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Abstract

Agriculture's impact on the environment, such as biodiversity loss, water pollution, and soil degradation, necessitates
a balanced approach to farm management that integrates the ecological, economic, and social dimensions. This
article aims to investigate the evolution of farm management practices towards sustainability and highlight current
management approaches aimed at improving resource efficiency and reducing environmental impact. Our assessment
suggests that innovative technologies such as precision agriculture, smart greenhouses, and soilless cultivation
systems lead to increased sustainability. However, despite these advances, the adoption of sustainability assessment
tools remains limited due to data availability, high costs, and implementation challenges. In conclusion, effective farm
management requires a comprehensive integration of sustainability principles into all decision-making processes.
Continued research and development of more accessible and practical sustainability assessment tools are critical to

improving agricultural practices' long-term sustainability.
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INTRODUCTION

The horticultural sector represents an
important part of agriculture, providing the
necessary vegetables and fruits for the
population. The horticultural sector has been
subject to continuous modernization to ensure
food security in the face of limited agricultural
resources and climate change. Thus,
agriculture in protected spaces has increasingly
developed, especially in greenhouses with
modern technology designed to provide an
optimal  environment for  maximizing
agricultural productivity and protecting crops
from adverse weather conditions. The
expansion of intensive agriculture in
greenhouse-type structures has been facilitated
by technological progress in recent decades. It
involves numerous inputs, such as chemical
fertilizers, pesticides, mechanical equipment,
fuel, electricity, etc. [46]. Currently, smart

greenhouses use  sophisticated  control
methods, communication networks,
monitoring  systems, and, above all,

management systems that precisely control
microclimate factors, guaranteeing optimal
conditions for crop development.

Promoting horticulture in protected areas
brings social and economic advantages but can
hurt biodiversity and ecosystem services (such
as water resources, soil erosion, etc.).
However, there are several important elements
for ensuring the sustainability of horticulture in
protected areas, such as [10]: governance;
sustainable and efficient use of water;
conservation  of  biodiversity;  circular
economy; technology and knowledge transfer;
image and identity. Designers created
greenhouses to foster the growth of high-
yielding crops and safeguard against
unfavorable weather conditions. With
technological advances, greenhouses have
evolved from basic structures to advanced
facilities that optimize agricultural production
and minimize costs. In recent years, the
horticultural sector in protected spaces has
grown significantly, focusing on the creation of
greenhouses that achieve higher production
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throughout the year while wusing fewer
resources. For example, vertical systems
(vertically stacked layer crops) aim for system
sustainability and improve production by
optimizing land and water use. This concept
has led to the introduction of new farming
methods like hydroponics, which reduce
agriculture's ecological impact. Greenhouses
that rely on automation and robotics include
environmental Sensors (programmable
controllers, control systems, and cyber
systems), automated decision-making tools,
wireless sensor networks (tools that provide a
friendly interface for greenhouse visualization
and remote control of environmental
parameters via GSM/GPRS, 3G/4G, Wi-Fi,
Bluetooth, etc.), autonomous mobile robots
that collect data on humidity, temperature,
carbon dioxide concentration, etc.

Hydroponic greenhouses use the practice of
growing plants without soil but with a nutrient-
rich water solution that allows for increased
yield and water conservation. In practice, there
are two types of hydroponic greenhouses,
namely DFT (Deep Flow Technique) and NFT
(Nutrient Film Technique) [84]. Because it
requires less water and allows for nutrient
solution recirculation, hydroponics maximizes
production  while  minimizing resource
use. Hydroponic systems are fully automated
and use fewer water resources compared to
traditional methods. Elvanidi et al. [16]
implemented the circular economy concept in
hydroponic greenhouses using two-level
cascade culture systems. These systems use a
primary crop's drainage solution to irrigate a
secondary  crop, reducing  freshwater
consumption by approximately 30%. Benko et
al. [6] say that hydroponic greenhouses have
many benefits, such as the ability to grow
plants in places that aren't good for it, no need
for crop rotation, less water use, automatic
nutrient  application based on plant
development  stage  and greenhouse
microclimatic conditions, fewer diseases and
pests, faster harvests, and higher productions.
The following disadvantages are indicated:
high initial investment; higher costs; technical
skills; requires high-value species to cover
costs; difficulties in disposal/reuse of inorganic
and synthetic substrates. Unlike open field
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cultivation, hydroponics minimizes the use of
resources (land, pesticides, water, etc.),
avoiding biotic and abiotic stress factors, and
greenhouse cultivation allow control of
temperature, humidity, light, and carbon
dioxide. This approach enhances production
yield, optimizes scheduling, and enhances
irrigation efficiency, all while reducing water
consumption [80]. This type of greenhouse
uses a nutrient solution for plant support,
which is a mixture of water, macronutrients,
and micronutrients, either with or without a
substrate. Substrates for hydroponic growth
can be organic (peat, coconut fibers, sawdust,
straw, etc.), inorganic (perlite, sand, clay,
pumice stone, zeolite, etc.), synthetic
(polystyrene,  polyurethane, and urea-
formaldehyde foam). This type of smart
greenhouse contributes to sustainability
because it can integrate renewable energy
(solar, including photovoltaic systems, hybrid
photovoltaic/thermal  modules, etc.) to
maximize production yields and minimize
water and energy consumption. Moreover, by
integrating solar and wind energy sources, such
a greenhouse can become energy-independent
[37].

Due to these specificities, the management at
the hydroponic greenhouse level must ensure
the proper management of the environmental
factors that affect production, namely light,
temperature, air humidity, and carbon dioxide
concentration. This can be achieved by
controlling the light intensity, the optimal
temperature, the relative humidity, and the
water pH [36]. In the pursuit of sustainability,
we underscore the significance of managing
organic waste and converting it into energy
[52], while also stressing the necessity of cost
reduction to maintain profitability and
efficiency [53]. From the perspective of
business management, it's crucial to highlight
that hydroponic greenhouses necessitate
sophisticated management expertise. This
includes understanding crop production,
possessing technical skills to operate the
automated system, understanding production
flow, nutrient supply, and storage, and
understanding disease and pest management,
with a focus on sanitation measures.
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In this context, the paper aimed to investigate
the evolution of farm management practices
towards sustainability and highlight current
management approaches aimed at improving
resource efficiency and reducing
environmental impact.

MATERIALS AND METHODS

The study highlights the unique aspects of
hydroponic  greenhouse management by
synthesizing the major specialized works in the
field. To achieve the mentioned goal, it was
carried out a bibliographic study that allows to
present the aspects related to management in
agriculture and the horticultural sector, the
managerial challenges faced by hydroponic
greenhouses, and methods and indicators for
the evaluation of sustainability at the level it's
firm. In other words, this paper uses a
systematic approach to analyze management
processes in the hydroponic greenhouse sector,
with a focus on sustainability.

Our review considered articles presenting
management practices, sustainability
indicators, or case studies focused on
sustainability assessment in  hydroponic
systems. This allowed us to carry out a
qualitative analysis to assess the effectiveness
of different management practices and their
impact on sustainability. In the process of
critical ~ evaluation, we assessed the
methodologies used in the studies, the validity
of their findings, and their relevance to
contemporary challenges in  hydroponic
greenhouse management. We have paid
particular attention to how these practices
either contribute to or hinder the goals of
sustainability.

So, by systematically reviewing and
synthesizing the literature, this paper aims to
provide a comprehensive overview of the
current state of management practices in
hydroponic greenhouses and their implications
for sustainability.

RESULTS AND DISCUSSIONS

General aspects of agricultural management
and adaptation to sustainability requirements

Agriculture is the most important activity in
human society, and farm management has
become a vital endeavor for the efficient
acquisition of food, fiber, fuel, etc. Interest in
sustainable farm management has increased in
recent decades, with a focus on concerns
related to rural communities, ecosystems,
biodiversity,  ethics, technology, and
agricultural policy. Under these conditions, we
can say that farm management has become a
complex process, depending on the different
approaches to it. In general, however, it is
considered that agriculture requires a
sustainability-oriented approach that includes
the management of biological, financial,
social, etc. resources [35]. To develop
sustainable food systems, it is necessary to
understand that the increased use of
agricultural practices (pesticides, fertilizers,
and tillage) as well as the abandonment of
agricultural land (due to urbanization, job
prospects, or population aging) have
significant negative effects on biodiversity and
natural resources [10]. Since this is the case, we
need to use new farming methods and
management styles that are more in line with
sustainable farming models. These models
should make sure that the social, economic,
and environmental parts of farming systems
are all connected and affected by each other
[22].

Farm management involves choosing the best
way to allocate agricultural resources
(nutrients, water, etc.) to protect the
environment and efficiently transform plants
and animals into products that meet consumer
needs [59]. At the same time, farm
management integrates elements such as the
manager's technical expertise, pedo-climatic
conditions, risk management, etc., or in other
words, technical knowledge and land use
technologies with commercial business
practices [53].

Since the 2000s, there has been a growing
discourse on management practices that
integrate sustainability principles [45]. This is
due to the emergence of numerous viewpoints
about the adverse effects of agriculture on the
environment, including water pollution,
heightened greenhouse gas emissions, and
biodiversity  loss.  Consequently,  the
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agricultural policies of the European Union
and other regions have shifted their focus
towards promoting sustainable agriculture, a
move further solidified in the European
strategy of 2006.
Under these conditions, EU agricultural policy
has targeted elements such as water quality
(pollution by pesticides, nutrients, and
chemical fertilizers), air quality (ammonia and

greenhouse gas emissions), soil erosion
(extensive grazing, river clogging, and
desertification), biodiversity conservation

(affecting ecosystems by reducing species and
natural habitats), landscape protection (loss of
landscape features provided by hedges and
ponds), food safety and animal welfare (use of
pesticides and medicines found in the product),
and finally, genetically modified organisms
[42]. Additionally, cross-compliance, which
introduces rules for good agricultural practices,
links direct payments to agricultural practices,
while the second pillar of the CAP introduces
agri-environment schemes, providing
incentives to farmers who surpass the
minimum requirements outlined in the code of
good agricultural practices.

Farmers' decisions at the farm management
level, in the context of these incentives and
restrictions, represent the basis for
implementing sustainable development in
practice. Management applied at the farm level
must use specific techniques to achieve
sustainability goals, which has often led to
protests from producers against environmental
requirements that, from their point of view,
affect market competitiveness. Since 20 years
ago, we have observed a clear behavioral shift
in farmers' management practices, a result of
both political mandates and technological
advancements.

Thus, we currently have farmers who have
improved their management by gradually
introducing environmentally friendly
agricultural practices (related to resources, soil,
water, animal welfare, etc.); farmers who
directly implemented new technologies based
on innovations in the sector (precision-
agriculture based on sensors, drones, etc.);
farmers who introduced from the state "turnkey
businesses” with computerized solutions based
on specific pedological and climatic indicators
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(such as hydroponic greenhouses, aquaponics,
etc.) [86]. In other words, in the process of
controlling the harmful effects of agriculture
on the environment, farmers have had a variety
of options available, from minor changes in the
management process to meet the demands of
agricultural policy to a complete change in
agricultural practices.

Sustainability management, commonly known
as the integration of sustainability elements
into a company's strategic planning and
strategic management process, has become
necessary to ensure firms' competitiveness
[24]. Schaltegger and Horisch [64] assert that
sustainability management upholds economic
competitiveness by mitigating negative social
and environmental impacts.

Peculiarities of the management process in
the horticultural sector

Given that the agro-food industry intensively
uses natural resources, accounting for 70% of
water resources for irrigation, animal
husbandry, and aquaculture [18] and 25% of
global energy consumption [19], it is evident
that conventional agricultural methods are
inadequate to meet the increasing food
demands.

In recent decades, there has been increasing
talk of implementing sustainable agriculture
principles and precision agriculture equipment
as solutions to improve agricultural production
and protect the environment at the same time
[34]. Specialized farming, such as greenhouses
with SCSs, allows horticultural crops to be
grown in various environments, including
marginal and arid lands. These systems
maximize yield and extend growing seasons by
controlling environmental factors like light,
temperature, and humidity. This leads to
improved economic and environmental
sustainability [47].

Smart greenhouses, which offer improved
energy and water management solutions and
enable automatic and intelligent indoor climate
adjustment, are starting to be created to support
the growth in agriculture [51]. They
incorporate the most recent advancements to
minimize water usage and achieve zero energy
and pesticide consumption [7].

Controlled environment agriculture involves
growing plants (in horizontal or vertical
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greenhouses, chambers/compartments, or plant
growth factories) using advanced horticultural
techniques and technologies to increase yields
and improve product quality [25].
Greenhouses, constructed from transparent
materials, regulate microclimatic parameters to
boost plant growth and productivity, ensuring
year-round  production [68]. However,
obtaining horticultural products in greenhouses
represents one of the most intensive
agricultural systems in the world, due to the
following elements: high yield and energy
consumption per surface unit [85], excessive
use of chemical fertilizers and pesticides [46];
climatic factors (sunlight, temperature, and air
composition), etc. Designed and engineered to
stimulate off-season fruit and vegetable
production, greenhouses allow harvesting over
multiple production cycles throughout the
year, which can lead to some environmental
problems, including high use of non-renewable
energy, loss of biodiversity, nitrogen and
phosphorus pollution, etc. [71].

In the case of protected spaces and modern
greenhouses, we find many innovative
technologies, such as sensors for real-time
monitoring, computerized decision systems
that control heating, ventilation, lighting,
irrigation, etc., retractable roofs, movable
walls, thermal curtains, infrared growing
systems, UV protection, and climate filters,
improved plastics, hydroponic and aquaponic
growing systems, etc. Soilless cultivation
techniques, such as hydroponic, aeroponic, and
aquaponic  systems, not only enhance
productivity and quality by providing greater
control over the root-level environment but
also significantly reduce the need for water and
nutrients due to the lossless recirculation of
solutions [62]. As previously noted,
greenhouses have become technologically
complex production units (automated and with
sophisticated climate and irrigation control
systems) in recent decades, necessitating crop
management systems adapted to these
technologies [81]. Furthermore, managerial
activity itself has become more complex due to
quality and environmental standards, price
fluctuation  [82], and  supply-demand
imbalances caused by intermediaries [4].

Improving the management process can be
achieved Dby using sophisticated crop
management approaches, such as adhering to
good agricultural practices, using integrated
production and pest management strategies,
practicing integrated soil health management,
and adopting organic farming methods. These
techniques  guarantee  the long-term
sustainability of horticultural crop production
systems.

Farm management entails the optimal use of
production resources and profit maximization,
emphasizing risk management (which ensures
the response to uncontrollable natural
conditions and market price volatility),
production management (including protection
of crops, the environment, etc.), marketing
management, human resource management,
financial management, and so on. It must
implement strategies that ensure sustainability
(including long-term  profitability), use
increasingly automated technologies and
identify resource planning tools adapted to

constraints given by varieties, climatic
conditions, and so on. To maximize
productivity, effective management in

horticulture requires the transfer of know-how
and technology to be integrated into classic
farming systems on modern varieties and
equipment. In addition to these, there is an
increasing emphasis on market orientation,
post-harvest management and loss reduction,
farm-level  processing, ensuring quality
standards, developing export activities, organic
products, developing marketing cooperatives,
and crop development in protected areas [70].
To operate efficiently, horticultural companies
must ensure the efficient use of management
functions (planning, organization, human
resources, leading, and control) but also ensure
the functional activities of management
(production, marketing, and finance). Thus,
production management must be ensured.
Marketing management, financial
management, human resource management,
resource and inventory control, quality
management, and so on. Decisions regarding
functional areas are interrelated and influenced
by production volume, input accessibility,
access to funds, employee motivation, etc.
In theory, we encounter a multitude of tools for
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evaluating and implementing management
decisions, such as operational, technological,
strategic, and risk response plans; financial
instruments (budgets, annual reports, financial
forecasts, break-even analysis, etc.); risk
management tools, etc. However, most
managers in horticulture do not implement
complex analysis tools to ensure increased
profitability and value creation in the agri-food
chain. According to McConnell and Dillon
[43], farmers refuse to implement management
theories and tools for several reasons: they are
based on experience; decision-making
according to theory can be too complex and
expensive; it requires a lot of data, the
collection of which is time-consuming and
costly; there is uncertainty in the sector that
does not justify the use of analytical tools, etc.
Understanding how we can use management
tools effectively makes a difference in the
market, especially due to the changes of the last
decades: the orientation of farmers to the
market and the reduction of support from the
state; increased  competition;  logistics
capabilities supporting large supply chains;
concentration of processing at the level of
transnational and multinational companies; the
development of short market chains and
increased vertical integration; consumer
demand for horticultural products throughout
the year; technological changes (plant genetics,
precision agriculture, automated decision
products, pest management, irrigation
scheduling, etc.); capitalizing on production
based on patents, property rights and
certifications; concern for biodiversity and
sustainability, etc.

Techniques and metrics for assessing the
company's sustainability in an attempt to
enhance the decision-making process
Understanding how management decisions at
the farm level influence the environment helps
to develop management plans that can improve
long-term sustainability [57]. Measuring and
evaluating the sustainability of agricultural
practices at the farm level is also believed to be
crucial to achieving a sustainable food system
[1] [17]. It is believed that the transition of
agriculture towards sustainable development
necessitates the use of sustainability
assessment tools to support on-farm decision-
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making [23], but that the actual adoption of
sustainability assessment tools by agricultural
practice is relatively limited [75].

The realization of sustainability assessment
tools is influenced by several factors, such as
available data, time limitations, and financial
limits, but also by the integrative aspect, i.e.,
by the integration of the three dimensions of
sustainability [55]; the scope, the target group
(farmers, decision-makers, etc.), the selected
indicators, the aggregation method, the time of
realization and interpretation, etc. [8].
According to Franks and Frater [21], literature
research indicates that existing tools for
assessing agricultural sustainability are based
on four main approaches:

-Life cycle analysis (LCA) is a method that
requires a lot of data over long periods and
abstracts from economic and social indicators
or qualitative data [39];

-Ecological accounting, a method that requires
a significant amount of data and a monetary
translation of ecosystem services, was
introduced by Halberg et al. in 2005 [30].
-The ecological footprint considers elements
such as greenhouse gas emissions and carbon
footprints but disregards others [83].

-The sustainability index (the method does not
have a unique way of selecting factors and
variables but allows obtaining a single value
that provides an overview of sustainability and
allows comparisons at the farm level [26],
industries [50], localities [32], or countries [2].
The OECD and the Institute for Sustainable
Development created the "Bellagio STAMP"
sustainability assessment and measurement
principles in 1996, and they revised them in
2009 [54]. The Bellagio STAMP proposes to
consider the following elements in the
assessment  process:  vision,  objectives,
perspective, purpose, progress, accessibility,
communication, participation, permanence,
etc.

However, there is a multitude of works that
propose different models and indicator systems
for measuring sustainability ([78], [48], [67],
[27], [38], [3], [61], [49], [1], [72], [33], [12],
[44], [66], etc.

Numerous studies in the specialized literature
have addressed the creation of an index for
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measuring sustainability at the farm level.
Among them, we mention:

-Rigby et al. [58] aimed to build an indicator of
the sustainability of agricultural practices. The
methodology was based on sustainable land
management  indicators, land  quality
indicators, and sustainable agriculture
indicators. The sample consisted of 80 organic
and 157 conventional producers from the
United Kingdom.

-Hanus [31] used three aggregate indicators
and a set of partial indicators to assess the
ecological, economic, and social aspects of the
agricultural system at 30 farms. The author
took into account six groups of indicators:
environmental monitoring indicators (soil
quality, nutrients, biodiversity, etc.); energy
and material consumption (total mass
transformed for a given process; biomass
production and its use; indirect energy from
pesticides and fertilizers and direct energy
from machinery and the irrigation system,
etc.); ecological footprint (fossil energy
expressed by surface area, impact of activities
on resources, waste production and
environmental function, etc.); the production
process (crop rotation, frequency of
cultivation, nutrients, plant protection; inputs
and outputs during packaging, distribution and
consumption of agricultural products, etc.);
socio-economic indicators (income, input
suppliers, direct links with transport and
processing companies, marketing, risks,
decision-making process, etc.); size of the
agricultural system (subsidy dependence, use
of equipment, chemicals and non-renewable
energy, jobs, feed use and feed production);
-Gomez-Limon and Riesgo [26] created a
composite indicator of  agricultural
sustainability comparing non-irrigated and
irrigated agriculture. The model encompasses

economic, social, and  environmental
indicators, which include income from
agricultural products, the contribution of
agriculture to GDP, the insured area,

employment in agriculture, labor force
stability, the risk of abandoning agricultural

activity, the economic dependence on
agricultural  activity, the degree of
specialization, indicators related to

phosphorus, pesticides, and nitrogen, water for

irrigation, energy balance, the subsidized area
for agri-environment, average area per plot,
and the degree of soil coverage. The
methodology was based on multicriteria
analysis and weighted sums.

-Castoldi and Bechini [9] created a global
sustainability index based on the following
economic and environmental indicators:
variable costs, gross income, gross margin,
nitrogen and phosphorus quantities, energy
input, energy output, energy balance, land
cover, amount of soil carbon, etc.
-Reig-Martinez et al. [56] constructed
composite indicators for the three dimensions
of sustainability for 163 farms in Spain,
applyingg a  combined DEA-MCDM
methodology on a database of 12 indicators.
The authors showed that farm size, agricultural
cooperative  membership, and agricultural
technical education exert a significant positive
influence on sustainability.

-Franks and Frater [21] created a sustainability
index for a dairy farm, taking into account over
40 indicators, grouped into the following
categories:  nitrogen,  phosphorus, and
potassium balance; profit margin; dependence
on subsidies; productivity; biodiversity;
average field size; cultural diversity index, etc.
-Majewski [40] created a sustainability index
(consisting of five partial indices and 56
parameters), which served as the basis for the
comparison of 120 farms in Poland and
allowed us to conclude the importance of low-
cost investments and activities in ensuring
sustainability.

-Marchand et al. [41] created an indicator for
the assessment of total sustainability based on
11 key characteristics that aim to strengthen the
management function. However, the tool is not
very practical, requiring data collection costs,
processing time, and an overly complex
interface for farmers.

-Coppola et al. [13] developed an economic
sustainability index using FADN data. This
index relies on an efficiency indicator and two
income indicators, namely a factor profitability
indicator and a comparable income indicator,
to help determine the balance between
efficiency and revenue factors.

We found these works interesting, but the
specialized literature identifies a multitude of
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sustainability assessment methodologies. They
differ according to:

-the techniques and indicators used, the target
group, the period, etc. [15];

-approach: top-down or bottom-up assessment
[8]; based on automated calculation models
(online, Excel, or specialized software like
"Decision Support Tools"™), protocols, or
econometric models.

-the sustainability assessment method: the
SAFE framework of principles, criteria, and
indicators [77]; the RISE systems-oriented
holistic approach (Hani et al., 2003);
multicriteria analysis [74]; framework of
principles, criteria, and indicators (SAFA)
[20]; SEAMLESS [79]; the COSA indicator
framework [14], etc.

-the normative, systemic, and procedural
dimensions [87];

-the type of impact pursued (economic, social,
and/or environmental impact) [11];

primary data source:

-indices based on FADN data [69];
indices based on surveys and FADN data [73];
-experts and surveys [28];

-farm-level data [29];

-Sebestyén et al. [65] propose an aggregate
indicator calculated based on indicators
classified into six categories, namely: waste
management, water management, climate
change, energy, greening, and transport. These
categories include the important elements of
sustainability in line with other studies that
have addressed GreenMetric, GRI standards,
etc. Based on these indicators, the authors
propose the aspects that require improvement
and the objectives to be pursued to increase
sustainability.

In one of the most extended analyses in the
field, Janker and Mann [33] analyzed 87
agricultural sustainability assessment tools and
component indicators, showing that many tools
do not properly integrate the social component.
Chopin et al. [12] classified almost 120
sustainability assessment tools into five
groups, seven different models, and only two
impact elements after analyzing 2,567 papers.
Figure 1 displays the five groups of tools
identified.

In 2020, Tzouramani et al. [76] used FADN
data and a sustainability criteria weighting
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system based on the AHP methodology to
make a composite indicator-based comparative
score. The following criteria and indicators
were taken into account: environment (GHG
emissions at the farm level, the percentage of
UAU in the farm with nitrate risk, water
consumption per kg of product, N balance,
pesticide wuse); social security (no. of
consulting approvals per year per farm, degree
of agricultural training of the manager, annual
work units; satisfaction with quality of life;
social  diversification index); economic
(output/input, subsidies/FFI,
(FFI/FWU)/income, net value added).

Bathaei and Streimikiené [5] analyzed 157
papers and identified an extensive framework
of more than 100 indicators (30 social
indicators, 31 economic indicators, and 40
environmental indicators) that can assess the
sustainable development of an agricultural
firm. The authors group these indicators into
the  following  categories:  economic
dimension—technology, market access, price;
environmental dimension—farm  structure,
pollution, soil; social dimension—product
quality, farmers' and employees' rights.
However, simply identifying these indicators
does not imply that they are truly
commensurable.

Starting from the analysis of 40 articles
comparable to the Swedish dairy sector and the
RISE 2.0 indicator framework, Robling et al.
[60] found that they could not measure 20
indicators ranked below 12 out of a total of 20
sustainability themes, and they could not
validate 16 indicators from 8 themes due to a
lack of data. Therefore, they selected only 49
indicators from a total of 69 to describe
sustainability in Swedish dairy farms. As a
result, Robling et al. [60] recommend that
sustainability assessment models only use
indicators  that are  comprehensible,
transparent, available, and useful in describing
the phenomenon.

Regardless of the tool's creation, the primary
issue lies in the indicators employed, as they
can significantly impact the research
outcomes. Schader et al. [63] evaluate 35
sustainability assessment approaches and
highlight that they are rarely feasible, and the
selection of indicators is actually what
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determines the assessment results as the
indicators are different and inconsistent. Once
you select the indicators, you can apply various
techniques such as summation, weighting,
normalization, and scaling to integrate the
information and  present it  more

straightforwardly and comparably. Analysis
methodologies such as multicriteria analysis,
which allows for the grouping of indicators in
classification criteria, and econometric
modeling, among others, can be added to these
techniques.

Studies based on continuous
monitoring of agricultural activity:
long monitoring periods; several
measurement techniques, including
field monitoring; quantitative data;
modeling techniques such as life cycle
assessment (LCA) that prioritize the
environmental dimension

Studies based on focus groups with
ensuring the active involvement of
respondents: subjective information
of experts or indicators based on

practical experience.

Studies based on questionnaire
consultations: the involvement of
stakeholders in the process of selecting
indicators; it relies on external tools such as
RISE (Response-Inducing Sustainability
Evaluation) and SMART (Sustainability
Monitoring and Assessment Routine - Farm
Tool); numerical and descriptive data;
indicators based on practical application.

Studies based on bioeconomic
models: monitoring agricultural
policy changes on sustainability;
indicators of moderate complexity;
data collected from farm surveys
(organization, cropping system
characteristics and prices); overall
efficiency analyses

Survey-based studies and indicators:
data collection through interviews;
basic indicators (quantitative
information); used for policy
recommendations.

Fig.1. Sustainability assessment models in agriculture
Source: Adapted from Chopin et al. (2021) [12]

CONCLUSIONS

Achieving sustainable agricultural
management requires a holistic approach that
integrates ecological, economic, and social
dimensions. This approach is critical to
addressing the negative environmental impacts
of conventional agricultural practices and
meeting the growing global demand for food.
The adoption of advanced technologies such as
smart greenhouses and soilless cultivation
systems has increased resource efficiency and
reduced environmental impact. Advanced
technologies such as automated greenhouse
climate control systems and precision

irrigation contribute significantly to reducing
the environmental footprint of agricultural
practices and improving overall sustainability.
Currently, there is a clear trend to integrate
sustainability principles into farm management
practices. This integration involves not only
adopting new technologies but also
incorporating sustainability considerations into
strategic planning and operational decisions.
Despite  the availability —of  various
sustainability assessment tools, their adoption
on farms remains limited. Challenges include
data availability, high costs, and the
complexity of integrating these tools into
existing farm management systems. However,
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for effective farm management,
comprehensive sustainability assessment tools
that consider economic, social, and
environmental factors are critical. These tools
help make informed decisions that balance
productivity — with  sustainability  goals.
Continued research and development of new
sustainability =~ assessment  tools and
methodologies is essential.
This paper draws attention to the current
limitations and aims to contribute in this way
to improving the efficiency of sustainability

assessments  in  agriculture.  Research
demonstrates that to enhance long-term
sustainability,  agricultural ~ management
practices  must  strategically integrate

sustainability considerations into all levels of
decision-making. This involves adopting new
technologies, optimizing the use of resources,
and continuously evaluating and improving
practices based on sustainability parameters.
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