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INTRODUCTION

Food security — provision of the physical and economic
availability of food for present and future generations —
is the biggest challenge of modern development. Due to
the need to increase food production, the intensification
of agriculture seems to be the only way to achieve food
security goals, with the use of fertilisers as an integral
part. According to some estimates, the expected popu-
lation growth in the coming decades will increase the
burden on agricultural production by 50-80%, which will
lead to an increase in the sector’s dependence on fertiliser
use (Yang et al., 2017). Intensive agricultural practices,
which allow increasing or reducing the cost of food pro-
duction, simultaneously threaten the balance of agroe-
cological systems (Pandey & Diwan, 2018) and lead to
increased pollution of agricultural resources,a decrease
in the quality of agricultural products and food. Thus, soil
health and sustainable fertiliser management should be
an important part of the investigation of environmental
aspects of food security (Kolesnyk et al., 2018; Ramanku-
tty et al., 2018). The most difficult part is finding a com-
promise between producing enough food at affordable
prices through fertiliser application and the associated
negative impact of agriculture on the environment, eco-
systems, and public health. The global fertiliser man-
agement initiative, launched in recent years, is a way to
address this problem.

The purpose of the study is to define the main con-
ceptual components and principles of forming a compre-
hensive system for ensuring sustainable fertiliser man-
agement at the national level.

LITERATURE REVIEW

Despite the fact that the problems of soil fertility as
a component of achieving food security, the problems
of the impact of anthropogenic activities (agricultural
production) on the components of the environment and
the state of soils are not new, these issues have recently
remained behind the scenes of global actions towards
achieving the goals of sustainable human development.
A number of global initiatives have been launched only
since 2016, aimed at drawing public attention to the
problems of soil health, nutrients, and fertilisers. Thus,
in September 2016, at the 25 session of the Committee
on Agriculture (COAG), a call was made to the Food and
Agriculture Organisation of the United Nations (FAO)
regarding the need for more intensive action toward
ensuring food safety, in particular, in terms of the safe
use of fertilisers and pesticides (FAO, 2016). Within the
framework of the Global Soil Partnership (GSP) initia-
tive, voluntary Guidelines for Sustainable Soil Manage-
ment were presented together with the FAQ, aimed at
addressing the problems of nutrient imbalances and
soil pollution caused, among other things, by unstable
fertilisation (excessive, insufficient, or polluting). (FAO,
2017). The result of a long multilateral process of dis-
cussion and agreement, the search for compromise
solutions on the issues raised in these documents was
the release of an International Code of Conduct for the
Sustainable Use and Management of Fertilisers (FAO,
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2019), containing a set of voluntary standards for gov-
ernment, industry, researchers, users, and other stake-
holders in the use and management of fertilisers, the
implementation of which should ensure sustainable
agricultural production and food security in terms of
nutrient management (FAO, 2019). Ultimately, under
the auspices of the United Nations in 2019, Sri Lanka
approved the Colombo Declaration, which sets the task
for the signatories to develop a Roadmap for Action on
Sustainable Nitrogen Management 2020-2022, consid-
ering it as one of the mechanisms of interconnection
and coordination for better and more sustainable nitro-
gen management (Colombo Declaration on Sustaina-
ble Nitrogen Management, 2019). The focus on nitro-
gen emissions, to a certain extent, is a consequence of
active global actions in the context of climate change,
but similar initiatives are also being developed for sus-
tainable management of phosphorus (Brownlie et al.,
2021; Garske & Ekardt, 2021) and other nutrients. In
the summary of the contents of the UN Declaration and
Initiative on International Nitrogen Management Sys-
tem (INMS), the task set is to halve nitrogen emissions
(Sutton et al., 2019; UNEP, 2019) — is, first of all, critical
from the standpoint of countering climate change, ensur-
ing food security,and ecosystem health (Pandey & Diwan,
2017;Yin et al.,2020).And secondly, it can only be solved
within the framework of a comprehensive system of
actions for sustainable management of nutrients and
fertilisers in general, because the efficiency of using
one element is inseparable from managing a complex
of nutrients.

Thus, a certain conceptual framework has now
been formed at the global level and a global discussion
and joint actions have been initiated to address the prob-
lems associated with soil pollution, and one of the rea-
sons for this is the use of fertilisers. At the same time,
mechanisms for operationalising these global decisions
at the national (and, accordingly, regional and local) levels
need to be developed.

Commenting on the content of the Code (FAO,2019)
and Declarations (Colombo Declaration on Sustainable
Nitrogen Management, 2019) the Code establishes the
complexity and multi-level system of sustainable fer-
tiliser management, the need to involve various groups
of stakeholders in this process,among which government
structures play a decisive role. A comprehensive system
of sustainable fertiliser management should contain
various functional components: assessment, analysis,
justification, knowledge, information, timely monitor-
ing and control, support for implementation, etc. (FAQ,
2019). Proper management and use of fertilisers should
cover operations at all levels of the value chain: respon-
sible production, storage, transportation, use to improve
plant growth or other parameters while maintaining
or improving the health of fertilisers and minimising
negative environmental impact (FAO, 2019). The code
of conduct covers the following areas: soil fertility and
plant nutrition; fertiliser use and management; nutri-
ent reuse and recycling; composition, restriction, and
testing; access, distribution and labelling; information,
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consultation, and dissemination of information on sus-
tainable fertiliser management; implementation of the
code (all governments, supported by FAO and other
organisations, are expected to be involved in this process
to the fullest extent possible, although this code is also
voluntary). And in all areas, the role of the government
component is the most significant, consisting mainly in
the development of policies that promote sustainable
fertiliser management (FAO, 2019).

According to the approved Declaration (Colombo
Declaration on Sustainable Nitrogen Management, 2019),
governments are called upon, as far as possible: to
develop and implement appropriate policies for sustain-
able nitrogen management; to develop roadmaps in
accordance with these policies to halve nitrogen emis-
sions by 2030; to assess the quantitative and qualitative
apsects of nitrogen management policies and conditions;
to encourage innovation for nitrogen reuse in accordance
with the principles of the circular economy; to encourage
populations and best practices for better nitrogen man-
agement; to develop partnerships and report on prog-
ress in this area (Colombo Declaration on Sustainable
Nitrogen Management, 2019).

Many technological solutions have already been
developed to improve fertiliser management practices
and enhance fertiliser efficiency (Srinivasarao, 2021),
which cover, in particular: the use of organic substances
and biofertilisers, the combination of chemical fertilisers
with organic ones, crop rotation, waste management,
various ploughing practices (tillage) (Naher et al., 2019;
Young et al., 2021) and even digital technology support
solutions (Golicz et al., 2021; Hou et al., 2020). At the
same time, the level of implementation of these technol-
ogies is insufficient (Melnyk et al., 2021) and it does not
solve the problem of soil health errors, which is global
in nature. The reason for this is the difficulty of finding
solutions that would ensure a balance of individual eco-
nomic interests of commodity producers with the inter-
ests of society and illustrate the need and advantages of
such a balance.

Noting the growing global focus on sustainable
nutrient and fertiliser management as its component
(Baritz et al., 2018; Brownlie et al., 2021), researchers
point out, at the same time, the problem of transform-
ing global solutions and attracting attention at the level
of national politicians, and therefore users (Baritz et al.,
2018), lack of nationally adapted solutions, unsystematic
and, as a result, low effectiveness of national policies in
this area, even in developed countries, in particular, in
the EU (Garske et al.,2020; Helming et al., 2018), Canada
(Krobel et al., 2021), etc. An explanation for this may be
the lack of information on the effects of fertiliser use in
terms of human health and economic losses, in partic-
ular, relevant national estimates. Thus, many results of
assessments of the negative effects of fertiliser use are
currently available. For example, it is known and docu-
mented that nitrogen fertilisers cause the formation of
“dead zones” in the Midwest of the United States, bring
about EUR70-320 billion annually in economic losses
in Europe, cause environmental problems in China and
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India (Pandey & Diwan, 2017), and is one of the rea-
sons of cancer diseases (Yin et al., 2020). Researchers
assess the state of agricultural production and envi-
ronmental consequences and try to form an integrated
framework for assessing the risk of food hazard and
agroecological risk use indicators: the state of the food
system (crops grown), losses due to natural hazards; the
ratio of supply/demand mismatch and the associated
risk of food hazard, the index of environmental load
on water resources and the associated agroecological
risk (Qi et al., 2018). And if the results of assessments of
the impact of fertiliser use on soils are regularly pub-
lished and make society talk more and more about soil
health, then the study on the impact of fertilisers on
public health began in the mid-1930s and peaked in the
1970s and 1980s (Senesil et al., 1999). The main sub-
ject of attention was the connection between the prac-
tices of fertiliser use and the spread of cancer (Senesil
et al.,1999), but now the impact of agriculture on public
health is being considered in relation to the use of pesti-
cides (Bonner & Alavanja,2017; Budzinski & Couderchet,
2018; Iriti & Vitalini, 2020), although, the existing strict
rules allow mitigating the relevant risks (Iriti & Vitalini,
2020). Since the 1990s, research on the health effects
of fertilisers has been declining, mainly due to a shift
in research funding priorities towards climate change
(Senesil et al., 1999). It is equally important that nega-
tive environmental consequences should be transformed
into clear economic indicators, but today such studies are
not enough. For example, Yang et al. (Yang et al., 2017)
found that in China, health care costs caused by fertili-
sation account for about 0.5% of agricultural output, and
interregional fluctuations in the deterioration of health
caused by fertilisation also affect the assessment of
economic losses (Yang et al., 2017).

China’s experience in implementing a strategy
to maximise the yield of agricultural products while
reducing the use of fertilisers is quite successful. The
corresponding policy was established in 2004 through
a number of political innovations, which, among other
things, contributed to the implementation of innovative
technologies in production. The components of China’s
success in this area are: legislative regulation of the
need for soil testing and the development of recommen-
dations for fertilisation based on the results of analysis
within the framework of the soil testing and fertiliser
recommendations STFR initiative and Zero Increase
Action Plan (This facilitates a 50% reduction in nitro-
gen and phosphorus use and 100% nutrient efficiency,
without reducing yields (Jiao et al., 2018) and already
in 2019, all provinces reported on the achieved zero
level of increase in the amount of fertilisers (Yu et al.,
2020); development and implementation of a package
of flexible economic tools (depending on the socio-
economic conditions of the region) that encourage pro-
ducers to analyse soils, introduce recommendations for
fertilisers, use organic substances to increase soil fertil-
ity; ensure the coordinated work of all components of
the fertiliser management chain; support for scientific
developments and their distribution (Jiao et al., 2018).




In particular, to solve the problem of knowledge trans-
fer, a network of advisory structures Science and Tech-
nology Backyards (STB) was created in 2009 in different
ecological zones, which “brought together” science and
practitioners,and the result of its work was an increase
in technology implementation by 80%, an increase in
yields by 20%, and a reduction in environmental costs
by 20% (Jiao et al.,2018).At the same time, the problem
of raising awareness and transferring knowledge in the
field of sustainable fertiliser management still remains
one of the most urgent and not fully solved (Jiao et al.,
2018; Yu et al., 2020).

Existing studies on the construction and devel-
opment of national incentive systems for sustainable
fertiliser management focuses mainly on a separate
component (tools) of such a system, in particular: impact
assessments (Helming et al., 2018) as a means of raising
awareness and meeting the goals of society; assessing
the state of soils and developing appropriate indica-
tors that can serve as a basis for informing (Hou et al.,
2020; Tingyu et al.,2020) and decision making (Kik et al.,
2021); identifying participants and developing targeted
strategies (Kanter et al., 2020); consulting and knowl-
edge dissemination practices (Baritz et al., 2018; Hou
et al., 2020) economic instruments (quotas and trade in
emissions of substances — Cap-and-trade schemes; sub-
sidies; taxation of the content of pollutants in fertilisers)
(Garske & Ekardt, 2021; Scholz & Geissler, 2018); requ-
lation of the size of animal husbandry (Garske & Ekardt,
2021) development of methodology and rationing (limit-
ing) the amount of fertilisers applied for each zone, tak-
ing into account natural and climatic factors (Jiang et al.,
2020; Lemaire et al., 2021; Wang et al., 2019); develop-
ment and use of programmes to support solutions in
the field of fertiliser use (Villalobos et al., 2020). Special
attention is paid to the mechanisms of knowledge dis-
semination, consulting (Mills e al., 2020; Pan & Zhang,
2018), and investigation of factors that influence indi-
vidual decisions on the use and management of fer-
tilisers (Andan et al., 2019; Hu et al., 2019; Rahman &
Zhang, 2018).

The available findings reveal certain aspects of
building a comprehensive system for stimulating sus-
tainable fertiliser management practices at the national
(and sub-national) level, but there is still an urgent need
to develop more systematic integrated government con-
cepts that would eliminate the transition of the problem
from one area to another and provide optimal solutions
at the system-wide level (Garske & Ekardt, 2021; Garske
et al., 2020), based on a clear understanding of the prob-
lem, and above all, through an understanding of the con-
sequences of irrational use of fertilisers.

MATERIALS AND METHODS

Highlighting the main participants in the national system
of sustainable fertiliser management and the investiga-
tion of the content of relationships between them was
carried out through the analysis and generalisation of the
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provisions of international and intergovernmental initi-
atives in the field of sustainable fertiliser management.
To substantiate the component components of the fer-
tiliser management system and their content, the rela-
tionship between fertiliser application levels and public
health (cancer incidence) was evaluated using regression
analysis methods. The study was carried out using the
built-in functions of the MS Office Excel software suite.
The data from the state statistics service of Ukraine (col-
lections “Health care institutions and morbidity of the pop-
ulation of Ukraine”and “Application of mineral and organic
fertilisers for crops”) for 2010-2020 was used to build
aregression model based on average data for Ukraine.

In the model used, the number of oncological
diseases registered in medical institutions at the end of
the year per 100 thousand population cases is selected
as a dependent variable (y); as a regressor (X) — the
amount of mineral fertilisers in nutrients in kg per 1 ha
of sown area, kg/ha.

To investigate the spatial variations in fertiliser
exposure and cancer incidence, administrative districts
are grouped by natural and geographical zones. Thus,
the Polissya zone includes Volynska, Zhytomyrska, Rivn-
enska, Chernihivska oblasts; forest-steppe — Kyivska,
Vinnytska, Poltavska, Sumska, Ternopilska, Khmelnytska,
Kharkivska, Cherkaska oblasts; steppe — Dnipropetro-
vska, Zaporizka, Kirovohradska, Mykolaivska, Odeska,
and Khersonska oblasts; the Carpathian Mountain zone
includes Zakarpatska, Ivano-Frankivska, Lvivska, and
Chernivetska oblasts. Donetska and Luhanska oblasts
were not analysed due to incomplete information caused
by the military conflict.

To illustrate the economic impact of fertilisa-
tion practices, economic health losses from consump-
tion of contaminated food for 2020 for different natu-
ral and geographical zones were estimated, according
to regional estimates of average annual environmen-
tal damage from pollution (air, water resources) for
2001-2009 (Sotnyk & Kulyk, 2014; Sotnyk & Kyrychok,
2012) and data on the structure of environmental dam-
age (Karintseva, 2018; Rsarenko et al.,2002).

RESULTS AND DISCUSSION

Summarising the provisions of the Code of conduct in the
field of sustainable fertiliser management (FAO, 2019),
and the results of a previous study, the national system
for ensuring sustainable fertiliser management can be
presented as integrity formed by three basic components:
the government; the industry for developing, manufac-
turing, testing, and bringing fertilisers to the end-user
(including research organisations, institutes,and univer-
sities); fertiliser users. At the same time, providing sus-
tainable use and management of fertilisers is also the
result: awareness of the existing problem, generation
and accumulation of knowledge about possible ways to
solve it, and development and implementation of spe-
cific tools at each level of decision-making (within each
system and structural component) (Fig. 1).
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Figure 1. National sustainable fertiliser management (SFM) system view: actors & component dimension

Representatives of the industry, including individ-
ual economic agents — producers of agricultural prod-
ucts — act (make decisions) in accordance with their own
economic interests, based on existing socio-economic
and production conditions, resource opportunities and
restrictions,and considering their own psychological atti-
tudes. These are the main factors influencing decision-
making (Pandey & Diwan, 2021), which are the embod-
iment of the components of the problem, respectively:
knowledge, tools,and awareness. Consequently, the role
of the government is crucial and consists in coordinat-
ing the economic interests of producers (the fertiliser
industry and food producers) and society, forming a link
between these interests and providing feedback (Helming
et al., 2018). And the main component here should be
ensuring awareness of the problem.

The problem that leads to the need to review
fertiliser practices is that fertiliser application is per-
ceived as a means of improving the productivity of agri-
cultural enterprises in all conditions, and the negative
consequences are largely overshadowed by fluctuating
weather conditions and the associated risks to agricul-
tural production (Pandey & Diwan, 2018).

Fertilisation, for the most part, appears as a means
of obtaining short-term economic results against the
background of limited resources, and the lack of direct
manifestation of negative social and environmental con-
sequences in the short term leads to neglect of them.An
illustration of this, for example, is the results of study
(Zand et al., 2020), which established that the impact
of fertilisation on the sustainable development of
rural areas is considered in the context of mainly eco-
nomic and managerial components (protection of grain,
income, reduction of production risk), and social criteria,
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such as protection and support of normal health of the
population,were only on the 11" position out of 12 (Zand
et al.,2020). Therefore,an urgent problem for the govern-
ment is the transformation of long-term, socio-ecological
and economic consequences of various practices of fer-
tiliser use and management into understandable and
acceptable categories for producers and industry, which
are already important today — in the short term. Such
a demonstration of backward impact, in addition to
assessing the effects of anthropogenic activities on envi-
ronmental components, may be more useful in terms of
increasing public awareness of the problem of unsus-
tainable fertiliser use.Actually, this approach is the basis
of the concept of promoting the importance of Biodiver-
sity Mainstreaming, where against the background of
assessments of the impact of anthropogenic activities on
the state of biodiversity and ecosystems, the consequences
of the impact of disturbed ecosystems on the economic
and social aspects of business development, industries,
local population and society as a whole are also subject
to study, control, and documentation (OECD, 2018).

Illustrating the dangers of irrational fertilisation
through assessing the relationship between fertiliser
application and cancer morbidity can best serve the
purpose of raising awareness of the problem for other
stakeholders,as shown by previous studies (Senesil et al.,
1999).

Using statistical data in Ukraine for 2000-2019,
a linear regression model of the relationship between
the level of cancer incidence per 100 thousand popula-
tion and the amount of mineral fertilisers in nutrients
per 1 ha of sown area in Ukraine was constructed. Figure 2
shows a graphical representation of the results of cor-
relation and regression analysis.
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Figure 2. Relationship between cancer incidence rate and the amount of mineral fertilisers in Ukraine

Source: compiled based on Ukrainian Statistics Service (n.d.)

A linear regression model of the dependence of
the analysed variables has the form (1):

y=9,2829x+1528,8 1)

The presented dependence indicates that with an
increase in the volume of mineral fertiliser application
by 1 kg, the number of cancer patients will increase by
9.29 people. Conversely, if the volume of mineral fertiliser
application is reduced by 1 kg, the number of cancer
patients will decrease by 9.28 people.

It is worth noting that the amount of mineral

fertilisers depends on the type of soil, which determines
fertility, humidity levels, humus and other nutrients, soil
compaction levels, and many others. Different natural
and geographical zones have their own soil types. Thus,
the least fertile soils are located in the natural and geo-
graphical zones of Polissya. To assess environmental and
economic losses from increased morbidity due to the
chemicalisation of agriculture in the regional context,
the relationship between the level of cancer incidence
and the amount of mineral fertilisers by natural and cli-
matic zones was analysed (Table 1).

Table 1. Generalised results of the analysis for the natural and climatic zones of Ukraine for the period 2010-2019

. . Carpathian
Indicators Polissya Forest-steppe Steppe Mountain zone
Average volume gfmlneralfertlllser 10725 99,61 5794 111.88
application, kg/ha
Average cancer incidence 2,084.21 2,496.26 2,567.17 1,913.53
per 100 thousand people
Regression coefficient 6.0825 11.962 9.1718 11.047
Determination coefficient 0.8383 0.9079 0.7111 0.8689

Source: compiled based on Ukrainian Statistics Service (n.d.)

Such information, distributed among society, pro-
vides a broader understanding of the content and scale of
the problem associated with irrational fertilisation prac-
tices. Analysis of the relationship between the amount
of fertilisers applied and population health indicators, in
addition to assessments of the state of soils, ecosystems,
and biodiversity,forms not only a basis for informing soci-
ety, but also a “knowledge” of the state of the problem,
which can serve as a basis for developing regulatory tools.

The results of a quantitative assessment of the
dependence of the level of cancer incidence on the
amount of mineral fertilisers applied in the context of
natural and climatic zones of Ukraine are of methodolog-
ical and practical importance, since they form an infor-
mation and analytical database for determining natural
indicators of ecological and economic losses and/or the

effects of increasing/decreasing population morbidity
for further use in mechanisms to promote and support
sustainable fertiliser management at the regional level.

Another aspect that requires more attention is
the assessment of the specific economic consequences
of irrational practices in the use and application of fer-
tilisers within a particular territory (at the national,
regional, and local levels). It is worth noting that now
there are only approximate estimates of the economic
damage to public health from the consumption of con-
taminated food, and there are few such studies. In studies
of the late 20" — early 21 century (Shcherban, 2004; Tsa-
renko, 1998), economic losses from the consumption of
contaminated food products in Ukraine were estimated
in the range of USD 2,100-13,700 million. Considering
the previous findings, based on the data of the average
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annual comprehensive assessment of environmental
damage caused by environmental pollution (air, water
resources) in the context of regions for 2001-2009 (Sotnyk
& Kerychok, 2012) and data on the typical structure of
environmental losses (Karintseva, 2018; Starenko et al.,

2002), this study provides an approximate assessment
of the harm to public health from the consumption of
contaminated food in natural and geographical areas
(Table 2), which is largely associated with the irrational
use of fertilisers.

Table 2. Environmental and economic damage caused by environmental and food pollution, 2020*

Oblast/zone Pollution damage
Environment Food products
Polissya
Volynska 501.2 410.1
Zhytomyrska 918.9 751.8
Rivnenska 808.8 661.8
Chernihivska 829.2 678.5
Forest-steppe
Kyivska 1,250.2 1,023.0
Kyiv city 764.5 625.5
Vinnytska 673.2 550.8
Poltavska 649.0 531.0
Sumska 629.4 515.0
Kharkivska 901.3 7374
Ternopilska 195.7 160.1
Khmelnytska 440.2 360.2
Cherkaska 475.0 388.6
Steppe
Dnipropetrovska 3,620.4 2,962.2
Donetska 4,936.5 4,039.0
Luhanska 1,700.7 1,391.5
Zaporizka 1,331.7 1,089.6
Kirovohradska 3333 272.7
Mykolayivska 296.5 242.6
Odeska 808.7 661.7
Khersonska 414.8 3394
Carpathian Mountain zone
Lvivska 1,004.9 822.2
Ivano-Frankivska 934.9 765.0
Chernivetska 376.7 308.2
Zakarpatska 514.7 421.1
Total 25,3374 20,709.0

Note: * — in terms of the USD at the average annual exchange rate as of 2020
Source: calculated by the author based on Karintseva (2018), Sotnuk & Kulyk (2014), Sotnyk & Kyrychok (2012),

Tsarenko (1998)

The methodology for assessing the total environ-
mental and economic harm to public health (environmental
and economic risk) has not yet been fully developed.
Therefore, this determines a high level of approximation
of such estimates. However, such assessments allow mea-
suring the extent of environmental, economic,and social
risks in a regional context and in accordance with natu-
ral and geographical zones, and thus make adequate
and optimal management decisions for sustainable fer-
tiliser management.
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The results of the assessment of economic losses
conditioned by irrational fertilisation are quite impres-
sive. In fact, in the context of the country, they make
up about 16.3% (if GDP is about USD 155.6 billion (for
ecology) and 13.3% (for food) of Ukraine’S GDP) (Ministry
of Finance of Ukraine, 2020). Thus, such data demon-
strate the threat of irrational fertilisation at the national
and regional levels. Therefore, one way to raise public
awareness about poor fertilisation practice is to con-
duct regular studies on the impact of fertilisation and




management practices on public health; assess the eco-
nomic damage caused by pollution of food consumption
and disseminate the findings to the general public. As
noted above, such data, on the other hand, form a “knowl-
edge component” for the government, providing infor-
mation about the state of development of the problem
to choose tools for solving it.

The success of the national system for ensuring sus-
tainable fertiliser management depends entirely on the
relations and interaction between its subjects. Partner-
ship, cooperation,and joint decision-making are the main
components of effective and effective government-
industry-user relations in this area (Colombo Declaration
on Sustainable Nitrogen Management, 2019; FAQ, 2019).
The basic principles that should form the basis of the
system of interaction of agents in ensuring sustainable
fertiliser management can be formulated as follows:

— professionalism — decisions and tools used to
ensure sustainable fertiliser management at the national
level should be scientifically substantiated, based on the
results of expert discussion, and reliable and relevant
data. Notably, the efficiency of the agricultural sector of
the economy is conditioned by investment in machinery
and equipment only by third, and all the latter depends
on the human factor, the intellectual potential used,
the qualification level and abilities of managers and
specialists;

—transparency — it is necessary to ensure a clear defi-
nition of the relationship “problem — solution — con-
sequences” and equal conditions for all participants in
the system. Transparency allows understanding where
the most bottlenecks are in the system of sustainable
use and management of fertilisers. In the future, this
would allow saving resources, time, and obtaining socio-
ecological and economic effects (income). Transparency
provides greater “manageability” and not excessive con-
trollability, as well as speed and optimality of decision-
making (in particular, transparency helps to manage
environmental and economic risks). At the same time,
it is necessary to address the availability of information
that comprehensively reflects the socio-ecological and
economic aspects of fertiliser application practices;

— scientific and innovative approach — adequate support
should be provided for research and development in the
field aimed at both technological solutions and research
of the socio-cultural and institutional environment. Inno-
vation in the development of sustainable use and man-
agement of fertilisers should see not only an economic
orientation, but also a special type of attitudes (in par-
ticular, ecological-economic, socio-ecological), value atti-
tudes (public health and food and environmental safety),
and motivations (for example, the use of the institute of
socio-environmental responsibility). Innovation should
determine the trajectory of convergence of economic,
environmental and social parameters (guidelines) of fer-
tiliser application practices, which will also be reflected
in the socio-cultural and institutional environment;

— knowledge — it is necessary to ensure constant moni-
toring of the state of development of the problem (assess-
ment of the diverse socio-ecological and economic impact
of fertiliser use practices), monitoring and tracking,
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accumulation of innovative technological solutions to
solve existing problems. It should be about knowl-
edge management as a component of sustainable fer-
tiliser management. Knowledge management covers
the processes of identification, accumulation, use, and
transfer of information and knowledge, which are used
in determining and evaluating the “problem — solution —
effect” relationship at all stages of fertiliser production
and use. It is necessary to constantly deepen awareness
(knowledge) about the socio-ecological and economic
aspects of fertiliser use. Therefore, it is important to
develop and accumulate knowledge about the relation-
ship between health care and human capital (in partic-
ular, which is considered as a factor of economic growth
and can be the subject of a separate study);

— information support and solution support at all lev-
els — it becomes possible today due to the increasing
spread of information technologies and consists in creat-
ing a single information system that would combine data
on the volume of production, use, utilisation of fertilisers,
data on the characteristics of fertilisers, the results of
assessments and tests of soil condition and nutrient needs,
data on volumes and beneficiaries of state support in the
industry. Information support should cover regulatory
reference, accounting and analytical, operational and
technical, and forecast information. At the same time, it
is important that the processes of formation and devel-
opment of a sustainable fertiliser management system
do not lag behind Information and analytical support
and vice versa. It is important that there is no asymmetry
in the information support of management processes.
Thus, information support should ensure timely imple-
mentation of direct and reverse links in the management
decision-making system regarding the use of mineral
fertilisers;

— trust — it is necessary to ensure an appropriate level
of trust between all agents of the system, which is the
result of professionalism, transparency,and proper infor-
mation support.Ahigh level of trust is a necessary condi-
tion for the sustainable development of the fertiliser use
and management system, since distrust indicates certain
conflicts, conflict situations,and crisis phenomena. Trust
is also a specific mechanism for making managerial deci-
sions in conditions of time constraints, incompleteness
or asymmetry of information. It helps to reduce transac-
tion costs, increase balanced productivity,and efficiency
of agricultural management, and reduce eco-destruc-
tiveness in the practice of applying fertilisers. In a cri-
sis economy it is also important to build ecologically-
oriented institutional trust;

— system constancy — provision of conditions for the
further automatic operation of the system, which can
be achieved through proper information support, the
development of an appropriate level of trust between
participants. This principle also determines the need to
assess the effectiveness of the application of informa-
tion support, quantitative measurement of trust,and the
effectiveness of the functioning of the whole system.

The development of a national system of sus-
tainable fertiliser management also requires defining
the main strategic performance and targets of production,
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economic, environmental, and social orientation for the
agents of this system. Such main performance targets
can be presented as follows:

1. Production and economic:

1.1. Activation of innovation and investment activ-
ities for greening reproductive processes in the system
of sustainable fertiliser use;

1.2. Growth in the production of environmentally
friendly agricultural and food products;

1.3. Activation of marketing activities for the produc-
tion of environmentally friendly agricultural products;

1.4. Development of “green” logistics;

1.5. Prevention of economic damage caused by the
eco-destructive state of agricultural land and water
objects due to irrational use of fertilisers;

1.6. Reduction of the cost of environmental protec-
tion measures;

1.7. Obtaining a rental effect due to an increase in
the monetary valuation of eco-balanced, eco-safe agri-
cultural land and water objects;

1.8. Increase in tax revenues from business enti-
ties through the system of environmental taxes and
payments;

1.9.Improvement of the level of eco-oriented integra-
tion of agriculture, water, fish, and forestry in the organ-
isation of sustainable land use (in particular, based on
agroforestry management of agricultural landscapes);

1.10. Gradual introduction of environmental man-
agement elements;

1.11. Development of geoinformation systems and
IT technologies, monitoring systems of socio-ecological
and economic areas for information support;

1.12.Improvement of the ‘green”image and corporate
environmental culture in agent relations;

1.13. Increase in the cost of human capital.

2. Environmental:

2.1. Reduction of environmentally related morbidity
in the population;

2.2.Preservation and improvement of physical,chem-
ical, and reproductive properties of soils, and fertility of
agricultural lands;

2.3.Reduction of the level of anthropogenic load on
land and aquatic ecosystems;

2.4. Reduction of the environmental risk of reduc-
ing the productivity of agriculture, water, and forestry
management;

2.5. Improvement of the overall and field-protective
forest cover at various hierarchical levels of simple
development, and, as a result, improving the ecological
quality of the agro-natural environment;

2.6. Conservation and improvement of biodiversity
and genetic potential in agroforestry landscapes.

3.Social:

3.1. Improvement of the quality of life, improving the
level of social and environmental safety, and comfort of
life;

3.2. Creation of “green” jobs (for example, for the
implementation of agroforestry measures);

3.3.Development of social and environmental respon-
sibility mechanisms;
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3.4. Development of social entrepreneurship;

3.5. Development of social infrastructure;

3.6. Improvement of the public consciousness, culture,
and spirituality of territorial communities.

Embodying the content of global initiatives for
sustainable fertiliser management and the expected
results of their implementation, outlined in this way and
reflected in the action plans at the national, regional,
and local levels, these guidelines can lay the founda-
tion for the development of economic mechanisms to
encourage the implementation of best practices, the
development of a monitoring and control system for
fertiliser management.

The national system for ensuring sustainable fer-
tiliser management can be represented as a complex
of interactions between the government, the industry
for developing, producing, and transferring fertilisers to
users, including agricultural producers — fertiliser users,
whose functioning is a continuous process of raising
awareness of problems caused by irrational practices of
fertilisation, generating, accumulating, and spreading
knowledge about the possibilities of solving them and
developing and applying appropriate tools.

Sharing an opinion of Helming et al. (2018) regar-
ding the role of government as a link between the goals
of society and the individual goals of fertiliser users, it is
necessary to point out its leading role in raising aware-
ness among all agents of the system about the prob-
lems caused by irrational fertiliser use. Notably, the low
level of awareness of the society in this area is one of
the main obstacles to the successful implementation
of global initiatives in this area (Sutton et al., 2019).
On the other hand, the role of government should also
be reviewed due to the inefficiency of command and
control mechanisms in the field of regulating the use
and management of fertilisers: it is almost impossible to
control all operations with fertilisers; through regulation
in one area, there may be effects of shifting externali-
ties to other industries and spheres, countries; the ben-
efits obtained may be accompanied by side effects; it is
impossible to reflect the complexity of individual phe-
nomena (for example, biodiversity) through a command
and control approach (Garske et al., 2020).

The leading role of the government in the national
system of ensuring sustainable fertiliser management
should be to transform the existing institutional envi-
ronment to be filled with more information and knowl-
edge (Golicz et al., 2021). Raising public awareness of
the problem is a trigger for generating knowledge for all
participants in the system (Adnan, 2018). The basis for
attracting public attention to the problem and forming
public awareness is considered the impact assessment,
which should serve as the basis for developing/trans-
forming policies in accordance with the goals set by soci-
ety, overcoming suboptimality and ensuring the consis-
tency of policies (Helming et al., 2018). Such estimates
are usually based on negative impact on environmen-
tal components and soil health (Hou et al., 2020), eco-
systems, and resource efficiency (Helming et al., 2018).
Expanding the range of aspects studied, considering the




impact of fertilisation on public health and the reverse
impact of contaminated components on the economic
performance of industries, regions, countries, is appropri-
ate and especially significant for developing countries,
illustrating the socio-economic side of the problem of
fertilisation and the corresponding social costs (Mishenin
et al.,,2015; Mishenin et al., 2021).

Methodological and practical tools for assessing
environmental and economic damage caused by the
consumption of contaminated food products have not
yet been developed (Karintseva, 2018; Kubatko, 2017;
Yang et al.,2017).Thus, the expansion of the information
and analytical base of such consolidated damage esti-
mates, in particular, by natural and geographical zones,
opens up opportunities for informing and regulating
sustainable fertiliser management at the national and
regional levels.

Considering the issues of generating and trans-
ferring knowledge on sustainable fertiliser management
(Adnan et al., 2018) researchers note the prospects of
cooperation between different agents to achieve better
results. For example, joint research with farmers is seen
as a source of innovation and successful solutions (Krobel,
et al., 2021), and field support of farmers ensures that
they acquire the best knowledge on the use of fertilisers
(Yu et al.,2020). Therefore, the interaction of agents of the
national system for ensuring sustainable fertiliser man-
agement should be at the centre of attention.

CONCLUSIONS

The findings show that the national system for ensuring
sustainable fertiliser management should be considered
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as a set of interacting entities (government, industry
representatives, and fertiliser users) involved in the pro-
cess of continuous improvement of fertilisation prac-
tices through raising awareness of the problem — gen-
eration and transfer of knowledge to solve it — selection
and implementation of appropriate tools. Such a system
should be based on the principles of professionalism,
transparency, scientific and innovative nature, knowledge,
information support, trust,and constant functioning of the
system in the long term. In the context of improving
fertiliser management practices, it is necessary to point
out the need to formulate strategic performance targets
for all parties involved (developers, producers, users of
fertilisers), which should prioritise not only production
and economic targets, but also environmental and social
ones. Such guidelines can be further used as the basis
for monitoring and evaluation mechanisms, and eco-
nomic incentives for sustainable fertiliser management
practices. The results obtained can serve as a basis for
further shaping policies and strategies for sustainable
fertiliser management and use at national and lower
hierarchical levels.
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Peanizauia rmo6anbHoi iHiLiaTMBKM 3 ynpaBniHHA Ao6puBamMmu
Ha HauioHanbHOMY piBHi: KOHUeNTyalJlbHi 3acagu

€sreH BacunboBuu MiweHiH?, IHHa IropieHa KobnsiHcbKa?, IHecca EBreHiBHa lpoBal,
Onbra MuxaiinisHa Kosanbosa?, TetaHa AHatoniiBHa Knouko?

1CyMCbKMiA pepXKaBHUI yHiIBEpCUTET
40007, Byn. Pumcbkoro-KopcakoBa, 2, M. Cymu, YkpaiHa

2CyMCbKMIA HaLiOHaNbHWI arpapHuUii yHiBepcuTeT
40021, Byn.I. KoHapaTtbeBa, 160, M. Cymu, YkpaiHa

AHoTaujif. H1Hi nepes, NtoACTBOM CTOITb 3aBAaHHS NOLYKY 6anaHCy Midk HeoBXiaHICTIO 36iNbLIeHHS KiNbKOCTi NPOA0BONbLCTBA
Ta HEraTMBHWMM COLLia/IbHO-EKONONYHUMM Ta EKOHOMIYHMMM HACNiIKAMM HepaLioHaIbHOro BUKOPUCTaHHS 106puB. Ha
rnobanbHOMy piBHi Byn0 3aN04aTKOBaHO PS4, iHiLLaTMB ANS KOHCONiAaLi 3ycunb KPaiH y BUPILLEeHHI Li€i npobnemu. BTim,
iCHYIOUi HaLliOHaNbHI CUCTEMM TA NONITUKM 3 YNPaBAiHHS LOOPMBAMM XapaKTEPU3YHOTbCS HEAOCTATHBOK CUCTEMHICTIO
Ta HU3bKOK ePEKTUBHICTIO. [laHe foCNiAKeHHS HalineHe Ha GOPMYNIIOBAHHS KOHLENTYalbHUX 3acas A1 po3byLoBu
HaLliOHaNbHOT CUCTEMM CTANOro YNpaBniHHA LOOpMBaMK, LWLO BiANOBiAaNna 61 NpUHLMNAM, BUKNALEHUM B iCHYHUMX
rnobanbHMX iHiliaTMBax. Yepes y3aranbHeHHS 3MiCTy iCHYHUMX MiXKYPSAOBMX iHILIATVUB WOAO CTaNoro ynpasaiHHS
nobpreamu Byno copMyNbOBaAHO CYOEKTHUIA CKNAA, @ OLLIHKM B3aEMO3BA3KY MiX BHECEHHSM J0OpUB Ta 340POBAM
HaceneHHs (4epes KiNbKiCTb OHKO3aXBOPHOBAHb) 33 JOMNOMOrO BUKOPUCTAHHS METOAIB perpeciiHoro aHanisy,
OLiHKM €KOHOMIYHOr0 361TKY Bif HEpaL,iOHaNbHOIO LOOPEHHS CyryBanv 06rpyHTYBaHHSM (i1HOCTPaALLi€l0 BaXKIMBOCTI
BMAINEHHS) KOMMOHEHTHUX CKIALOBUX, LLO OXOMJIOHTL: 00i3HAHICTb, 3HAHHS, iIHCTPYMEHTU. HauioHanbHa cucteMa
CTanoro ynpaeniHHSA oOpUBaMU PO3MNAAAETLCS K TPUBUMIPHA LiNiCHICTb, LLLO MiCTUTb Taki B3AEMOMOBA3aHi CKNaAoBi:
ypSA, rany3i 3 BUpOOHMLTBA Ta NOCTaYaHHA AOOPUB Ta KOPUCTYBaYi. DYHKLIIOHYBAHHA LET CUCTEMMU PO3INSLAAETHCS
Ak 6e3nepepBHUI NMpoLec NiABULWEHHS 06i3HAHOCTI, reHepyBaHHS Ta Nepefadi 3HaHb, BUOOPY Ta 3aCTOCYBaHHS
BIZAMNOBIAHOrO iIHCTPYMEHTAapIto Ta BAOCKOHANEHHS NPAKTUK 3aCTOCYBaHHS LOOPMB BiANOBILHO A0 NPUHLUMMIB CTANOr0
PO3BUTKY 3a MpOBIAHOI poni ypaay. MNpouec niaBuiLeHHS 06i3HAHOCTI BCiX CyOEKTIB cMcTEMM WoOA0 Npobnemu
HepaLioHanbHOro BHECeHHs A0OpPMB MPOMOHYETbCS PO3MSAATM B LWIMPLIOMY KOHTEKCTI — Yepe3 AeMOHCTpaLito
HeraTMBHUX HACNIAKIB He NiMWe AN HABKOJMLIHLOIO CepefoBMLLA (CTAHY FPYHTIB), @ M 3 TOUKM 30pYy BNIMBY Ha
3[0pOBA HACENEHHSA Ta BiANOBIAHUX HACNiIAKIB — Yepe3 OLiHKY EKOHOMIYHUX 30UTKIB, CMPUYMHEHMX 3a0PYAHEHHAM
Ta CNOXMBAHHSAM NPOAOBOIBLCTBA 3 BMICTOM LUKIAJAMBUX PEYOBUH. [ONOBHUMM NPUHLMNAMM B3aEMOLIT CYDEKTIB Y Uil
cucTEMi MatoTb CTaTM TaKi: NpodecioHaniaMy, npo3opocTi, iHdopMauiiHoi niaTpuMkm Ta iH. Ocobnunea ysara Mae byTu
npuaineHa GopMynOBaHHIO KOMMNIEKCY CTpATEriuHMX Linen, Wo MatTb 3aK1acTM OCHOBY ANS po3pobku npouenyp
KOHTPOAIO Ta OLiHKM, CUCTEMU MOHITOPUHIY Ta Nepernsiay MexaHiamiB eKOHOMIYHOro CTUMYNOBAHHS BUKOPUCTAHHS
L06pUB 3 ypaxyBaHHAM COLia/IbHMUX T €KOMOTYHMX aCneKTiB 3aCTOCYBaHHS f06puB

KniouoBi cnoBa: ctane ynpasniHHS LoO6prBaMu, HaLioOHabHA NOAITMKA WOA0 A06PUB, 06i3HAHICTb, TpaHCdEP 3HaHb,
6e3neyHe fobpeHHs, NpoaoBo/bya Hesneka
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