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Abstract. A multi-year analysis of the state of the livestock sector in the period before the outbreak of war in
2022 is important for the post-war recovery of Ukraine’s regions. The purpose of the research was to identify the
factors of losses in the production of livestock products, methods and means of integrated development. The
generally accepted methods in zootechnology were followed, the study was conducted over a thirty-year period
(1991-2021) in accordance with the stages of research work number: 0121U113933 of 18.11.2021. It was found
that the number of cattle decreased by 8.4 times, and cows — by 5.2 times. Gross milk production decreased by
2.7 times, and beef and veal production - by 4.5 times. Improving the genetic potential of livestock, feeding, and
housing contributed to an increase in cow productivity by 2,842 kg on average in the region and by 4,693 kg at
the enterprises. As of 01.01.2021, 5 stud farms of the Ukrainian Black-and-White dairy breed were established
with a population of 12,369 heads, including 4,647 cows, with a milk yield of 9,749 kg in 2020. The profitability
of milk production in 2019 was 20.6%, while cattle breeding for meat was unprofitable (-27.1%). Many farms turn
manure into compost and apply it to the soil for ploughing. Between 1991 and 2021, the Kharkiv region lost the
potential of the dairy industry, the number of cattle decreased, with the largest decline in 1991-2001 (6.54 times).
Milk production decreased by 2.7 times and beef and veal production by 4.5 times, with the main “drop” occurring
between 1990 and 2010 (by 2.7 and 4.5 times respectively). The average annual milk yield per cow in the region
from 1990 to 2020 increased by 2,840 kg and in 2020 amounted to 5,821 kg. Practical value: the article is the first
to provide a long-term analysis of the state of the cattle breeding industry before the outbreak of hostilities in
Ukraine, taking into account technological, organisational and economic aspects
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INTRODUCTION
The successful functioning and development of each in-
dividual production and social unit of society depends
on its ability to provide itself with food, first and fore-
most. One of the most challenging issues in ensuring a
high standard of living is the production and supply of
milk and meat. At the same time, it is important to pre-
serve the environment and maintain soil fertility. Restor-
ing the number of cattle in the post-war period is impor-
tant in terms of increasing the production of high-quality
milk and beef meat, taking into account modern tech-
nologies for breeding, feeding and housing animals.

Increasing cows’ milk production helps to solve en-
vironmental problems. US scientist J.K. O'Hara (2023)
investigates the intensity of greenhouse gas emissions
from milk production. The higher the productivity of
animals, the less greenhouse gases are produced in
the intestines and the less they are released into the
environment. The researchers D.V. da Silva et al. (2024)
tried to propose and determine the net environmen-
tal performance of different milk production systems.
A case study of a closed composting farm located in
South-Eastern Brazil was chosen as a baseline scenario.
The results and benefits of the ecosystem were aggre-
gated and converted into monetary units per kg of milk.
The semi-closed systems had the worst environmental
performance compared to milk production on the farm
where composting was applied.

The intensive development of each individual
branch of the agricultural sector of the economy and
balanced entrepreneurship, as well as in the complex
of a large region, should be based on the principles of
preserving, improving and strengthening production
resources. It is on these principles that land and its ag-
ricultural land should be used, because it is not only a
platform for living beings, but from the point of view
of the economic category, land is the main means of
production and requires rational use. Scientists from
China,J. Chang et al. (2018), point out that rational land
use in karst areas can increase the productivity of water
and fertiliser use. They propose that agricultural land
on sloping areas should be converted to forested areas
with moderate grazing, while agricultural land on flat
areas should adopt a grain-forage and grain-soybean
rotation to meet the needs of a growing population and
ensure economic development.

Selection and breeding work plays an impor-
tant role in increasing animal productivity. Scientists
L. Khmelnychyi & B. Karpenko (2023) note that the use
of linear classification in the breeding process of dairy
cattle to determine the breeding value of cows is a fair-
ly effective means of objectively determining the breed
characteristics of the exterior type. The presence of a
correlation between the final score and the level of milk
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production will contribute to the efficiency of selection
in the indirect selection of animals for these traits.

An important factor in animal productivity is
well-balanced feeding and the use of effective inno-
vative techniques. Researchers M.M. Wright et al. (2024)
show that adding rapeseed cake to grain mixtures
can improve milk production and increase milk fat
and protein yields. In addition, there are no milk yield
benefits when some barley is replaced with maize in a
wheat-barley mix fed to cows grazing on.

L. Cesarini et al. (2024) analysed and forecast
changes in agriculture at a national scale, which is es-
sential for developing strategies to ensure food security
and stability of the entire agri-food chain. This is often
challenging as data is usually sparse and long detailed
reports are rarely available, but researchers have tried
to develop some models to forecast monthly milk pro-
duction in France, Germany and Italy using climatic and
economic variables from open datasets as inputs.

Over the last 30 years (1991-2021) covered by the
research, the use of mineral fertilisers in soils has de-
creased tenfold, and organic fertilisers by 5-7 times,
while at the same time, humus has been leached from
the soil through erosion and nutrient removal with the
harvest. According to O. Drebot et al. (2024), special at-
tention should be paid to the issues of economic ac-
tivity to balance environmental and economic factors
on the basis of social relations, which necessitates the
restructuring of land and the structure of sown areas of
major crops, taking into account the regional charac-
teristics of the general phytosanitary state of the ceno-
sis of a particular region, weather and climatic, relief
and soil conditions. Scientists |. Shumyhai et al. (2023)
point to a biogeochemical imbalance of molybdenum
in the agricultural landscapes of the Forest-Steppe
zone of Ukraine, where a lack of the element in the soil
was found. Technogenic migration in the soil cover is
manifested by its increased dispersion. O. Mamenko et
al. (2021) focus on the emergence of biogeochemical
endemics. This has been significantly affected by the
ruthless ploughing of land in both Ukraine and Kharkiv
region, high energy consumption, disruption of ecolog-
ical balance, reduced soil fertility, and the decline of
livestock production. Under such extreme conditions,
the number of cattle decreased by 8.4 times, milk pro-
duction - by 2.2 times, and meat production - by 2.2
times. The authors highlight the attempts to find a way
out of the crisis, but restoring soil fertility and raising
cows is a long-term endeavour.

The purpose of the research was to identify the
causes and factors of losses in the production of live-
stock products in Kharkiv region, to determine method-
ological principles and methods, means of integrated



development of livestock and agriculture through mutual-
ly necessary sectoral components of agricultural progress.

MATERIALS AND METHODS
This study analyses the state of livestock and agricul-
ture in the Forest-Steppe zone of Ukraine. A 30-year pe-
riod of time was analysed - from 1991 to 2021, the last
three ten-year periods. The dynamics of cattle numbers
in general and by categories of farms in Kharkiv region,
milk and beef production per capita, along with live-
stock numbers, gross and average productivity data,
were studied, and the contribution of the livestock
sector to the development of crop production and
soil fertility in Kharkiv region was calculated. Statisti-
cal data are taken from the State Statistics Service of
Ukraine (n.d.). The authors worked with the data from
the annual reports of breeding plants in printed for-
mat, so it is not possible to provide an electronic link.
When taking average samples of feed, milk,and organic
waste, the methods generally accepted in zootechnical
practice were followed, the method of ecological mon-
itoring of ecosystems was used, and the study was con-
ducted in accordance with the stages of the research
work State Registration Number: 0121U113933 (Fig. 1).

Registration card for research and development work

State Registration Number: 01210113933
Public Date of Registration: 18-11-2021
Status of the performer: 17 Chief Executor

Figure 1. Registration card
for research and development work
Source: Ukrainian Institute of Scientific and Technical Ex-
pertise and Information (n.d.)

The analysis was based on the scientists’ own re-
search and international scientific publications. The
scientific and economic experiments were conducted
in cattle-breeding enterprises of the Forest-Steppe
zone of Ukraine, whose biogeocenoses are subject to
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increased anthropogenic pressure near industrial cit-
ies, oil and gas production and processing sites, and
major motorways. The experiments were conduct-
ed on dairy cows of the Ukrainian Black-and-White
dairy breed with different types of feeding: silage-si-
lage-concentrate feeding, silage-silage, silage-root
crops and silage-hay feeding, respectively. Animals
were selected by the method of analogues for live
weight and milk production and divided into three
groups: the first control group and the second and
third experimental groups. To improve the quality, en-
vironmental safety of cow’s milk and cow productivity,
the main feeding ration for the experimental groups
was balanced with a specially developed vitamin and
mineral premix. An experiment was also conducted
on calves in the dairy period. Laboratory analysis of
selected samples of plant and animal origin for the
content of macro-and microelements, including heavy
metals, was carried out by atomic absorption spectro-
photometry (AAS-30 spectrophotometer, Germany),
which gives a minimum error in sample analysis. The
quality and environmental safety of milk was moni-
tored in accordance with DSTU 3662:2018 (2019),
as well as the requirements of international qual-
ity standards (Regulation of the European Parlia-
ment..., 2004). The following data were also used for
the analysis: State Enterprise... (n.d.), State Register of
Breeding Subjects... (2021). The monographic method,
method of analysis and synthesis, empirical and com-
parative methods were used in writing the paper. The
calculation was carried out in the STATISTICA soft-
ware package version 10.0.

RESULTS

While in 1991 Kharkiv region was ranked 4" in Ukraine
by cattle and 5" by cows, in 2021 it was ranked 8" and
11%, respectively. The decline in cattle numbers has
been a long-standing problem in Ukraine due to the
lack of an effective government support programme.
That is, the loss of cows, which is the main means of
production, reached 80.9% (Table 1).

Table 1. Dynamics of the number of cattle and % of the total
in Ukraine by categories of farms in the Kharkiv region (as of 1.01, thousand heads - from 1991 to 2021)

Unit of

Groups of livestock

Years 2021 to 1991, %

measurement 1991

2001

2011

In farms of all categories

Total cattle heads 1,274.6 466.2 194.8 192.1 151.9 119
% 5.18 4.95 4.33 4.95 5.28
el cavs heads 415.0 2173 100.5 92.7 79.3 191
% 5.00 4.39 3.82 4.10 4.32
At enterprises
Total cattle heads 1,203.8 338.4 96.8 96.9 79.9 66
% 5.71 6.72 6.34 740 792
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Table 1, Continued

Groups of livestock i s Years 2021t0 1991, %
P measurement 2001 2011 Ut
including cows heads 371.9 133.4 39.9 373 32.3 8.7
9 % 6.01 7.48 6.775 7.05 762 :
In the farms
heads - 3.6 4.0 47 3.8
Total cattle % - 351 420 450 3.46 1056
. . heads 14 1.6 1.8 1.7
including cows % 3191 420 481 390 1214
In the households
heads 70.8 127.8 98.0 95.2 82.5
Total cattle % 2.00 291 3.30 370 3.86 1165
. . heads 431 83.9 60.6 55.4 46.8
including cows % 1.97 2.70 2.94 3.20 3.19 1086

Notes: % of total livestock in Ukraine
Source: developed by the authors

It is worth noting that with the outbreak of full-
scale aggression, in the first months of the war, the
dairy industry suffered the greatest losses (Bal-Prylyp-
ko et al., 2024). After the “shock period”, industrial farms
in the frontline and near-frontline zones tried to save
themselves as best they could. A certain number of ani-
mals died. Those who could do something moved their
livestock to safer areas in the central and Western re-
gions. That is why in critical regions, including Kharkiv
region, dairy farms reduced their livestock by 47.3% (to
17.4 thousand), in Sumy region - by 5.2% (to 25.6 thou-
sand),and in Chernihivregion - by 4.1% (37.9 thousand).
The number of cattle increased in Ternopil region, with
an increase of 17.5% (16.1 thousand), Odesa region -
14.5% (6.3 thousand), lvano-Frankivsk region - 12.2%
(4.6 thousand). According to the State Register (2021),
as of 1 December 2022, the largest number of cattle
was concentrated in Poltava (54.1 thousand), Cherkasy
(43.1 thousand) and Chernihiv (37.9 thousand) regions.
In general, according to the Unified State Register of
Animals, there were 1.98 million cattle in Ukraine at
the beginning of 2023. The largest number of cattle
was in Vinnytsia region (154.6 thousand), Poltava re-
gion (151.9 thousand) and Cherkasy region (130.1 thou-
sand).As of 1 July 2024, the number of cattle in the Uni-
fied State Register of Identified and Registered Animals
was 1,867,858 heads (State Enterprise..., n.d.).

According to preliminary data from the Ministry of
Agrarian Policy and Food of Ukraine, as of 1 April 2024,
2 million 330.5 thousand cattle were kept in the house-
hold and industrial sector, including 1 million 263.8
thousand cows. Compared to March 2024, the number
of cattle increased by 76 thousand heads (+3%), and
the number of cows increased by 3.3 thousand heads
(+0.3%). Compared to April 2023, the number of cat-
tle decreased by 172.4 thousand heads (-7%), includ-
ing 91.1 thousand heads (-7%) of cows. About 39% of
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animals are kept at industrial enterprises, while 61%
are kept in households. Many farmers are keeping cows
in wartime conditions and are experiencing a shortage
of working capital. The cost of keeping animals is be-
coming more expensive, as are the costs of feed prepa-
ration, diesel fuel and electricity, and profitability is
decreasing. Injured animals have to be culled. Produc-
tion costs are rising much faster than prices for finished
products, as people have low purchasing power. The
reduction of pasture and agricultural land due to mine
and shell contamination remains a challenge.Neverthe-
less, in 2024, the decline in the number of cattle slowed
markedly compared to 2023, and the time for some sta-
bilisation is coming. Moreover, compared to the previ-
ous year, the number of cattle in households in Kharkiv
region increased by 1% (The number of cattle..., 2024).

In 2020, total milk production in Kharkiv region de-
creased to 469.9 thousand tonnes, or 2.7 times (-800.7
thousand tonnes compared to 1990). Beef and veal pro-
duction (in slaughter weight) also decreased, except for
households. During the research period, it was found
that investments in improving the genotype of dairy
herds, more efficient breeding, more intensive milk pro-
duction technologies, rational feeding, and comfortable
housing conditions ensured an increase in milk yield
in Kharkiv region to 7,698 kg. The main breed here is
the newly created Ukrainian Black-and-White dairy
breed, which has a high milk yield potential. There are
five breeding plants of this breed in the region, and
as of 01.01.2021, there were 12,369 heads, including
4,647 cows, with a milk yield of 9,749 kg each, which
is twice as high as the regional average for farms of all
categories (State Register of Breeding Subjects...,2021).
However, the loss of a significant number of cows and
the lack of regulation in the production sector led to a
decrease in gross milk production and a shortage of milk
per capita for the population of Kharkiv region (Table 2).
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Table 2. Dynamics of milk and meat production per capita in Ukraine and Kharkiv region, kg
Years

Unit of measurement 2020 to 1990, %

1990 2000 2010 2020
Production of all types of milk, kg
. kg 4723 257.4 2452 2473 221.9
Ukraine % 100 54.5 95.3 101.1 89.5 470
- kg 3976 182.8 169.1 1925 1776
Kharkiv region % 100 46.0 925 113.8 922 447
Production of all types of meat (in slaughter weight, kg)
. kg 84.0 33.8 449 54.2 59.3
Ukraine % 100 402 103.0 1207 109.4 706
o kg 713 28.6 30.1 346 33.1
Khark 464
arkivregion % 100 401 105.2 115.0 95.7 6
Beef and veal production (in slaughter weight, kg)
. kg 387 15.3 9.3 8.9 8.2
Ukraine % 100 39.5 60.8 957 92.1 21.2
- kg 317 116 8.2 8.5 8.6
Kharkiv region % 100 36.6 70.7 103.7 101.2 271

Notes: % to the previous period
Source: developed by the authors

Feed costs for the production of 1 tonne of live

weight gain of cattle, 1 tonne of milk and one head of

cattle in enterprises were within the traditional range

Table 3. Feed costs for the production of 1 centner of cattle growth in enterprises, centner of feed per unit

and only in recent years (2018-2020) have increased
significantly, with the main reason being feed quality
(Table 3).

Feed of all kinds of which are concentrated 2020 to 2015 (all
types / of them
2015 2018 2019 2015 2018 2019 2020 concentrated), %
Ukraine 15.69 14.80 12.06 13.95 12.84 4.47 493 5.79 6.65 6.12 81.8/136.9
Kharkiv region  14.68 15.36 13.73 14.19 13.37 4.20 5.23 6.51 6.51 6.52 91.1/1471
Region to 936 1038 1138 1017 1041 940 1061 1124 980 1010
Ukraine, %
Feed costs per cent of milk production in enterprises, centner of feed per unit
Ukraine 1.18 1.00 0.86 0.89 0.84 0.37 0.41 0.48 0.49 0.46 71.2 /1243
Kharkiv region 0.98 1.02 0.87 0.87 0.83 0.35 0.44 0.49 0.49 0.47 84.7/134.2
Alonle 830 1020 1012 978 988 946 1073 1021 1000 1022
Ukraine, %
Feed consumption per 1 head of cattle in enterprises, centner of feed per unit
Ukraine 26.73 2646  29.19 29.59  28.78 17.95 19.41 2437  24.89 24.20 107.7 / 134.8
Kharkiv region  28.94 31.88 36.16 36.35 36.24 18.16 19.36 2494 25.53 25.44 125.2 /140.2
Regionto 4195 1705 1239 1228 1259 1012 997 1023 1028 1051
Ukraine, %

Source: developed by the authors

The period of the last 10 years (2010-2020 in the
dynamics by years) was chosen for the analysis of feed
costs (Table 3). The costs per 1 centner of cattle growth
in the region’s enterprises were lower than in Ukraine
only in 2010, and then they grew and in 2020 increased
to 4.1% of the average for Ukraine. There was no sig-
nificant difference between the figures for Ukraine and
Kharkiv region and between the years of the study peri-
od in terms of feed costs per 1 cent of milk production

at milk production enterprises. However, the cost of feed
per head of animals in the region was higher (the differ-
ence reached 25.9%, 5.1 in 2020), and feed costs have
increased significantly over the past three years (2018-
2020) (Ukraine =+34.8, Kharkiv region =+40.2 for feed).

The share of cattle in the Kharkiv region kept in
farms of all categories in the national total varied from
5.18 (1991) to 5.28% (2021), including the number of
cows - from 5.00t0 4.32%.1n 2021,according to the State
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Statistics Service of Ukraine (n.d.), Ukraine produced
8.72 million tonnes of milk,which is 5.9% less than in the
previous year. At the same time, agricultural enterprises
produced 2.75 million tonnes (0.4% less), and house-
holds produced 5.97 million tonnes (-8.2%). Poltava,
Vinnytsia and Khmelnytsky regions became the leaders
in milk production, although milk production in these
regions also decreased compared to the previous year.
Luhansk, Donetsk and Zaporizhzhia regions produced

the least amount of milk. The productivity of the dairy
herd in all categories of farms increased by 1.7 times on
average in Ukraine and by 2.1 times in Kharkiv region.
The most significant increase in cow productivity was
in enterprises - by 2.5 and 2.6 times, respectively. Of all
the categories of farms in the Kharkiv region, enterpris-
es produce the most milk. In 2020, 52.1% of total gross
milk production was produced by enterprises, which is
8.87% of the national production (Table 4).

Table 4. Dynamics and share of milk and meat production of cattle
in the total production in Ukraine by categories of farms in Kharkiv region from 1990 to 2020

Unit of
measurement

Types of enterprises

1990 2000

2020 to 1990, *

2020

Milk production

Farms of all ths. tonnes 1,270.6 539.6 467.2 5245 469.9 -800.7
categories % 5.18 4.26 4.15 4.94 5.07
e ths. tonnes 1,133.0 279.4 175.2 232.6 244.8 -888.2
% 6.08 7.62 7.90 8.71 8.87
. ths. tonnes 137.6 260.2 292.0 291.9 2251
Private households % 234 372 323 267 3 46 +87.5
ths. tonnes = 2.3 6.5 10.6 9.0
Farms % - 3.39 5.80 5.98 402 +389
Beef and veal production (in slaughter weight, thousand tonnes)
Farms of. all ths. tonnes 101.5 34.4 22.7 23.2 22.7 78.8
categories % 5.11 456 5.31 6.04 6.57 ’
Enterprises ths. tonnes 94.6 14.6 5.5 5.4 6.1 -88.5
% 5.23 478 5.25 5.76 7.19
Private households  ths.tonnes 6.9 19.8 17.2 17.8 16.6 +9.7

Notes: % of total production in Ukraine
Source: developed by the authors

Beef and veal production (in slaughter weight)
in 2020 was almost 4.5 times lower in all categories
of farms in the region compared to 1990. By catego-
ry of farms, the share of gross production produced

by enterprises is 7.19% and by households - 6.37%.
The most objective and economically justified indi-
cator of cattle productivity is the milk yield of cows
(Table 5).

Table 5. Average annual milk yield per cow, kg

2020 to 1990, %

Farms of all categories

. kg 2,863 2,359 4082 4,644 5,129
Ukraine % 100 82.4 173.0 113.8 1104 179.1

o kg 2,979 2,137 4,560 5,483 5,821
Kharkiv region % 100 71.7 213.7 120.2 106.2 1954

At enterprises

_ kg 2,941 1,588 3,975 5,352 6,634
Ukraine % 100 54.0 250.3 134.6 124.0 2256

o kg 2,975 1,689 4413 6,302 7,698
Kharkiv region % 100 56.8 261.3 142.8 1222 2588

At private households

. kg 2,637 2,960 4110 4497 4,666
Ukraine % 100 139.9 108.0 108.0 105.2 105.2

o kg 3,017 3,059 4,660 4937 4545
Kharkiv region % 100 101.4 152.3 105.9 921 1506

Notes: % to the previous period
Source: developed by the authors

Ukrainian Black Sea Region Agrarian Science, 28(3), 19-31
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Investments in the development of the dairy indus-
tryin enterprises over the past decade (2010-2021) have
created more opportunities to improve genetic poten-
tial, apply intensive production technologies, improve
feeding, and create more comfortable conditions. As a
result,the average annual milk yield per cow in Ukraini-
an enterprises increased to 6,634 kg, and in the region -
to 7,698 kg, which is more than in households by 1,968
and 3,153 kg. However, as of 01.01.2021, the number
of cows kept in Ukrainian enterprises has significantly
decreased and amounts to only 25.3%, and to 40.7%
of the total in the region. A new Ukrainian Black-and-

White dairy breed is being introduced in Kharkiv region.
There are five breeding plants in the region that are en-
gaged in the improvement of cattle of this breed with a
total number of 12,369 heads of breeding cattle as of 1
January 2021, including 4,647 heads of cows. According
to the annual reports of breeding plants for 2020, the
milk yield per cow is 9,749 kg, which is almost twice as
high as the average for farms of all categories in the re-
gion (190.1%). Gradually, from year to year, the livestock
sector (especially meat production) in the country is not
profitable, as evidenced by the level of profitability of
production at the enterprises of the region (Table 6).

Table 6. The level of profitability of milk and meat production at enterprises

Years
peetotoradice
ypes of products 1990 2000 2012 2015 2016 2017 2018 2019
Milk 32.2 -6 18 127 186 269 16.1 20.6
Cattle for meat 20.6 423 1283 169 2232 34 177 2271

Source: developed by the authors

The production of cattle meat has led to a critical
state of the industry due to a decrease in the number
of livestock and production volumes (Kopytets & Vo-
loshyn, 2020). Volatility in purchase prices for livestock
products, low purchasing power of the population,
imperfect import regulation and financial and credit
policy in the agricultural sector, as well as unregulated

relations in the areas of production, harvesting, pro-
cessing and trade have led to the decline of the indus-
try. In Ukraine and in Kharkiv region, due to the decline
in gross livestock production, milk and meat produc-
tion per capita lags far behind physiological standards
(380 kg of milk and 80 kg of meat) and continues to
decline (Table 7).

Table 7. Dynamics of milk and meat production per capita in Ukraine and Kharkiv region, kg

Unit of measurement

2020 to 1990, *

2000

Production of all types of milk, kg

. kg 4723 2574 2452 247.8 221.9
Ukraine % 100 54.5 95.3 101.1 89.5 2504
- kg 3976 182.8 169.1 192.5 1776
Kharkiv region % 100 46.0 925 113.8 922 2200
Production of all types of meat (in slaughter weight, kg)
. kg 84.0 33.8 449 54.2 59.3
Ukraine % 100 402 103.0 120.7 109.4 247
o kg 713 28.6 30.1 34.6 331
Kharkiv region % 100 40.1 105.2 115.0 957 38.2
Beef and veal production (in slaughter weight, kg)
. kg 38.7 15.3 9.3 8.9 8.2
Ukraine % 100 39.5 60.8 95.7 921 -50.5
- kg 317 116 8.2 8.5 8.6
Kharkiv region % 100 36.6 70.7 103.7 101.2 291

Notes: % to the previous period
Source: developed by the authors

While from 1990 to 2010, the production of milk
and meat of all kinds per capita continued to decline,
from 2010 to 2015, milk production per capita increased
by 2.6 kg on average in Ukraine and by 23.4 kg in the
region, in 2020, compared to 2015, milk production

decreased by 10.5% on average in Ukraine and by 9.2%
in the region, and is 58.4 and 46.7% of the physiologi-
cal norm, respectively.

As for the production per capita of all types of meat,
from 2015 to 2020, it increased by 5.1 kg in Ukraine and

Ukrainian Black Sea Region Agrarian Science, 28(3), 19-31

25



26

Prerequisites for innovative development of livestock and agriculture...

decreased by one and a half kilograms in the region,
and in 2020 it was 67.8% of the normative indicators
on average in Ukraine and 41.4% in the region. Of all
the types of meat, beef and veal are the least produced
per person in the country (8.2 kg), which is only 21.2%
of the 1990 figure, and in Kharkiv region (8.6 kg and
27.1%, respectively). A particular threat to Llivestock
farming is posed by the government’s attempt to meet
domestic demand for meat and dairy products through
imports. This actually brings the country closer to the
critical point of national food security, but the loss of
soil fertility is very dangerous.

Over 30 years, the gross production of bedding ma-
nure has decreased by 8.4 times, while the area of ag-
ricultural land has remained virtually unchanged. Cows
processed feed into milk, and the production of organic
fertilisers from them has also decreased significantly
(by 5.2 times) over such a long period, but this is much
less than the total number of cattle. However, in enter-
prises, organic production decreased by 15 times (in-
cluding 12.1 times from cows). In 2020, households and
farms produced organic matter steadily and returned
60% of the total volume of bedding manure production

to land. A decrease in cattle numbers and a decrease
in animal consumption of bulk (hay, haylage) and an
increase in concentrates in the diet resulted in a loss of
organic fertiliser production as soil fertility deteriorated.

During the stall period (210 days), the manure out-
put per cow is 7 tonnes, but during the so-called grazing
period (155 days), cows in Kharkiv region are kept tied
up, and the average annual manure production reach-
es 12 tonnes per cow (5 tonnes on average for young
cattle). Of the total feed fed to cattle, 60% is absorbed,
5% is lost, and 35% is excreted as excrement, which,
together with the remains of uneaten feed and bedding
material, forms manure. Manure contains nutrients that
are essential for plant life, and it contains 50-70% of
nitrogen, which is absorbed by plants after mineralisa-
tion in the first year of application to the soil and is the
starting material for humus formation. Manure is divid-
ed into bedding, semi-liquid, liquid and slurry based on
its moisture content. Only cow bedding manure (winter
wheat straw), which is the most suitable for obtaining
20% of humus organic matter, was used in the calcu-
lations of manure yield and the following results were
obtained (Table 8).

Table 8. Dynamics of bedding manure production
in farms of Kharkiv region for the period 1991-2021 (thousand tonnes)

Groups of Years 2021 to 1991
livestock 1991 2001 2011 2015 2021 % times
Beef and veal production (in slaughter weight, kg)
Total from cattle 10,834 3,963 1,656 1,633 1,292 11.9 8.4
including cows 4,980 2,604 1,206 1,112 952 19.1 5.2
In enterprises
Total from cattle 10,232 2,876 823 825 680 6.6 15.0
including cows 4,464 1,601 480 448 388 8.7 121
In farms
Total from cattle = 31 34 40 32 5.6
including cows 16.8 19.2 21.6 20.4 214
In households
Total from cattle 637 1,150 882 857 743 +16.6
including cows 560 1,092 788 720 608 +8.8

Source: developed by the authors

Between 1991 and 2021, the production of manure
from cattle in all categories of farms decreased by 8.8
times, including 5.2 times from cows. The main reason
is a significant decrease in the number of livestock.
This was most noticeable in enterprises, while in farms
and households it increased, but their total percentage
was only 7.4%. In other words, the decrease in organic
fertiliser production in Kharkiv region was influenced
by a decrease in the number of producers, a trend that
coincided with changes in Ukraine as a whole. And this
most basic of the most powerful production assets has
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different quality indicators even within individual areas
of one settlement, let alone an entire farm, a separate
district, region, or country. This happens depending on
how the land is managed. Long-term barbaric use of
land for high yields leads to its depletion, impoverish-
ing it of nutrients, especially its most valuable compo-
nent — humus. The land is not capable of synthesising
this fertiliser on its own; this function is performed by
soil biota based on specific raw materials - organic and
mineral substances, mostly secondary livestock prod-
ucts, and primarily ruminant manure.



DISCUSSION

For various reasons, it is quite difficult for agricultur-
al producers in Ukraine to maintain, let alone increase,
the number of cattle and ensure the production of
milk and meat. Between 1991 and 2021, scientists and
practitioners were looking for effective ways to not
only increase animal productivity but also improve the
quality and environmental safety of milk,and much was
achieved. Much attention was paid to animal feeding,
breeding and selection, improving cattle keeping con-
ditions, and environmental safety. In 2022, the hostili-
ties caused significant losses to the agricultural sector
throughout Ukraine, with cattle farms in the frontline
regions of the Forest-Steppe zone of Ukraine and the
regions that were occupied, including Kharkiv region,
suffering the most. In 2023-2024, the situation stabi-
lised somewhat, but the number of cattle in the region
decreased by almost 50%. In the second half of 2024,
hostilities continued in the Kharkiv region, so there is
no hope for a rapid improvement in the livestock sector.
Mine contamination of agricultural land complicates
the situation with field work, production of high-quality
crops and animal feed, and the reduction in cattle num-
bers has led to a decrease in the application of organic
fertilisers to the soil.

It is important to analyse the current situation in
the livestock sector, take into account the accumulated
scientific and practical experience and prepare for the
post-war recovery of the industry, increase in the num-
ber of animals and their productivity, and production
of environmentally safe milk and beef meat based on
the introduction of innovative technologies and inter-
national experience. Manure composting is one of the
most effective ways of processing manure,which is used
in various countries where cattle are kept. Scientists
X.Zheng et al. (2022) emphasise that anaerobic diges-
tion and composting of manure are increasingly attract-
ing attention due to the increase in organic fertiliser
production and environmental safety. Composting is an
ideal way to utilise the nutrients in animal manure. To
reduce soil contamination with heavy metals, especially
such hazardous metals as cadmium and lead, research-
ers recommend that agricultural producers take a ho-
listic approach by producing both compost and biogas,
which is very important in the context of the energy
crisis and environmental protection. Heavy metal pollu-
tion from man-made and military impacts threatens an-
imal and human health due to their high bioavailability,
cumulative nature and migration in the trophic chain.

Scientists from China, H. Wang et al. (2013), exam-
ined samples of feed and manure for heavy metals on
livestock farms. It was found that zinc and copper in an-
imal feed ranged from 15.9 to 2,041.8 and 392.1 mg/kg,
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respectively, while mercury, arsenic, lead,and chromium
in all feeds were below 10 mg/kg. The concentration of
copper, zing, arsenic, and chromium in animal feed and
manure had a positive correlation, but cadmium, mer-
cury,and lead were not statistically correlated between
the content in feed and manure. The highest concentra-
tions were found for copper and zinc in both feed and
organic waste from different animal species, including
dairy cattle. The authors also emphasise that the con-
tent of heavy metals in organic waste from dairy ani-
mals has only increased over time, which means that it
poses an environmental risk of soil pollution. Research-
ers M. Xiang et al. (2021) note that the increase in the
content of heavy metals in the soil is due to a violation
of the norms for applying organic fertiliser from live-
stock waste if animals were fed feed containing hazard-
ous ecotoxicants. Heavy metals pose a significant threat
to agricultural production. Soil contamination can pose
a potential environmental risk, and crop contamination
can already pose a risk to human health.

Y. Xu et al. (2019) also note that livestock manure
tends to be contaminated with heavy metals, as large
amounts of the mineral elements copper and zinc are
added to the feed, which are heavy metals but biogen-
ically important for the animal body. A large amount of
these elements is released into the soil with organic
waste. Elevated concentrations of copper and zinc in
cattle manure were found in different regions of the
country and varied significantly. Scientists from the
United Kingdom, F.A. Nicholson et al. (1999), also em-
phasise the environmental hazards of heavy metal con-
tamination of feed and manure. Other scientists (Tao et
al., 2020) took samples of feed and analysed the con-
tent of cadmium, chromium, arsenic, and mercury using
atomic absorption spectrophotometry. The researchers
conclude that systematic environmental monitoring
of the concentration of heavy metals in animal feed,
implementation of feed management and bioremedia-
tion strategies to reduce the impact of heavy metals is
important, which should be taken into account in the
post-war period on farms not only in Kharkiv region but
also in other regions where cattle are kept and milk and
meat are produced.

Nutrients from organic fertilisers obtained after
composting cattle manure are used by plants in the
first, second and third year after application. The in-
crease in livestock numbers in the post-war period will
lead to an increase in organic waste, which will lead
to an increase in organic matter application to the soil
and litter manure will be effective as fertiliser for in-
dustrial and fodder crops, including sugar, fodder beet,
corn for silage and grain, rapeseed, sunflower, soybeans
and other crops. The application of organic fertilisers
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for fodder crops to be used as feed in dairy cows’ diets
should be standardised with due regard to the content
of heavy metals. Since the accumulation of pollutants
in the soil will eventually lead to increased accumu-
lation in plants grown, feed for dairy cows or animals
raised for meat, followed by rapid entry into milk and
accumulation in muscle tissue. In the more environ-
mentally stressed regions of Ukraine’s Forest-Steppe
zone, more organic fertilisers can be used for industrial
crops such as sunflower, rapeseed, and sugar beet, but
avoiding over-application.

Scientists from India emphasise that milk plays a
key role in human nutrition, especially for children, due
to its content of protein, vitamins, and calcium, which
contribute to cognitive development, but the risk of
potential hazards of heavy metals in milk due to en-
vironmental exposure and the intake of toxic metals
from animal feed has attracted not only their attention
but also the attention of scientists around the world
(Alam et al., 2024). They studied seasonal fluctuations
in the quantitative intake of heavy metals cadmium,
chromium, and lead by dairy cows in the South Indian
metropolis of Bengaluru. The analyses of the samples
revealed the content of pollutants in feed, milk, and or-
ganic waste. The study covered thirty-nine dairy farms
in urban and suburban areas. Significant concentrations
of heavy metals were found in organic cattle waste,
while cow’s milk was safe. At the same time, there was a
risk of re-contamination of the soil by organic fertiliser
with high concentrations of toxic metals.

Farmers often face the question of how to run their
farms: conventional or organic farming. Plant-based
production of organobiological products in Ukraine is
more developed than animal-based production, which
requires significant investment (Pysarenko et al., 2019).
The choice can significantly affect the financial perfor-
mance of the farm and the impact on the environment.
Norwegian scientists R. Bang et al. (2024) compare the
profitability of conventional and organic cattle systems,
taking into account the characteristics of farms, feed
production, feed quality, milk quotas, livestock housing
capacity, etc. and conclude that if feed is of good qual-
ity, easily accessible, but livestock production cannot
be expanded due to the maximum number of animals
kept, milk quota restrictions, organic farming can dis-
place conventional farming. Gross profit is maximised
by conventional farming. Researchers emphasise the
crucial role of feed production capacity and quality in
relation to the available milk quota and infrastructure
when considering the transition from conventional
to organic farming. In other words, in the future, as a
guideline for farmers, the environmentally friendly or-
ganic-biological type of farming should be more widely
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implemented. The organisation of environmentally safe
milk production in terms of heavy metal content on cat-
tle farms in different countries of the world under the
influence of natural and anthropogenic factors remains
relevant (Ozbay et al., 2023).

After the end of the war, the restoration of the live-
stock sector in Kharkiv region and Ukraine as a whole
should be based on innovation, taking into account the
integration of crop and livestock production compo-
nents in combination with the preservation of the envi-
ronment and its components of atmospheric air, soil,wa-
ter, and living organisms. High-quality, environmentally
friendly crop and livestock products, especially milk and
beef meat produced in both conventional and organic
farms, will have a competitive advantage in the market.

CONCLUSIONS
Over the past 30 years (1991-2021), the Kharkiv re-
gion has lost the potential of the dairy industry and the
number of cattle has decreased by 8.4 times, includ-
ing cows - by 5.2 times, the most significant reduction
in the total number of cattle occurred in 1991-2001
(by 6.54 times), including cows (by 4.1 times). Due to
the reduction in production resources, there was a de-
crease in milk production (-800 thousand tonnes or
2.7 times) and beef and veal production (in slaughter
weight) (-78.8 thousand tonnes or 4.5 times), with the
main “drop” occurring in the period 1990-2010 (2.7 and
4.5 times respectively). Enterprises suffered the most
among all categories of farms. Despite the decline in
gross milk production, the average annual milk yield
per cow in the region increased by 2,840 kg (2.0 times
or 195%) from 1990 to 2020 and reached 5,821 kg in
2020. The most significant increase in cow productivity
(+4,693 kg) occurred in enterprises (from 2,975 kg to
7,698 kg). Cow productivity increased due to breeding,
the use of intensive technologies, improved feeding
and housing conditions on farms in the region. The re-
duction in the number of cattle, and cows in particu-
lar, led to a decrease in gross production of organic
fertilisers (manure) by 8.8 times, including 5.2 times
from cows themselves. Despite a significant increase
in milk yields, the downward trend in organic produc-
tion was similar in Kharkiv region enterprises, as well
as in farms of all categories in Ukraine. In developing
the dairy farming sector in the post-war period, it is
necessary to increase the number of cattle, as there is
no more effective measure to obtain organic fertilisers
and prevent the crisis of degradation of Ukrainian black
soil and produce environmentally friendly products in
an integrated agricultural production system. Further
research could be aimed at analysing the quality and
environmental safety of cow’s milk and beef produced.
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NMepeayMoBU iIHHOBALLIMHOIO PO3BUTKY CKOTAapCTBa
Ta 3eM/Iepo6CTBa 3a paxyHOK iHTerpauii cknagoBux
arpapHoro BUpo6HMLTBA i eKoNoriyHoi 6e3neku
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AHotauisa. baratopiuHnit aHanis craHy ranysi ckotapcTBa B mepiod A0 noyatky BiMHM 2022 poky Mae Bax/ivBe
3HaYeHHSs AN9 NiCNSBOEHHOIO BiAHOBMEHHS perioHiB YkpaiHu. MeTa A0CNiAXeHHS: BCTAHOBUTU YNHHUKM BTPAT Nif, Yac
BMPOOHULITBA MPOAYKTIB CKOTApCTBa, METOAM, 3aCOOM iHTErPOBAHOIO po3BMUTKY. byno AOTpMMaHO 3aranbHONPURHATUX
METOAIB B 300TeXHii, 4OCNIAKEHHS NPOBEAEHO 3a TPUALATHK pivHKiA nepiog (1991-2021 pokwu) BianoBiaAHO 0 eTanis
BMKOHAHHS HAyKOBO-poCNigHOI pob6otn Homep: 0121U113933 Big 18.11.2021 poky. BctaHoBneHo, Wo noronies
BE/IMKOI poraToi xynobu 3meHwmunocs y 8,4 pasa, kopis — y 5,2 pa3a. 3HM31N0CA BanoBe BUPOOHMLTBO MONIOKaA — Y
2,7 pasa, ANOBUYMHM | TenaTuHU — y 4,5 pasa. [ToninweHHS reHeTUYHOro NOTeHLiany Noronied, rofieni, yTpuMaHHs
CNpu1sno NiaBULLEHHIO NPOAYKTUBHOCTI KOPIB B cepefiHboMy No obnacTi Ha 2842 kr,y niainpueMcrTeax — Ha 4693 kr.Ha
01.01.2021 cTBOpeHO 5 NneM3aBOAiB YKPAiHCbKOT HOPHO-PS60i MONOYHOT Nopoam 3 noronisam 12369 ronis, y ToMy
uncni 4647 kopis, HapoeM 3a 2020 pik 9749 kr. PeHTabenbHicTb BUPO6HULTBA Moioka 3a 2019 pik ctaHosuna 20,6 %,
BMPOLLYBaHHS BEIMKOI poraToi xyaobu Ha Maco BusBnnocs 36mutkosuM (-27,1 %). barato rocnogapcTs nepeTBOpIo0Th
FHiM HAa KOMMOCT, KM BHOCATb NifA opaHKy rpyHTY. 3 1991 no 2021 poku y XapkiBcbKiri obnacTi Bigbynacsa BTpaTta
noTeHUiany MONOYHOI ranysi, MOroniBa BeIMKOI poratoi Xxyaobu 3MeHWmnNocs, Hambinblie CKOPOYEHHS NPMNANo Ha
1991-2001 poku (y 6,54 pa3za). 3MeHLINN0CS BUPOBHULITBO MOOKa Y 2,7 pa3a Ta AI0BUYMHM | TenaTuHK y 4,5 pasa,
OCHOBHe «najiHHa» Biadynocsa B nepios 1990-2010 poku (B 2,7 Ta 4,5 pasa BignosigHo). CepefHbOPiYHUIA HAAIN
Ha ofHY KopoBy B cepeaHboMy no obnacti 3 1990 no 2020 pik 3pic Ha 2840 kr i B 2020 poui craHoBuB 5821 kr.
MpaKTUYHa LiHHICTb: y CTATTi BNepLe 3pobaeHo 6araTopiyHMI aHani3 CTaHy ranysi CKOTapcTBa A0 NOYaTKy 6oMoBMX
Liv B YKpaiHi 3 ypaxyBaHHSIM TEXHONOMYHUX T OpPraHi3auifHO-eKOHOMIYHMX ACMeKTiB
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