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CIRCULAR ECONOMY AND SUSTAINABLE
PRACTICES IN REGENERATIVE AGRICULTURAL
PRODUCTIVITY

Introduction. The industrial model of agricultural
intensification, focused on the intensive use of non-renewable
energy sources and their derivatives (such as mineral fertilisers
and pesticides), has not generated sustainable development
from an economic, ecological, and social point of view. The
apparent success of this model has been built on the
degradation of natural and social capital and on the transfer of
ecological and health costs to society. The widening imbalance
between ever-higher industrial input prices and stagnant
agricultural production incomes has heightened farmers’
economic vulnerability.

Aim and tasks. The study focuses on the circular
economy and sustainable regenerative agricultural practices,
while examining the limitations of a reductionist approach that
focuses on short-term profit at the expense of economic,
environmental, and social balance.

Results. Based on data obtained in long-term
experiments carried out in the Republic of Moldova and
Romania, the article supports the need for a transition to an
alternative agricultural model, based on the use of local
renewable energy sources, deep recycling in accordance with
the circular economy, and the restoration of the function of the
soil. Applying practices such as diversified crop rotation,
including perennial legumes and composted organic matter,
substantially reduces dependence on industrial input,
increasing the resilience and competitiveness of agricultural
systems. In rotations that included mixtures of alfalfa and
perennial grasses, the application of compost led to an average
increase in winter wheat production compared to unfertilised
variants, and the supplementation with mineral fertilisers did
not bring additional benefits and even caused decreases (0.10—
0.16 t/ha) in yield.

Conclusions. The importance of this study lies in
providing a conceptual framework for the reconfiguration
paradigm of agricultural intensification. This study proposes
practical and sustainable solutions adapted to the current
conditions in Eastern Europe, with expansion potential for
international application in the transition to agroecological
systems aligned with the circular economy. Long-term
experiments showed that in rotations that include perennial
legumes and composted organic matter, the average yield of
winter wheat increased by 0.52 t/ha compared to unfertilised
variants. Simultaneously, additional fertilisation with mineral
fertilisers did not result in additional gains and, in some cases,
reduced yields, which underlines the efficiency of organic
inputs in diversified rotations.

Keywords: Circular Economy, Crop Rotation,
Renewable Resources, Soil Health, Sustainable Agriculture.
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1. Introduction.

The Green Revolution, an industrial
intensification model, is deeply rooted in
modern agriculture. The basic principle of this
model is to promote the use of non-renewable
energy resources, but also their derivatives,
namely mineral fertilisers, pesticides to combat
weeds, diseases, and pests, and the fuel
necessary  for intensive  mechanisation
(Hamdan et al., 2022; Pingali, 2023).

Although this model generated, on the
surface, a substantial increase in agricultural
production, it failed and could not ensure
sustainable development from an economic,
ecological and social point of view. The so-
called success of industrialised agriculture was
made possible by the progressive degradation
of natural and social capital, along with the
systematic ~ externalisation  of  negative
environmental and public health costs. This
situation masks the structural inefficiencies of
the system. As a result of not including the
restoration of degraded ecosystems,
agricultural prices do not faithfully reflect the
real cost of production, primarily if they refer
to the measures taken against climate change or
the treatment of various diseases generated by
the accumulation of toxic substances used in
the agricultural process (Caglar & Askin, 2023;
Hamdan et al., 2022; Pingali, 2023).

The reductionist nature is the essence of
this model. Because it focuses on punctual
interventions and the short-term maximisation
of production, it leaves the real complexity of
agro-ecosystems on the secondary level. The
latter brings detrimental benchmarks for
building sustainable agricultural systems and
tilts the balance towards preventing
degradation, unlike the reductionist model,
which emphasises the temporary control of
irregularities (Bressanelli et al., 2022; Stempfle
et al., 2024; Xie et al., 2025).

In  this context, adopting and
implementing circular economy elements has
emerged as a sustainable and innovative
alternative to the linear and intensive
agricultural model. The circular economy
promotes reducing the use of non-renewable
resources, valorising nutrient cycles through
internal recycling, increasing biodiversity, and
improving soil health and water quality.

Among the circular economy strategies in
this direction are crop rotation, agroforestry,
cover crops, and consolidation and
collaboration between actors along the food
chain. The circular economy proposes a
profound transformation of the agricultural
production paradigm. The transition to circular
and regenerative agricultural systems is not
only possible but also necessary in the current
context of the climate crisis and pressure on
natural resources (Batlles-delaFuente et al.,
2022; Feodorov et al., 2022; Lakatos et al.,
2024; Pacurariu et al., 2021; Topa et al., 2025).

Long-term experiments in the Republic
of Moldova and Romania, complemented by
the growing experience of farmers applying
agroecological principles that demonstrate the
feasibility of these solutions. Practices such as
diversified crop rotation, integration of
perennial legumes, use of compost, and
reduction in tillage intensity simultaneously
restore soil fertility, reduce dependence on
industrial inputs, and strengthen the resilience
of agricultural systems to climate variability.

This study begins with a substantiated
critique of the limits of the industrial
agricultural model. It proposes an alternative
vision, supported by empirical data, for the
transition towards a sustainable agricultural
system integrated into the circular economy. Its
relevance for the scientific community lies in
providing a conceptual and applicative
framework that connects ecological principles
with agricultural practices in a way adapted to
the regional specificity of Eastern Europe, but
with potential for global expansion. Thus, this
study  contributes by  deepening  the
understanding of the mechanisms of
agricultural transition and by identifying
validated solutions oriented towards a
sustainable and equitable agricultural future.

2. Methodology.

This study conducted a review of the
academic literature to obtain a comprehensive
background on the stage of agriculture in the
current economic context in the Republic of
Moldova and Romania, the interplay between
regenerative agriculture and the circular
economy, and the evaluation of the importance
of crop rotation in the circular economy.
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In this regard, the database query was
performed using a combination of keywords:

“circular economy”’, “crop rotation”,
“renewable resources”, “soil health”,
(13 : M 29 (13 . :

sustainable agriculture”, “agriculture in food
security”, “CE in agriculture”, “economic
context of agriculture in Romania”, “economic

context of agriculture in Republic of
Moldova”. A total of 112 papers were initially

Research

background Web search

Web of Science

Google Scholar
Scopus

|

Keywords

_

Initial search

(112 papers)

screened, and 45 papers were selected for final
analysis, categorisation, and characterisation of
the background in the economic context and
the current state of agriculture. These
documents served, on the one hand, to
understand the current context of agriculture
and, on the other hand, to analyse the interplay
between regenerative agriculture and the
circular economy (Figure 1).

analysis
verification of inclusion in
the research problem

~
~
~
~
~
N
~

selection of removal of
documents in documents that
accordance with do not comply
the research with the topic of

topic the research
(45 papers) (67 papers)

analysis and
characterization

Fig. 1. Research Methodology for Background Context.

The study is based on a series of
experiments conducted by the Field Crops
Research Institute Selectia in Balti of the
Republic of Moldova (2024), on chernozems
typical of the steppe region of northern
Moldova. Relevant data were collected under
real farm conditions, both in the Republic of
Moldova and Romania, to assess the
applicability of these agroecological practices
in commercial systems.

The main experiment on crop rotation
was initiated in 1962, and in 1965, permanent
monocultures were introduced, cultivated both
with and without fertilisation, on the same soil
types. The experimental scheme includes eight
crop rotations in which the share of cover
crops, such as sugar beet (10-30%), corn (20-
40%), and sunflower (10-20%), varies between
40% and 70%. Winter wheat is present in a
proportion of 30% in all rotations (Boincean &
Dent, 2019a). However, it is preceded by
different crops: early harvested crops and corn
intended for silage or grain. Each experimental
plot dedicated to the rotation had an area of
283 m? and was repeated thrice for statistical
accuracy.

In comparison, the plots dedicated to
monoculture are larger (450m?), but are not
replicated. After completing three complete
rotation cycles in 1992 and 1993, the rotations
were temporarily suspended to evaluate
intrinsic soil fertility. This evaluation was
carried out by growing two test crops, rye for
green mass and oats for grain, in all
experimental plots.

The fourth rotation cycle began in 1994,
However, to study in detail the effect of
fertilisation in interaction with rotation, two
distinct rotations were selected: Rotation 3, in
which fertilisations were applied, and
Rotation 7, in which no fertilisation was used.
In addition to these experiments, a
multifactorial  experimental design was
implemented that explores the interactions
between the type of rotation (with or without
perennials, e.g. lucerne), the soil tillage
methods (ploughing versus non-invasive non-
tillage methods), and the fertilisation regime.

In this case, three variants were
analysed: an unfertilised control, fertilisation
with composted manure, and combined
fertilisation (manure and mineral fertilisers).
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An average of 10 t/ha of manure was
applied, combined with variable doses of
mineral nutrients. In the first rotation (which
included perennial grasses), 10 t/ha of manure
supplemented with active substances (N12.8
P23.4 K24.2 kg)/ha was used. In the second
rotation, the same amount of manure was
supplemented with a higher dose of nitrogen
(N38.6 P24.2 K24.2 kg/ha). The experiments
were carried out without applying pesticides
to simulate agroecological conditions and to
test the capacity of agro-food systems to

function without external chemical
interventions.
Location Beginning of the Plot area

Institute "Selectia",
Balti, Republic of
Moldova (ncrth of the
country)

experiment
1962 - crop rotation
1965 - continuous

monoculture

283 m? (rotation),
450 m? (monoculture),
264 m? (polyfactorial
experiment)

Com

Types of crops Rotations tested

Soil involved Rotations with crops in
typical chernozem winter wheat, corn, variable proportions (e.g.
(very fertile) sunflower, sugar beet, 30% wheat, 40% corn,

oats, rye etc.)

Each experimental variant was replicated
three times, and the area of a plot was 264m?. In
parallel, continuous monoculture experiments
with winter wheat, sugar beet, sunflower, and
maise were carried out under the same
conditions as in the multifactorial experiment,
but without repetitions. This integrated
approach allowed for the comprehensive
assessment of the effects of crop rotation,
fertilisation, and soil tillage on fertility and
productivity, while providing essential data for
developing sustainable solutions adapted to the
pedoclimatic conditions of the Republic of
Moldova and Romania (Figure 2).

Additional evaluations
in 1992-1993: all plots were
cultivated with rye (green

Fertilization
posted manure (10

t/ha) - manure + Pesticides _ ) and oats (grain) to test
mineral fertilizers none intrinsic soil fertility
Soil work Repetition (replication)

Classic plowing vs. non-
invasive work (no turning
of the furrow)

three repetitions for rotations;
no replication for monoculture

Fig. 2. Methodology and Working Methods of the Long-Term Experiment.

3. Conceptual Framework.

Agriculture significantly impacts the
environment and climate change, accounting
for between 16% and 37% of global

greenhouse gas emissions with degradation of
ecosystems, water resources, soil and
biodiversity (Adedibu, 2023; Crippa et al.,
2021; Ekka et al., 2023) (Figure 3).

The latter has contributed to destabilising
markets (for cereals and fertilisers), an aspect
that has revealed the fragility of global supply
chains and dependence of industrial agriculture
on external resources (Ben Hassen & El Bilali,
2022; Khatri et al.,, 2024; Kozielec et al.,
2024). The wvulnerability of agriculture is
amplified by price volatility, especially in
relation to production factors, such as fossil
fuels and mineral fertilisers.

In this context, soil degradation has
reached alarming proportions, estimated to
affect over one-third of agricultural land, and
climate crises (prolonged droughts or frequent
floods) compromise the stability of agricultural
production (Hamulczuk et al., 2023; X. Li et
al., 2023). Some countries, especially those
facing acute climate challenges, have begun to
move towards agricultural policies oriented
towards solutions based on digital technologies
and smart sensors to better and efficiently
manage limited resources (Ghosh et al., 2025;
Narayanan et al., 2025). Data indicate that
approximately 90% of farmers are already
affected by water scarcity, and over 60% are
willing to adopt advanced agricultural
technologies to optimise resource consumption
and increase land productivity.
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loss of fertility
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pesticides)

v v

market volatility and
supply chain
instability

dependence on fossil
fuels and non-

biodiversity loss

renewable resources

pressure to increase
production for a
growing global
\ population

depletion of natural
and social capital

overexploitation of
agricultural land

limited access to

technology and
innovation for small
and medium farmers

aging rural population
and labor shortages

unstable or
inequitable
agricultural policies

increasing regulatory
demands for food
safety and
sustainability

geopolitical conflicts
affecting trade and
supply chains

Fig. 3. The Main Global Pressures on Agriculture.

Integrating advanced digital technologies
(agritech) into agriculture creates new
opportunities to rationalise resource use and
reduce dependence on expensive and polluting
industrial inputs. (Jabbari et al., 2023, 2024)
Real-time monitoring of agricultural soil data
and advanced sensors increases application
rates and reduces chemical consumption
without compromising yields. Thus, agritech
improves production efficiency and offers a
sustainable response to modern agriculture's

economic and environmental challenges
(Carvalho et al., 2025; Nehrey & Zomchak,
2022).

Thus, agricultural intensification and

short-term  production maximisation are
becoming less and less out of step in a context
marked by climate, economic, and social
crises. The focus is shifting towards emerging
solutions for more circular, regenerative, and
energy-efficient agriculture, which requires
institutional coordination, support for farmers,
and political engagement.

3.1. The European Policy Shift in
Agriculture.

At the European Union level, agriculture
has enjoyed accelerated intensification in
recent decades. Despite temporary productivity
increases, this intensification model has come
with environmental, social, and economic costs
that are hard to ignore.

The latter have contributed enormously
to biodiversity decline, soil degradation, water
pollution, and increased dependence on fossil
fuels and synthetic fertilisers (Levers et al.,
2016; Staniszewski et al., 2023). This model is
also particularly vulnerable to climate, energy,
and geopolitical crises. Significant price
increases have raised pressure on farmers and
exposed the vulnerabilities of systems based on
non-renewable resources (Moersdorf et al.,
2024).

In this context, it 1is becoming
increasingly clear that traditional
intensification is no longer the basis for
sustainable agriculture over the long term. In
response, the European Union has started
encouraging a transition towards sustainable
intensification by promoting policies that
capitalise on the principles of the circular
economy and agroecology (Figure 4).

Strategies such as Farm to Fork
(European Commission, 2020) and the EU Soil
Strategy for 2030 (European Commission,
(2021) propose the adoption of strategies that
drastically reduce nutrient losses, reduce
resource consumption, and restore the natural
capital of soils and ecosystems. The common
point of these strategies converges toward
promoting a transition to circular agriculture
(O‘Keeffe et al, 2025). However,
implementing such a model on a large scale is
challenging.
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Transition to sustainable and regenerative
practices

Integrating digital technologies and
precision agriculture

Applying circular economy principles to

farms

Political and institutional support

Current challenges: climate change,
technological and socio-economic barrier

Fig. 4. Key Aspects of the Transition to Circular Agriculture in Europe.

Among the latter, the most important are
the socio-economic disparities between large
and small farms, unequal access to
technological innovations, the bureaucracy of
European funds, and the lack of agricultural
training integrated into the new ecological
paradigms that limit the transition.

Thus, the future of agriculture is closely
correlated with the ability to rethink
intensification not as a simple increase in
production, but as a systemic strategy aimed at
regenerating agricultural ecosystems,
capitalising on local resources, and restoring the
balance between productivity, social equity, and
environmental health (Matysik-Pejas et al.,
2023; Peng et al., 2025; Velasco-Mufioz et al.,
2021).

Regarding the transformations needed for
circular and sustainable agriculture, the circular
economy is emerging as a strategic framework
that closes resource cycles and reduces
ecological impact. It adapts differently at the
level of European countries, in accordance with
national specificities, existing infrastructure,
and political support. The Netherlands is a
leader in applying the circular economy in
agriculture. The national strategy (adopted in
2016) foresees transforming the entire economy
into a circular system by 2050, with agriculture
as a priority sector.

Agricultural systems have been developed
to valorise organic waste (including manure and
plant residues) into fertilisers, minimise nutrient
losses, and integrate bioenergy flows into mixed
farms. The challenges faced by this country
particularly call for the complexity of logistics
and the investments needed for digitalisation
and automation (K. Khan & Khurshid, 2024;
Matysik-Pejas et al., 2023).

In the move towards circular agriculture,
however, there are challenges here too; they
refer to the lack of collaboration among
traditional farmers and the difficulty of
harmonising regulations regarding organic
waste in the agricultural context (Castillo-Diaz
et al., 2024; De Jesus & Aguiar Borges, 2024;
Serensen et al., 2025).

Another shade of adopting circular
economy principles is applied in Finland's
agriculture through strategies that support
biogas production, soil conservation, and crop
rotation with plant cover. The advantage of this
model lies in the constant government support
and close partnership between various public
and private partners. At the same time, the
disadvantages are limited to the challenging
climatic conditions for certain types of crops
and the availability of biomass for internal
recycling (Aarikka-Stenroos et al, 2023;
Marttila et al., 2024).
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Austrian agriculture is distinguished by
balancing  modernisation and traditional
regenerative practices (Brumer et al., 2023;
Erdiaw-Kwasie et al., 2025; Vranjanac et al.,
2025; Yang et al., 2024).

Therefore, although the transition to
circular agriculture has various forms of
implementation in FEurope, a common

denominator remains the importance of the
legislative framework, applied research, and
cooperation between the agricultural, energy,
and environmental sectors. These examples
show that the success of such a transition does
not depend exclusively on the available
technologies, but especially on the adaptability
of local agricultural systems, farmer education,

and economic incentives oriented towards
sustainability.
3.2.Agricultural  Intensification in

Romania and Republic of Moldova.

The transition to a circular agri-food
model in Romania and the Republic of Moldova
reflects emerging concerns at the European
level regarding sustainable reconstruction of the
food system. Some of the most significant
principles of CE that are intended to be
introduced, but are still in their early stages, call
for reducing resource waste, closing material
loops through recycling and composting, and
valorising organic waste (Stratan et al., 2024;
Vajda et al.,, 2025). European projects and
independent initiatives  partly  supported
Romania's transition to circular agriculture. An
example is adopting small-scale composting
practices as an alternative to mineral fertilisers.
These practices promote the transformation of
agri-food waste into valuable bioproducts
(biofertilisers or biopesticides), in line with
European strategies for the bioeconomy (Cioca
et al., 2021; Vajda et al., 2025). However, the
practical application of circular economic
principles to conventional agriculture is limited.
These limitations are due to the lack of
composting infrastructure, the fragmentation of
agricultural holdings, and a weak applied
research capacity in the bioeconomy. In
addition, economic and informational barriers
among farmers limit accessibility and the
transition to a circular economy (Cioca et al.,
2021; Jitareanu et al., 2022).

In the Republic of Moldova, green
transition commitments explicitly include the
agri-food sector as a priority area (Popa et al.,
2023). This strategy promotes the closure of the
nutrient cycle by reusing treated sewage sludge
and compost in agriculture. These interventions
aim to reduce the pressure on water resources
and integrate the principle of waste as a
resource, which aligns with the European
standards for water reuse in agriculture (Leah,
2015). Promoting biofertilisers and local
renewable sources of plant nutrition is an
important pillar of the transition of the Republic
of Moldova, especially in an effort to reduce
dependence on imported industrial inputs.

This aspect is especially relevant in the
context of increasing viability by partially
replacing synthetic fertilisers with composts and
local ~ biochar,  without  compromising
productivity, but with beneficial effects on soil
structure and microbial biodiversity (Boincean
et al., 2016). However, the widespread
implementation of the circular economy in
Moldovan agriculture faces challenges similar
to those in Romania: lack of infrastructure, a
coherent biodegradable waste collection system,
a low level of agricultural education in rural
areas, and limited access to circular
technologies. In both contexts, circular economy
initiatives are significantly supported by
European funding and international partnerships
rather than by robust and well-coordinated
domestic policies.

3.3.The Interplay between Regenerative
Agriculture and the Circular
Economy.

Regenerative agriculture aims to restore
soil health, diversify crops, and increase
biodiversity (Dent & Boincean, 2021). For
example, composting plays a key role in a
regenerative economy, as fertilisers derived
from waste can significantly reduce reliance on
inorganic nutrients such as nitrogen and
phosphorus, thereby maintaining soil quality
(Cordeiro & Sindhej, 2024). Combining
regenerative and circular economy principles
can enable the transition to sustainable
agriculture. Both paradigms aim to reduce
waste, regenerate natural resources, and
optimise ecological cycles.
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However, they provide a complex
operational framework capable of transforming
current agricultural systems from extractive
models into restorative, balanced, and resilient
systems (Figure 5).

Crop rotation is essential because it
restores soil fertility and reduces the need for
synthetic  fertilisers. Furthermore, nutrient
recovery through composting directly reduces
stress on ecosystems (Tamburini et al., 2020).

Recycling and reusing
resources — nutrients,
water, organic waste

Integrating
biodiversity and
natural cycles into
production

Restoring soil health
and sequestering
carbon

An integrated approach that includes crop
rotation can improve soil structure and reduce
greenhouse gas emissions by recycling organic
nitrogen (Cordeiro & Sindhgj, 2024; O’ Keeffe
et al., 2025).

Furthermore, a cyclical approach can
improve the efficiency of processing
agricultural waste to produce biogas, compost,
and biofertilizers (Haque et al., 2023), all of
which are value-added products.

Reducing dependence
on synthetic inputs
4

4
4

Redesigning
agricultural models
for long-term
sustainability

Fig. 5. Essential Aspects of the Interaction between Regenerative Agriculture and the
Circular Economy.

Cover crops increase organic matter,
stimulate microbial activity and prevent
nutrient loss. Thus, covering crops support soil
fertility in the long term and align with the
circularity and regenerability requirements for
restructuring the agricultural system (Birgovan
et al.,, 2024; Scavo et al., 2022). Integrating
crop and livestock farming 1is another
fundamental strategy for farms that applies both
principles.

In this agro-zootechnical model, organic
waste generated by animals is transformed into
valuable resources for soil fertilisation, while
fodder crops are reintegrated into the production
circuit (Montgomery & Biklé, 2015; Soto-
Goémez, 2024). To ensure the ecological
footprint is minimised, organic waste, straw,
leaves, and even wastewater can be used and
converted into compost, or biogas (Marques et
al., 2025; Mengqi et al., 2023).

This  approach  generates multiple
benefits, including soil health, reduced fossil
fuel consumption and emissions, and
strengthened agroecosystem resilience.
(Papakonstantinou et al., 2024).

3.4. The Pillar of Circular Agriculture -
Crop Rotation.

Crop rotation can improve soil health,
biodiversity, and resource efficiency. At the
same time, temporal diversification facilitates
natural nutrient cycles, inhibits diseases and
pest harbourage, contributes to organic matter
growth, and enhances soil microbial diversity
(Selvan et al., 2023; Shah et al.,, 2021).
Diversified rotations also enhance carbon
dioxide storage in arable soil, contributing to
the mitigation of the effects of climate change
without compromising agricultural productivity
(Boincean & Dent, 2019a; Costa et al., 2024).

In addition, crop rotation contributes to
the natural and sustainable control of diseases
and pests by interrupting their biological cycles,
thus reducing dependence on synthetic
pesticides and fungicides. Crop rotation has
been established as an essential strategy in the
transition to sustainable agri-food systems, in
which natural resources are used responsibly
and ecosystems are preserved in the long term
(Lugato et al., 2021; Rui et al., 2022).
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4. Results and Discussions.

4.1.Reflections on the History and
Systemic Limits of Agricultural
Intensification.

The historical processes of agricultural
intensification have significantly impacted the
development of modern agriculture. One of the
significant  causes of  degradation in
contemporary agriculture is the separation of
agricultural disciplines, which has led to
isolated practices that do not reflect the
complexity of farm production systems
(Boincean & Dent, 2019a).

Industrial interests have favoured this
approach and are often supported by public
policies, promoting a mechanistic view of
nature and an exaggerated trust in the ability of
technology to solve any resource limitation.
Throughout history, theoretical perspectives on
plant nutrition have profoundly influenced
agricultural practices. Liebig (1863) emphasised
the importance of crop rotation, including
perennial legumes, and the use of manure to
restore soil fertility. Tillage does not add
nutrients but only makes them available, and
cannot restore soil fertility without a constant
supply of organic matter.

Healthy soils with high humus content can
increase crop resistance to disease, thereby
protecting them (Boinssen & Dent, 2019b;
Liebig & Blayfair, 2024; Liebig, 1863).
Furthermore, soil health directly impacts the
entire food chain, the integrity of which, in turn,
depends on the integrity of agricultural systems
(Goldner et al., 2021; Lal, 2009).

Rhizosphere fungi and bacteria are
essential mediators between plants and
nutrients, being able to absorb up to 90% of the
applied phosphorus, thus contributing to the
natural resistance of crops (Boincean & Dent,
2019b; Havelka et al., 1982; Khan et al., 2007).
Therefore, agricultural intensification
contributes to soil fertility degradation and
biodiversity reduction. Re-evaluating ecological
principles by favouring natural nutrient cycles
and shifting the emphasis to crop rotations are
essential conditions for truly sustainable
agriculture (Boincean & Dent, 2019a;
Kirschenmann, 2010).

4.2.The Effect of Fertilisation and Crop
Rotation.

The results obtained from long-term field
experiments can often be misinterpreted,
especially when they indicate a higher
efficiency of mineral fertilisers in monoculture
than in crop rotation systems. This apparent
efficiency is, in reality, determined by the
weakening of the root system of continuously
cultivated plants, which limits their ability to
absorb nutrients and water from the soil
(Papakonstantinou et al., 2024).

In monoculture, the dominance of
pathogenic fungi in the soil microbial
community  contributes to the faster

degradation of the root system, especially in
the case of permanent crops such as winter
wheat and other species. In the long term,
fungal microorganisms dominate bacterial
microorganisms in permanent winter wheat
crops, negatively affecting soil health and
plant resilience (Bateman & Kwasna, 1999;
Hilton et al., 2018; Sharma-Poudyal et al.,
2017).

The high efficiency of mineral fertilisers
can mask the shortcomings of imperfect crop
rotation. Instead of improving the diversity of
main and cover crops for better nutrient
recycling and an increased capacity of the
agroecosystem to control weeds, pests, and
diseases, many farmers choose to increase the
doses of fertilisers and pesticides (Grzebisz et
al., 2022; Shiferaw et al., 2011).

The better the crop rotation design, the
lower the additional efficiency of chemical
fertilisation (Table 1). Conversely, the more
deficient the rotation, especially in
monoculture systems, the more efficient the
mineral fertilisers and, implicitly, pesticides
are in the context of weaker control of weeds,
diseases, and pests. Excessive fertilisation
reduced the difference between the yields
obtained in rotational and monoculture systems
(Table 2).

This relationship was  consistently
confirmed for all crops studied in long-term
experiments conducted at the Field Crops
Research Institute Selectia in Balti of the
Republic of Moldova (2024).
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Table 1. The Effect of Crop Rotation on Winter Wheat after Different Predecessors on
Fertilised and Unfertilised Plots, 2020-2024

] Effect of
Crop rotations, Yields, tha fertilisation
permanent Fertilisation Average
cropping 2020 2021 2022 2023 2024 | for 2020- t/ha %
2024
Winter wheat after mixture of vetch and oats for green forage
Crop rotation Unfertilised 3.48 3.76 3.67 4.53 2.51 3.59 1031 2.6
Fertilised 4.02 2.49 3.49 5.99 3.58 3.90
Winter wheat after corn for silage
Crop rotation Unfertilised 4.84 3.98 2.61 491 2.28 3.00 +0.54 18.0
Fertilised 2.10 3.71 3.38 5.54 2.98 3.54
Winter wheat after corn for grain
Crop rotation Unfer.tl‘hsed 1.83 5.39 1.16 3.89 1.98 2.85 10,51 179
Fertilised 2.19 4.58 242 4.75 3.36 3.36
Permanent cropping of winter wheat
Permaper}t Unfertilised 1.49 2.34 0.91 2.79 1.38 1.78 10,74 416
cropping Fertilised 1.80 2.82 091 5.76 1.33 2.52

Note: data are from long-term experiments conducted at the Field Crops Research Institute Selectia in
Balti, Republic of Moldova (2024).

Table 2. Winter Wheat Yields after Different Predecessors on Fertilised and Unfertilised
Plots, 2020-2024.

Effect of
Crgp Fertilization Yields, t/ha crop
rotations rotation
2020 | 2021 | 2022 [ 2023 | 2024 [ Average %
Winter wheat after mixture of vetch and oats for green forage
. Unfertilised 1.99 1.42 2.76 1.74 1.13 1.81 504
Crop rotation
Fertilised 2.22 -0.33 2.58 0.23 2.18 1.38 35.4
Winter wheat after corn for sillage
. Unfertilised 0.35 1.64 1.70 2.12 0.9 1.22 40.7
Crop rotation
Fertilised 0.30 0.89 2.47 -0.22 0.53 1.02 28.8
Winter wheat after corn for grain
. Unfertilised 0.34 3.05 0.25 1.10 0.6 1.07 375
Crop rotation
Fertilised 0.39 1.76 1.51 -1.01 1.52 0.84 25.0

Note: data are from long-term experiments conducted at the Field Crops Research Institute Selectia in
Balti, Republic of Moldova (2024).

4.3. The Role of Lucerne and Organic Data from a long-term experiment
Fertilisers in Agriculture. conducted between 2021 and 2024 showed that

the additional application of mineral fertilisers
did not provide significant benefits when
compost was already used in rotations that
included perennial plants. In other words,
chemical fertilisers did not increase the yield in
organically fertilised systems (Table 3).

Lucerne, grown either alone or in a
mixture with perennial grasses, is key in
improving nutrient and energy recycling in
agroecosystems, especially when integrated into
crop rotations with compost from fermented
manure.
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Table 3. Winter Wheat Yields in Ecological Crop Rotations with and Without Annual-
Perennial Herb Mixtures, 2021-2024.

Unfertilised Farmyard manure (compost) Farmyard manure + PK Farmyard manure + NPK
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In rotations based on annual crops, where
mixtures of plants such as spring vetch and
oats were used as green manure for winter
wheat, in combination with compost, a yield
increase of +0.52 t/ha was obtained compared
to unfertilised variants. However, when
mineral fertilisers were also applied to soils
already fertilised with compost, wheat yield
decreased by 0.10-0.16 t/ha, indicating an
adverse effect of additional fertilisation.
Similar results were observed in another
complex long-term experiment, which analysed

the interaction between crop rotation, soil
tillage systems, and organic fertilisation
without chemical pesticides or herbicides. The
highest yield of winter wheat (3.84 t/ha) was
recorded in the rotation, including a mixture of
alfalfa and ryegrass, combined with an
alternation between classical ploughing and
minimal soil tillage. The application of
compost slightly increased the yield (3.92 t/ha),
but adding mineral fertilisers, on top of
compost, again led to a reduction in yield (3.7
t/ha), as shown in Table 4.

Table 4. The Yield of Winter Wheat (Variety Talisman) in the Polyfactorial Experiment,
Average for 2020-2023, t/ha.

Variant Alternation Of. moulc.lboa‘rd plough Non-inversive tillage
and non-inversive tillage
Crop rotation with the mixture of perennial grasses
3.84 2.88
2 3.92 3.27
3.70 3.18
Crop rotation without perennial herbaceous crops
2.40 2.30
2 3.08 3.15
3.45 3.15
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In the systems with minimal tillage and
perennial crops, winter wheat yield was lower
by 0.96 t/ha in the unfertilised plots. However,
the positive influence of compost was
manifested by an increase of +0.35 t/ha in the
compost treatment. In this case, additional
fertilisation with mineral fertilisers did not
provide any benefits.

4.4.Agroecology in
Sustainable Development.

Ensuring

The growth of the global population
requires a more efficient use of essential
resources, such as energy, water, soil, and
genetic diversity. An increasing number of
researchers argue that agroecology is the only
viable solution to ensure the feeding of the
global population in the context of depletion of
natural resources, growing demand for food,
and climate change (Gliessman et al., 1998).

It is important to realise that sustainable
agriculture offers much more than food. It
contributes significantly to consolidating the
natural and social capital. These aspects are
difficult to quantify but are essential for long-
term stability. A sustainable agroecosystem
maintains its resource base, uses a minimum of
artificial external inputs, manages pests and
diseases through internal regulatory
mechanisms, and can regenerate after
disturbances caused by agricultural work.

In other words, agricultural systems
should mimic the functions of natural
ecosystems. This implies high biodiversity
along the entire food chain, both above and
below the ground. A current example of the
transition to agroecology is the widespread
adoption of conservation agriculture in the
Republic of Moldova and Romania.

This alternative agricultural system is
based on the simultaneous observance of three
fundamental principles: reducing mechanical
soil work through direct sowing, maintaining
soil cover with plant residues or cover crops
(live or dead mulch), and crop diversification
within rotations. Many Moldovan farms that
correctly apply these principles have achieved
remarkable results. However, the results were
not as expected when no-till technology was
adopted without adequate rotations and
sufficient cover crops or residues.

In such cases, farmers faced several
problems related to weeds, pests, diseases, or
nitrogen deficiencies, and were forced to
abandon the system. Therefore, farmers are
supported in workshops, as previously,
specialised disciplines have focused
exclusively on cultivation technology without
considering its impact on the entire food chain.
More than half of all energy consumed in the
food system goes into food distribution
(Pimentel et al., 2010), and up to a third of
food is lost (Lal, 2001).

Thus, analysing the life cycle of food
products is essential for optimising energy
consumption. Reducing the distance between
the producer and consumer can significantly
contribute to solving problems related to food
security, resource efficiency, and
environmental protection. Pretty et al. (2025)
stated that similar principles suggest the
integration of ecosystem functions into the
ecological management system. Another
direction is to minimise the use of non-
renewable inputs, which are harmful to the
environment and health, and to capitalise on
the knowledge and skills of farmers, thus
replacing dependence on external resources
with human capital. Moreover, another
direction of action is to use local cooperation to
manage natural resources and common
problems, such as pest control, irrigation,
forests, or credit systems.

5. Conclusions.

The current model of agricultural
intensification, based on the intensive use of
non-renewable  energy sources and a
reductionist approach, no longer adequately
responds to the economic, ecological, and
social challenges of contemporary agriculture.
The fragmentation of scientific knowledge and
separation of agricultural disciplines have led
to isolated practices, oriented towards
immediate effects and often supported by
industrial interests, with an emphasis on
maximising short-term production to the
detriment of the ecological functioning of
agroecosystems. This model has favoured soil
degradation, decreased biodiversity, and
increased dependence on mineral fertilisers and
pesticides, especially in monoculture systems.
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Adequate chemical fertilisation in
monoculture masks the deficiencies of crop
rotation and the weakening of the plant root
system. Under well-designed rotations, the
additional effect of chemical fertilisation is
significantly reduced, whereas in monoculture,

Implementing circular economy
principles, engaging innovative farmers, and
training new generations of agronomists are
key to competitive agriculture that can respond
to current and future challenges without
compromising natural and social capital.

the dominance of pathogenic fungi and
microbiological imbalance amplify the
vulnerability of crops. Experiments with alfalfa
and compost clearly showed that the additional

Acknowledgment.

This research was funded by the Ministry
of Education and Research, Executive Unit for

application of mineral fertilisers sometimes Financing Higher Education, Research,
even decreases production (—0.10-0.16 t/ha), Development and Innovation (UEFISCDI),
confirming  the —importance of organic gpan¢ no. 32ROMD dated 20/05/2024, PN-IV-
fertilisation and the integration of perennial P8-8.3-ROMD-2023-0215, “Studies and
plants for' rqstoring fertility. Resource recycling investigations on the interplay between
and built-in pest and disease control eoenerative agriculture and the circular

mechanisms are the cornerstones of sustainable

X economy in Romania and the Republic of
agricultural development.

Moldova”, within the PNCDI IV Program.

REFERENCES

Aarikka-Stenroos, L., Kokko, M., & Pohls, E.-L. (2023). Catalyzing the circular economy of critical
resources in a national system: Case study on drivers, barriers, and actors in nutrient
recycling. Journal of Cleaner Production, 397, 136380.
https://doi.org/10.1016/j.jclepro.2023.136380

Adedibu, P. A. (2023). Ecological problems of agriculture: Impacts and sustainable solutions.
ScienceOpen Preprints. https://doi.org/10.14293/PR2199.000145.v1

Bateman, G. L., & Kwasna, H. (1999). Effects of number of winter wheat crops grown successively
on fungal communities on wheat roots. Applied Soil Ecology, 13(3), 271-282.
https://doi.org/10.1016/S0929-1393(99)00040-2

Batlles-delaFuente, A., Abad-Segura, E., Gonzélez-Zamar, M.-D., & Cortés-Garcia, F. J. (2022).
An Evolutionary Approach on the Framework of Circular Economy Applied to Agriculture.
Agronomy, 12(3), 620. https://doi.org/10.3390/agronomy 12030620

Ben Hassen, T., & El Bilali, H. (2022). Impacts of the Russia-Ukraine War on Global Food
Security: Towards More Sustainable and Resilient Food Systems? Foods, 11(15), Article 15.
https://doi.org/10.3390/foods 11152301

Birgovan, A. L., Lakatos, E. S., Nita, V., & Sim, A. (2024). A Review of Circularity Indicators and
Psychological Factors: a Comprehensive Analysis of Circularity Practices in
Organizations. Economics Ecology Socium, 8(1), 16-26. https://doi.org/10.61954/2616-
7107/2024.8.1-2

Boincean, B., & Dent, D. (2019a). Farming the Black Earth: Sustainable and Climate-Smart
Management of Chernozem Soils. Springer International Publishing.
https://doi.org/10.1007/978-3-030-22533-9

Boincean, B., & Dent, D. (2019b). Tillage and Conservation Agriculture. In B. Boincean & D. Dent
(Eds.), Farming the Black Earth: Sustainable and Climate-Smart Management of Chernozem
Soils (pp. 125-149). Springer International Publishing. https://doi.org/10.1007/978-3-030-
22533-9 6

13



Economics Ecology Socium e-ISSN 2786-8958
Volume 9, Issue 4, 2025 ISSN-L 2616-7107

Boincean, B., Kassam, A., Basch, G., Reicosky, D., Gonzalez, E., ... Boaghii, I. (2016). Towards
conservation agriculture systems in Moldova. AIMS Agriculture and Food, 1(4), 369-386.
https://doi.org/10.3934/agrfood.2016.4.369

Bressanelli, G., Adrodegari, F., Pigosso, D. C. A., & Parida, V. (2022). Towards the Smart Circular
Economy Paradigm: A Definition, Conceptualization, and Research Agenda. Sustainability,
14(9), 4960. https://doi.org/10.3390/su14094960

Brumer, A., Wezel, A., Dauber, J., Breland, T. A., & Grard, B. (2023). Development of
agroecology in Austria and Germany. Open Research Europe, 3, 25.
https://doi.org/10.12688/openreseurope.15431.1

Caglar, A. E., & Askin, B. E. (2023). A path towards green revolution: How do competitive
industrial performance and renewable energy consumption influence environmental quality
indicators? Renewable Energy, 205, 273-280. https://doi.org/10.1016/j.renene.2023.01.080

Carvalho, 1. A. D., Fornazier, A., Brisola, M. V., Bueno, G. W., Corréa, E. P., Toniato-Silva, M., &
Trombeta, T. D. (2025). Digital Transformation in Brazilian Agribusiness: Impact of Agtechs
and Iot on Production and Sustainability. Revista De Gestdo - RGSA, 19(1), e011107.
https://doi.org/10.24857/rgsa.v19n1-178

Castillo-Diaz, F. J., Belmonte-Urena, L. J., Alvarez—Rodriguez, J. F., & Camacho-Ferre, F. (2024).
Role of Sustainability and Circular Economy in Europe’s Common Agricultural Policy. In M.
del C. Valls Martinez & J. M. Santos-Jaén (Eds.), Environmentally Sustainable Production:
Research for Sustainable Development (pp. 59-83). Springer Nature Switzerland.
https://doi.org/10.1007/978-3-031-52656-5 4

Cioca, L.-I., Ciomos, A.-O., Seitoar, D., Drutd, R. M., & David, G. M. (2021). Industrial Symbiosis
through the Use of Biosolids as Fertilizer in Romanian Agriculture. Recycling, 6(3), 59.
https://doi.org/10.3390/recycling6030059

Cordeiro, C. M., & Sindhgj, E. (2024). Situating the discourse of recycled nutrient fertilizers in
circular economy principles for sustainable agriculture. Frontiers in Sustainability, 5.
https://doi.org/10.3389/frsus.2024.1465752

Costa, A., Bommarco, R., Smith, M. E., Bowles, T., Gaudin, A. C. M., Watson, C. A., Alarcén, R,
Berti, A., Blecharczyk, A., Calderon, F. J., Culman, S., Deen, W., Drury, C. F., Garcia y
Garcia, A., Garcia-Diaz, A., Hernandez Plaza, E., Jonczyk, K., Jack, O., Navarrete Martinez,
L., ... Vico, G. (2024). Crop rotational diversity can mitigate climate-induced grain yield
losses. Global Change Biology, 30(5), €17298. https://doi.org/10.1111/gcb.17298

Crippa, M., Solazzo, E., Guizzardi, D., Monforti-Ferrario, F., Tubiello, F. N., & Leip, A. (2021).
Food systems are responsible for a third of global anthropogenic GHG emissions. Nature
Food, 2(3), 198-209. https://doi.org/10.1038/s43016-021-00225-9

De Jesus, A., & Aguiar Borges, L. (2024). Pathways for Cleaner, Greener, Healthier Cities: What Is

the Role of Urban Agriculture in the Circular Economy of Two Nordic Cities? Sustainability,
16(3), Article 3. https://doi.org/10.3390/su16031258

Dent, D., & Boincean, B. (Eds.). (2021). Regenerative Agriculture: What’s Missing? What Do We
Still Need to Know? Springer International Publishing. https://doi.org/10.1007/978-3-030-
72224-1

Ekka, P., Patra, S., Upreti, M., Kumar, G., Kumar, A., & Saikia, P. (2023). Land Degradation and
Its Impacts on Biodiversity and Ecosystem Services. In Land and Environmental Management
through Forestry (pp. 77-101). John Wiley & Sons, Ltd.
https://doi.org/10.1002/9781119910527.ch4

Erdiaw-Kwasie, M. O., Abunyewah, M., Owusu-Ansah, K. K., Baah, C., Alam, K., & Basson, M.
(2025). Circular economy and agricultural employment: A panel analysis of EU advanced and

emerging economies. Environment, Development and Sustainability, 27(5), 10469—-10496.
https://doi.org/10.1007/s10668-023-04318-2

14



Economics Ecology Socium e-ISSN 2786-8958
Volume 9, Issue 4, 2025 ISSN-L 2616-7107

European Commission. (2020). Farm to Fork Strategy: For a fair, healthy and environmentally-
friendly food system. https://food.ec.europa.eu/horizontal-topics/farm-fork-strategy en

European Commission. (2021). EU Soil Strategy for 2030 Reaping the benefits of healthy soils for
people, food, nature and climate (Communication COM/2021/699 final).
https://environment.ec.europa.eu/topics/soil-health/soil-strategy-2030 en

Feodorov, C., Velcea, A. M., Ungureanu, F., Apostol, T., Robescu, L. D., & Cocarta, D. M. (2022).
Toward a Circular Bioeconomy within Food Waste Valorization: A Case Study of an On-Site
Composting System of Restaurant Organic Waste. Sustainability, 14(14), 8232.
https://doi.org/10.3390/su14148232

Field Crops Research Institute Selectia in Balti of the Republic of Moldova (2024). Reports.
https://cncps.maia.gov.md/rapoarte/

Ghosh, A., Rai, S., Ashoka, P., Kotyal, K., B, S., Saran, S., Anjali, K.P.Sivakumar, Panotra, N., &
Pandey, S. K. (2025). Data-Driven Decision Making in Agriculture with Sensors, Satellite
Imagery and Al Analytics by Digital Farming. Archives of Current Research International,
25(5), 37-52. https://doi.org/10.9734/acri/2025/v25151186

Gliessman, S. R., Engles, E., & Krieger, R. (1998). Agroecology: Ecological Processes in
Sustainable Agriculture. CRC Press.

Grzebisz, W., Diatta, J., Bartog, P., Biber, M., Potarzycki, J., Lukowiak, R., Przygocka-Cyna, K., &
Szczepaniak, W. (2022). Soil Fertility Clock—Crop Rotation as a Paradigm in Nitrogen
Fertilizer Productivity Control. Plants, 11(21), 2841. https://doi.org/10.3390/plants11212841

Hamdan, M. F., Mohd Noor, S. N., Abd-Aziz, N., Pua, T.-L., & Tan, B. C. (2022). Green
Revolution to Gene Revolution: Technological Advances in Agriculture to Feed the World.
Plants, 11(10), 1297. https://doi.org/10.3390/plants11101297

Hamulczuk, M., Pawlak, K., Stefanczyk, J., & Golebiewski, J. (2023). Agri-Food Supply and Retail
Food Prices during the Russia—Ukraine Conflict’s Early Stage: Implications for Food
Security. Agriculture, 13(11), 2154. https://doi.org/10.3390/agriculture13112154

Haque, F., Fan, C., & Lee, Y.-Y. (2023). From waste to value: Addressing the relevance of waste
recovery to agricultural sector in line with circular economy. Journal of Cleaner Production,
415, 137873. https://doi.org/10.1016/j.jclepro.2023.137873

Havelka, U. D., Boyle, M. G., & Hardy, R. W. F. (1982). Biological Nitrogen Fixation. In Nitrogen
in  Agricultural  Soils  (pp. 365-422). John Wiley &  Sons, Ltd.
https://doi.org/10.2134/agronmonogr22.c10

Hilton, S., Bennett, A. J., Chandler, D., Mills, P., & Bending, G. D. (2018). Preceding crop and
seasonal effects influence fungal, bacterial and nematode diversity in wheat and oilseed rape
rhizosphere and soil. Applied Soil Ecology, 126, 34-46.
https://doi.org/10.1016/j.aps0il.2018.02.007

Jabbari, A., Humayed, A., Reegu, F. A., Uddin, M., Gulzar, Y., & Majid, M. (2023). Smart Farming
Revolution: Farmer’s Perception and Adoption of Smart IoT Technologies for Crop Health
Monitoring and Yield Prediction in Jizan, Saudi Arabia. Sustainability, 15(19), 14541.
https://doi.org/10.3390/su151914541

Jabbari, A., Teli, T. A., Masoodi, F., Reegu, F. A., Uddin, M., & Albakri, A. (2024). Prioritizing
factors for the adoption of loT-based smart irrigation in Saudi Arabia: A GRA/AHP approach.
Frontiers in Agronomy, 6, 1335443, https://doi.org/10.3389/fagro.2024.1335443

Jitareanu, A. F., Mihdild, M., Robu, A.-D., Lipsa, F.-D., & Costuleanu, C. L. (2022). Dynamic of
Ecological Agriculture Certification in Romania Facing the EU Organic Action Plan.
Sustainability, 14(17), 11105. https://doi.org/10.3390/su141711105

Khan, K., & Khurshid, A. (2024). Are technology innovation and circular economy remedy for

emissions? Evidence from the Netherlands. Environment, Development and Sustainability,
26(1), 1435-1449. https://doi.org/10.1007/s10668-022-02766-w

15



Economics Ecology Socium e-ISSN 2786-8958
Volume 9, Issue 4, 2025 ISSN-L 2616-7107

Khan, S. A., Mulvaney, R. L., Ellsworth, T. R., & Boast, C. W. (2007). The Myth of Nitrogen
Fertilization for Soil Carbon Sequestration. Journal of Environmental Quality, 36(6), 1821—
1832. https://doi.org/10.2134/jeq2007.0099

Khatri, P., Kumar, P., Shakya, K. S., Kirlas, M. C., & Tiwari, K. K. (2024). Understanding the
intertwined nature of rising multiple risks in modern agriculture and food system.
Environment, Development and Sustainability, 26(9), 24107-24150.
https://doi.org/10.1007/s10668-023-03638-7

Kirschenmann, F. L. (2010). Cultivating an Ecological Conscience: Essays from a Farmer
Philosopher. University Press of Kentucky.

Kozielec, A., Piecuch, J., Daniek, K., & Luty, L. (2024). Challenges to Food Security in the Middle
East and North Africa in the Context of the Russia—Ukraine Conflict. Agriculture, 14(1), 155.
https://doi.org/10.3390/agriculture 14010155

Lakatos, E. S., Pacurariu, R. L., Birgovan, A. L., Cioca, L. 1., Szilagy, A., Moldovan, A., & Rada,
E. C. (2024). A Systematic Review of Living Labs in the Context of Sustainable Development
with a Focus on Bioeconomy. Earth, 5(4), 812-843. https://doi.org/10.3390/earth5040042

Lal, R. (2001). Managing world soils for food security and environmental quality. In Advances in
Agronomy (Vol. 74, pp. 155-192). Academic Press. https://doi.org/10.1016/S0065-
2113(01)74033-3

Lal, R. (2009). Soil degradation as a reason for inadequate human nutrition. Food Security, 1(1),
45-57. https://doi.org/10.1007/s12571-009-0009-z

Leah, T. (2015). Prospects of using the local organic waste in the agriculture of the Republic of
Moldova. Scientific Papers, 15, 259-264.

Levers, C., Butsic, V., Verburg, P. H., Miiller, D., & Kuemmerle, T. (2016). Drivers of changes in
agricultural intensity in Europe. Land  Use Policy, 58, 380-393.
https://doi.org/10.1016/j.1andusepol.2016.08.013

Li, X., Peng, X., & Peng, Y. (2023). Unravelling the influence and mechanism of agricultural inputs
on rural poverty vulnerability: Evidence from China. Heliyon, 9(12), e22851.
https://doi.org/10.1016/j.heliyon.2023.e22851

Liebig, J. F. von. (1863). The Natural Laws of Husbandry. Walton & Maberly.

Liebig, J., & Playfair, L. (2024). Organic Chemistry in Its Applications to Agriculture and
Physiology. BoD — Books on Demand.

Lugato, E., Lavallee, J. M., Haddix, M. L., Panagos, P., & Cotrufo, M. F. (2021). Different climate
sensitivity of particulate and mineral-associated soil organic matter. Nature Geoscience,
14(5), 295-300. https://doi.org/10.1038/s41561-021-00744-x

Marques, C., Giines, S., Vilela, A., & Gomes, R. (2025). Life-Cycle Assessment in Agri-Food
Systems and the Wine Industry—A Circular Economy Perspective. Foods, 14(9), 1553.
https://doi.org/10.3390/foods14091553

Marttila, M., Havukainen, J., Uusitalo, V., Linnanen, L., & Mikkild, M. (2024). Multicriteria
analysis of sustainable agri-food waste management for an agroecosystem in Finland.
Frontiers in Sustainable Food Systems, 8, 1426890.
https://doi.org/10.3389/fsufs.2024.1426890

Matysik-Pejas, R., Bogusz, M., Daniek, K., Szafranska, M., Satota, 1., Krasnodgbski, A., &
Dziekanski, P. (2023). An Assessment of the Spatial Diversification of Agriculture in the
Conditions of the Circular Economy in European Union Countries. Agriculture, 13(12), 2235.
https://doi.org/10.3390/agriculture 13122235

Mengqi, Z., Shi, A., Ajmal, M., Ye, L., & Awais, M. (2023). Comprehensive review on agricultural
waste utilization and high-temperature fermentation and composting. Biomass Conversion
and Biorefinery, 13(7), 5445-5468. https://doi.org/10.1007/s13399-021-01438-5

16



Economics Ecology Socium e-ISSN 2786-8958
Volume 9, Issue 4, 2025 ISSN-L 2616-7107

Moersdorf, J., Rivers, M., Denkenberger, D., Breuer, L., & Jehn, F. U. (2024). The Fragile State
of Industrial Agriculture: Estimating Crop Yield Reductions in a Global Catastrophic
Infrastructure Loss Scenario. Global Challenges, 8(1), 2300206.
https://doi.org/10.1002/gch2.202300206

Montgomery, D. R., & Biklé, A. (2015). The Hidden Half of Nature: The Microbial Roots of Life
and Health. W. W. Norton & Company.

Narayanan, M., Sharma, A., & Ilampooranan, I. (2025). Precision agriculture and water
management in India: Artificial intelligence for climate action. In Smart Agriculture (pp.
17—40). Springer Nature Singapore. https://doi.org/10.1007/978-981-97-9796-7 2

Nehrey, M., & Zomchak, L. (2022). Digital Technology: Emerging Issue for Agriculture. In Z.
Hu, Q. Zhang, S. Petoukhov, & M. He (Eds.), Advances in Artificial Systems for Logistics
Engineering (pp. 146—156). Springer. https://doi.org/10.1007/978-3-031-04809-8 13

O‘Keeffe, S., Stein, S., Curran, M., Baumgart, L., Zikeli, S., & Siegmund-Schultze, M. (2025).
How to square the circle? A conceptual framework synergising strategies for circular
agriculture to tackle climate change and enhance overall on-farm sustainability. Ambio, 54(8),
1334-1352. https://doi.org/10.1007/s13280-025-02154-4

Pacurariu, R. L., Vatca, S. D., Lakatos, E. S., Bacali, L., & Vlad, M. (2021). A Critical Review of
EU Key Indicators for the Transition to the Circular Economy. International Journal of
Environmental Research and Public Health, 18(16), 8840.
https://doi.org/10.3390/ijerph18168840

Papakonstantinou, G. 1., Voulgarakis, N., Terzidou, G., Fotos, L., Giamouri, E., & Papatsiros, V. G.
(2024). Precision Livestock Farming Technology: Applications and Challenges of Animal
Welfare and Climate Change. Agriculture, 14(4), 620.
https://doi.org/10.3390/agriculture 14040620

Peng, J., BaleZentis, T., Streimikiene, D., Dabkiene, V., & Agnusdei, G. P. (2025). Circular
economy in agriculture: A systematic literature review. Sustainable Development, 33(1), 501—
516. https://doi.org/10.1002/sd.70017

Pimentel, D., Whitecraft, M., Scott, Z. R., Zhao, L., Satkiewicz, P., Scott, T. J., Phillips, J., Szimak,
D., Singh, G., Gonzalez, D. O., & Moe, T. L. (2010). Will Limited Land, Water, and Energy
Control Human Population Numbers in the Future? Human Ecology, 38(5), 599-611.
https://doi.org/10.1007/s10745-010-9346-y

Pingali, P. (2023). Are the Lessons from the Green Revolution Relevant for Agricultural Growth
and Food Security in the Twenty-First Century? In J. P. Estudillo, Y. Kijima, & T. Sonobe
(Eds.), Agricultural Development in Asia and Africa: Essays in Honor of Keijiro Otsuka (pp.
21-32). Springer Nature. https://doi.org/10.1007/978-981-19-5542-6 2

Popa, V., Tirigan, S., & Filimon, O. (2023). Perspective and development challenges of ecological
agriculture in the Republic of Moldova. Journal of Financial and Monetary Economics,
11(11), 267-274.

Pretty, J., Garrity, D., Badola, H. K., Barrett, M., Butler Flora, C., Cameron, C., Grist, N., Hepburn,
L., Hilburn, H., Isham, A., Jacobi, E., Lal, R., Lyster, S., Magnason, A. S., McGlade, J.,
Middendorf, J., Milner-Gulland, E. J., Orr, D., Peck, L., ... Wells, G. (2025). How the
Concept of “Regenerative Good Growth” Could Help Increase Public and Policy Engagement
and Speed Transitions to Net Zero and Nature Recovery. Sustainability, 17(3), 849.
https://doi.org/10.3390/su17030849

Rui, Y., Jackson, R. D., Cotrufo, M. F., Sanford, G. R., Spiesman, B. J., Deiss, L., Culman, S. W.,
Liang, C., & Ruark, M. D. (2022). Persistent soil carbon enhanced in Mollisols by well-
managed grasslands but not annual grain or dairy forage cropping systems. Proceedings of the
National Academy of Sciences, 119(7), €2118931119.
https://doi.org/10.1073/pnas.2118931119

17



Economics Ecology Socium e-ISSN 2786-8958
Volume 9, Issue 4, 2025 ISSN-L 2616-7107

Scavo, A., Fontanazza, S., Restuccia, A., Pesce, G. R., Abbate, C., & Mauromicale, G. (2022). The
role of cover crops in improving soil fertility and plant nutritional status in temperate

climates. A review. Agronomy for Sustainable Development, 42(5), 93.
https://doi.org/10.1007/s13593-022-00825-0

Selvan, T., Panmei, L., Murasing, K. K., Guleria, V., Ramesh, K. R., Bhardwaj, D. R., Thakur, C.
L., Kumar, D., Sharma, P., Digvijaysinh Umedsinh, R., Kayalvizhi, D., & Deshmukh, H. K.
(2023). Circular economy in agriculture: Unleashing the potential of integrated organic
farming for food security and sustainable development. Frontiers in Sustainable Food
Systems, 7. https://doi.org/10.3389/fsufs.2023.1170380

Shah, K. K., Modi, B., Pandey, H. P., Subedi, A., Aryal, G., Pandey, M., & Shrestha, J. (2021).
Diversified Crop Rotation: An Approach for Sustainable Agriculture Production. Advances in
Agriculture, 2021(1), 8924087. https://doi.org/10.1155/2021/8924087

Sharma-Poudyal, D., Schlatter, D., Yin, C., Hulbert, S., & Paulitz, T. (2017). Long-term no-till: A
major driver of fungal communities in dryland wheat cropping systems. PLOS ONE, 12(9),
e0184611. https://doi.org/10.1371/journal.pone.0184611

Shiferaw, B., Prasanna, B. M., Hellin, J., & Bénziger, M. (2011). Crops that feed the world 6. Past
successes and future challenges to the role played by maize in global food security. Food
Security, 3(3), 307-327. https://doi.org/10.1007/s12571-011-0140-5

Serensen, P. B., Beck, U. R., Berg, A. K., Christiansen, S., Jergensen, C. L., Kirk, J. S., Stewart, L.
B., & Stephensen, P. P. (2025). The effects of unilateral climate policy towards agriculture: A
case study of Denmark. Journal of Agricultural Economics, 76(1), 3-23.
https://doi.org/10.1111/1477-9552.12624

Soto-Gomez, D. (2024). Integration of Crops, Livestock, and Solar Panels: A Review of Agrivoltaic
Systems. Agronomy, 14(8), 1824. https://doi.org/10.3390/agronomy 14081824

Staniszewski, J., Guth, M., & Sme¢dzik-Ambrozy, K. (2023). Structural conditions of the sustainable
intensification of agriculture in the regions of the European Union. Journal of Cleaner
Production, 389, 136109. https://doi.org/10.1016/j.jclepro.2023.136109

Stempfle, S., Carlucci, D., Borrello, M., Cembalo, L., de Gennaro, B. C., Roselli, L., &
Giannoccaro, G. (2024). Agri-food systems in transition: Potentialities and challenges of
moving towards circular models. Journal of Cleaner Production, 479, 144005.
https://doi.org/10.1016/j.jclepro.2024.144005

Stratan, A., Lopotenco, V., Staver, L., Stratan, A., Lopotenco, V., & Staver, L. (2024). Resilience of
Agri-Food Security in the Republic of Moldova. IntechOpen.
https://doi.org/10.5772/intechopen.1008164

Tamburini, G., Bommarco, R., Wanger, T. C., Kremen, C., van der Heijden, M. G. A., Liebman,
M., & Hallin, S. (2020). Agricultural diversification promotes multiple ecosystem services
without compromising yield. Science Advances, 6(45), eabal715.
https://doi.org/10.1126/sciadv.abal715

Topa, D.-C., Capsuna, S., Calistru, A.-E., & Ailincai, C. (2025). Sustainable Practices for
Enhancing Soil Health and Crop Quality in Modern Agriculture: A Review. Agriculture,
15(9), 9. https://doi.org/10.3390/agriculture 15090998

Vajda, B., Dragan, G., Vajda, L., Gaspar, M.-M., & Bagoly, M. L. (2025). The Role of
Entrepreneurial Clusters in Advancing Circular Bioeconomy and Innovation: A Case Study
from Romania. Sustainability, 17(9), 3787. https://doi.org/10.3390/su17093787

Velasco-Muiioz, J. F., Mendoza, J. M. F., Aznar-Sanchez, J. A., & Gallego-Schmid, A. (2021).
Circular economy implementation in the agricultural sector: Definition, strategies and
indicators. Resources, Conservation and Recycling, 170, 105618.
https://doi.org/10.1016/j.resconrec.2021.105618

18



Economics Ecology Socium e-ISSN 2786-8958
Volume 9, Issue 4, 2025 ISSN-L 2616-7107

Vranjanac, Z., Vasovic, D. M., & Janackovic, G. L. (2025). A Novel Waste Management Metric for
Supporting Bio-Circular Economy: Integration within the Wef Nexus Framework Using the
Waste Performance Index (SSRN Scholarly Paper No. 5211612). Social Science Research
Network. https://doi.org/10.2139/ssr.5211612

Xie, H., Wang, W., He, P., Ding, W., Xu, X., Tan, X., & Liu, X. (2025). Rotation reshapes
sustainable potato production in dryland by reducing environmental footprints synergistically
enhancing soil health. Resources, Environment and Sustainability, 21(100247), 100247.
https://doi.org/10.1016/j.resenv.2025.100247

Yang, X., Xiong, J., Du, T., Ju, X., Gan, Y., Li, S., Xia, L., Shen, Y., Pacenka, S., Steenhuis, T. S.,
Siddique, K. H. M., Kang, S., & Butterbach-Bahl, K. (2024). Diversifying crop rotation
increases food production, reduces net greenhouse gas emissions and improves soil health.
Nature Communications, 15(1), 198. https://doi.org/10.1038/s41467-023-44464-9

19



