transi-
tion from numerical parameters of incoming variables
to fuzzy values of linguistic variables. That is, the mem-
bership functions for variables P, - P, which allow for
any value from a range of input data to determine its
degree of membership to a fuzzy set. To both input vari-
ables, the authors set three membership functions of
the “‘gaussmf” type (gaussian function), which sets the
combination of membership functions in the form of gauss-
ian curves and has the following appearance (1) [30; 31]:

1 x—c\2
#(P) = e_f'(T) (1)
where o and ¢ — numeric parameters, at the same time,
¢ - is the coordinate of the maximum, which coincides

with the mathematical expectation of the value in the
general assembly; o - is the concentration or stretching
coefficient that is determined based on the distribution
of the characteristics in the general assembly. The con-
centration coefficient influences “the transition point”, a
unique value for which the confidence measure is equal
to 0.5, reflecting the maximum uncertainty of the inves-
tigated factor in some term. The Matlab environment
does not explicitly state the formulas of the membership
functions, but instead presents a compressed notation of
the function’s parameters that are marked as an ordered
array of two numbers of the “‘gaussmf” type: [o, c].
Add-on “Anfis-editor” of Matlab environment de-
velop and test fuzzy conclusion algorithms with rules in
which the combination of input variable terms represents
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a complete set of all possible combinations of member-
ship functions of the input variable in the design system,
and not all of them may be used for further analysis. On
the basis of the selected rules, it is proposed to assess
the adaptive ability of the personnel, and also assess
the impact of factors P, - P, on the transformation ability
of the enterprise.

RESULTS AND DISCUSSION

The 7S model was developed by McKinsey employees
to assess the effectiveness of the organisation by pro-
viding a thorough analysis of seven key elements of the
firm: strategy, skills, common values (corporate culture),
structure, employees, systems, and style. The model name
“7S”is related to the fact that all of its components that are
to be evaluated start with the English letter S: Strategy,
Skills, Shared Values, Structure, Staff, Systems, Style (Fig. 3).

The key elements of the company, which are classi-
fied as “hard” and “soft”, are mutually dependent on each

other and thus jointly participate in change manage-
ment. The “hard” elements of the microenvironment of
the company are three components: structure, strategy,
and management system of the organisation. “Hard”
elements are the easiest to describe, evaluate, and therefore
easier to manage. The “soft” elements, which include all
other components of the model, are more difficult to man-
age and evaluate, but they can often provide a long-term
competitive advantage [33].

If the classic model is used to assess the effective-
ness of company management, to identify the basic com-
ponents of the effectiveness of any business, then the
offered model is adapted to the conditions of dynamic
changes, mainly focused on the ability of key elements
of business to adapt to changes, avoidance, resistance, or
confrontation to negative influences, taking into account
the positive trends for the enterprise in the formation and
implementation of development plans.

Structure

O

“Hard”
elements

Strategy

Skills

Systems

Staff

[3 ‘Sof‘t’ 9
elements

Figure 3. Graphic interpretation of McKinsey “75” model

Source: [32]

Based on the developed model, the authors pro-
pose to expand the interpretation of its elements by in-
corporating a number of business indicators that define

Table 1. Matrix of business indicators of producti

the content of each component of the model and in
general form a complex system of productivity changes
in the construction enterprise (Table 1).

vity of changes in the construction enterprise

(based on McKinsey “7S” model)

Model element Content of BP business indicator ?urre.nt B usiness
situation indicator
Availability of the shared values of the enterprise v,
Shared values | Corporate culture level v, \
Corporate social responsibility level V.
Flexibility of enterprise strategy S,
Competitiveness S,
Strategy S
Activity effectiveness S,
The level of adaptability of the construction enterprise S,
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Table 1, Continued

Model element Content of BP business indicator Furre.nt B us'mess
situation indicator
Type of organisational structure T,
Structure The effectiveness of communication between top management T T
and employees of lower management level 2
Level of digitalisation T
Effectiveness of enterprise subsystem operation M,
Sustainability of the financial system of the enterprise M
System Efficiency of human resources use M M
Availability of systems of control, monitoring, and evaluation M
of business processes 4
Availability of corporate style Y,
Management style |4
Style - i : o Y
Availability of competition/cooperation between subdivisions Y,
Involvement of employees in decision-making Y,
Labor productivity P,
Ratio of administrative expenses to wages in operating expenses P
Staff Share of employees with higher education among management staff P P
Experience of management staff P,
Ratio of labor costs to wage costs P,
Ratio of number of employees who need new skills to the total number of K
employees 1
Frequency of personnel training
Skills Compliance of employees’ qualification with their positions K, K
Effectiveness of the advanced training system (ratio of number of employees
who have increased qualification to the number of employees who need K,
advanced training)

Source: developed by the authors

Using the indicators defined by each integral in-
dicator of the activity and development of the enter-
prise, the authors study the discrepancies and inconsis-
tencies between the elements of the general system of
operational management that is moving in the stream
of constant changes of the internal and external envi-
ronment.

Thus, using the developed system of business in-
dicators of productivity changes in the operational ac-
tivity of BP it is possible to find ways to improve inter-
nal business processes of the enterprise, optimise the
organisational structure, forecast possible changes of
each of the seven elements of the enterprise, correctly
carry out reorganisation, increase the level of efficien-
cy of resource use and optimise the staff and number
of employees, and also to determine the best way and
tools of realisation of the strategy of development of
enterprises in construction sector.

Within the framework of the conceptual approach
set out in the McKinsey model, it is proposed to determine
the ability of enterprises to change to use artificial in-
telligence tools, which are used as an effective means
of managing enterprises in the conditions of uncertainty
and environmental variability.

Since the purpose of the article is to study the
impact of staff adaptability on transformational oppor-
tunities of enterprises, only factors P, - P, are selected
as factors of influence on the result index, as shown
in Table 1. The system of fuzzy logical conclusion by
means of the Matlab Fuzzy Logic Toolbox application
package was created with the help of the system of the
fuzzy output of the Madami type. For the training of a
hybrid network, chosen method “hibrid” with error level
0 and number of cycles 40.As a result of the training of
a network, the error 0.076 percentage points was ob-
tained (Fig. 4).
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Figure 4. The gaussian membership functions for factor P1 “labor productivity”: a) “low labor productivity”;
b) “average labor productivity”; ¢) “high labor productivity”

Source: calculated by authors

Graphs (Fig. 4 a-c) present the gaussian mem-
bership functions for terms “low labor productivity”,
“average labor productivity”, “high labor productivity”.
As can be seen from Figure 4, the level of labor produc-
tivity among the analysed enterprises was ranging from
0to 1,115.000 UAH/person per year.

According to the graphs in Figure 4,the maximum
level of confidence regarding the high level of labor pro-
ductivity is 1,115.000 UAH/person per year. The highest
level of uncertainty about the high or average level of
labor productivity in the enterprises studied, which cor-
responds to a probability of 0.5, with the value of index
P, - 882,900 UAH/person per year. To achieve a high

level of staff adaptability to change, it is necessary to
achieve labor productivity above the average level, and
the membership function for this indicator goes like (2):

1 (P;—557.4\% .
& —5(ogen) JifP1<557.4

Mnec(Pl) =\e (2)
1,if P, = 557.4

Similarly, the membership functions are calcu-
lated for the factors P,-P_

Finally, the membership functions for the other
four indicators that characterise terms of type “enough
to provide transformational abilities of enterprises” are
systematised in Table 2.

Table 2. Membership functions for the other four indicators that characterise terms of type “enough to provide
transformational abilities of enterprises”

Indicator

Membership function

P, - the ratio of administrative expenses to wages in operating
expenses

1 /P,—0.676
{e_i'( 0.1822

1 (P,—0.858
fnee(Py) = { o2 (o157

[1,ifP, = 0.1822
1,if P, < 0.676

2
) Jif P,<0.1822

2
) JifP,>0.676
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Table 2, Continued

Indicator

Membership function

P, - the share of employees with higher education in the total
number of management staff

_1(P—1
tnec(P3) = 1€ 2(0.4247
1,if Py > 0.4247

2
) Jif P3<0.4247

P, - experience of management staff

1,if P, < 17.49
Hnec(Py) = { 1'(P4—4-2.2

2
AN v ),ifP4217.4-9

P, - the ratio of labor costs to wage costs

1,if Ps < 0.82

_ 1/Ps—082
e 2 0.05

Mnec(Ps) = {

2
) JifP520.82

Source: calculated by authors

By default, the “Anfis-editor” add-on of the Matlab
environment develops and tests algorithms of fuzzy con-
clusion with rules, in which combination of terms of in-
coming variables represents a complete set of possible

input

combinations of membership functions of the incoming
variable in the design system of Madami.Their substan-
tiation is given in combination with the description of the
rules' base of fuzzy logical conclusion (Fig. 5).

outputmf output

Logical Operations

and

@ °

not

Figure 5. The rules’ system of fuzzy conclusion

Source: calculated by authors

Since the system has three input variables, each
of which has two terms and three variables have two
terms, the maximum number of rules in the knowledge
base to the formulation of all possible dependencies
between factors and consequences should be 2°*32=72.
However, such a number of rules is superfluous because
it makes management difficult. Besides, not all rules are
necessary to adequately reflect the dependence between
inputs and output y. In particular, in the works [30, p. 312;
31, p.48] it is noted that the minimum number of rules
can be within 2-3% of their total number.

According to the information provided in the “Rule
Editor” dialog, the rules in the knowledge base are equal
to 1. In the final version, ten rules were selected that
reflect the main impact of the personnel on the trans-
formation opportunities of the enterprise.

The rules are formulated as follows (fragment):

1. If the labor productivity of employees is insuffi-
cient AND the ratio of administrative expenses to wages
in operating expenses is high AND the proportion of
employees with higher education is less than 47% AND

the average experience of management personnel is
more than 17.5 years AND the ratio of labor costs to
wage costs is low (less than 0.82) THEN ability to man-
age changes of the enterprise can be determined by
the formula: mf15=0.03468-P -+6.553-P,+2.3988-P,+
+11.33-P,+4.855-P,, 0.3359.

2.1f the labor productivity of employees is insuffi-
cient AND the ratio of administrative expenses to wages
in operating expenses is enough AND the proportion of
employees with higher education is less than 47% AND
the average experience of management personnel is
more than 17.5 years AND the ratio of labor costs to wage
costs is more than 0.82 THEN ability to manage changes
of the enterprise can be determined by the formula:
mf20=0.0147-P-+0.855-P,-0.011-P,+5.2-P,+0.3289-P,
0.1022.

3. If the labor productivity of employees is insuffi-
cient AND the ratio of administrative expenses to wages
in operating expenses is high AND the proportion of
employees with higher education is less than 47% AND
the average experience of management personnel is
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more than 17.5 years AND the ratio of labor costs to
wage costs is less than 0.82 THEN ability to manage
changes of the enterprise can be determined by the
formula: mf23=0.00677-P,-+0.662:P,+1.43-P,+0.1466-P +
+0.6595-P,, 1.122.

4. If the labor productivity of employees is insuffi-
cient AND the ratio of administrative expenses to wages
in operating expenses is high AND the proportion of
employees with higher education is more than 47% AND
the average experience of management personnel is more
than 17.5 years AND the ratio of labor costs to wage
costs is more than 0.82 THEN ability to manage changes
of the enterprise can be determined by the formula:
mf24=0.002328-P -+0.4482-P,+0.184-P,+2.798-P,+0.018:
-P.+0.104.

5.If the labor productivity of employees is average
AND the ratio of administrative expenses to wages in
operating expenses is high AND the proportion of em-
ployees with highereducationis morethan47%AND the
average experience of management personnel is more
than 17.5 years AND the ratio of labor costs to wage
costs is less than 0.82 THEN ability to manage chang-
es of the enterprise can be determined by the formula:
mf34=0.00523-P -+0.6147-P,+1.26:-P,+0.68-P,-2.42-P +
+1.139.

6. If the labor productivity of employees is aver-
age AND the ratio of administrative expenses to wag-
es in operating expenses is high AND the proportion
of employees with higher education is more than 47%
AND the average experience of management personnel
is more than 17.5 years AND the ratio of labor costs
to wage costs is more than 0.82 THEN ability to man-
age changes of the enterprise can be determined by
the formula: mf39=0.02935-P -+4.147-P +1.601-P.+
+0.1652-P,+0.3506-P,, 2.127.

7.1f the labor productivity of employees is aver-
age AND the ratio of administrative expenses to wages
in operating expenses is high AND the proportion of
employees with higher education is less than 47% AND
the average experience of management personnel

is more than 17.5 years AND the ratio of labor costs
to wage costs is more than 0.82 THEN ability to man-
age changes of the enterprise can be determined by
the formula: mf44=0.002014-P -+0.053-P,-0.00069-P,+
+0.3255-P,+0.0205-P .+ 0.0064.

8. If the labor productivity of employees is aver-
age AND the ratio of administrative expenses to wages
in operating expenses is high AND the proportion of em-
ployees with higher education is less than 47% AND the
average experience of management personnel is less
than 17.5 years AND the ratio of labor costs to wage costs
is more than 0.82 THEN ability to manage changes of
the enterprise can be determined by the formula: mf45=
0.0422-P-+0.4164-P,+0.09-P,+0.9203-P,+0.0418-P,, 0.07.

9. If the labor productivity of employees is high
AND the ratio of administrative expenses to wages in
operating expenses is low AND the proportion of em-
ployees with higher education is less than 47% AND the
average experience of management personnel is less
than 17.5 years AND the ratio of labor costs to wage costs
is low (less than 0.82) THEN ability to manage changes
of the enterprise can be determined by the formula:
mf48=0.01499-P -+0.0288-P,+0.012-P,+0.1763-
-P,+0.0012- P.+0.007.

10. If the labor productivity of employees is high
AND the ratio of administrative expenses to wages in
operating expenses is low AND the proportion of em-
ployees with higher education is more than 47% AND
the average experience of management personnel is
less than 17.5 years AND the ratio of labor costs to wage
costs is low (less than 0.82) THEN ability to manage
changes of the enterprise can be determined by the for-
mula: mf53=-0.00198-P -+0.6001-P,+0.004-P,+0.0004-P,+
+0.00095-P,, 0.005.

These ten rules reflect the basic provisions of the
HR strategy by influencing the factors of staff’s adaptive
ability. In Figure 6 the influence of factors of labor pro-
ductivity and administrative burden on wages on the
ability of the enterprise to change is shown.

~ 7600

200

Figure 6. The influence of parameters P, and P, on the result indicator

Source: calculated by authors
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Therefore, the largest level of adaptability to
changes can be achieved by enterprises where labor
productivity is higher than the average level,and admin-
istrative burden on wages is low. With an increased ad-
ministrative burden, the ability to change at the enterprise
is drastically reduced. It is possible to conclude that if it is
necessary to change the strategy of the enterprise devel-
opment, its adaptation to the influence of the surrounding
influences in order to increase the adaptive ability of en-
terprises we should reduce administrative expenses.

Exceptions exist only for enterprises with high la-
bor productivity, for which a low level of administrative
burden, will likely reduce the efficiency of the manage-
ment system, which should have a negative effect on
adaptability to changes. For enterprises of this type, it
is recommended to keep the average level of adminis-
trative load, which will allow to reaching a high level of
adaptability, without losing control of the system.

CONCLUSIONS

The identified dependencies allow taking into account
the impact of the company’s personnel adaptability on
the efficiency of changes, flexibility, and effectiveness
of the response to changes in the company’s external

Shpakov et al.

internal environment. Among the factors of staff adapt-
ability on the efficiency of transformations influence
labor productivity, the administrative burden on wages,
availability of employees with higher education among
management personnel, the experience of management
personnel, the ratio of labor costs to wage costs. The
proposed system of assessment allowed to identify key
factors for the transformation ability of enterprises, which
will allow influencing them directly, when necessary,
reaching the desired level of flexibility and providing
adaptive capabilities of the enterprise system.

The approach proposed in the article for assess-
ing the possibilities of managing changes in enterprises
through the factors of the adaptive ability of staff can
also be used for other factors of the McKinsey “7S”
model. Defining the impact of changes due to fuzzy pa-
rameters of the system of indicators will allow to con-
sider transformations through the prism of changes in
strategy, skills, shared values (corporate culture), structure,
staff, system, and style. This approach will help to model
the efficiency of the enterprise development, its pro-
pensity to transformations, and the main thing, to iden-
tify factors that can prevent changes or vice versa, will
reveal drivers of changes in each particular enterprise.
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OuiHIOBaHHSA BNNMBY $aKTOPiB afAanTUBHOCTI Ha pe3y/IbTaTUBHICTb yNpaBniHHA
3MiHaMm nignpuemMcTB 3acob6amum fuzzy logic

Anppiii BacunboBuu Lnakos, Ceprin MNaBnoBuu CreueHko, NaHHa BaneHTuHiBHa LUnakoBa,
Jleca BiktopiBHa CopokiHa, PomaH bopucoBuu Akcenbpop,

KWiBCbKMI HaLiOHaNbHUI yHiBepCUTET OYAIBHULTBA | apXiTeKTypH
03037, npocn. MNosiTpodnorcbkuin, 31, M. Kunis, YkpaiHa

AHorauis. CTaTTd NpUCBAYEHa BUPILEHHIO aKTYalbHOMO 3aBAAHHS WOAO BUSBAEHHS YUHHUKIB CTUMY/IOBAHHS NEPCOHany,
AKi HAMKpaLLMM YMHOM 3a6e3MeyaTb rHYUKiCTb i MOX/IMBICTb YNPaBAiHHA 3MiHaMM onepaLiMHOi CUCTeMM NiANPUEMCTBA.
MeTo AOCNIAXKEHHS € BUSBNIEHHS 3a1€XKHOCTI 34aTHOCTI A0 TpaHcopMaLii NiANPUEMCTB Bid adanTUBHUX MOXIUBOCTEMN
rONOBHOrO PYyLWia YyNPaBAiHHSA 3MiHAMKU — NEePCOHanNy, Ta BUABIEHHS BHYTPILWHIX YUHHUKIB, SIKi € ApaiiBepaMu 3MiH.
[ocnigkeHHs NpoBeAeHO Ha NPUKNaai AaHMX YKPaiHCbKMX ByAiBeNbHUX NiANPUEMCTB. Y SKOCTi KOHLLENTYalbHOi OCHOBM
NS BUSB/IEHHS TaKMX YUHHWMKIB 3aCTOCOBaHO Moaenb McKinsey «7S»,BianoBiAHO i3 KO yCi hakTopu 3rpynoBaHo 3a
03HaKaMW HaNEXHOCTI A0 TaKMX CKN3AO0BMX: CTPATErii, HABUYOK, CNiIbHUX LiIHHOCTEH (KOPNOPATUBHOI KYNbTYpH), CTPYKTYPM,
CniBpo6iTHMKIB, cucTeM i cTuno. OCKiNbKM METOK AO0CNILXKEHHS € BUSBIEHHS BM/MBY aAanTUBHUX MOX/IMBOCTEN
nepCcoHany Ha rHyYKicTb i 34aTHICTb TPAHCHOPMYBATUCh MiANPUEMCTBA, TO Y POOOTi CTBOPEHO MOLENb BMIMBY YUUHHUKIB
rpynu «MepcoHan» Ha rHy4YKicTb i ePeKTUBHICTb BMPOBAMXEHHS 3MiH NiANPUEMCTBA. MOAENIOBAHHS NPOBOAMIOCH
3acobamu fuzzy logic. Y pe3ynbraTi BU3HAYEHO, WO HA ePEeKTUBHICTb TPaHCHOPMaLLii MatoTb BMNIMB Taki MOKA3ZHUKM:
NPOAYKTUBHICTb NpaLi (BUPOBITOK), aAMiHICTPAaTMBHE HABAaHTAXKEHHS HA 3ap0biTHY NNaTy (BiAHOWEHHS aAMiHiCTPAaTUBHMX
BMTPAT 40 3ap06iTHOI NnaTM NepcoHany), HasBHICTb NPaLiBHMKIB i3 BMLLOK OCBITOK Cepef ynpaBiHCbKOro nepcoHany,
CTax poboTM ynpaBiiHCbKOro NepcoHany, BifHOLWEHHS 3060B’93aHb i3 ONnaTh npaui 40 BUTPAT Ha 3apobiTHY naarty.
3anponoHOBaHa CUCTEMA OLiHIOBAHHS A03BOIMIA BUSBUTU KIKOYOBI Ans TpaHChOPMaLIMHOT 34aTHOCTI NiANPUEMCTB
YMHHMKM, L0 [O3BOAUTL Y pa3i NOTpebu LinecnpsaiMoBaHO BM/IMBATH HA HMX, AOCATaOYM BAXKAHOIO PiBHSA FHYYKOCTI
i 3abe3neyvyoun aganTMBHI MOXIMBOCTI cucTeMu. MepcnekTMBaMm NOAANbLUMX AOCAIAKEHD MAKOTb CTAaTU CTBOPEHHS
Mopeneii Ha 6a3si HeYiTKOI NOTiKK, SKi ypaxoByHTb BNAMB YUHHMKIB GOPMYBAHHSA CTpaTerii, HABUYOK, KOPNOPATUBHOI
KYNbTypU, CTPYKTYPU, CUCTEM i CTUAIO HA 34aTHICTb TpaHCchopMaLii NiANpUEMCTB

KniouoBi cnoBa: ynpasniHHSI 3MiHaMK, iHCTPYMEHTM HEYITKOI orikun, nepcoHan, byaiBenbHe NignpuMeMCTBO, eEKTUBHICTb
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INTRODUCTION

Agriculture remains the leading sector of the Ethiopian
economy accounting for about 35.45% of gross domestic
product (GDP) [1]. During 2010-2020, GDP grew by an
annual average of 9.4% and the registered growth in GDP
has been contributed by all sectors [2]. The smallholder
agricultural sector: agriculture, manufacturing and service
is the main source of employment, agricultural GDP, ex-
port earnings,supply of food and raw materials to urban
areas and food industries. Crop production contributes
more than 60% to agricultural GDP [3]. The most common
agricultural crops grown in Ethiopia are grain crops (ce-
reals, pulses and oil-seeds), fruits (banana, mango, av-
ocado etc.) and vegetables (red pepper and Ethiopian
cabbage), root crops (onion and garlic, potatoes, sweet
potatoes) and stimulant crops (chat and coffee)[4]. Ethi-
opia is also the centre of origin and genetic diversity for
many economically important crops including teff, ni-
ger seed, enset, coffee, khat, and Ethiopian mustard or
gomenzer [5].

Teff is a small cereal grain indigenous to Ethiopia.
The name was probably originated from the Amharic
word “teffa” which means “lost” because of small seed
size that is difficult to find once it is dropped. It takes the
lion share of the total value of cereal production and it
is because of its higher comparative price. It is the next
most essential cash crop after coffee, whose commercial
surplus equalled the combined commercial surplus of the
other three main grains (wheat, maize and sorghum) in
the country[4]. Teff grows mainly in Amhara and Oromia
while Tigray and SNNP regions also produce lesser quan-
tities in Ethiopia. Though, East Gojjam stands first (taking
10% of the national annual teff production). There are
other potential teff production areas like Gondar, North
Shewa, and West Gojjam in Amhara, as well as East, West,
and South West Shewa zones in Oromia region, account-
ing five to ten percent of the national annual teff pro-
duction [6].

Dera is one of the South Gondar woredas (the third
level of administrational hierarchy in Ethiopia commonly
known as district), where the livelihood system of its resi-
dentsis based on both crop and livestock production.Ag-
riculture in Dera is mainly dependent on rainfall while
there are various surface and ground water resources
that can be tapped into to maximise water utilisation
for agriculture. Barely, finger millet and maize are the
most consumed crops in the household while teff, oil
seeds, and horticultural crops are marketed, making up
an important source of cash income for farmers [7].

Dera woreda stands 1% in teff production from
south Gondar zone [8]. Almost all of the 29 rural kebe-
les (the last administration unit in Ethiopian adminis-
trational hierarchy) are potential teff producers. How-
ever, there are major constraints regarding agricultural
problems in the study area. These include high fertiliser
price (use of sufficient fertiliser has become difficult for
most farmers and it lowers productivity), loss of soil fertility
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(declining crop production and application of high dose
of fertiliser to have reasonable yield has become essen-
tial), land shortage, use of low yielding local cultivars,
and crop pest (because of continuous sole cropping of
the same land repeatedly).Besides,there are marketing
problems of teff which are price fixing by wholesaler (selling
agricultural products at low prices), selling farm outputs
in harvest time for loan repayment, lack of government
intervention, and weakness of cooperatives [9].

According to the information obtained from of-
fice of agriculture, pre- and post- harvest losses harm
farmers’agricultural yield particularly in teff. Shattering
brings hugeyield loss.Threshingisalso performed onthe
ground that leads to the mixing of grains with the soil,
sand, and/or other foreign matter which plays its own role
in loss of teff quality that ultimately affects its market.
These problems in general deteriorate surplus of teff to
be value added and supplied to the market, which would
improve farmers' lives and profitability of each teff market
chain actor [10].

Teff production is a potential engagement [8] and
it is the livelihood of many farmers, despite the crop
not giving due policy attention. Sufficient information
concerning the factors determining the volume of teff
marketing in the study area is still missing. Even though
farmers produce the teff grain well, they do not bother
about quality, standard, the use of improved variety[11].
TM.Challa et al.[12],T.M.Abate et al.[13], T.Beyene [14],
A.Feyso Ergetew [15], E. Oyka [16],and A.Workye et al.[17]
made an attempt to investigate the predominant factors
affecting farmers’ supply of teff, honey, cotton, sesame,
red pepper, and rice respectively. However, their study
lacks details of teff production, storage, volume marketed,
and determining factors precisely.

Hence, this paper aims to understand the extent
of agricultural product marketing in Ethiopia regarding
teff production and marketing status in the study area.
It identifies the volume of teff marketed and its deter-
minant factors, opportunities, and challenges of pro-
duction and marketing in the study areas to understand
better and set possible improvement strategies to up-
grade teff productivity and marketability for the benefit
of smallholder farmers.

The overall objective of this study was to analyse
the factors that determine the volume of teff marketed
and associated challenges and opportunities in Dera
woreda while the particular purposes addressed were:
to investigate the production storage and marketing of
teff; to analyse the factors that determine the volume
of teff marketed; to identify the opportunities and chal-
lenges of teff production and marketing.

MATERIALS AND METHODS

Description of the study area
Dera is one of the woredas in the south Gondar zone
of the Amhara regional state, Ethiopia. It is bordered by




Abay River in the south separating from east Gojjam,
Lake Tana in the west, Fogera in the north, east Estie in
the northeast, and west Estie in the east. The woreda
covers 158 948 ha, of which 35% is plain, 20% is moun-
tainous, 18% is gorges, and 27% is undulating. The al-
titude of the woreda ranges from 1 560 m to 2 600 m
above sea level, while the annual average rainfall is
1,250 millimetre. Regarding agro-ecology, 85% is Woina-
dega while 15% is Dega. There are 32 kebeles in the
woreda, of which 29 are rural, and 3 are town kebeles.
The total population of the woreda is 279 845, of which
142 851 are male, and 136 994 are female. The num-
ber of households in the woreda is 69 961, 58 767 are
male-headed, and 11 194 are female-headed [10].

The woreda experiences annual rainfall ranging
from 1 000-1 500 mm, which one of the most humid
woredas in the country. It has one long rainy season,
“Kiremt”, from June to September. The main crops cul-
tivated by farmers in the woreda are teff, finger millet,
maize, sorghum, and rice in Woinadega (midland) areas.
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In Dega (highland) areas of the woreda, wheat and teff
are grown. Households also grow crops and fruits like
Irish potato, onions, tomato, sugarcane, mango, orange,
spice, and chili pepper. Oil seeds, such as oats, flax, and
niger seed are also cultivated using irrigation during
the dry season. While finger millet and maize are used
primarily for household consumption, teff, oilseeds, and
horticulture crops are marketed, making up an essential
source of cash income for farmers [7]. The geographical
illustration of the studied area is pictured in Figure 1.

In the woreda, the land is used for annual crops,
perennial crops, grazing, forest,and construction of roads
and settlements, while water bodies and other uses cover
the rest. As the livelihood of individuals in the study
area is farming, a large share of land is used to produce
crops, followed by bushes and shrubs. However, the
proportion of land covered by road is very small which
confirms that infrastructure is not well developed. The
fundamental insight of the balance of land use and its
coverage is illustrated in Table 1.

Table 1. Land use in Dera woreda

Land Use Area coverage (ha) Percentage
Annual crops 68 071 42.83
Perennial crops 7283 4.58
Grazing land 9764 6.14
Forest land 13221 8.32
Bushes and shrubs 15372 9.67
Road 2254 1.42
Westland 15 105 9.50
Covered by water 7201 4.53
Construction and settlement 11513 7.24
Others 9164 5.77
Total 158 948 100

Source: [10]
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Figure 1. Map of the study area
Source: [10]
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Types, sources, and method of data collection

The authors collected both primary and secondary data
for the study. Household surveys, key informants, focused
group discussions, and personal observations were the
primary data collection. Besides, secondary data collected
from different sources, including the Office of Agriculture,
Trade and Industry, CSA, and Amhara regional agricultural
research institute.

Before the data collection, the authors checked the
content using a pilot survey by interviewing five house-
holds to limit the duration of the schedule and the valid-
ity of the semi-structured questionnaire content. After
that, the semi-structured questionnaire constituting the
preliminary insights was reorganised, the interview sched-
ule was adjusted, and enumerators were trained about
the questionnaire’s range and system of gathering in-
formation and way of approaching respondents. Finally,
the authors did the formal survey with randomly selected
farmers. To check the validity of the collected data and
complement the questionnaire survey, focus group dis-
cussions, key informant interviews, and field observation
were applied.

This research was conducted according to the dec-
laration of Helsinki and the legal requirements of the
Ethiopian National Health Research Ethics Review Guide-
line. The ethical research committee approved this study
at Debre Tabor University. Study participants were in-
formed that clients have a full right to discontinue or
refuse to take part in the study. Hence, all participants
throughout the research, including survey households,
enumerators, the supervisors, and key informants were
fully informed of the objectives of the study. They were
asked consent to do this research.

Focus Group Discussion (FGD): Focused group dis-
cussions were used to validate the information given by
an individual farmer and to receive essential points that
respondent farmers did not raise. Focus group discussion
was conducted with community representatives, in-
cluding elders, women, model farmers, and youth who
have experience in teff production. The participants were
selected to discuss issues related to the purpose of the
study and members shared their background, opinion,
and experience in the matters under research. A total
of two focus group discussions were performed in sampled
kebeles. Each group had seven members. The purpose
of this discussion was to understand the bottlenecks
farmers faced in commercial teff production, identify
the existing marketing practice commonly presented in
the study area, and what type of information farmers need
in participating in teff market.

Key Informant Interview: Key informant interviews
were carried out with individuals who had lived in the
community for a long time and have sound knowledge
about the area’s existing teff production and marketing
situation. For this discussion, a checklist developed for
this purpose was prepared and used.
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The purpose of the critical informant interview was
to obtain the views, opinions, and suggestions of the key
informants about teff production and marketing to bet-
ter understand the pattern of production and marketing
in the study area. For this purpose, key informants were
selected from each peasant association (Pas) through
kebele leaders, and enumerators and a personal dialog
was conducted. Besides, experts at the woreda level, de-
velopment associations (Das), and Kebele administration
were included in the critical informant interview, and a
total of 14 key informants’ interviews were conducted.

Household survey: A household survey was under-
taken by developing a structured questionnaire with closed
and open-ended questions to generate information at a
household level, managed through face-to-face contact
and interviewing the head of the sample households. The
pilot was oriented by the kebele administrator about
the purpose of the survey. The information collected from
the household questionnaire included demographic char-
acteristics, economic factors, institutional activities, in-
formation source of farmers, and constraints of effective
farming practices of this study area.

Field observation: In addition to data collected
through structured questionnaires, an essential part of
the survey was the practical observation on the produc-
tion and marketing of teff with an informal survey. As a
result, the field observation was applied to clearly un-
derstand the natural environmental setting and socio-
economic activities, financial institutions (rural credit
services), infrastructural facilities like communication ser-
vices, road and transport facilities, production and mar-
keting situations of the study area.

Sample size and sampling procedure

The selection of sample respondents for the study engaged
a three-stage sampling. In the first stage, Dera woreda
was selected among 13 woredas of the south Gondar
zone. The underlying principle for the choice was woreda-
level crop production rankings. Dera woreda stands first
in teff production compared with the rest of woreda. In
consultation with the Agriculture and Natural Resources
Development Office in the second stage,two kebeles were
selected from Dera woreda purposively based on their teff
production and marketing potential. In the third stage,
using probability proportional to size (PPS), the number
of respondents was selected from each kebele using a
simple random sampling technique. Accordingly, 171 teff
producers were chosen randomly. The maximum number
of respondents (farmers) determined by using a formula
developed by [18] was:

-2 &
T 1+ N(e)?
where n — the sample size for the research; N - the pop-

ulation size (total number of households in the selected
kebeles); e — the level of accuracy.

n




To determine the required sample size at a 95%
confidence level, with a 0.5 degree of variability and
a 7.5% level of precision, 2136 household heads from
Meha-Atsedeweyine and 2797 households and Goha
kebeles were employed. The number of male and fe-
male-headed families was 1867, 269, 2462, and 335
in Meha-Atsedeweyine and Goha kebeles. Respondent
farmers:

~ 4933 ~
" 154933000752

171

Methods of data analysis

Descriptive statistics and econometric analysis were
actively employed for data analysis. This analysis was
performed using Microsoft Office Excel 2013, SPSS 20,
and STATA (Statistical & Qualitative Data Analysis Soft-
ware), 15 statistical software packages.

Descriptive Statistics. The descriptive analysis is
essential in providing better understanding of specific
features of sample units. It allows comparing different
categories of the sample unit for the desired character-
istics by using tables, minimum, maximum, frequency,
percentages, means, ratios, and standard deviations. It
explains and interprets the data obtained from sampled
households’ socioeconomic characteristics. Appropriate
statistical tests such as t-test (for continuous variables)
and (Chi-square test) for discrete variables were applied
to compare and verify the mean or proportion difference
between selected characteristics.

Econometric Analysis. This method of data analysis
refers to the use of different economic and statistical
tools or models for testing hypotheses related to the
study’s objective.Hence,amultiple regression modelwas
used to identify the marketing volume factors. The model
consists of a dependent variable, also called the left-hand
side variable, independent variable(s), also called explan-
atory or right-hand side variable(s), and error terms (sto-
chastic disturbance term) that stand for unobservable
random variables not explicitly included in the model.

To address the determinants of the volume of teff
marketed, a multiple regression model was used in the
study. The underlying reason for selecting the model is
its practical applicability, simplicity, and compatibility
with the data [19]. Hence, the Ordinary Least Squares (OLS)
method was used to estimate the approximate param-
eters when the dependent variable is continuous. The
specification of the multiple linear regression model
looks as follows:

Y=O(+BiXL-+Ui (2)

where Y - quantity of teff supplied to market; o — intercept;
B, — vector of parameters to be estimated; X, - vector of
explanatory variables; U, - disturbance term.

Before taking the selected variables into the
model, the necessary diagnostic tests for the existence
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of multicollinearity (among the continuous variables)
problem and the degree of association (among discrete
variables) were employed by using Variance Inflation
Factors (VIF) and Contingency Coefficient (CC), respec-
tively. The larger the value of VIF, the more troublesome
or collinear is the variable X, and those explanatory
variables with VIF>10 would be excluded from the re-
gression analysis [20]. The variance inflation factor is
specified as:

VIF(X;) = (1 —R)™! (3)

RjZ denotes multiple correlation coefficients. A
higher value of R]? shows the higher value of VIF (Xj), in-
dicating higher collinearity among continuous explan-
atory variables (X;)'

Similarly, there might also be an interaction be-
tween two discrete variables, which would lead to the
problem of high association. The contingency coeffi-
cients were computed from the survey data to detect
the problem, and a contingency coefficient greater than
0.75 indicates multicollinearity among qualitative variables.

’ X2
= _— 4
N e @

CC is the contingency coefficient, »* chi-square
test,and N is the total sample size[20].

RESULTS AND DISCUSSION

Socioeconomic characteristics of teff producers

Table 2 shows the results of the descriptive statistics of
the continuous variables investigated in this study. Ac-
cordingly, the age structure of the sample households
shows that the average age of the sample household was
51.3 years. These families include people of 28-84 years
old which falls in the productive age category. Regarding
the family size, the survey result indicates that the average
family size of sample households was 5.37,which ranges
1 to 10 members with a standard deviation of 1.63. It
confirms that sample households in the study area have
a medium-size family [10].

Education is essential in improving producer at-
titude towards modern technology in production. It allows
farmers getting innovative ideas on improved productivity,
post-harvest handling, and marketing strategies related
to different options. The highest level of education fol-
lowed by households reaches up to grade ten. Based on
categorisation, about 25.1% of the respondents did not
get formal education, while 60% got formal education
up to grade four and can read and write. Only less than 16%
of sample producers had a full-cycle primary education
in the study area.

The result shows that the households in the study
area have an average teff growing experience of 26.27 years,
implying that respondent farmers have enough knowledge
and competence in teff production and marketing and
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make informed farm management practices. The survey
results also show that farming is the primary source of
household income in the study area. The sample house-
hold’s average annual farming other than teff farm in-
come for 2019 was Birr 15585.72 per household with a
standard deviation of 6851.50. The off-farm yearly income
of farmers ranges from 1200 to 15000 birr, at off-season
farmers engaged in both off-farm and no-farm activities
like handicraft, trade and production, sale of firewood and
charcoal raised their level of income.

Resource ownership is characterised in terms of
livestock and landholding size. Livestock is an essential
asset that farmers heavily depend on to support their
families in any crisis. Livestock is considered a measure
of wealth in the rural area, and it is kept as generating
additional income and traction power for farmers. The
livestock species found in the study area are oxen, cows,

goats, sheep, donkeys, and poultry. The total number of
livestock owned by the sample households was converted
into Tropical Livestock Unit (TLU) to determine household
livestock ownership. The average livestock holding size
of farmers was between 2.7 and 28.64.

Land ownership is an indispensable factor for the
production of crops, rearing livestock, and other ancillary
agricultural activities. The proper utilisation of landholdings
under different components contributes to the farmer’s
agricultural teff production increment. The livelihood of
the farmers in the study area is highly attached to the
land and land-related resources. The mean landholding
size of the household was 1.77 ha, whereas the area
used for teff production ranges from 0.13 to 1.75 hectares.
The average national and regional teff farm size was (0.24
and 0.15) ha per household [4].

Table 2. Descriptive statistics of continuous variables

Variables N Minimum Maximum Mean Std. Dev.
Age of the household head (years) 171 84 51.32 9.65
Family size (number) 171 10 5.37 1.63
Education of the household head 171 10 2.35 2.96
Number of livestock owned (TLU) 171 2.70 28.64 8.29 2.61
Experience in teff production (years) 171 52 26.27 9.36
Total Landholding Size (Hectare) 171 0.50 3.00 1.77 0.56
Total farm size (hectares) 171 0.13 1.75 0.88 0.33
Amount of teff produced (Kg) 171 250 1900 1035.09 358.34
Amount of teff marketed (kg) 171 1200 597.66 243.72
Distance to the nearest market (km) 171 2.50 15.00 8.12 3.41
Lagged market price of teff (birr/kg) 171 7.50 12.00 9.0000 0.88
On-farm income (birr) 171 1900.00 32150.0 15585.7 6851.50
Off-farm income (birr) 42 1200 15000 6364.29 3316.76

Note: items in the brackets are measurement units
Source: survey result, 2019

Concerning the gender of the respondents, the
result shows that out of the total respondents of the
two kebele, 87.7% were male-headed; a considerable
proportion like other parts of Ethiopia. Since the majority
of the households belong to married categories, males
automatically assume the headship. Credit access plays
a vital role in developing livelihood by building the
farmers’ capacity to purchase improved agricultural in-
puts and technologies in time, which maximises pro-
ductivity and commercialisation. Farmers in rural areas
of Dera woreda get most of their financial requirements
from the Government/woreda office and Amhara Credit
and Saving Institution (ACSI).About 64.3% of the sample
respondents replied that they had access to credit for
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improving agricultural production and marketing, includ-
ing teff. Key informants also affirmed that most of these
farmers take credit and pay back in cash.

Large numbers of sampled households have ac-
cess to extension services in the study area. The survey
result shows that only 2.3% of the sample households
have no access to agricultural extension services. The
frequency of extension contact was not much different
among the families, as discussions with focus groups
indicated.An efficient market information system needs
to address information flows smoothly between consumers
and producers. According to the study results, 69.1% of
sample households got accurate market information as
shown in Table 3.
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Table 3. Descriptive statistics of dummy variables
Variables Categories Frequency Percent
Male 150 87.7
Gender of household head
Female 21 12.3
Married 150 87.7
Marital status Divorced 8 4.7
Widowed 13 7.6
) ) No 4 2.3
Extension service

Yes 167 97.7
No 61 35.7

Credit access
Yes 110 64.3
No 51 30.9

Market information

Yes 114 69.1

Source: survey result, 2019

Respondents were asked about where they ob-
tain the market information, 28.5%, 20% and 2.4% of
the total sample households pointed out that they ob-
tain market information from neighbour, traders, and

mass media respectively. More producers (49%) got in-
formation from trader and neighbour in combination
in which 32% of them get the information in a week as
depicted in Figure 2.
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Figure 2. Source of teff producers market information

Source: survey result, 2019

Farm inputs utilisation. Utilisations of improved
variety come first in the adoption of innovated technology.
It strengthens the productivity in intensive farming as
farm size goes fragmented from time to time. However,
the number of farmers that use improved seed is limited
in the study area. The result shows that a small proportion
of sample households used improved sources (30.4%).

Due to a supply shortage from farmers’ cooperatives, most
farmers bought them from the market. However, Table 4
suggests that more Goha farmers (45.4%) used improved
seed than Meha-Atsedeweyine farmers (10.8%). There was
a difference at less than 1% significance level on various
teff used.

Scientific Horizons, 2021, Vol. 24, No. 10
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Table 4. Farm inputs used for teff production

Variable Kebele (N=97) Total (N=74)
ota = = 2
Goha Meha-Atsedeweyine T-test/x
Value
N % N % N %
i Local 53 54.6 66 89.2 119 69.6
Variety of 23.678"**
teff crops Improved 54 454 8 10.8 52 30.4
White 9 9.28 1.35 10 5.85
grown Seregegna 35 36.0 24 3243 59 34.50 '
White and red 29 29.9 18 24.32 47 27.49
129.28 132.703 130.760
DAP used for teff (kg) 29.956"**
(60.264) (52.96) (57.08)
24.33 34.93 28.92
Urea used for teff (kg) 16.874™
(23.38) (19.646) (22.41)

Note: (***) and (**) are significant at less than 1% and 5% significance level respectively, parenthesis indicate standard

deviation
Source: survey result, 2019

The main types of teff grown in the area are lo-
cally mixed teff (Seregegna) (34.5%) followed by Red
(32.16%), though significant variation exists at less than
5% precision level.According to the survey, all of the total
sample farmers used diammonium phosphate (DAP) for
teff production. Moreover, sample households in Goha
used about 24.33 kg of urea and 129.28 kg of DAP.The
survey shows that Meha-Atsedeweyine farmers used
higher urea and DAP production than Goha farmers.The
t-test indicates a difference at less than 1% significance
level in the area used for teff production.

Production, storage, and marketing of teff

Production of teff is high, and it is an important crop
in the study area. The average land cultivated for teff
production in Meha-Atsedeweyine farmers (1.032 ha)
was higher than Goha farmers (0.76 ha). The average
quantity production of teff per sample household was
1035.93 kg. However, Meha-Atsedeweyine farmers pro-
duce 1154.05 kg more than Goha farmers, who make

only 942.23 kilograms per household. The study suggests
a statistical difference between the two kebeles in average
production quantity at a 1% significance level. Informa-
tion from key informants and focus groups confirm that
the reason for production difference was differences in
soil fertility.

Table 5 also demonstrates that the average pro-
duction per hectare in the total sample was 1317.50 kg.
Data gathered from sample respondents show that 57.7%
of teff produced in the cropping year is supplied to the
market. According to the survey report, all sample respon-
dents of the study area were potential market suppliers
during the survey period. The average amount of teff
marketed per household in Goha kebele was 527.32 kg,
less than the amount sold in Meha-Atsedeweyine farm-
ers (689.86 kg). The t-test statistics indicated a difference
at less than 1% significance level concerning area allo-
cated to teff, amount of teff produced and sold, and the
productivity of teff between the two kebeles.

Table 5. Area cultivated, teff production and productivity

Variables N=97 N=74 N=171 t-value
Goha Meha-Atsedeweyine Total
Total area allocated for 0.76 1.032 0.879 34627
teff (ha) (0.2816) (0.3304) (0.3315) )
. 944.33 1154.05 1035.93 x
Quantity produced (kg) (346.7) (340.1) (358.34) 37773
- 1351.72 1272.64 131750 x
Productivity per ha (590.77) (676.58) (628.65) 27.406
527.32 689.86 597.66 ex
Amount of teff sold (kg) (208.89) (256.42) (243.72) 32.067

Note: (***) significant at less than 1% significance level, parenthesis indicates standard deviation

Source: survey result, 2019
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Selecting a storage system is a considerable farm-
ing activity to avoid post-harvest losses. The survey shows
that Gota and gotera (local store made up of mud and wood,
respectively) were necessary storage facilities, but the
farmers used sacks as temporary storage facilities when
Gota and gotera were filled during harvesting. Farmers
stated they use sacks as packaging material for teff to
be transported from threshing field (locally called Awu-
dima) to home and from home to either market or mill-
houses. The advantage of this storage facility is that it
is locally made and less costly. However, these facilities
are susceptible to rats, floods, dampness, and fire damages.

The data shows that the storage system in the study
areas was not identical. As summarised in Table 6,75.3%
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of the sample households in Meha-Atsedeweyine and
24.7% of Goha store their teff using Gotera. It also confirms
the motive for storage where 49.1% of the participant
households store their products expecting a high price
in the future, 26.3% store for saving purposes, and 7.6%
remain in the absence of market demand. The chi-square
test indicates a significant difference in the storage sys-
tem and underlying reason for storing teff between the
two areas at less than 1% significance level. The study
results show that almost all sample farmers avoided
sales immediately after the harvest in both regions and
stored for 11.38 months. Farmers in Goha kebele kept
their teff production until 10.65 months which is smaller
than Meha-Atsedeweyine (12.34).

Table 6. Type of storage facility, purpose and duration of teff storing

N=97% N=74% N=171% t/x?
Goha Meha-Atsedeweyine Total Value
Ways of teff storage
Store/Gotera 24 24.7 21 75.3 45 26.3 0.286
Gota 73 284 53 71.6 126 73.7
. 10.65 12.34 11.38 xx
Storage time (months) (4.648) 4516) (4.654) 31.975
Reasons for storing
Expecting high price 40 412 44 294 84 491 30.02***
Lack of market demand 8 8.2 5 6.8 13 7.6
Saving purpose 28 28.9 17 23.0 45 26.3
Expecting high price & saving 21 21.6 0 0.0 21 12.3

Note: (***) significant at less than 1% significance level, parenthesis indicates standard deviation

Source: survey result, 2019

Constraints and opportunities of teff producers

As depicted in Table 7, several factors constrain teff mar-
keting in the study area. These include lack of organised
market, pricing, shortage of land, high input price, and
infrastructural challenges. Lack of organised demand
and cost setup is the most dominating constraint in the
teff marketing system, accounting for 26.3% and 22.8%
of sample households, respectively. The time-to-time price
increments of agricultural inputs affect the level of produc-
tion in terms of the purchase of improved varieties and
fertiliser, which indirectly affects marketing. Hence, the
survey result indicates that 18.1% of sample farmers
faced a high agricultural input price. The other infra-
structural problem is that village markets are connected
with the woreda town markets by poorly paved roads.

Human portages and pack animals are the most fre-
quently used transport mechanism to transport larger
loads. Many of the streets to the market are unreliable,
especially during the rainy season. The results show
that 15% of the sample households had infrastructural
problem. The study area has other problems associated
not only with marketing. Diversified opportunities also
need to be exploited to improve marketing and effec-
tiveness. Among the different options that prevailed,
the major ones are increased urban consumption, high
price, and availability of choice. The continuously growing
urbanisation with urban residents’ favour to teff Injera is
an eye-catching situation while the cost of teff is also
going high time to time.

Table 7. Marketing constraints and opportunities of producers

Constraints of teff marketing Frequency Percent
Price setting 39 22.8
High fertiliser and new teff variety price 31 18.1
Lack of organised market 45 26.3
Shortage of land 30 17.5
Infrastructural challenges 26 15.2
Total 171 100
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Table 7, Continued

Constraints of teff marketing Frequency Percent
Opportunities of teff marketing
High price 54 31.6
Increase in urban teff consumption 65 38.0
Availability of productive teff variety 52 30.4
Total 171 100

Source: survey result, 2019

Discussions on important factors affecting intensity of teff
marketed

In Table 8, the primary determinant factors of the volume
of teff sold resulted from OLS. More than 50% of the
hypothesised explanatory variables significantly affect
the amount of teff supplied. The test of goodness of fit
(F-test) shows how the model is significantly fit to the

data used. The coefficient of determination (R?) has also
clarified that the hypothesised independent variables
explain 88.67% of the model (volume of teff marketed).
The diagnostic test has confirmed the absence of mul-
ticollinearity problem among independent variables, as
found in the Table 9-11.

Table 8. OLS estimates of factors affecting volume of teff marketed

Variables Coefficients Standard error T-ratio P-value
Constant -1.5125 1.0516 -1.44 0.152
Gender of household head 0.4688 0.2125 2.21 0.029*"
Age of household head -0.0130 0.0107 -1.21 0.229
Family size 0.0362 0.0437 0.83 0.408
Education of the household head -0.0849 0.0689 -1.23 0.219
Number of livestock owned -0.0587 0.0294 -1.99 0.048*"
Experience in teff production 0.0345 0.0113 3.06 0.003***
Teff farm size 0.1116 0.2584 0.43 0.666
Amount of teff produced 0.5569 0.0239 23.25 0.000***
Credit access 0.0218 0.1444 0.15 0.880
Extension service -0.1269 0.4802 -0.26 0.792
Lagged market price of teff 0.2183 0.0879 2.48 0.014*
On-farm income 0.00003 0.00001 2.08 0.039*"
Off-farm income 0.00005 0.00002 2.10 0.038*"
Market information -0.3893 0.3812 -1.02 0.309
Distance to the nearest market -0.0902 0.0212 -4.26 0.000"**

Note: dependent variable — amount of teff marketed, number observations — 171, F (15, 155)=80.85, (Probability > F
value=0.000) R-square=0.8867 and adjusted R-square=0.8757. (%, ** and*** denote significance levels at less than 10, 5

and 1% respectively)
Source: survey result, 2019

Table 9. Multicollinearity test result for continuous variables

Variable Variance Inflation Factor (VIF) 1/VIF
Experience of household head 2.50 0.399887
Age of household head 2.42 0.413218
On-farm income 191 0.5202618
Amount of teff produced 1.59 0.628315
Teff farm size 1.55 0.644964
Off-farm income 1.37 0.729623
Number of livestock owned 1.35 0.742319
Lagged market price of teff 1.32 0.758900
Distance to the nearest market 1.18 0.848645
Family size 1.11 0.902822
Education of household 1.06 0.941370
Mean Variance Inflation Factor 1.58

Source: survey result, 2019
Scientific Horizons, 2021, Vol. 24, No. 10
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Table 10. Contingency coefficients of dummy variables

Variables Gender of household head Credit access Extension service Market information
Gender of household head 1
Credit access 0.0040 1
Extension service 0.1752 0.1296 1
Market information 0.0070 0.0331 0.1818 1

Source: survey result, 2019

Table 11. Conversion factors used to compute tropical livestock units

Livestock category Tropical livestock unit
Oxen/Cow 1

Sheep/Goat 0.13
Horse/Mule 1.1.
Donkey 0.7

Chicken 0.013
Heifer/Bull 0.75
Calf 0.25

Source: [31]

Gender of the household head. Gender plays an
indispensable role in the marketing intensity. The gen-
der of the household head affects the amount of teff
supply considerably (less than 5%) and positively. The
results show that other things being constant, being a
male-headed household increases the volume of teff
marketed by 0.4688Qt. Male household heads have en-
hanced labour capacity and mobility (better exposure for
improved farm practice demonstrations) over a female
household, enabling them better access to innovative agri-
cultural practices and market information. On the other
hand, males spend more money than females in different
study areas. More volume of teff is supplied to the market
by male-headed households to cover these costs. This
result is supported by prior studies of A. Getahun [3],
T.M. Challa et al. [11],and A. Elias et al. [21].

The number of livestock owned. This variable was
expected to negatively affect the volume of teff mar-
keted,which is in line with the actual result. The number
of animals owned negatively affects the amount of teff
supplied to the market at less than 5% significance. Ceteris
paribus,a unit increase in tropical livestock reduces the
amount of teff marketed by 0.05870Qt. It implies that
farmers with more livestock keep their land for grazing/
fodder or need to produce crops generating more straw
for feed than teff like finger millet and wheat. On the
other hand, though mixed farming is practiced in the
study area, farmers sell livestock beyond their need for
farming practices. E.G. Tura et al. [6] and W. Gobie [22]
had found the same result on determinants of intensity
of marketed surplus of teff and pepper, respectively, in-
crease in the number of livestock had negative relation
to market supply.

Experience in teff production. Experiences of HH
head in producing and selling teff is found to affect the
market supply of teff positively and significantly. As hy-
pothesised, the experience of household heads in produc-
ing and selling affected the intensity of teff marketed
thoroughly and intensely at less than 1%. Keeping other
variables constant, a year increase in farmers' experience
of teff production increases the volume of teff supplied
to the market by 0.0345Qt. It can be since when farm-
ers produce and sell teff for many years, the probability
of establishing market contacts and building up credit
worthiness' will be high. Hence, farmers are going to supply
more quantity to the market. Farmers with more vast
experience are supposed to have better competence in
assessing the characteristics and potential benefits of teff
than farmers with shorter experience. Besides, farmers
with more extended experience were expected to be more
knowledgeable and skillful. Studies by T.K. Amentae et
al.[23] were exploring value chain and post-harvest losses
of teff.

Amount of teff produced. As shown in Table 8,the
amount of teff paid affects the quantity of teff supplied
to the market positively at less than 1% significance. It
affirms that increasing teff production by one quintal
will enable farmers to increase the volume of teff mar-
keted by 0.55690t, citrus paribus. The better the level
of production the farmers have, the increased amount
of teff they are ready to supply to the market (that is, high
teff yield is important for a large amount of marketing).
The result is similar to studies of A.A. Fikadu et al. [24],
S.Hassen et al. [25], and Z.0. Mohammed [26].

Lagged market price of teff: As expected before,
the lagged market price regression coefficient has a
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positive and significant relation to the volume of teff
marketed at less than 5% significance level. It indicates
that keeping other variables constant,a one-birr increase in
teff price before a production season causes a 0.21830t
rise in the amount of teff marketed by farmers this year.
It showed a positive and significant relationship since
the costs of 2018 can stimulate farmers to produce more
teff, which was supplied more in 2019. This study aligns
with [6] and [27].

On-farm income. The result shows that income from
farming activities other than teff farming affects the
volume of teff marketed positively at less than 5% sig-
nificance level. It means that a one-birr increase in the
income from farming activities brings farmers’ volume
of teff supplied to the market to increase by 0.000030t,
citrus-paribus. Revenues from other crops or livestock
could help farmers buy teff production inputs and en-
able them to produce more teff and supply more to the
market. It means that farmers were active in providing
other crops (mustard, niger seed, and linseed), livestock
and livestock products (sheep, goat, cow, oxen, chicken,
and egg, e.tc.) to the market to get money to purchase
production inputs and other household costs. E.G. Tura
et al.[6] and A.Elias et al.[21] also found a similar result.

Off-farm income. Off-farm income earned by farm-
ers affects the volume of teff marketed positively and
significantly at less than 5% precision level. A one-birr
increase in off-farm revenue, citrus paribus, is associated
with a 0.000050Qt rise in the quantity of teff sold in the
market. It implies that farmers may engage in off-farm
activities such as daily labour, petty trading, handicraft,
etc., which helps them to earn additional income. This
extra income increases farmers' financial capacity in
investing in teff production and thereby supply to the
market. This result is supported by E.G. Tura et al. [6] and
R.M. Berem [28].

Distance to the nearest market. The closest prod-
uct market has a strong and highly negative effect on
participation and the amount of product marketed. As
depicted in Table 8, it adversely affects the volume of teff
supplied to the nearest market at less than 1% signif-
icance. This means that each kilometre to the closest
product market lowers the quantity of teff to be supplied by
0.09020Q¢, ceteris paribus. It is directly related to means
of transportation (human portage and animal backs)
used in the study area as it is challenging to load large
quantities by humans. It can also result from high transpor-
tation costs due to the distant dwelling of the household
from the nearest market centre. The results of this study
are similar to the findings of E.G.Tura et al. [6], T.K.Amen-
tae [29],and M. Sharma [30].

CONCLUSIONS

This study was aimed to investigate teff production,
marketing supply, and main factors affecting the volume
of teff marketed in Dera woreda, one of the potential

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

teff producing areas in North West Ethiopia. The study
established that teff is one of the major cereal crops pro-
duced for consumption. The type of teff grown in the study
area is locally mixed teff (Seregegna) followed by red teff.

The study results show that most producer farmers
get market information but their data is often skewed to
traders. It calls for introducing a system that provides timely
and accurate information. It can be possible by introducing
an automatic daily or weekly market price board and cre-
ating awareness in the automatic weekly market price
board. The study showed that the kebele with a high vol-
ume of teff produced is the one in which a low volume
of teff is supplied to the market and vice versa since the
producers have better access to the market as the distance
from producers is closed. The implication is that road
networks and transport infrastructure need to be devel-
oped in the area. Furthermore, it calls for new market cen-
tres near the farmers.

The OLS estimate of the MLR model indicated the
gender of the household head, the experience of the house-
hold head, amount of teff produced, lagged market teff
price, on-farm income other than teff farm and off-farm
income positively influenced the volume of teff sold. In
contrast, livestock ownership and distance to the market
affect negatively and significantly. Furthermore, lack of
organised market and price is the most frequently men-
tioned constraint by farmers in the teff marketing sys-
tem. Therewith, adulteration, supply and demand fluctu-
ation, and insufficient working capital are the traders’
problems in the teff marketing system. However, the rising
urbanisation and infrastructural developments are good
opportunities for farmers and traders. Farmers who use
improved seeds produce more. It implies introducing a vital
extension service on improved crop variety and other inputs.

It suggests the need for improving farmers’knowl-
edge and performance by addressing essential training,
incentives, and advice to use new crop varieties and in-
puts that increase productivity, thereby maximising the
quantity of teff supplied to the market. The amount of
off-farm income earned by the household head is di-
rectly related to the amount marketed. Thus, engaging
in off-farm activities rather than teff farming has a vital
role in generating cash to cover production expenses.
However, the more livestock ownership, the lower the
volume of teff marketed. It implies that farmers with
large amounts of TLU can specialise in livestock farming
rather than teff though mixed farming in the livelihood
of the study area.
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B3aeMO3B’A30K BUPOGHMLUTBA Ta MapKeTUHry Ted Ha NpukKaai paoHy Oepa,
MiBHiuHO-3axigHa Edionia

Mewnricty Herycci Amape

YHiBepcutet [le6pe Tabop
251272,P.0.Box: 272, M. lebpe Tabop, Edionis

AHoTauig. He3Baxatouu Ha Te, WO AesKi BUPOOHMYI Ta MapKeTUHIOBI 0OMeXeHHs neaBe BU3HauYeHi, panoH [epa €
NnoTeHUiMHUM BUpOBOHUKOM Tedy B 30Hi lliBaeHHoro foHaapy Edionii. Y gocnigxeHHi npoaHanizoBaHoO BUPOOHMLITBO
Ted,30CepeaKeH0 yBary Ha pakTopax,Ki BNaMBaTb Ha 06Ccar npofaHoro Tedy,Ha OCHOBI AaHWX,3i6paHNX 3 ONUTYBaHb
[LOMOroCrnoaapcT., iHTEPB'I0 peCnoHAEHTIB Ta 06roBopeHb y hokyc-rpynax. s aHanisy AaHMX BUKOPUCTOBYBANMCA SIK
OMUCOBWIA, TaK | EKOHOMETPUYHUI aHani3un. Pe3ynbTaTt NoKasyoTb, Wo Ted, BUPOLLEHMI HA AOCNIAXKYBaHI TepuTopii,
€ 3MiLLAHUM, IKMI NPAKTUKYETLCS B 34,5 % floMorocnopapcrs, 3a HUM Cifye YepBoHUii Ted (32,16 %) i3 3aranbHOBXMBAHUMM
CXO0BMLLAMM, TaKUMMU 5K T0Ta, [oTepa Ta Cak. 3 TOUKM 30py MAPKETUHIY, pe3yNbTaTi NMoKasyHTb, Wo 57,7 % Tedy, BUpobneHoro
B MociBHMI ce30H 2019 poky, NocTa4yanocs Ha pUHOK Yepes CiNbCbKMX po3ApiOHMX TOProBLiB, ONTOBMX TOProBLiB
i 6e3snocepefHbO Bif BUPOOHUKIB 40 CNOXMBAYIB. Pe3ynbTaT OLiHOK 33 METOAOM HalMeHLWMX KBagpaTis Moaeni
MHOXMHHOI NiHIMHOI perpecii BKa3ye Ha CTaTb i A4OCBiA rof0BM AOMOrOCNOAAPCTBA, KiNbKiCTb BUpobneHoro tedy,
BiICTaBaHHS PUHKOBOI LiHW Ha Ted, BHYTPILLIHbOrOCNOAAPCLKMI JOXiA, KPIM 0NnaTth 3a Mexamu depmu Tedy, NO3UTUBHO
BM/IMBAE Ha 0bcsrn peanisauii Tedy. HaBnaku, BonofiHHA Xyn060t0 Ta BifAaneHicTb Bif, pUHKY MalOTb HEraTUBHUM i
3HAYHMM BNAMB. Y CTATTi TAKOX PO3MNAAAIOTLCS OCHOBHI 0OMEXeHHS Ta MOXI/IMBOCTI, 3 SKUMU CTUKAOTbCs hepMepu.
BincyTHicTb OpraHi3oBaHOro pMHKY Ta BCTAHOBMEHHS LiH € HaMbiNbl nowmpeHuM obMexeHHsaM ans Gepmepis y
cucTeMi MapKeTuHry. BogHouac WwaxpaicrBo, KoNMBaHHS NOMNMTY Ta MPOMO3MLLi, @ TAKOX HeLOCTaTHI 060POTHMI KaniTan
€ 3HAYHMMU obMexeHHaMK ana Tpeiraepis. OQHaK 3poCTaHHs ypbaHi3auii, NocTiiHe NiABULLEHHS LiH Ta LepXaBHi
iHBECTULIT B PO3BUTOK IHDPACTPYKTYPH € BEMKMMU MOXIIMBOCTAMMU SK ANg depMepis, TaK i Ans Toprosuis. OTxe,
Wo6 [OCArTU KpalMX pe3ynbTaTiB Ha PUHKY Tedy, He0bXigHO BNPOBAAMTM OKPALLEHi MOX/IMBOCTI NeperoBopis,
TOYHY iHdOpMaLio NPO PUHOK | pO3BMTOK iHbPACTPYKTYpu. Lle LOCAiAXEHHS OUKTYE BENUKY KiNlbKiCTb NOAANbLUMX
[LOCNimKeHb, NOB'A3aHMX 3 BMIMBOM ypbaHi3aLllii Ha CnoXMBaHHA nepepobneHnx NpoaykTiB Ted
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Abstract. The relevance of the article is due to the need for a comprehensive
analysis of the latest processes in the global financial system, as well as
a complex development of a methodological approach to its study. With
the transition to digital technologies in the global financial market, in
particular,when processing and storing data in electronic format, there is a
change in the form of financial circulation, which can lead to a number of
problems and risks. In this context, special attention should be paid to the
international credit market and the international bond market, which are, in
fact, circulating in cyberspace and are evolving through info-communication
technologies. The purpose of this research is an in-depth analysis of the
main globalisation processes of the world economy and their impact on
the development of competition between exchange and over-the-counter
trade. The study used general scientific methods of analysis, theoretical
generalisation, and synthesis, as well as methods of mathematical, statistical,
and economic analysis.According to the study of the dynamics of capitalisation
of the global stock market, the authors of this article identified a trend
towards dynamic growth in the use of alternative trading systems, which
is a factor in the development of exchange and over-the-counter securities
trading. The article provides a comprehensive analysis of the directions
of impacts of digitalisation on the global monetary and financial system,
among which the positive and negative effects are considered in detail and
substantiated. The negative effects of virtualisation of the global monetary
and financial system are identified, as well as perspective directions of
modification of the economic system and finance with the introduction of
digital technologies are formulated. The information presented in this paper
can be used to further consider the dynamics of stock market capitalisation
in the world, as well as to develop methods to improve the efficiency of
digitalisation of operating processes for individual enterprises and the global
economy as a whole
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INTRODUCTION

In the context of virtualisation, the theoretical and meth-
odological foundations of the global monetary and finan-
cial system need to be reconsidered. To comprehensively
analyse the latest processes in the global financial
system and develop a methodological approach to its
study, let us first clarify the specifics of the current un-
derstanding of the term “financial system” [1]. The term
finance comes from the Latin word “finantia”, which
means the obligatory payment of money. Finances orig-
inated with the emergence of the first state entities,
but the term “finance” in its modern sense first began
to be used in Italy in the 18™ century, when it began to
mean the accumulation of monetary funds by the state
to ensure the performance of state functions. To date,
academic economists have developed a number of defini-
tions for the term “finance” [2]. Given the characteristics
of information and telecommunications development
and its impact on the financial sector, a new definition
of finance should be added. Finance in the context of
virtualisation takes the form of the alienated intrinsic
value of goods embodied in electronic units of payment
circulating in the information economy to mediate ex-
change. With regard to the financial system as a whole,
the paper first explores the classical definitions and
then augments them, taking into account the information
aspect of development and the virtualisation of the global
financial market.

A financial system is a set of markets and other
institutions necessary for financial transactions to ex-
change assets and risks. The system includes securities
markets, financial intermediaries (banks, insurance com-
panies, etc.), and the institutions that regulate all these
institutions [3]. A virtualised global financial system
is an interconnected and interdependent integrated set
of financial markets, institutions developed based on
server virtualisation (information and communication
networks) that serve as its infrastructure support. In the
modern stage, finance is taking the form of electronic
money. Electronic money (e-money) - monetary assets
presented electronically, placed on an electronic medium,
held by the user. This medium could be a micro-SD, a
computer, a settlement system server where users’ elec-
tronic money is stored centrally [4]. E-money makes it
possible to quickly build up payment reserves by issuing
money on smart cards, e-wallets, etc. and receive funds
from businesses or individuals for services or goods sold.

Economic theory distinguishes five functions of
money, namely: measure of value, means of circulation,
means of capital accumulation, means of payment, world
money when it is used for its intended purpose of cover-
ing costs and generating income (Losses). Redistribution
is a secondary distribution through centralised funds
(budget, extra-budgetary funds and the like), ensuring
that resources are channelled to the non-productive
sphere. The controlling function consists in exercising
control over the real cash flow and the formation of cash
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funds. The main functions of money in the virtualisation
of the global financial system have two aspects [5]:

1) if we consider fiduciary money in its primary form
of virtualisation, i.e., in the context of the use of ICT in
finance, in which case all five functions of money remain,
and virtualisation has a positive effect on finance by
speeding up its circularity;

2) if we view virtual currencies as a secondary form
of virtualisation of the global financial market, then
cryptocurrencies’ performance of the basic functions of
money remains in question.

The functions of measure of value, means of cir-
culation, means of payment and world money will only
exist as long as they are used and accepted by other en-
tities. Regarding the function of capital accumulation,
in today’s environment, given the volatility of the cryp-
tocurrency market, virtual money can become a means
of capital accumulation rather than a means of capital
loss.

World money is a means of payment that serves
the movement of value in international economic circu-
lation and ensures social and economic relations between
countries. E-money fulfils this function to the full. The use
of electronic money issued by one state is also possible
outside its borders. However, this use of money on the
territory of another state must be based on common
technology. For example, the payment systems Web-
money, Yandex.Money are based on the joint Pay Cash
technology [6].

Based on the above, the function of money is fully
performed by electronic fiduciary money [7]. However,
with the development of the information economy, not
only are the existing functions of money modified, but
new ones are emerging, reflecting the general dialectic
of the development of monetary relations and the princi-
ple of historicism [8]. E-money fully retains all the func-
tions of money. They fall into two large groups: plastic
card-based and global network-based, most commonly
the Internet [9].

It is well-known that the financial system is
based on monetary funds, which are defined as certain
amounts of money or other securities with corresponding,
clearly defined areas of formation and use. The existence of
finance is characterised by certain financial categories,
such as public revenues and expenditures [10]. Public
revenue is the part of monetary relations that relates
to the distribution of the value of gross domestic prod-
uct (GDP) and national income (NI), which results in
the creation of centralised monetary funds. But public
expenditure is a monetary relationship that allows the
use of centralised monetary funds. These include the
expenditure of the state itself, the expenditure of state-
owned enterprises [11]. The financial system is defined
as the totality of different types of funds of financial
resources concentrated at the disposal of the state, the
business sector, households and financial institutions




for the purpose of meeting economic and social needs
and ensuring the performance of proper functions.

MATERIALS AND METHODS

Financial systems have certain characteristics:

— each part of the financial system possesses its own
specific methods of raising funds for the creation of the
financial funds and the direction of their implementation;

— all parts of the financial system have their own spe-
cific scope and are relatively independent;

—all parts of the financial system are closely inter-
linked and will function effectively when the system is
perfect;

—the legal basis for each component of the financial
system helps to achieve the greatest efficiency;

—each part of the financial systems can be divided
into smaller units, depending on the factors affecting
the formation and use of the funds of financial resources.

There is not yet a single universally accepted clas-
sification of this system; four structural elements are
distinguished: the debt market, the derivatives market,
the foreign exchange market and the title market. How-
ever, with the emergence of cryptocurrencies, one must
also consider their potential impact if they develop and
spread rapidly. The features and key differences between
virtual, fiduciary and digital currencies will be discussed
below. All the structural elements are interconnected
and function in an integrated way. The constant circu-
lation of capital in the financial environment removes
clear boundaries between markets [12].

Virtualisation and globalisation are two mutually
interdependent, interconnected processes. The global
financial market falls under the simultaneous influence
of these factors, manifested in synergies [13]. Virtualisa-
tion primarily modifies the shape of the global financial
market’s operational processes, eventually leading to
further specifications in its building blocks [14]. The re-
sults of the virtualisation of the global financial market
are defined as follows: in the stock market — consolidation
of exchanges, rapid development of over the counter (OTC)
trading, competition between exchanges and informa-
tion agencies; in the international derivatives market -
deepening of the market and use of conditionally vir-
tual derivatives for speculative transactions in the in-
ternational currency market - emergence and spread of
extra-institutional monetary units (cryptocurrencies); in
the global banking sector — international interbank digi-
tal payment systems, cloud services and non-bank pay-
ment systems [15]. The virtualisation of the financial
system manifests itself in the digitalisation of opera-
tional processes, the development of digital payment
systems (both banking and non-banking), the introduc-
tion of cloud services in the financial sector,and institu-
tional consolidation based on server virtualisation [16].

The challenge today is to determine the place
of the international derivatives market in the global fi-
nancial market. The global derivatives market has the
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characteristics of both a money market and a capital
market. In addition, derivatives have the characteristics
of long-term debt capital market instruments. Financial
institutions accumulate significant amounts of financial
resources around the world. Monetary resources are then
reallocated between countries through credit and in-
vestment vehicles, further ensuring capital concentra-
tion and growth. Through the institutional mechanism
of the global financial market, international financial
flows are competitively channelled to areas and regions
with the highest demand, which will subsequently gen-
erate higher profits [17]. International currency markets
are global network centres where foreign currencies are
bought and sold [18]. Foreign exchange markets guaran-
tee timely international settlements, diversify foreign
exchange reserves and provide insurance against cur-
rency and credit risks. Significant market fluctuations turn
the global currency market into a speculative market.

RESULTS AND DISCUSSION

The modern global foreign exchange market has evolved
from the interconnectedness and development of na-
tional foreign exchange markets. In terms of the way
the market space for buying and selling foreign curren-
cies is organised, the global foreign exchange market is
a worldwide telecommunication network that connects
banks and brokerage firms in different countries. Thanks
to telecommunication technologies, information on the
demand for foreign currencies, exchange rates, bank con-
ditions and the like is quickly transmitted [19].

It should be emphasised that the integration of
virtual currencies into the global financial market occurs
precisely through the foreign exchange market, due to
the convertibility of virtual currencies into a national
currency (if that virtual currency is convertible).

The world foreign exchange market is several
times larger than the scale of other components of the
world financial market. For example, the daily volume of
transactions is around $1.5 trillion, increasing by 10%
annually. Dollar transactions take the main place here.
Transactions are carried out both within states and by
partners who are located in other countries. London,
New York, Tokyo are the world’s centres of international
monetary transactions. Currency trading is mediated by
major banking institutions. In the world’s financial cen-
tres, where 3/4 of transactions take place, 10-11% of
banking institutions trade.

The international debt market is the place where
debt instruments are traded, giving the creditor the
right to collect the debt. The debt market is made up of
two components: the international credit market (the
market for bank loans) and the international debt se-
curities market (the international bond market). These
markets are developed based on innovative technolo-
gies using telecommunication systems, which predeter-
mines their virtualisation, i.e., they actually circulate in
cyberspace. International banking is another important
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element of global finance. The transnationalisation of
the world economy is reflected in the rapid growth of
international banking operations, the emergence of
networks of foreign branches, and the promotion of an
expansion strategy by the world’s leading banking in-
stitutions. Since the 1950s and 1960s, banks in Western
Europe, the United States, Japan and some other coun-
tries have shifted their activities abroad by establishing
branches or joint branches with local financial institu-
tions in the host country.

The internationalisation of the credit and finan-
cial infrastructure has led to the emergence of transna-
tional banks, which are among the main actors in the
global financial system. Although the primary motive
of their international activities was to serve the export
and import operations of their foreign affiliates, multi-
national companies (MNCs) used their presence in the
recipient country to explore new ways of operating and
mainly to expand their fields of operations (innovation,
the Eurocurrency market and the like). The virtualisa-
tion of the global financial space is the most effective
and powerful component of globalisation of the world
economy. The global economy is highly internationalised
and integrated, characterised by qualitatively new in-
terdependencies, the reasons for which are the rapid
development of information and communication tech-
nologies. The internationalisation of capital flows is the
result of an increased interconnection and cohesion of
national capital flows with international capital flows,
manifested in the emergence of international forms of
capital linkages between different states. The current
financial and economic environment states a paradox-
ical financial globalisation that precedes financial in-
tegration. The reason for this paradox is precisely the
virtualisation of the global financial market based on the
development of innovative infrastructures.

International financial relations have evolved and
are influenced, as already noted, by changes in finance
itself. The share of financial services in global foreign
trade has increased significantly due to the rapid devel-
opment of server virtualisation, database virtualisation.
Financial ties between states are growing stronger. To-
day, the main global financial flows include international
direct investment, international bonds, international loans,
international equity capital, and the interwoven stock
markets of nations. The mobility of capital flows is there-
fore increasing. The catalyst for accelerating mobility
and spinning up speed is ICT. In addition, greater mo-
bility and diversification of capital flows are structuring
the global financial environment more clearly. The re-
orientation of capital flows leads to a diversification of
risks. Increasing returns on assets accelerate economic
growth and the integration of financial markets im-
proves overall well-being. The global changes in the
world economy caused by the informatisation of socio-
economic realities require the latest revision of the theo-
retical and methodological foundations for defining the
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main provisions of the transformation of the monetary
and financial system.

The use of precious metals, first as a means of
payment (in the form of coins) and later as a store of
value, guaranteed the stability of the financial system.
The emergence of the gold standard was necessitated
by the need to regulate financial relations between coun-
tries, establishing a single equivalent in international
payments. Gold was legally recognised as the only form
of world money from the Paris Conference in 1867. Since
the Bretton Woods Agreement in 1945, the US dollar, with
a gold content of 35 dollars per troy ounce, has taken
on the role of world money along with gold, and all other
currencies are pegged to it. The system of fixed exchange
rates ensured the stability of the international monetary
and financial system as long as the US monetary unit could
serve as the world’s reserve currency and exchange dol-
lars for gold. But after Charles de Gaulle’s demands to
honour his commitments, the US unilaterally stopped
the exchange. Fixed exchange rates were replaced by a
system of floating exchange rates, legally enshrined by
the 1976 Jamaica Conference. Credit forms of money,
such as banknotes, cheques and the like, began to serve
as the universal equivalent. The modern credit money
is devoid of intrinsic value, because its presence at this
stage of social-historical development began to inhibit
production and commodity-exchange relations.

The modern economy uses fiduciary money. The
fiduciary money is superficially similar to intrinsic value
money, but conceptually significantly different. The main
driving forces in changing the forms of money are the
dematerialisation of the economy from energy to informa-
tion resources and intellectual technology. This process
can also be observed in the financial sector. When pro-
duction and commodity-exchange relations begin to be
limited to the value of monetary goods or transaction
costs, the measure of monetary value is replaced and
given a qualitatively new status, which at each stage of
development is objectively limited by the information
and technological level of society.

The phenomenon of the “virtual economy” mani-
fests itself in the contradictions arising from the intro-
duction into the financial sphere of the latest informa-
tion technology. On the one hand, independence from
place, time and volume of transmitted information in-
creases the freedom of action of market actors and fa-
cilitates the emergence of new financial instruments.
On the other hand, advanced information technology
allows the creation of gigantic financial pyramids, al-
most instantaneous transactions in securities, particu-
larly derivatives, and the creation of “bubbles” that hin-
der productive development and lead to global crises.
Transactions with shares, bonds and other securities, in
particular derivatives, can in certain cases be classified
as speculative virtualisation. The focus on generating
ad hoc income from price fluctuations in the value of fi-
nancial assets is usually refers to financial speculation.




Securities trading is used by businesses to raise capital.
But when securities become an instrument of ‘quick money’,
when there is a gap between their real value and their
stock market value, then one can speak of a speculative
virtualisation of the stock market. Exchange speculation
gradually leads to an overvaluation of securities and a
substantial excess of stock market capitalisation over
the real annual income of the company.

We note that the era of informatisation is inte-
grating the components of the global financial market
and globalising the world economy as a whole. This
direction of development forms both the obvious advan-
tages of the information society, highlighting the virtual
component of the financial system, and serves as a basis
for financial abuse and a tool for its implementation.
The quintessence of the global monetary and financial
system is to fulfil its primary function as an exchange
equivalent. The intrinsic value of the means of payment
is not required, as this is one of the factors leading to
the transformation of money into a commodity. The con-
vergence of information and telecommunications sys-
tems with the financial sector is a factor in the chang-
ing financial paradigm of the world. A transformation is
taking place under the influence of virtualisation, which
consists, firstly, in a change in the nature of means of
payment, highlighting the information content of mone-
tary units with the simultaneous elimination of intrinsic
value, secondly, the transformation of monetary rela-
tions into network flows of information and financial
resources, thirdly, the emergence of private payment sys-
tems and the spread of virtual currencies. Revolution-
ary developments in information and communications
technology (ICT) communications systems and tools have
made it possible to synchronise exchange markets across
continents into a single global market. The development
of the Internet as a global medium for the distribution
of financial transactions and investments has led to
the movement of financial markets online. The devel-
opment of network technologies has outpaced existing
theoretical and methodological concepts of the stock
market, leading to its transformation and the revi-

Stage 2
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sion of the very foundations of stock trading. The stock
market (securities market), as defined by the Securities
and Stock Market Commission (NSSM(), is the part of
the capital market where securities are issued, bought
and sold. The stock market is an abstract notion that
is needed to refer to the actions and mechanisms that
allow securities to be traded. The stock market differs
from a stock exchange in that a stock exchange is an
organisation that brings together buyers and sellers of
securities. The main functions of the stock market in-
clude:

1) capital procurement

2) ensuring capital spillovers between sectors and
areas of the economy;

3) distribution and redistribution of capital among
corporations and control over their activities;

4) ensuring operational activities on individual capi-
tal movements.

The latest trend in the world’s stock markets is
virtualisation. Stock market participants are the first to
take advantage of the latest developments and oppor-
tunities in information technology. Advanced electronic
technology and modern means of communication and
informatisation have created the possibility of virtualisa-
tion of transactions on the global stock market. Today,
therefore, the global stock market operates in a global
virtual information space through virtual transactions,
virtual trading and virtual financial flows. The developed
virtual infrastructure of stock markets is embodied in
the consolidation of exchanges. Exchange alliances are
the next step in deepening virtualisation in stock markets.
The following stages can be distinguished in the process
of stock exchange consolidation (Fig. 1). The first period
of exchange consolidation came at the end of the 1990s.
It was then that the first unified stock exchange, Eu-
ronext, emerged - a union of the Paris, Amsterdam and
Brussels exchanges that was characterised by the inte-
gration of the trading, clearing and settlement systems
of the stock, futures and commodity markets of the three
exchanges. Euronext is the first integrated international
pan-European exchange.

Consolidation of stock
exchanges within the
same continent: Euronext,
Norex, OMX

Intercontinental stock
exchange associations:

\ 4

l
v

NYSE Euronext, Nasdaq

Development of OTC
trading based on Electronic
Communication Network:

»  ATTN-Attain ECN,

BRUT-Brass Utility ECN
and subsequent integration
with exchanges

Figure 1. Stages of exchange consolidation
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With the formation of Euronext, the integration
of stock exchanges in Northern Europe intensified. The
next was the alliance of the Copenhagen and Stockholm
stock exchanges, NOREX, in 1998. Later, other Nordic
and Baltic exchanges also joined the association. The
consolidation process in northern Europe was organised
through the creation of Aktiebolaget Optionsmdklarna /
Helsinki Stock Exchange (OMX).

Intercontinental stock exchange unions began in
2006-2007. The premise was that the New York Stock
Exchange (NYSE) and the National Association of Secu-
rities Dealers Automated Quotation would compete for
entry to the European market. NYSE signed a merger
agreement with Euronext in 2006. Consolidation of ex-
change and OTC trading is the latest unfinished business.
Characterised by the use of electronic communication
networks in operational activities. The features of the
operation will be presented in more detail below. The
integration of stock exchanges as a form of spreading
the virtualisation of the global stock market has signifi-
cant effects on the development of financial globalisation.
The main motives for stock exchange alliances should
be highlighted as the following:

— increasing capitalisation and trading volumes;

—an increase in competition between trading plat-
forms;

— increase of operating time;

— gaining a competitive edge by entering new markets;

— economies of scale;

— increasing market liquidity;

—increasing competition from over-the-counter
trading platforms;

— unification of market rules;

—an increase in the turnover of OTC trading;

—the intensification of world globalisation processes.

To assess the stock exchange alliances driven by
the virtualisation of the global financial market, let us

analyse the results for one of the most important indi-
cators for the stock market - capitalisation. The stock
market capitalisation is a measure of the scale of stock
market transactions. It is defined as the total market
value of securities.

The virtualisation of the global stock market in
the form of continental consolidation (Euronext, OMX)
and then intercontinental consolidation (NYSE Eu-
ronext— NYSE:ICE, Nasdag OMX— NasdagNordic) has
driven capitalisation growth on the world’s major stock
exchanges. In particular, the NYSE Euronext capitalisa-
tion dynamic prior to the consolidation agreement (to-
tal capitalisation of US $ 15 trillion) and the year after
(US $ 20 trillion) shows a growth rate of 25% over two
years. This trend can be seen both in the NYSE Euronext
format (US $ 24.67 trillion - the highest figure) (Fig. 2)
and since the NYSE Euronext became a structural di-
vision of the Intercontinental Exchange. As of the end
of 2019 NYSE: ICE remains the largest stock exchange
in the world with a capitalization of US $ 25.3 trillion,
ahead of the closest competitor, the Nasdaq, by about
US $ 14 trillion.

In contrast to NYSE: ICE, Nasdaq Nordic (formerly
Nasdag OMX), after signing a consolidation agreement,
initially showed a negative capitalisation trend of -30%
(from US $ 6 trillion total capitalisation prior to con-
solidation it fell to US $4 trillion. In the year after the
merger, Nasdaq Nordic (formerly Nasdag OMX) showed
a negative trend of -30% (US $ 6 trillion in total cap-
italisation before consolidation). However, in the year
following the merger, Nasdag OMX saw its market capi-
talisation increase by 60% to US $ 8.78 trillion in the
period from the date of the drop to 2013.US $ 8.78 tril-
lion. The positive trend has continued in the future. As
of the end of 2019, Nasdaq Nordic is the world’s second
largest securities trader with a total capitalisation of
$ 11.23 trillion. US $ 11.23 trillion (Fig. 2).

24.67

25.53

20

ENYCE

B Nasdaq

4

2008

2006

2013

2019

Figure 2. Capitalisation trends 2006-2020 NYSE: ICE and Nasdaq: Nordic (trillion USD)
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By analysing the geographical structure of the
global stock market’s development, it was found that the
USAis in first place (53.3% of the global stock market),
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Japan is in second place (8.4%), and the UK is in third
place (5.5%) (Fig. 3).

Other NN 5.9
22

27

27

238

N 33

I 34

. 55

Japan N 8.4

USA

Australia
Switzerland
Canada
Germany

France

China

United Kingdom

I 53.3

Figure 3. Share of countries in the global stock market, %

The digitalisation of exchange operations offers
a number of benefits, namely: fast access to trading
venues; accelerated processes for obtaining and dis-
tributing exchange price information; rapid settlement,
control and accounting, increased stock market liquidity

and capitalisation. Figure 4 below shows the capital-
isation levels of the world’s largest stock exchanges as
of March 2021, with top performers being the NYSE,
NASDAQ and Japan Exchange Group.

BSE
TMX

- 151
- 175
LSE M 292
SSEC mmmmmmm 3.8
EE I 3.67
HKE I 423
SSE I 4.67
JEG M 5.
NASDAQ
NYSE

——— 11.23
I 25.53

Figure 4. The capitalisation of major traders (trillions of dollars), March 2021

Based on a quantitative analysis of indicators
characterising on-and off-exchange trading in securities,
it has been established that over the past three years,
off-exchange trading in the form of alternative trading
systems based on electronic communication systems
technology has shown an upward trend. In 2019, the
global OTC trading market grew by 22% to 45.3 trillion
dollars. In 2019, the volume of the global OTC trading
market grew by 22% and reached 45.3 trillion dollars
(2018 - 33.863 trillion dollars), while the global stock
market saw a decrease in capitalization by 36% from

68.65 trillion dollars in 2018 to 43.27 trillion dollars in
2019 (Fig. 5).

Thus, the virtualisation of the global stock mar-
ket is the transformation of the market based on the in-
troduction of information and telecommunication tech-
nologies in operations, as well as the modernisation
(digitalisation) of infrastructure, resulting in the consol-
idation of exchanges (and, consequently, increased cap-
italisation of the stock market) and the spread of OTC
trading - alternative trading systems (ATS) based on
electronic communication systems (ECN) technology.
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Figure 5. The growth of the securities trading market

A current trend in the virtualisation of the global  indicators. According to Bloomberg news agency, in
stock market is the dynamic growth in the use of alter-  November 2015 capitalization amounted to 73 trillion
native trading systems as a factor in the development dollars. At the end of 2017, capitalization reached USD
of OTC trading. In describing the current state of global 80 trillion dollars (Fig. 6).
stock market dynamics, it is necessary to note the main
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Figure 6. Global stock market capitalisation 2004-2017, trillion USD
The global stock market has been volatile in 2018.  fell by USD 7 trillion dollars. The global stock market

The maximum capitalization was in January - 87 trillion  capitalisation was at 72 trillion dollars at the end of
dollars, after which a significant recession - the market  December 2018 (Fig. 7).
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Figure 7. The global stock market capitalisation in 2018, trillion USD
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Therefore, given the above indicators, the global
trend in the development of stock exchanges is as follows:

— further consolidation and internationalisation of
exchange activities based on ITC infrastructure. The need
to compete is forcing stock exchanges to go global, us-
ing server-based communication networks and virtual
environments;

—the universalisation of exchange activities, which
is reflected in the organisational unity of financial in-
struments and clearing, a wide range of information
services and the provision of custody and settlement
services;

— integration of exchanges with OTC electronic trading
systems;

—harmonisation of tendering and information ex-
change rules.

An analysis of recent trends in the development
of the world’s stock exchanges identifies the main con-
sequences that could result from a wave of stock ex-
change consolidations. Here are the main consequences
of these:

—the formation of the world’s largest trading venues,
which are grouped together based on specialisation. These
exchanges are expected to have huge trading volumes
and become the largest venues in their industry;

—encouraging new alliances. As a consequence, an
accelerated process of consolidation and, eventually, the
formation of monopolistic entities on the global stock
market is possible;

— simplification of procedures, unification of document
and listing standards, increased efficiency through the
interconnection of systems;

— increasing the supply of securities to investors and
reducing the cost of transactions.

Digital virtualisation in the form of the develop-
ment of Electronic Communication Networks (ECM) is
deepening the integration of the global stock market.
The Electronic Communication Network (ECN) is an elec-
tronic system for executing trades in exchange-traded
commodities that attempts to eliminate intermediaries.
An ECN links leading brokers and individual traders to-
gether so that they can trade directly, bypassing inter-
mediary exchange mechanisms. ECN technology is rep-
resented in the order matching system, which allows
for the automatic execution of opposite (buy and sell)
orders if certain parameters (assets, price, quantity) are
matched. ECNs refer to direct-access electronic trading

Money management

Broker module
module

Liquidity

| A

Information flow
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systems, meaning that an order is submitted directly to
the market on behalf of a client using this system. This
is the main difference between an ECN and a broker who
acts as an intermediary - processing the order in his
internal system and placing it in the market on his own
behalf. ECN globalises the market because it allows
transactions to take place outside of the working hours
of a particular locality. The obvious advantages of such
electronic systems are:

—the possibility of daily and round-the-clock trading;
bidders can be located in different time zones;

—an increase in the number of bidders offering quotes;

— providing participants with all necessary trade in-
formation as soon as possible;

— openness to participants who previously had no
direct access to trading and could not compete with
brokers. Orders even from individuals placed through
ECNs appear on the market and can influence market
dynamics;

—transparency, i.e., all orders are reflected in the
system and information is available to all participants.
The best order enters the market (on a particular trading
floor) on behalf of the EUN, which has market maker status,
meaning the EUN acts as an impersonal broker for its
clients, who simply make a huge number of trades be-
tween themselves.

ECN technology provides increased security and
confidentiality of information about participants and
their trades. The ECN pays a lot of attention to this. Dif-
ferent technologies for user verification, separation of
powers and access, and data encryption are used.

The proliferation of ECNs demonstrates the ben-
efits of the network. Let’s take the Currenex ECN plat-
form model as an example. Currenex is a subsidiary of
State Street Corp, a leading provider of financial ser-
vices to institutional investors. State Street Corp has
about 12 trillion dollars in assets + 1.7 trillion dollars
in assets. The first independent and open ECN system,
Currenex utilises an innovative and patented technology,
which aggregates liquidity from the world’s 60 largest
banks. Currenex was established in 1999 in California.
The company now has offices in London, New York, Chi-
cago and Singapore.The system allows for spot, forward
and swap transactions. The advantage of the system
lies in the near absence of “slippage” - the difference
between the real price of the order and the price of the
placed order (Fig. 8).
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Figure 8. Schematic expression functioning of the electronic communication network Currenex
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Figure 8 presents a comprehensive model for the
operation of the Currenex electronic communication
network, which consolidates liquidity flows, information
flows into a single integrated virtual system, using both
management tools and risk management. The main task
of the communication network is to direct the flow of
liquidity. This system is fully automated with no interme-
diaries. The “broker” module, the money management
module, means software robots that help network mem-
bers carry out the necessary transactions as requested.
There are several options for trading platforms:

Currenex Classic is a trading platform aimed at
large institutional traders providing fast access to a wide
range of trading instruments with all possible order
types.As a rule, to trade in the market, it is necessary to
deposit a fairly substantial amount of money, which can
be done via Currenex Classic. The Viking Trader platform
is designed for retail traders with all the necessary fea-
tures and capabilities, it supports multiple languages,
technical analysis tools, online news and allows you to
work comfortably on the Currenex network with accept-
able requirements according to the size of your deposit.
Mobile platforms for phones, smartphones and iPhones,
designed to place orders and monitor open positions.
FIX protocol - the ability to connect directly to the Cur-
renex network using any application (including propri-
etary applications) using a special protocol - Financial
Information eXchange (FIX) protocol. The biggest ad-
vantage of trading on the Currenex ECN platform is the
lower trader’s finance cost, which is 0.5-1.5 pips for the
major currency pairs. Minimum commissions in ECN are
achieved by providing quotes from dozens of market
makers at the same time, and the system automatically
selects the best price for each trade.

Features of risk management include:

— notifications on any margin changes;

— auto-liquidation of positions;

—account control and report on orders and positions;

— sorting accounts for effective risk management;

— providing extended reports, such as the auditors’
conclusions.

Bidding through Currenex is restricted to registered
persons exclusively. The members of Currenex can be
banks, company treasury departments, central banks,
international organisations, government agencies and
corporate finance managers. Current Currenex members
include Intel Corporation, Compag, Autodesk, Ericsson and
some 40 of the world’s leading banks as market makers,
including ABN Amro, Barclays Capital and Merrill Lynch.

Currenex does not carry out any payments between
members, but only generates debit orders from their
accounts. Currenex provides its members with foreign
exchange market information, research and analytical
information and news. The system works through appli-
cations. Several standard types of bids are available -
limit bid, market bid, “as good as” bid and stop-loss bid.

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

The virtualisation of the global financial space
also leads to another phenomenon - competition be-
tween organisations with different activities, competi-
tion between exchanges and information agencies in
the provision of information services. The Reuters news
agency, for example, makes it possible to obtain infor-
mation on current prices and rates, economic and po-
litical news, to be virtually present at stock exchange
trading, and to observe the execution of your own orders
by stock exchange brokers. However, the information sys-
tems of Bloomberg, Reuters, Tenfore, Dow Jones do not
allow real transactions of purchase and sale. E-trading
brings exchange-traded and over-the-counter commodity
and stock markets closer together. Trading in primary and
secondary securities is shifting to the over-the-counter
sector, as has already occurred with the commodity mar-
kets.Derivative futures are traded on commodity futures
exchanges. These include commodity price risk markets,
forward-looking markets that will allow hedging of real
market transactions and particularly risky investments
in rights and obligations on assets to preserve funds
against inflation and generate additional income.

In the European, US and Asian stock markets, stock
exchanges continue to be consolidated to deal in MNC
securities, identified by industry rather than country of
origin. The virtualisation leads to the exchange and OTC
markets becoming part of a single system, as they re-
distribute financial risk between economic actors. The
introduction of modern electronic trading systems stimu-
lates the processes of merging stock exchanges. In the
USA, for example, about 30% of transactions are con-
ducted within these systems.

Thus, virtualisation has a powerful effect on the
development of the global stock market. With innova-
tive platforms, exchanges are being consolidated and
virtualisation is also driving the spread of OTC trading,
leading to competition between on-exchange and OTC
trading. On the one hand, exchange alliances are formed
to confront alternative trading systems; on the other
hand, the integration process is a self-perpetuating fac-
tor in the virtualisation of the global financial market.
Furthermore, there is a future trend towards a merger
of the exchange and OTC sectors based on electronic
communication networks.

CONCLUSIONS

The virtualisation of the global financial market operates
in primary and secondary forms. The process of virtuali-
sation of the global financial market has revealed itself
ex post facto. The theoretical and methodological prin-
ciples include: economic cycle theories, money theories,
information society theories, and globalisation theories.

A virtualised financial system manifests itself as
an interconnected and interdependent integrated set
of financial markets, institutions developed based on
server virtualisation (information and communication




networks) that serve as its infrastructure support. Given
the impact of virtualisation on financial relations, we
propose to treat finance as the alienated intrinsic value of
goods expressed in the digital form of information and
monetary flows circulating in the information economy to
mediate exchange and settlement relations. The virtu-
alised global financial system is defined as an intercon-
nected and interdependent integrated set of financial
markets, institutions developed based on server virtuali-
sation (information and communication networks) that
serve as its infrastructure support. The results of the

Sirenko et al.

virtualisation of the global financial market are defined
as follows: on the stock market - consolidation of ex-
changes, rapid development of over-the-counter trading,
competition between exchanges and information agen-
cies; on the international derivatives market - deepen-
ing of the market and use of virtual financial derivatives
for speculative transactions on the international cur-
rency market - emergence and spread of extra-institu-
tional monetary units (cryptocurrencies); in the global
banking sector - international interbank digital payment
systems, cloud services and non-bank payment systems.
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FeHe3uc iHcTUTyUioHanbHoOro 3aéesnevyeHHs ¢piHAHCOBOro pUHKY B YKpaiHi:
Mi)XKHapoAHUI acneKT

Harana MukonaiBHa CipeHko, IHHa BonoaumupisHa bapuwescbka,
Onbra IBaHiBHa MenbHUK

MMKONAIiBCbKMI HALLIOHANBbHUIA arpapHuUiA YHiBepCUTeT
54020, syn. leopria loHragse, 9, M. Mukonais, YkpaiHa

AHorTauia. AKTyanbHICTb CTaTTi NOBYI3aHa 3 HeobXiaHiCTo BCebiYHOro aHanisy HOBITHIX NPOLECiB y robanbHii (iHaHCOBIN
CUCTEMI, @ TaKOX KOMIN/IEKCHOT PO3p06KM METO0MONYHOrO Miaxomy [0 ii BUBYEHHS. |3 nepexoaoM Ha umdpoBi TexHoNoTii y
CBITOBOMY iHaHCOBOMY PUHKY, 30KpeMa npu 06pobui Ta 36epexkeHHi AaHKX y eneKTpoHHOMY hopmarTi, BiaOyBa€eTbCS
BMA03MiHa GopMU DiHAHCOBOIO 06iry, WO MOXe CNPUYMHUTU HU3KY NPoBNeM i pu3mKiB. Y LLbOMY KOHTEKCTI 0cObanBy
yBary BapTo NpUAINUTA MiXKHAapOAHOMY KPeAUTHOMY PUHKY Ta MiXKHAapOAHOMY PUHKY obnirauiid, wo $akTMyHo
LIMPKY/IOKOTb Y KibepnpocTopi Ta pO3BMBAOTLCS 3aBASKM iHOOPMALLIMHO-KOMYHIKALIMHUM TexHonorisaM. MeTa AaHoi
HayKoBOi pobOTU MoNgrae y nornMbneHomy aHanisi oCHOBHMX rnobanisauiiMHMX NpoLeciB CBITOBOI EKOHOMIKM Ta
iXHi BNJIMB Ha pO3BWUTOK KOHKYpEHLi MiX 6ip>x0BOK Ta N03abipxoBo TOPriBASMU. Y AOCNIAXKEHHI BUKOPUCTaHI
3aranbHOHAYKOBI METOOM aHani3y, TEOPETUYHE y3arasbHEHHS Ta CUHTES, @ TaKOX METOAM MATEMATUYHOTO, CTaTUCTUYHOIO
Ta eKOHOMIYHOro aHani3ie. 3a pe3ynbraTaMu AOCNILKEHHS AMHAMIKKM KaniTanisauii mobanbHoOro GoHA0BOr0 PUHKY
aBTOpaMu AaHOi CTaTTi 6yn0 BUSBNEHO TEHAEHLIO 0O AMHAMIYHOIO 3pOCTaHHS MOCAYrOBYBAHHS afbTePHATUBHUMM
TOpriBeNbHUMM CUCTEMAMU, WO € GAKTOPOM pO3BMTKY Bip)OBOi Ta N03abip)0BOi TOPriBAi LiHHMMKM nanepamu. Y
CTATTi HAOAETbCS BCEOIYHMI aHANI3 HANPAMIB BMIMBY AifKMTaNi3auii Ha rnobanbHy BanOTHO-(DIHAHCOBY CUCTEMY,
cepen AKMX OeTaNbHO PO3MNSLAETLCS Ta OOIPYHTOBYETHCA MO3UTUBHMIA | HEraTUBHUIA BNIMB. BUSBNEHO HeraTuBHi
edeKTH BipTyanizauii rnobanbHOi BaNtOTHO-PiHAHCOBOT CMCTEMM, @ TAKOX CPOPMYNbOBAHO MNEPCMNEKTUBHI HaNpsamMu
MoaudikaLii eKOHOMiIYHOT cucTeMu Ta diHAHCIB 3a BBeAEHHS UMMPOBUX TexHoNorii. BuknageHa y uiin pobori
iHbopMaLis Moxe BYTV BUKOpPUCTaHa AJ1 NOAA/LLIOMO PO3rnsay AMHAMIKM KaniTanisauii doHA0BOro puHKY Y CBITi, a
TaKOX pO3pObKM METOfIB 3 MOKPALLEHHS eDeKTUBHOCTI BNPOBAMXKEHHS LMbpoBi3aLii onepauiiHux npouecis s
OKpeMUX NiANPUEMCTB i CBITOBOI €EKOHOMIKM B LLiIOMY

Kniouosi cnoBa: hoHA0BMI PUHOK, PO3BUTOK, CTPYKTYPA, YCTAaHOBA, 3a6e3neyeHHs
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