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INTRODUCTION
Dairy production plays a central role in global agricul-
tural systems, contributing significantly to human nu-
trition, rural livelihoods, and food security; however, its
role is increasingly contested due to environmental and
ethical concerns. Cow milk is widely valued as a nutri-
ent-rich food, while dairy farming supports employment,
income generation, and the social structure of many ru-
ral areas. At the same time, milk production raises im-
portant sustainability concerns because it depends on
natural resources, generates environmental pressures,
and involves ethical responsibilities related to animal
welfare. For these reasons, improving the sustainability
of cow milk production is an important priority for re-
searchers, farmers, policymakers, and the dairy industry.

Accordingly, to B.0.Manono (2026), sustainability in
livestock production is a key priority,addressing climate
change, resource pressure and environmental harm,
with dairy farming contributing significant methane
and manure emissions. Nevertheless, the magnitude
of these impacts varies substantially between produc-
tion systems, limiting the generalisability of mitigation
strategies. M. Cheng et al. (2022) added that livestock
supply chains also contribute substantially to glob-
al greenhouse gas (GHG) emissions through methane
(CH,), nitrous oxide, (N,0) and carbon dioxide (CO,) re-
leased during animal digestion, manure handling, feed
production, and land use change.

M. Herrero et al. (2023) argued that sustainable
cow’s milk production must address economic and social
factors, as livestock supports livelihoods, employment
and food security, especially within rural economies
worldwide. Ensuring farm profitability and resilience is
therefore a fundamental component of sustainability in
dairy systems, as economically viable farms are better
able to maintain production while adapting to environ-
mental and market pressures. The integration of envi-
ronmental performance, economic viability, and social
considerations, including animal welfare, reflects the
broader concept of sustainability, which is commonly
described through the three interconnected pillars of
environmental, economic, and social responsibility in
agricultural systems. In practice, however, these pillars
often conflict, requiring trade-offs rather than simulta-
neous optimisation.

A.N. Hristov et al. (2022) indicated that researchers
and practitioners are exploring strategies to enhance
dairy sustainability, including improving feed efficien-
cy and optimising diets to reduce CH, emissions while
maintaining milk productivity. In addition, E. Mixtajo-
va et al. (2026) indicated that further mitigation ap-
proaches focus on improved manure management,
genetic selection, and integrated herd management
strategies to reduce GHG emissions and enhance pro-
duction efficiency. Adoption of precision livestock farm-
ing (PLF) technologies, including sensors and automa-
tion, can optimise management practices, improving
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efficiency while reducing environmental impacts within
dairy systems. H.H.E. Van Zanten et al. (2023) concluded
that circular agriculture and resource-efficient livestock
systems promote feeding by-products and non-edible
biomass, improving efficiency, reducing environmen-
tal impacts, and supporting resilient, productive food
systems. While these approaches can reduce emissions
intensity, their effectiveness depends strongly on lo-
cal conditions and baseline system efficiency. Recent
systematic reviews such as C. Pavanello et al. (2024)
highlighted that research draws on a wide array of
indicators and assessment frameworks to capture en-
vironmental, economic and social performance, with
no single set of metrics universally adopted, such as
multiple environmental, economic and social indicators
identified in EU dairy systems literature. The purpose of
this review was therefore to provide an integrated syn-
thesis of the main factors shaping sustainable cow milk
production and to identify management and research
priorities that may support more resilient, efficient, and
welfare-oriented dairy systems.

This article was developed as a narrative literature
review. Scientific sources published between 2020 and
2026 were selected according to their relevance to sus-
tainable cow milk production, with priority given to re-
cent peer-reviewed studies addressing environmental
impacts, resource efficiency, animal welfare, economic
viability, technological innovation, and policy or mar-
ket instruments. The literature was identified through
targeted searches using combinations of terms relat-
ed to dairy sustainability, greenhouse gas emissions,
feed efficiency, manure management, water use, animal
welfare, farm profitability, PLF, genetic improvement,
circular economy, and agroecological dairy systems.
The selected sources were analysed qualitatively and
systematised according to the main sustainability di-
mensions addressed in the review: environmental
performance, animal welfare, economic viability, and
innovation strategies. Evidence was compared across
production systems and management approaches in
order to identify common challenges, practical mitiga-
tion options, synergies, and trade-offs.

Concept of sustainability in dairy production

Sustainability in dairy production means providing nu-
tritious food and economic benefits while minimising
environmental impacts and supporting animal and
community welfare, guided by the three pillars of en-
vironmental, economic, and social performance. For
example, systematic reviews identify sets of sustain-
ability indicators expressed under the environmental,
economic and social pillars, highlighting how these
dimensions overlap and interact within dairy farming
assessments and how farm-level sustainability encom-
passes animal welfare, work-life balance, income and
ecosystem services in addition to resource use and
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emissions. In milk production, environmental, econom-
ic,and social pillars are interconnected; efficiency gains
may reduce impacts but also affect profitability and
social outcomes, requiring sustainability strategies to
balance multiple objectives simultaneously. This inter-

dependence complicates sustainability assessments, as
improvements in one dimension may lead to unintend-
ed consequences in another. Table 1 summarises this
concept, showing the 3 key dimensions, their indicators,
challenges, and strategies.

Table 1. Conceptual framework of dairy production sustainability

Pillar Impacts

Sustainability strategies

Environmental impacts include greenhouse gas emissions such as methane
and nitrous oxide, water and land use, nutrient losses, biodiversity decline,
nutrient pollution, water scarcity, and land-use pressure.

Environmental

Improved feed efficiency, dietary
interventions, manure management,
PLF, efficient irrigation.

Economic impacts include profitability, production efficiency, input costs
and farm resilience, with key challenges arising from price volatility, rising
feed and energy costs, and financial barriers to innovation.

Economic

Cost optimisation, efficiency
improvements, diversification, policy
support, market incentives.

Social / animal
welfare

Animal welfare and health impacts include animal health, behaviour,
longevity, housing conditions and societal acceptance, with key challenges
including lameness, mastitis, inadequate housing and ethical concerns.

Improved housing, pasture access,
preventive health care, welfare
certification schemes.

Source: compiled by the author

Research on sustainable dairy systems has expand-
ed, driven by climate change, resource pressures, and
environmental impacts, with publications increasingly
addressing GHG emissions and broader sustainabili-
ty challenges. PF.P. Ferraz et al. (2024) found that in
dairy production, greenhouse gas emissions, primarily
CH, from enteric fermentation and manure, as well as
N,O from manure and fertilisers, constitute a substan-
tial share of total emissions and are therefore key in-
dicators in life-cycle and whole-farm sustainability as-
sessments. Dairy systems provide important ecosystem
services as well as food and economic benefits, such
as converting fibrous feed into highquality protein,
supporting rural livelihoods and contributing to food
security, which are increasingly recognised in sustain-
ability frameworks that seek to balance environmen-
tal burdens with socioeconomic gains. For this reason,
contemporary sustainability frameworks increasingly
aim to balance the environmental burdens of dairy
production with its socio-economic gains. Consequent-
ly, contemporary sustainability assessments of dairy
production use integrated frameworks that combine
environmental indicators (e.g. GHG emissions, nutrient
flows), economic performance (e.g. resource efficiency,
profitability) and social and animal welfare outcomes
to reflect the multifaceted nature of sustainability in
milk production systems (Fiorillo & Amico, 2024).

Life cycle assessment (LCA) is widely used to evalu-
ate dairy environmental impacts, systematically quanti-
fying emissions and resource use across the entire milk
production chain, from feed cultivation to on-farm op-
erations and processing stages. A systematic review L.S.
Carvalho et al. (2022) showed LCA is a key tool in milk
production sustainability research, assessing inputs,
outputs, and impacts like global warming, eutrophica-
tion, acidification, and resource use to guide environ-
mental interventions. Study consistently showed feed
production, enteric CH,, and manure management as
major contributors to milk’s environmental footprint;
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cradle-to-farm-gate assessments highlight CH, and
N,O from these sources per kilogram of milk. These
findings reveal the importance of improving feed effi-
ciency, optimising manure management practices and
enhancing overall farm management as ways to reduce
environmental burdens in dairy systems and improve
sustainability outcomes.

Technological and management innovations, par-
ticularly PLF, are explored to enhance dairy sustaina-
bility. Sensor-based and digital tools monitor health,
behaviour, feed intake, and milk production, improving
efficiency, welfare, and productivity. S. Das et al. (2023)
showed advanced technologies, computer vision, ma-
chine learning, and sensors, monitor behaviour, detect
disease, and optimise feeding, supporting more sus-
tainable, efficient,and welfare-friendly dairy production
systems. Additionally, research showed that ICT-based
monitoring systems can improve reproductive health
management and labour efficiency, further supporting
sustainable farm performance.

Genetic improvement programmes enhance dairy
sustainability by selecting for feed efficiency, disease
resistance, longevity, and reduced CH, emissions, en-
abling cumulative genetic progress that lowers en-
vironmental impacts while maintaining productivity
and profitability in commercial herds. C. Richardson et
al. (2025) showed that CH, emission traits in dairy cat-
tle are heritable and can therefore be targeted through
genetic selection. Their findings indicate that incor-
porating CH,-related and feed-efficiency traits into
breeding goals can contribute to a gradual reduction
in greenhouse gas emissions across generations. L.M.
Alderkamp et al. (2025) emphasised that integrated
and agroecological farming approaches can enhance
dairy sustainability by combining crop and livestock
production, recycling nutrients, reducing dependence
on external inputs, and improving resource efficien-
cy, soil fertility, and system resilience. Compared with
specialised systems, such approaches may also contrib-
ute to lower greenhouse gas emissions. By embedding




eco-logical principles alongside modern management
practices, these systems support long-term sustainabil-
ity in dairy farming, balancing productivity with envi-
ronmental and socio-economic benefits.

Sustainability in dairy production is conceptualised
through three interconnected pillars - environmental,
economic, and social/animal welfare - whose interac-
tions mean that improvements in one dimension can
create trade-offs or unintended consequences in an-
other. Assessing this multidimensional concept relies
on integrated analytical tools, particularly life cycle
assessment, alongside emerging technological and ge-
netic innovations such as precision livestock farming
and methane-focused breeding programmes. Ultimate-
ly, sustainable dairy systems must balance resource ef-
ficiency and productivity with broader socio-economic
and ecological goals, including rural livelihoods, food
security, and long-term farm resilience.

Environmental sustainability of cow milk production
Environmental sustainability is a key component of sus-
tainable dairy farming, as milk production systems can
exert considerable pressure on natural resources and
ecosystems. Dairy production is associated with GHG
emissions, land and water use, nutrient losses, and po-
tential impacts on biodiversity. As global demand for
dairy products increases, improving the environmental
performance of cow milk production systems has be-
come an important priority for researchers, policymak-
ers, and farmers. Addressing these challenges requires
the adoption of management practices and technolog-
ical innovations that reduce environmental impacts
while maintaining productive and economically viable
farming systems.

Greenhouse gas emissions represent one of the
most widely discussed environmental impacts of dairy
farming because dairy cattle produce CH, through en-
teric fermentation, a natural digestive process in the
rumen. Methane is a potent GHG with a much higher
global warming potential than CO, over shorter time
periods, roughly 27-30 times greater than CO, over a
100-year horizon as used in climate assessments, mak-
ing its reduction important for climate mitigation ef-
forts (Lei et al., 2024). Enteric CH, emissions account
for a substantial proportion of the total climate impact
associated with dairy production, with enteric fermen-
tation being the largest direct source of CH, emissions
from dairy systems and often representing over half of
the direct GHG emissions from dairy cattle when as-
sessed on a CO,-equivalent basis.

In addition to enteric fermentation, GHGs are also
produced through manure management and the use
of nitrogen fertilisers in feed crop production. Manure
stored and handled on farms emits both CH, and N,O dur-
ing storage and decomposition, with emissions varying
by storage practice and duration (Al Zahra et al., 2024).
At the same time, fertiliser use in feed crop cultivation
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contributes to N,O release from soils through microbial
nitrification and denitrification processes, making fer-
tiliser-related N,O an important part of dairy feed crop
emissions and the overall carbon footprint of milk pro-
duction. These on-farm and off-farm sources of CH, and
N,O collectively contribute substantially to the GHG
profile associated with dairy farming, alongside enteric
emissions (Al Zahra et al., 2020). Technologies such as
anaerobic digestion, improved manure storage and nu-
trient recycling have been proposed to mitigate these
emissions, although adoption remains constrained by
economic and technical barriers, particularly on small-
er-scale farms (Vergote et al., 2020).

Several strategies have been explored to mitigate
GHG emissions in dairy systems. S. Roques et al. (2024)
reported that improving feed quality and digestibility,
particularly by increasing forage digestibility, can en-
hance rumen fermentation efficiency and reduce CH,
emissions per unit of milk produced by influencing vol-
atile fatty acid profiles and rumen passage rates. The
same authors also noted that dietary interventions with
feed additives, such as 3-nitrooxypropanol (3-NOP),
have consistently demonstrated CH,-reducing effects
in dairy cattle. In the longer term, S. Roques et al. iden-
tified genetic selection for improved feed efficiency and
lower CH, intensity traits as a promising mitigation
approach, since genetic variation exists in CH, emis-
sion-related phenotypes and selection can progressive-
ly reduce emissions across generations. A.N. Hristov et
al. (2022) further showed that dietary supplementation
with lipids and tannin-containing feeds can alter rumen
fermentation and suppress methanogenesis.

Land use is another important factor influencing
the environmental sustainability of dairy production
because dairy farming requires substantial land both
for grazing and for the cultivation of feed crops such as
maize, grass silage and other forage plants. The expan-
sion of feed crop production and pasture often leads to
conversion of natural ecosystems to agricultural land,
resulting in habitat loss, forest degradation and reduc-
tions in biodiversity, particularly where agricultural
land expansion occurs in highly biodiverse regions (Sal-
ari et al., 2025). Agricultural land use, including pasture
and cropland for livestock feed, is a dominant driver of
terrestrial biodiversity loss globally, as the conversion
of forests and other natural habitats to agriculture sig-
nificantly disrupts species’ habitats and contributes to
declines in species richness and ecosystem integrity. At
the same time, pasture systems typically require more
land per unit of milk than intensive systems, creating
a trade-off between productivity and land occupation.

Intensive dairy systems often rely on imported feed
such as soybean meal, a common high-protein ingredi-
ent in cattle rations that is predominantly sourced from
major exporters like Brazil and Argentina. This reliance
on imported soy shifts a substantial portion of the envi-
ronmental impact of dairy production to regions where
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soy cultivation has been linked with land-use change
and deforestation, raising concerns about biodiversity
loss and carbon emissions associated with agricultural
expansion. Soybean production for livestock feed drives
agricultural land expansion in South America, contrib-
uting to habitat conversion and ecosystem pressures
far from the consuming region, illustrating the global
environmental consequences of intensive livestock sys-
tems that depend on international feed supply chains.

Pasture-based dairy systems, when managed sus-
tainably, may offer certain environmental benefits
because well-maintained grasslands can support soil
carbon storage, enhance biodiversity and contribute to
ecosystem services such as nutrient cycling and habi-
tat provision. Meta-analyse of grazing effects by J. Su et
al. (2023) showed that moderate grazing can increase
plant diversity and soil organic carbon content relative
to ungrazed or poorly managed systems, indicating po-
tential benefits for biodiversity and carbon sequestra-
tion. However, grazing impacts are context-dependent;
higher grazing intensity and poor pasture management
tend to degrade natural capital, reducing soil health,
plant diversity and other supporting ecosystem servic-
es, underscoring the importance of appropriate pasture
management to balance productivity with ecological
protection (O'Grady et al., 2024).

Water use is a key environmental concern in dairy
production. While cattle need water for drinking and
farm operations, most consumption is indirect, coming
from irrigation of feed crops. C.D. Higham et al. (2024)
showed that green and blue water used for forage and
pasture growth represent the largest share of milk’s wa-
ter footprint, varying by region and climate, and domi-
nating total freshwater use per unit of milk. Direct water
use on the farm (for animal water consumption, clean-
ing and other service demands) represents a small frac-
tion of the overall footprint compared with the water
required for growing feed crops, making indirect water
use via irrigation a major driver of dairy water demand
and a central focus in efforts to improve sustainability.

In regions experiencing water scarcity, excessive
agricultural water use can exert significant pressure on
local freshwater resources, making improved water-use
efficiency in dairy farming a key sustainability objec-
tive. Dairy water footprints are dominated by indirect
consumption for irrigation of pastures and feed crops,
and higher water demand in arid regions is linked to in-
creased blue water use and associated scarcity impacts
(Higham et al., 2024). Practices such as efficient irriga-
tion systems, water recycling on farms and improved
water management technologies have been identified
as effective ways to reduce the water footprint and en-
hance water-use efficiency in dairy production systems
(Monteiro et al., 2023).

Nutrient management is closely related to both
water quality and soil health because dairy manure
contains valuable nutrients such as nitrogen (N) and
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phosphorus (P) that can support crop growth when ap-
plied appropriately. E. Young et al. (2022) reported that
excess or poorly managed manure application can sub-
stantially increase nitrogen and phosphorus loading
in runoff, thereby contributing to water quality deteri-
oration and the eutrophication of aquatic ecosystems.
TJ.Van der Weerden et al. (2023) further noted that ma-
nure storage and land application are significant sourc-
es of ammonia (NH,) and N,O emissions. In particular,
NH, volatilisation from manure contributes to air pol-
lution and nitrogen deposition, whereas N,O emissions
from manure-amended soils represent an important
source of greenhouse gas emissions. Effective nutrient
management in dairy systems includes balanced fertil-
isation, improved feed formulation to reduce nutrient
excretion, and integration of crop and livestock pro-
duction to enhance recycling of manure nutrients. In
addition, anaerobic digestion of dairy manure can cap-
ture CH, for energy production while producing a nu-
trient-rich digestate that can be used as a biofertiliser,
potentially substituting synthetic fertilisers and sup-
porting soil health and nutrient cycling when applied
appropriately (Martin-Sanz-Garrido et al., 2025).
Improving environmental sustainability in dairy milk
production requires integrated approaches addressing
GHG emissions, land use, water consumption, and nutri-
ent management. Strategies such as enhanced feed ef-
ficiency, manure management, pasture-based systems,
efficient irrigation, and anaerobic digestion can reduce
environmental impacts while maintaining productivity.
By combining improved farm management with techno-
logical innovation and sustainable resource use, dairy
systems can lower their environmental footprint while
continuing to supply safe and nutritious milk globally.

Animal welfare in sustainable dairy production

Animal welfare is increasingly recognised as a fun-
damental component of sustainable dairy production
systems. Modern sustainability frameworks extend
beyond environmental and economic performance to
include ethical responsibilities, particularly the treat-
ment of animals (Arvidsson Segerkvist et al., 2020).
Ensuring that dairy cattle are raised under conditions
that support health, comfort, and the expression of
natural behaviours is now considered essential for
both productivity and system sustainability (AHAW et
al., 2023). Growing public awareness of animal welfare
has significantly influenced consumer expectations,
market demands, and policy development. Consumers
increasingly prefer products derived from systems per-
ceived as humane, prompting the adoption of welfare
standards and transparent assessment methods (Lin-
stadt et al., 2024). Consequently, animal welfare is now
widely embedded in sustainability indicators and ag-
ricultural policies, reinforcing its role as a key pillar of
responsible and sustainable dairy farming (Pavanello et
al., 2024). Systematic review by M. Verdon et al. (2025)




of dairy cow welfare research show a growing number
of studies addressing welfare domains such as health,
environment and behaviour, reflecting increasing sci-
entific and public interest.

In dairy production systems, animal welfare is in-
fluenced by multiple interrelated factors, including
housing conditions, nutrition, health management, and
the opportunity for animals to express natural behav-
iours. Adequate housing design, appropriate feeding
strategies, and effective disease prevention are essen-
tial to maintaining both welfare and productivity in
dairy cattle (AHAW et al., 2023; Linstadt et al., 2024).
Sustainable dairy systems, therefore,aim to provide en-
vironments that minimise stress, reduce the incidence
of disease, and support normal behavioural expression.
Poor welfare conditions can result in significant ethi-
cal and economic consequences. Compromised welfare
is associated with decreased milk yield, higher veteri-
nary costs, and reduced longevity of animals within the
herd, ultimately undermining farm sustainability. Con-
sequently, improving animal welfare is not only a mor-
al obligation but also a practical strategy to enhance
efficiency, resilience, and long-term sustainability in
dairy production systems.

Housing design plays a crucial role in determining
the welfare of dairy cattle. Well-designed systems pro-
vide adequate space, comfortable resting areas, proper
ventilation, and reliable access to clean water and feed,
all of which are essential for maintaining health and
productivity (AHAW et al., 2023). Particular emphasis
is placed on lying comfort, as dairy cows spend a sub-
stantial proportion of their time resting. The provision
of well-bedded lying areas, using materials such as
straw or sand, has been shown to improve cow comfort,
reduce the risk of injuries and lameness, and support
natural resting behaviour (Linstadt et al., 2024). Ade-
quate rest is closely linked to improved physiological
functioning, including enhanced milk yield and better
overall welfare outcomes. Conversely, poorly designed
housing can restrict movement, increase stress, and
predispose animals to disease, thereby negatively af-
fecting both welfare and farm performance (Arvidsson
Segerkvist et al., 2020). Ensuring appropriate housing
conditions is therefore a key component of sustainable
dairy production systems.

Modern dairy housing systems often incorporate
free-stall barns, which allow cows to move freely within
designated areas and express more natural behaviours
compared with more restrictive systems. These housing
designs are intended to reduce stress, improve comfort,
and support overall welfare (AHAW et al., 2023). By en-
abling voluntary movement between feeding, resting,
and social areas, free-stall systems contribute to bet-
ter behavioural and physiological outcomes in dairy
cattle. Proper flooring, adequate space, and effective
ventilation are essential in dairy systems. They reduce
lameness, competition, and stress, while maintaining
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temperature, humidity, and air quality to prevent heat
stress. Together, these factors help to ensure hygiene,
reduce disease risk, and enhance both animal welfare
and productivity within sustainable dairy systems.

Access to pasture is widely associated with im-
proved animal welfare in dairy systems. Grazing enables
cows to express natural behaviours such as foraging,
walking, and social interaction, which are important in-
dicators of positive welfare. In addition, outdoor access
has been linked to a lower incidence of certain health
issues, particularly lameness, which is often associated
with prolonged exposure to hard indoor flooring. Pas-
ture-based systems need careful management to en-
sure welfare, providing adequate nutrition, protection
from extreme weather, and proper grazing practices,
including controlled stocking density and rotation, to
prevent overgrazing and maintain pasture quality.

Maintaining good health is fundamental to ensur-
ing high levels of animal welfare in dairy production
systems. Dairy cattle are susceptible to several preva-
lent health disorders, including mastitis, lameness, met-
abolic issues and reproductive problems, each of which
can cause pain and discomfort and impair well-being
if not effectively managed (AHAW et al., 2023). Masti-
tis is one of the most frequent and costly diseases in
dairy herds, reducing milk yield and quality while in-
creasing veterinary and replacement costs, and remains
a leading cause of culling when recurrent or severe.
Lameness, often stemming from hoof lesions or subop-
timal flooring and housing conditions, is a major wel-
fare concern due to its association with pain, reduced
mobility and impaired natural behaviours (Thomsen et
al., 2023). Together, these health challenges not only
compromise animal welfare but also lead to significant
economic losses for farmers, underscoring the impor-
tance of proactive health management and welfare-fo-
cused practices in sustainable dairy systems. P.T. Thom-
sen et al. (2023) estimated mean lameness prevalence
at around 23% in dairy herds.

Preventive health management is a critical com-
ponent of sustainable dairy farming. Regular veterinary
monitoring, vaccination programmes, and early detec-
tion of disease symptoms help maintain herd health
and reduce reliance on therapeutic interventions
(AHAW et al., 2023). Maintaining good hygiene during
milking, managing bedding effectively, and providing
balanced nutrition are also essential measures to pre-
vent common health problems such as mastitis, meta-
bolic disorders, and lameness (Thomsen et al., 2023). By
prioritising preventive strategies, farmers can improve
animal welfare, reduce economic losses from disease,
and enhance productivity. Integrating these practices
into routine farm management supports both ethical
responsibilities and the long-term sustainability of
dairy production systems.

Lameness is one of the most prevalent welfare is-
sues in dairy cattle and is often linked to poor flooring

Scientific Horizons, 2026, Vol. 29, No. 3

71



72

Integrating environmental, economic, and welfare dimensions...

conditions, inadequate hoof care, or prolonged stand-
ing times (Garvey, 2022). Clinical lameness not only
causes pain and reduced mobility but also negatively
affects feeding behaviour and milk production, making
its prevention essential for both welfare and produc-
tivity. M.B. Sadiq et al. (2021) showed that implement-
ing regular hoof trimming as part of a comprehensive
hoof health programme can significantly reduce the
incidence of lameness and the prevalence of hoof le-
sions in dairy herds. Improvements to flooring surfaces
and the provision of comfortable resting areas further
reduce mechanical stress on the hooves and joints,
thereby helping to minimise lameness risks. P.T. Thom-
sen et al. (2023) also emphasised that peri-partum
metabolic disorders, such as ketosis and displaced
abomasum, can alter cow behaviour and activity, which
underscores the importance of systematic health mon-
itoring and proper nutrition.

R. Han et al. (2022) identified longevity as an in-
creasingly important indicator of both animal welfare
and sustainability in dairy systems. They noted that
dairy cows with longer productive lifespans contribute
to improved system efficiency because fewer replace-
ment animals are required, reducing the resources and
environmental impacts associated with raising heifers.
Prolonged productive life may also reflect better health
and management practices that support animal welfare.
G.M.Dallago et al.(2021) further reported that short cow
longevity is often associated with increased involuntary
culling due to health and reproductive problems, which
can compromise welfare and increase production costs.
Reducing herd turnover lowers the need for rearing re-
placement heifers, thereby decreasing feed, water and
energy requirements and the associated greenhouse
gas emissions per unit of milk produced. Longer pro-
ductive lifespans can therefore enhance environmental
performance as well as economic outcomes.

Several factors influence the longevity of dairy
cows, including genetics, nutrition, health management,
and housing conditions. Genetic selection that balances
production with functional traits such as disease resil-
ience, fertility and structural soundness can contribute
to longer productive lifespans, although the genetic ba-
sis of longevity is complex and involves multiple corre-
lated traits. Genetic analyses indicate that health traits
such as resistance to locomotory and metabolic diseas-
es are genetically associated with longevity, providing
targets for breeding programmes aimed at enhancing
durability and resilience (Hu et al., 2024). In addition,
good herd management practices that prioritise animal
health and welfare, such as preventive health care, bal-
anced nutrition and comfortable housing, can extend
productive life and reduce involuntary culling due to
disease or injury (Dallago et al., 2021; Han et al., 2022).
By improving both genetic potential and management
conditions,dairy systems can supportlonger cow longev-
ity, enhancing sustainability and reducing resource use.
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Ethical considerations surrounding livestock pro-
duction have become increasingly prominent in dis-
cussions of sustainable agriculture. Many consumers
express concern about how animals are raised and are
willing to pay premiums for products from higher-wel-
fare systems, reflecting a growing ethical dimension in
food choice behaviour (Mata et al., 2026). Public expec-
tations around animal welfare have also driven interest
in welfare certification schemes, which aim to provide
transparent information about on-farm practices and
allow consumers to identify products from farms meet-
ing defined welfare standards (Chang & Chen, 2022).

Welfare labelling and voluntary certification sche-
mes, such as Certified Humane and assured by an an-
imal welfare charity such as The Royal Society for the
Prevention of Cruelty to Animals, the RSCPA Assured
scheme in the UK, provide market incentives for im-
proved animal care (Tuyttens et al., 2025). Effective wel-
fare schemes rely on clear standards, strict audits, and
informed consumers, driving on-farm improvements
and encouraging adoption of welfare-focused practic-
es through market influence and policy support. High
welfare standards in dairy farming offer ethical and
economic benefits, granting access to premium mar-
kets, boosting consumer trust, and promoting healthier,
more productive animals, thereby improving efficiency
and sustainability (Tuyttens et al., 2025).

Animal welfare is a fundamental aspect of sustain-
able dairy production. High welfare standards also have
economic and market benefits. Farms demonstrating
strong welfare practices can access premium markets,
build consumer trust, and reduce costs associated with
disease and high herd turnover Certification schemes
and welfare labelling provide incentives for producers
to adopt these practices, encouraging transparency and
aligning production with societal expectations. Inte-
grating animal welfare into dairy systems is therefore
essential for both ethical responsibility and the long-
term sustainability of milk production.

Economic sustainability and farm viability
Economic sustainability is fundamental to dairy pro-
duction, as profitability ensures long-term farm viabil-
ity while supporting environmental stewardship and
animal welfare. Efficient resource management, cost
control, and productivity optimisation are essential to
maintain competitiveness. Dairy farms must also re-
spond to challenges such as market volatility, fluctu-
ating milk prices, and rising input costs, which threat-
en financial stability (Savickiené & Galnaityte, 2024).
V. Fiorillo & B.M. Amico (2024) showed that economi-
cally resilient farms are more capable of adopting and
sustaining environmentally beneficial practices, align-
ing financial and ecological goals.

Dairy farming operates within highly dynamic
and competitive markets, where milk prices fluctuate
in response to global and regional supply-demand




dynamics. According to OECD/FAO (2022) and OECD/
FAO (2024) agricultural market projections, global dairy
commodity prices are expected to remain volatile over
the medium term, with demand growth increasingly
concentrated in emerging economies while production
costs continue to rise in established dairy-exporting
regions; the 2024-2033 outlook also points to slower
expected growth in global milk production compared
with the 2022-2031 projections, reflecting tightening
margins and resource constraints. Farmers also face
variable costs for feed, energy, labour, and veterinary
services, all of which influence profitability and long-
term viability (Savickiené & Galnaityté, 2024). Such
volatility increases financial risk and uncertainty. Con-
sequently, improving technical efficiency, optimising
input use, and adopting cost-reduction strategies are
essential for maintaining economic sustainability and
resilience in dairy systems. Production costs and prof-
itability vary widely between farms, which significantly
influences farm-level economic.

One of the main drivers of economic sustainability
is production efficiency, often measured by milk yield
per cow or per unit of feed. Higher productivity ena-
bles fixed costs, such as housing and machinery, to be
distributed across greater outputs, thereby improving
profitability (Pavanello et al., 2024). However, this must
be balanced with broader sustainability objectives, as
excessive intensification can increase environmental
pressures, compromise animal welfare, and heighten
long-term risks. R. Savickiené & A. Galnaityté (2024)
highlighted that optimising, rather than maximising,
production is essential for sustaining both economic
performance and overall system resilience. G. Salce-
do et al. (2025) provided empirical support for this view
in temperate Atlantic dairy systems, showing that farms
pursuing sustainable intensification, through moderate
increases in stocking density combined with improved
nutritional management, achieved higher milk output
without proportional increases in environmental bur-
den. However, their findings also indicated that further
intensification beyond this point resulted in diminish-
ing economic and environmental returns.

Cost management plays a vital role in maintaining
dairy farm viability, with feed representing a substan-
tial proportion of total production expenses. Improving
feed efficiency and optimising nutrition are therefore
critical for controlling costs and sustaining profitability
(Pavanello et al., 2024). Approaches such as precision
feeding, the use of agricultural by-products, and im-
proved ration formulation can reduce feed costs while
maintaining milk yield. In addition, enhancing energy
and water use efficiency further lowers operational ex-
penses, contributing to overall economic sustainability
and reinforcing the resilience of dairy farming systems
(Savickiené & Galnaityté, 2024). Beyond cost control,
milk quality parameters such as protein and fat content
and somatic cell counts directly affect farm-gate prices
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under most milk-pricing systems, making quality man-
agement an integral component of dairy farm profita-
bility alongside efficiency gains.

Market structures, incentives, and policy frame-
works strongly influence economic sustainability. Cer-
tification schemes and eco-labelling for sustainable
or high-welfare dairy products can allow farmers to
access premium markets and secure higher returns, as
consumers frequently show willingness to pay higher
prices for sustainability-labelled attributes (e.g., organ-
ic, welfare, origin) in dairy and plant-based milk alter-
natives (Madududu et al.,2024).Y.Zhan et al. (2025) also
found that recognition of eco-labels, such as carbon or
environmental labels, increases consumer willingness
to pay premiums, reinforcing market incentives for
sustainable dairy practices. Sustainability certification
standards, covering environmental, welfare and social
criteria, are increasingly used to differentiate dairy
products, although their scope and uptake vary widely.

Government policies and subsidies play a key role
in supporting sustainable dairy production by lowering
financial barriers and encouraging the adoption of en-
vironmentally friendly practices. Subsidies, regulatory
programmes, and financial and technical assistance are
among the main mechanisms used by governments to
incentivise sustainable agricultural initiatives, includ-
ing manure management, renewable energy uptake,
and pasture-based systems. Public extension services
and training enhance farmer capacity to implement
improved practices, while targeted financial assistance
and low-interest loans can bolster long-term economic
resilience and farm viability.

Economic sustainability in dairy farming requires
resilience to external risks such as market volatility,
climate variability, and disease outbreaks. Diversifying
income through integrated crop-livestock systems, pro-
duction of value-added dairy products, or participation
in cooperatives can buffer farms against fluctuating
milk prices. Additionally, insurance schemes and risk
management tools protect against catastrophic events,
enhancing the financial stability and long-term viability
of dairy operations. Investments in herd health, hous-
ing infrastructure, and technology enhance productivity
and animal welfare while reducing economic vulner-
ability. Maintaining healthy cows with longer produc-
tive lifespans lowers replacement costs, and improved
housing or automated systems reduce labour require-
ments and operational risks. Such strategic investments
strengthen farm efficiency and resilience, supporting
long-term economic sustainability in dairy production.

Achieving economic sustainability in dairy farm-
ing goes beyond simply maximising profits. Sustaina-
ble systems require balancing economic, environmen-
tal, and social objectives. Practices such as improved
manure management or pasture-based systems may
incur higher upfront costs but can reduce long-term
risks, enhance farm resilience, and enable access to
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value-added markets. Likewise, investments in animal
welfare support healthier, more productive cows, im-
proving economic performance while meeting soci-
etal expectations for ethical farming (Fiorillo & Am-
ico, 2024). C. Pavanello et al. (2024) highlights that
economically resilient farms are better able to imple-
ment sustainable technologies, respond to market and
climatic shocks, and align production with consumer
and societal expectations.

Economic sustainability ensures that dairy farms
remain viable over the long term, supporting rural live-
lihoods and the continued supply of milk as a critical
food resource. Beyond the individual farm, a financially
resilient dairy sector sustains rural employment, inter-
generational farm succession,and the broader agri-food
economy of dairy-producing regions. By integrating
cost-effective management, production efficiency, risk
mitigation, and market-oriented strategies, farms can
maintain profitability while adopting environmentally
and socially responsible practices. As global demand
for dairy products continues to grow, the ability of farms
to remain economically viable will become increasingly
important for ensuring a stable and sustainable milk
supply. Economically resilient farms are better able to
implement sustainable technologies, respond to mar-
ket and climatic shocks, and align production with con-
sumer and societal expectations. Ultimately, economic
viability cannot be treated in isolation: it is the founda-
tion that enables farms to sustain the environmental
and welfare-related improvements discussed through-
out this review.

Innovations and strategies for sustainable dairy systems
Advancing the sustainability of cow milk production
requires adopting innovative management practices,
technologies, and system-level strategies that concur-
rently address environmental, economic, and animal
welfare objectives. Digital and PLF technologies, such as
sensors, automated milking, and data systems, enhance
monitoring, productivity, and decision-making, promot-
ing efficiency and sustainability on dairy farms (de Ol-
iveira et al., 2024). In addition, selective breeding and
genomic tools can improve genetic potential for bal-
anced production, fertility, and longevity, supporting re-
source efficiency and lowering emissions per unit of milk
(Bell, 2024). PLF involves using technology to monitor,
analyse,and manage individual animals or groups in real
time. Tools such as sensors, automated milking systems,
wearable devices, and data analytics allow farmers to
track milk yield, feed intake, body condition, activity, and
health status. By providing detailed, cow-level informa-
tion, PLF supports early detection of health issues, opti-
misation of feeding strategies, and more efficient herd
management, ultimately improving productivity, animal
welfare, and economic sustainability in dairy systems.
Implementing PLF technologies can reduce feed
waste, improve milk production efficiency, and enhance
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animal welfare by detecting discomfort or disease ear-
ly. Additionally, PLF supports environmental sustaina-
bility by enabling precise nutrient management, which
lowers N and P excretion and decreases GHG emissions
associated with overfeeding. N. Liu et al. (2023) demon-
strated that integrating PLF into dairy operations im-
proves productivity while simultaneously promoting
economic, environmental, and animal welfare objec-
tives. Genetic selection is a long-term strategy to im-
prove sustainability in dairy systems by incorporating
traits beyond milk yield, such as feed efficiency, disease
resistance, fertility, and longevity, into breeding goals.
Breeding programmes that target lower enteric CH,,
along with efficiency, can cumulatively reduce emis-
sions and resource use, enhancing both environmental
and economic sustainability of dairy production (Rich-
ardson et al., 2025).

Innovations in dairy nutrition play a central role
in sustainable milk production by optimising rumen
efficiency and mitigating enteric methane emissions.
Diet manipulation and specific feed additives, such as
fats, tannins, and methane-inhibiting compounds Llike
3-NOP, have been shown to reduce methane output
while maintaining productivity (Hristov, 2024). Increas-
ing forage digestibility and incorporating high-quality
forages or by-products from other agricultural sectors
can also lower CH, intensity per unit of milk and sup-
port circular resource use.

Precision feeding strategies, which customise nu-
trient supply for individual cows or specific production
stages, enhance feed efficiency and reduce nutrient ex-
cretion into the environment. Optimising diet compo-
sition through precision feeding improves rumen func-
tion, animal health, welfare, and milk quality, thereby
supporting both economic performance and ethical
standards in dairy farming. A.N. Hristov (2024) demon-
strated that these targeted nutritional approaches
contribute significantly to the sustainability of dairy
systems by aligning productivity, environmental stew-
ardship, and animal welfare goals. System-level inno-
vations, such as integrated crop-livestock systems and
agroecological approaches, enhance sustainability by
combining ecological principles with productive farm-
ing. Integrating crop and livestock production enables
the recycling of nutrients and organic matter, reduc-
es dependence on external inputs, and promotes soil
health. Dairy manure can be used as a fertiliser for feed
crops, creating a closed nutrient loop that benefits both
crop and livestock production and contributes to agri-
cultural sustainability.

Agroecological strategies emphasise biodiversi-
ty, diversified forage species, and pasture-based sys-
tems that provide ecosystem services such as carbon
sequestration, soil conservation, and habitat support.
For example, silvopastoral systems that combine trees,
pastures and livestock enhance nutrient cycling, soil
fertility, biodiversity and carbon storage compared with




simpler systems, thereby reducing reliance on inten-
sive, input-heavy practices while supporting ecosystem
functions and sustainability (de Macédo Carvalho et
al., 2024). Renewable energy technologies such as an-
aerobic digestion, solar panels, and biogas production
contribute to sustainable dairy systems by reducing de-
pendence on fossil fuels and lowering GHG emissions.
Anaerobic digestion of dairy manure produces biogas
that can be used for heat and electricity, cutting CH,
emissions from manure management and supplying
renewable energy on-farm, thereby offering both envi-
ronmental and economic advantages.

Circular economy principles in dairy systems en-
courage use of agricultural by-products as feed, effi-
cient water recycling, and reduced waste generation.
Creating closed-loop systems that maximise resource
efficiency, from recovering nutrients in effluent to val-
orising dairy co-products like whey, can reduce environ-
mental impact while maintaining productivity and ani-
mal welfare. Such circular approaches are increasingly
recognised as essential for sustainable dairy supply
chains (Terpou et al., 2025).

Despite the demonstrated benefits, the wide-
spread adoption of innovative strategies faces sever-
al challenges, including high initial investment costs,
technical complexity, and the need for farmer train-
ing. Evidence shows that increased costs and lack of
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supportive networks or advisory services are significant
barriers limiting the uptake of sustainable practices on
farms. Policy support, extension services, and market
incentives are therefore critical to facilitate adoption
and improve sustainable agricultural outcomes. Inno-
vations and strategic approaches in dairy farming pro-
vide multiple pathways to enhance sustainability. PLF
technologies, genetic improvement, nutritional opti-
misation, integrated farming systems, and renewable
energy applications collectively contribute to creating
resilient, resource-efficient, and ethically responsible
dairy systems.

Strategies, trade-offs, and future perspectives

Sustainable cow milk production is often presented as
a matter of improving efficiency or adopting new tech-
nologies, yet the evidence suggests a more complex re-
ality. In practice, dairy systems operate under compet-
ing pressures: increasing production to meet demand,
reducing environmental impacts, and responding to so-
cietal expectations around animal welfare. These goals
do not fullyalign,and much of the challenge lies in man-
aging the tensions between them rather than resolving
them. Table 2 summarises the effects of main strate-
gies in dairy production across the key environmental,
economic, and animal welfare sustainability dimen-
sions, highlighting potential synergies and trade-offs.

Table 2. Effects of main strategies in dairy production across the three key sustainability dimensions,
highlighting potential synergies and trade-offs

Strategy Environmental Impact Economic Impact Animal Welfare Impact

Improved feed Reduces CH, emissions Lowers feed costs, -
efficiency and resource use per unit of milk improves productivity Generally neutral to positive
PLF Reduces nutrient losses Improves efficiency Enhances health monitoring

and optimises resource use

and labour productivity and early disease detection

Genetic selection
(efficiency, longevity)

Long-term reduction
in emissions intensity

Increases productivity
and lifetime performance

Improves longevity and
resilience

Reduces CH, and N,O emissions,

Manure management enables nutrient recycling

Provides renewable energy

and additional income streams Neutral

Can enhance biodiversity and ecosystem

Pasture-based systems . .
services, but may increase land use

Variable profitability
depending on system

Improves behavioural welfare
and natural expression

Use of agricultural
by-products

Reduces demand for feed crops
and resource use

Lowers feed costs

and improves efficiency Neutral

Source: compiled by the author

Improving efficiency is frequently highlighted as a
key pathway to sustainability. Strategies such as op-
timising feed use, improving genetics, and increasing
milk yield per cow can reduce emissions per unit of
output. While this is an important contribution, it does
not necessarily translate into lower overall environ-
mental impact. In systems where production contin-
ues to expand, efficiency gains may be offset by higher
total output. This suggests that efficiency should be
viewed as a necessary but insufficient condition for
sustainability, rather than a complete solution. The
contrast between intensive and pasture-based systems
illustrates the difficulty of defining a single “optimal”

model. Intensive systems tend to achieve higher pro-
ductivity and lower emissions per unit of milk, but
they often depend on external inputs and may raise
concerns regarding animal welfare and indirect envi-
ronmental effects. Pasture-based systems, in contrast,
are commonly associated with improved welfare and
ecosystem services, yet they generally require more
land and may show lower production efficiency. These
differences highlight that sustainability outcomes are
highly context-dependent and that system perfor-
mance cannot be assessed using a single metric.
Animal welfare further complicates this picture.
It is increasingly recognised as a core component of
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sustainability, but it does not always improve in parallel
with environmental or economic performance. In some
cases, management practices that enhance productivity
can place additional pressure on animals, while high-
er-welfare systems may involve trade-offs in efficiency
or cost. This indicates that welfare should be treated as
an independent objective within sustainability frame-
works, requiring specific attention rather than being
assumed as a secondary benefit of other improvements.
Economic viability remains a decisive factor in deter-
mining whether sustainable practices are adopted.
Many of the strategies identified in the literature, in-
cluding precision technologies, improved housing, and
renewable energy systems, require substantial invest-
ment (AHAW et al., 2023; Kaur et al., 2023; Greene et
al., 2024). For farmers operating under variable milk
prices and rising input costs, the adoption of such meas-
ures is not always feasible. This gap between technical
potential and practical implementation is a recurring
issue, suggesting that economic conditions and policy
support are central to any meaningful transition toward
sustainability.

Technological innovation is often presented as a
major driver of progress in dairy systems. PLF, genet-
ic improvement, and advanced feeding strategies offer
clear advantages in monitoring, efficiency,and manage-
ment. However, their impact should not be overstated.
Technology can improve the performance of existing
systems, but it does not eliminate the underlying trade-
offs between productivity, environmental impact, and
welfare. In some cases, it may even reinforce existing
production models rather than encouraging more fun-
damental changes. Rather than focusing on identifying
a single best approach, a more realistic objective is to
improve the balance between environmental, econom-
ic, and welfare outcomes within existing systems. This
involves recognising trade-offs, prioritising context-ap-
propriate strategies,and integrating multiple approach-
es in a coordinated way. Progress is therefore likely to
depend less on individual innovations and more on how
effectively they are combined and adapted in practice.

Sustainable cow milk production is a complex and
multi-dimensional horizon, requiring the integration
of environmental, economic, and social considerations.
Despite advances in management practices, technolo-
gy, and policy frameworks, several challenges continue
to affect the adoption and effectiveness of sustainable
dairy systems. Additionally, recognising research lim-
itations is critical for guiding future studies and evi-
dence-based decision-making. A central challenge in
dairy systems is balancing high productivity with en-
vironmental and social sustainability. Intensive pro-
duction can increase milk yield per cow and reduce
per-unit costs, but often results in higher greenhouse
gas emissions, nutrient surpluses, and potential wel-
fare concerns. Conversely, low-input or pasture-based
systems may enhance biodiversity, animal welfare,
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and ecosystem services but can reduce productivity
per hectare and require more land. Effective strategies
must consider local conditions, resource availability,
and farm-scale contexts to manage these trade-offs.

Climate variability and extreme weather events
pose both direct and indirect threats to sustainable
dairy production. Heat stress, drought, and altered
rainfall patterns can affect forage availability, water
resources, and animal health, reducing milk yield and
herd resilience. Additionally, dairy farming contributes
to climate change through CH, and NO, emissions, cre-
ating a feedback loop that necessitates both mitigation
and adaptation strategies. Economic viability remains
a major barrier to implementing sustainable practices.
High initial costs for precision technologies, renewable
energy, or improved housing can limit adoption, par-
ticularly for small-scale farms. Market volatility, fluctu-
ating milk prices, and limited access to premium mar-
kets for sustainably produced milk reduce incentives for
change. Financial support mechanisms, subsidies, and
access to markets are essential to encourage invest-
ment in sustainable solutions. Fragmented or incon-
sistent policy frameworks can hinder the adoption of
sustainable practices. Integrated policies that simulta-
neously address environmental impact, animal welfare,
and economic viability are rare, making it difficult for
farmers to align their management with sustainabili-
ty goals. Clear, consistent, and incentivised regulatory
frameworks are essential to accelerate the transition to
sustainable dairy systems.

CONCLUSIONS

This study showed that sustainable cow milk produc-
tion is @ multidimensional issue that depends on the
balanced integration of environmental, economic, and
animal welfare objectives. It was found that dairy sys-
tems contribute important benefits to food security, ru-
ral livelihoods, and the supply of high-quality animal
protein, but the analysis also showed that these ben-
efits are accompanied by relevant sustainability pres-
sures. In particular, cow milk production was associated
with environmental impacts such as greenhouse gas
emissions, especially methane and nitrous oxide, as
well as water use, land use, nutrient losses, biodiversity
decline, nutrient pollution, water scarcity, and land-use
pressure. These findings confirm that environmental
sustainability remains one of the central challenges for
the dairy sector.

The analysis also showed that economic sustaina-
bility is essential for the adoption of improved produc-
tion practices. Profitability, production efficiency, input
costs, and farm resilience were identified as key dimen-
sions influencing the capacity of dairy farms to imple-
ment more sustainable strategies. It was found that
price volatility, rising feed and energy costs, and finan-
cial barriers to innovation can limit the transition to-
wards more efficient and environmentally responsible




systems. Therefore, economic viability should not be
treated as separate from sustainability, but as a nec-
essary condition for farmers to invest in new technolo-
gies, improved management, and long-term adaptation.

Animal welfare was also identified as a central com-
ponent of sustainable dairy farming. The study showed
that animal health, behaviour, longevity, housing condi-
tions, and societal acceptance are closely linked to both
productivity and ethical responsibility. It was found that
problems such as lameness, mastitis, inadequate hous-
ing, and broader ethical concerns remain major barriers
to achieving sustainable milk production. These results
indicate that improving animal welfare can support
better health, longer productive life, improved efficien-
cy, and stronger consumer trust.

Altogether, the findings show that no single solu-
tion is sufficient to ensure sustainable cow milk pro-
duction. Instead, sustainability depends on combining
technological, nutritional, genetic, managerial,econom-
ic, and welfare-based strategies within context-specific
production systems. Precision livestock farming, auto-
mated monitoring, data analytics, selective breeding
and genetic improvement, optimised nutrition, meth-
ane-reducing diets, circular feeding systems, renewable
energy, nutrient recycling, agroecological approaches,
and crop-livestock integration were all identified as
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relevant tools. However, the study showed that their ef-
fectiveness depends on practical implementation, farm
resources, market conditions, policy support, and con-
sumer expectations.

Future research should focus on integrating these
tools into coherent, multi-dimensional frameworks that
address environmental, economic, and social objectives
simultaneously, rather than treating them as isolated
interventions. Further studies should also examine how
market and consumer influence, including demand for
sustainable and high-welfare dairy products, labelling,
certification schemes, and premium pricing, can sup-
port adoption at farm level. Collaborative research in-
volving farmers, researchers, policymakers, and industry
stakeholders will be essential to develop context-spe-
cific solutions that balance productivity, environmental
stewardship, animal welfare, and social responsibility.
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IHTerpauia eKonoriyHuXx, eKOHOMi4YHUX Ta coliaNlbHUX acMNekKTiB
y CTaZIuii pO3BUTOK MOJIOYHOIO TBAapUHHULITBA: OrNaa nitepatypm

®MepHaHpo Marta
[okTop dinocodii, cTaplumnii HAyKOBKUI CNiBPOBITHMK
HauioHanbHa 300TexHi4YHa cTaHUig HauioHanbHOro iHCTUTYTY arpapHMX i BETEpMHAPHUX AOCTIAXKEHD
2005-424, Byn. npodecopa pokropa Bawa MNoptyrana, M. Banne-ge-CaHTtapeH, lNoptyranis
https://orcid.org/0000-0002-5687-7114

AHoTauia. Ctane BMPOOGHMLTBO KOPOBKYOr0 MOJIOKA MA€ BMPpIllasibHE 3HAYEHHS AN rNobanbHOi NpoAoBObYOI
6e3neku,3acobiB [0 iICHYBAHHS CiNlbCbKOTO HaceNeHHs Ta XxapyyBaHHS N0AeN, NpoTe BOHO NOBM3aHE 3 eKOI0TYHMUMY,
€KOHOMIYHMMU Ta ETUYHUMM BUKIMKAMKU. CUCTEMM MONOYHOrO TBAPMHHMUTBA CYTTEBO BMAMBAKOTb HA BUKUAM
NapHUKOBMX rasiB, BUKOPUCTAHHA BOAM Ta 3eMJi, BTPATU MOXMBHUX PEYOBMH Ta OIOPIZHOMAHITTA, @ TaAKOX
BM3Ha4aloTb A06POOYT TBapMH i NpUMBYTKOBICTb rocnoaapcTs. MeTa LbOro orngay nonsrana B TOMy, Wo6 AoCAianTH,
SIK 3aXMCT HAaBKOJIULLHBOIO CEpeOBMLLA, EKOHOMIYHA JOLINbHICTb, eheKTUBHE BUKOPUCTAHHS pecypciB Ta LoOpobyT
TBApWH [HTErpoBaHi B CTani CMCTEMM MOMIOYHOIO TBAPUHHWULTBA. Byno npoBeneHO CTPYKTYpOBaHWI OMUCOBWIA
OrNsA HOBITHBOI HAYKOBOI NiTepaTypu Ta y3aranbHeEHO AaHi WOAO BUKMAIB NAPHUKOBUX rasiB, BUKOPUCTAHHS 3eMni
Ta BOAM, YNPaBAiHHA MOXWMBHUMU PEYOBMHAMM, 300POBS TBAPWUH, YMOB YTPUMAHHS, NpMOYTKOBOCTI rocnoaapcTs,
TOYHOIO TBAPMHHULTBA, FEHETUYHOIO BAOCKOHANEHHS, XapyyBaHHSA, CTpaTerin LMPKYISIpHOT EKOHOMIKM Ta NONITUYHOI
nigtpumkun. Orngp nokasa., WO CTane MOM0YHE BUPOOHWMLUTBO BMMarae 36anaHCOBAaHMX Ai Yy EKONOTriYHOMY,
€KOHOMIYHOMY Ta COoLianbHOMY BUMipaXx, OCKiNIbKM NOKPALLEHHSA B OAHIM chepi 4acTo NPU3BOAUTL A0 KOMMPOMICIB B
iHWIin.BnnmB Ha HABKOMMLLHE CepefoBULLLE AOCIAKYBABCS Yepe3 TaKi CTpaTerii, aK NiaABULLEeHHS epeKTUBHOCTI rofiBni,
paLioHM, O 3MEHLLYIOTb BUKUAM METAHY, yNpaBfiHHS THOEM, MACOBULLHI CUCTEMU, paLliOHANIbHE BUKOPUCTAHHS BOAM,
peLmpKynaLia NOXMBHUX PEYOBUH, BUKOPUCTAHHS BiAHOBAIOBAHWX AXepen eHeprii Ta iHTerpoBaHe pOC/MHHULTBO
M TBApUHHWMLTBO. [MMTaHHS [o6pobyTy TBapuH OyNno NPOAHANi30BaHO $K LEHTPaIbHUI KOMMOHEHT CTaioro
PO3BUTKY, @ HANEXHi YMOBM YTPUMAHHS, OCTYN A0 NAaCOBMLL, NpodinakTMYHa BETEPUHAPHA AONOMOra, 3MEHLLIEHHS
BMMNAAKiB KyJbraBOCTi Ta MAcCTWUTY, MOAOBXKEHHS MPOAYKTUBHOMO BiKY TBApUH Ta cepTudikauia nobpobyty 6ynu
BM3HaYeHi K HakTopu, WO CNPUAKOTL K eTUYHIM BiANOBIAANBHOCTI, TaK i NiABULWEHHIO ePEeKTUBHOCTI rOCNOAapCTB.
EkoHOMIYHY CTiMKicTb 6yno BM3HaYeHO K HeOoDOXigHY nepenyMOBY ANS BNPOBAAXKEHHS CTIMKMX MPAKTUK, OCKINbKM
eeKTUBHICTb BUPOOHULITBA, KOHTPO/Ib BUTPAT, PUHKOBI CTUMYAW, MONITUYHA MIATPUMKA Ta YNpPaBAiHHSA pU3MKaMK
BM3HAYaoTh, UM 3MOXYTb epmepu 36epertv NpubyTKOBICTb, OAHOYACHO MOKPALLYKUYM EKONOTiYHI MOKa3HMKM Ta
NMOKa3HMKM L06po6YTYy TBapuH. LLi pesynbstatv MoXyTb BYyTH BUKOPUCTaHI MONIOYHUMUK hepMepamMm, KOHCYIbTaHTAMMU,
[OCNiAHWKAMM, NONITUKaMK, opraHamu cepTudikaLii Ta 3aLiKaBNeHUMKU CTOPOHAMMU rany3i Ang po3pobKu, OLiHKM Ta
NPOCYBaHHA BiNbL CTIMKMX, eDEKTUBHMUX Ta €TUYHO BiZNOBIAANIbBHUX CUCTEM BUPOOHMLTBA MOMOYHOT NPOSYKLi

KniouoBi cnoBa: arpoekosnoris; LMpkynspHa eKOHOMiKa; eeKTUBHICTb BUKOPUCTAHHS KOPMiB; TOYHE TBAPUHHULTBO;
eheKTMBHE BUKOPUCTAHHSA pecypciB
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