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ABSTRACT
Agricultural accounting faces unprecedented challenges in light of ecological crises and the digital transforma‑

tion of Agriculture 5.0. This study critically analyzes the limitations of NCRF 17 (Portuguese Accounting Standard
for Agriculture) and IAS 41 (International Accounting Standard for Agriculture), particularly their inability to in‑
tegrate environmental externalities and hybrid activities into financial reporting. NCRF 17 and IAS 41 define fair
value rules for biological assets but do not account for ecological externalities or hybrid assets, a gap this study
addresses. Based on theoretical frameworks such as natural capital theory, critical environmental accounting, and
integrated reporting, this research advocates for reforming traditional accounting models. It proposes alternatives
that incorporate ecological performance indicators, such as carbon capture, biodiversity conservation, and soil re‑
generation, into the valuation of biological assets. Through a normative‑documentary approach, it demonstrates
how emerging technologies (e.g., IoT, drones, AI) can generate traceable and auditable environmental data, pro‑
moting a more transparent and sustainability‑oriented financial reporting model. This article presents practical
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models and examines the institutional conditions required to integrate ecological value into agricultural account‑
ing, thereby contributing to the redefinition of accounting's environmental and social roles.
Keywords: Agricultural Accounting; Agriculture 5.0; NCRF 17; Sustainability

1. Introduction
Agricultural accounting today faces a critical gap:

while environmental and technological pressures are
rapidly reshaping the sector, prevailing standards such
as NCRF 17 and IAS 41 still focus narrowly on market‑
based fair value, neglecting ecological externalities, hy‑
brid assets, and real‑timedata fromAgriculture 5.0. This
research addresses this gap by analysing the regula‑
tory, technological, and sustainability drivers for reform,
grounded in well‑established theories such as Natural
Capital Theory, Critical Environmental Accounting, In‑
tegrated Reporting Theory, and Agency Theory. Agri‑
culture currently faces a dual challenge: maintaining
productivity and ensuring sustainability amid climate
change, technological advances, and evolving societal ex‑
pectations. While traditional accounting methods, par‑
ticularly NCRF 17 and IAS 41, focus on the fair value
of biological assets, they largely ignore ecological ex‑
ternalities and the integration of Agriculture 5.0 tech‑
nologies. This omission creates a critical gap in cap‑
turing the actual, socio‑environmental impact of agri‑
cultural practices. The urgency is amplified by global
sustainability agendas and European Union directives
(2014/95/EU and 2022/2464/EU), which demand com‑
prehensive ESG reporting. Recent studies have high‑
lighted the lack of operational frameworks for integrat‑
ing ecological metrics with financial accounting in agri‑
culture [1,2]. The present research addresses this gap by
proposing a reformulated agricultural accounting frame‑
work that integrates sustainability metrics, technologi‑
cal data streams, and policy alignment. This study iden‑
tifies the disconnect between current agricultural ac‑
counting standards and the sustainability and techno‑
logical imperatives that the sector faces. Our objectives
are to critically assess the adequacy of NCRF 17, de‑
sign metrics for ecological fair value, and align them
with Agriculture 5.0 data sources and ESG policies. Us‑
ing a qualitative, normative, and documentary approach

grounded in Natural Capital Theory, Critical Environ‑
mental Accounting, and Integrated Reporting Theory,
we analyzed standards, literature, and exemplary cases.
The methodology includes normative gap analysis, pro‑
posal design, and illustrative application, supported by
a new flowchart of the research process. Results demon‑
strate how ecological metrics, hybrid asset recognition,
and ESG integration can transform accounting into a
sustainability tool. We conclude with practical recom‑
mendations, policy implications, and alignment with se‑
lected UN Sustainable Development Goals (SDGs).

In this new context, accounting assumes a strategic
role, ceasing to bemerely a language of technical record‑
ing and becoming a critical instrument for representing
the environmental and social dimensions of productive
activity [3,4].

However, the currently dominant accounting
model, particularly in the agricultural sector, remains
based on a limited view of economic value, focusing on
monetary transactions and themeasurement of fairmar‑
ket value. This regulatory framework, enshrined, for ex‑
ample, in NCRF 17 in Portugal and IAS 41 internationally,
largely overlooks the positive and negative ecological ex‑
ternalities generated by agricultural activity [3,5].

This limitation raises a fundamental question: can
accounting remain neutral in the face of the growing
challenges of environmental sustainability and ecolog‑
ical transition? Or, on the contrary, should it assume
a transformative role, incorporating new metrics, data
sources, and value criteria that more fairly and compre‑
hensively reflect agriculture's environmental contribu‑
tions and impacts?

The development of so‑called Agriculture 5.0, char‑
acterized by the integration of smart sensors, robotics,
artificial intelligence, and big data analytics, represents
an unprecedented opportunity to generate reliable, real‑
time environmental data, with the potential for integra‑
tion into financial reporting systems [4,5]. However, ac‑
counting standards have not yet kept pace with this
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progress, lacking frameworks for recognizing hybrid as‑
sets, auditable environmental metrics, and valuing the
ecosystem services provided by sustainable agricultural
practices [6,7].

In this scenario, this article proposes reconfiguring
the role of agricultural accounting based on a multidisci‑
plinary theoretical framework that includes the Natural
Capital Theory [8], Critical and Environmental Account‑
ing [9] and Integrated Reporting Theory [10]. Through a
critical analysis of NCRF 17 and a proposal of alterna‑
tivemeasurement and reportingmodels, it is argued that
agricultural accounting can and should evolve to reflect
the ecological and social values of contemporary agricul‑
tural activity.

2. Literature Review
2.1. Theoretical Framework

This research is grounded in four complementary
theoretical perspectives, which combine to provide a
critical analysis of the current agricultural accounting
model and inform proposals for normative and practi‑
cal transformation: Agency Theory, Natural Capital The‑
ory, Critical Environmental Accounting, and Integrated
Reporting Theory. Each of these approaches highlights
different limitations of traditional accounting, and to‑
gether, they support the construction of a new paradigm
oriented toward sustainability and technological innova‑
tion in the primary sector.

Agency Theory [11], constitutes the foundation of
the analysis, revealing the information asymmetries be‑
tween internal decision‑makers (managers) and exter‑
nal stakeholders. In the agricultural context, such asym‑
metries intensify when negative environmental impacts,
such as soil degradation or excessive use of water re‑
sources, are not highlighted in financial reports, creat‑
ing room for opportunistic behavior. The emergence of
Agriculture 5.0, with sensors and digital tools capable of
collecting environmental data in real‑time, can mitigate
this moral hazard; however, the absence of regulatory
frameworks to integrate such data into formal account‑
ing perpetuates informational opacity [12].

Complementing the agency's approach, the Natu‑
ral Capital Theory [8] emphasizes the need to incorpo‑

rate ecosystem services into accounting, such as pollina‑
tion, carbon sequestration, and water filtration, which,
although not priced on the market, are crucial to the
sustainability of agricultural holdings. The traditional
accounting model, by focusing exclusively on exchange
value, ignores these non‑tradable benefits, compromis‑
ing the usefulness of reporting for sustainable decision‑
making [8]. This omission is particularly critical when
standards such as NCRF 17 and IAS 41 do not provide
anymechanism for recognizing or valuing these environ‑
mental contributions [13].

The traditional accounting model thus has limita‑
tions that are exacerbated by the perspective of Criti‑
cal and Environmental Accounting [6,9], which challenges
the purported neutrality of conventional accounting. Ac‑
cording to this approach, the emphasis on monetary
quantification and the omission of socio‑ecological im‑
pacts result in an incomplete and biased representation
of organizational reality. In the agricultural sector, this
criticism gains particular relevance, as regenerative or
sustainable practices are not recognized as generating
accounting value. In contrast, intensive and environmen‑
tally aggressive practices continue to bemeasured solely
on economic criteria [14]. Thus, accounting ceases to be a
tool for transparency and becomes a factor in legitimiz‑
ing unsustainable models.

In response to these structural flaws, the Inte‑
grated Reporting Theory [15] proposes a comprehensive
approach that considersmultiple capitals―financial, nat‑
ural, human, social, intellectual, and manufactured―as
components of organizational value. This logic provides
a comprehensive viewof performance, aligningwith sus‑
tainability objectives and meeting the growing demand
for transparency from investors. However, its practi‑
cal application in the agricultural sector remains limited
due to the lack of standardized methodologies, regula‑
tory resistance, and the weak connection between dig‑
ital information systems (Agriculture 5.0) and account‑
ing reporting models [5]. Given agriculture's significant
environmental footprint and growing regulatory pres‑
sure [16], the operationalization of multi‑capital report‑
ing has become an urgent necessity.

The literature has highlighted a critical gap be‑
tween the ESG discourse adopted by many agricultural
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organizations and its effective translation into financial
reports [1,2]. Although digitalization brings new capabil‑
ities to measure environmental impacts, the data gen‑
erated are rarely integrated into formal accounting, re‑
maining out of the reach of auditors and investors [17,18].
This gap compromises the reliability of reporting, re‑
duces comparability between organizations, and hin‑
ders access to sustainable financing. As Wang et al. [12]
suggest, accounting needs to evolve to incorporate the
digital information flows generated by Agriculture 5.0,
thereby transforming it into an instrument for ecological
management and the creation of shared value.

2.2. Agricultural Accounting

The literature suggests a necessary transformation
in agricultural accountingmodels, driven by factors such
as the ecological transition, technological advances in
Agriculture 5.0, and increasing pressure for greater envi‑
ronmental transparency [19]. This section organizes the
critical literature review around five fundamental axes:
(i) regulatory limitations of agricultural accounting; (ii)
the relevance of natural capital and ecosystem services;
(iii) contributions of environmental and critical account‑
ing; (iv) challenges and opportunities of digitalization;
and (v) the integration of ESG reporting and new regula‑
tory frameworks.
2.2.1. Regulatory Limitations of Agricul‑

tural Accounting
Current accounting standards, such as IAS 41 (in‑

ternationally) and NCRF 17 (in Portugal), use fair value
as the baseline criterion for measuring biological assets.
Although technically coherent, this model reveals severe
limitations in the context of sustainability. Valuation
based on market prices overlooks significant environ‑
mental externalities, such as soil degradation, biodiver‑
sity loss, or, conversely, ecological regeneration and car‑
bon sequestration [2,15].

Furthermore, IAS41has been criticized for discour‑
aging sustainable practices, as ecological benefits are
not translated into accounting value, harming farms that
adopt regenerative or agroecological models [20,21]. This
gap between practice and reporting contributes to what
Schaltegger and Burritt [22], refer to as the “ecological

blindness” of traditional financial accounting.
2.2.2. Natural Capital and Ecosystem Ser‑

vices
The concept of natural capital redefines how value

should be understood in the agricultural context. Un‑
like conventional assets, natural resources, such as fer‑
tile soils, freshwater, biodiversity, or climate stability,
are not readily tradable but are essential to the continu‑
ity of productive activity [8].

Ecosystem services include pollination, natural
pest control, the water cycle, and carbon sequestra‑
tion [23]. These values, although not reflected in financial
statements, have a direct impact on medium‑ and long‑
term economic sustainability. Ignoring them results in
a structural undervaluation of sustainably managed bio‑
logical assets.

In this context, initiatives such as the Natural Cap‑
ital Protocol [7] and the recommendations of the Task
Force on Nature‑related Financial Disclosures [24] pro‑
pose voluntary frameworks that can evolve into regula‑
tory references, anticipating a new generation of envi‑
ronmental value‑oriented accounting practices.
2.2.3. Environmental Accounting and Criti‑

cal Perspectives
Environmental accounting emerges as a response

to the limitations of classical financial accounting,
proposing the explicit inclusion of environmental costs
and benefits in financial statements [6]. At the same
time, critical accounting warns of the ideological na‑
ture of accounting neutrality, suggesting that the system‑
atic exclusion of ecological externalities benefits domi‑
nant economic interests to the detriment of the common
good [9,25].

In the specific case of agriculture, these criticisms
gain traction because the relationship between produc‑
tion and the environment is direct and interdependent.
Sustainable agricultural operations generate significant
public value (environmental quality, healthy food, soil
protection), but this value remains invisible if account‑
ing systems only capture commercial productivity [13,26].
2.2.4. Agriculture 5.0 and Digitalization

Agriculture 5.0 represents a revolution in the way
data is generated, processed, and used in agricultural
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management. Technologies such as smart sensors,
drones, automated irrigation systems, and artificial intel‑
ligence enable the collection of real‑time environmental
data, including humidity levels, gas emissions, and local
biodiversity [5,25].

Despite this progress, accounting remains techni‑
cally unprepared to capitalize on this new type of infor‑
mation. The lack of guidelines on how to integrate sen‑
sor data, for example, in the calculation of fair value, re‑
veals a regulatory gap that compromises the potential of
these systems to improve financial reporting and their
ecological relevance [26].

Furthermore, questions arise about the reliabil‑
ity, auditability, and standardization of this data: can
this data be independently validated? Is it comparable
across farms? How can materiality and integrity be en‑
sured when it is included in reports?
2.2.5. ESG, Sustainability, and Emerging

Regulatory Pressures
The proliferation of Environmental, Social, and

Governance (ESG) has been a voluntary response to
growing stakeholder demand for more transparent and
accountable information. However, many organiza‑
tions still treat ESG as an appendix to financial report‑
ing, without full integration with formal accounting sys‑
tems [27,28].

The new European Directive on Corporate Sus‑
tainability Reporting (CSRD) promises to change this
panorama, requiring companies, including those in the
agri‑food sector, to integrate materially relevant envi‑
ronmental metrics into their annual reports, such as wa‑
ter consumption, gas emissions, and impacts on biodi‑
versity, with the same rigor required for financial ac‑
counting [26].

For agricultural accounting to keep pace with this
trend, it will be necessary to develop technical and reg‑
ulatory instruments that allow these indicators to be in‑
corporated into asset measurement, explanatory notes,
and strategic reporting, thus promoting a more sustain‑
able and evidence‑based governance model.

The scientific literature reveals growing dissatisfac‑
tion with current agricultural accounting models, which
are considered incapable of capturing the ecological,
technological, and social complexity of contemporary

agriculture. The emergence of environmental account‑
ing, natural capital theory, and digitalization in agricul‑
ture presents opportunities for accounting reform; how‑
ever, their practical application still faces technical, cul‑
tural, and regulatory challenges.

This research follows a critical and proactive line
of reflection on the role of accounting in the agricul‑
tural sector, in a context marked simultaneously by the
ecological transition and the increasing digitalization of
production processes. By combining theoretical foun‑
dations with normative and operational concerns, the
study seeks to transcend the traditional limitations of
economicmeasurement, proposing the integration of en‑
vironmental and technological dimensions into the fi‑
nancial reporting of agricultural holdings. Twenty‑first‑
century agriculture faces interdependent and increas‑
ingly complex challenges: on the one hand, the need
to ensure productivity and food security; on the other,
the urgency of aligning agricultural practices with the
principles of ecological sustainability and digital innova‑
tion. This new context imposes additional demands on
agricultural accounting systems, which are called upon
to evolve toward more comprehensive, transparent, and
transformative models.

Within this framework, the central objective of this
study is to critically assess the adequacy of currently pre‑
vailing agricultural accounting practices, with a special
focus on NCRF 17, in light of the challenges posed by en‑
vironmental sustainability and technological digitaliza‑
tion [18].

The aim is to identify the conceptual and opera‑
tional weaknesses of current measurement models and
explore alternatives that enable the recognition of eco‑
logical externalities, ecosystem services, and hybrid as‑
sets in a controlled and comparable manner. To achieve
this goal, the research proposes: (1) to analyze the limi‑
tations of NCRF 17 in measuring biological assets in sus‑
tainable contexts; (2) to explore the integration of en‑
vironmental metrics, such as carbon sequestration or
biodiversity preservation, into fair value criteria; (3) to
evaluate the accounting treatment of hybrid assets that
combine biological and technological capital, character‑
istic of Agriculture 5.0; (4) to investigate the potential
of digital technologies as sources of accountable and au‑
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ditable data with an impact on financial and ESG report‑
ing; (5) propose reportingmodels that incorporate tangi‑
ble environmental externalities and ecosystem services
in the annexes to the financial statements or in com‑
plementary indicators; and, finally, (6) identify norma‑
tive, institutional and cultural barriers that condition the
adoption of environmentally responsible and technolog‑
ically integrated accounting practices.

Based on these objectives, the study is structured
around five fundamental research questions: (i) To
what extent are current accounting systems, particularly
NCRF17, capable of reliably and transparently reflecting
the environmental and social impacts of agricultural ac‑
tivity? (ii) What potential do Agriculture 5.0 technolo‑
gies have for generating valuable data for measuring
value and valuing sustainable practices in financial re‑
porting? (iii) How can agricultural accounting incorpo‑
rate, in a controllable and comparable manner, the value
of ecosystem services generated by regenerative agricul‑
tural practices? (iv) What challenges and opportunities
arise from the integration of hybrid, biological, and tech‑
nological assets into farm accounting? (v) And, finally,
what regulatory and institutional conditions are neces‑
sary for agricultural accounting to cease being complicit
in environmental invisibility and become an active in‑
strument of sustainability?

The formulation of these objectives and research
questions is based on the identification of three critical
gaps in the literature and contemporary accounting prac‑
tice.

Firstly, there is a systematic disregard for environ‑
mental externalities in current normativemodels, which
continue to exclusively prioritize market metrics [9,15].

Secondly, there is a lack of auditable and widely ac‑
ceptedmethodologies for measuring natural capital and
ecosystem services, which makes it difficult to include
them in financial reports [8,12].

Thirdly, the gap between the technological ad‑
vances of Agriculture 5.0 and the capacity of current ac‑
counting systems to integrate this data as relevant and
validated evidence stands out [12].

Based on these assumptions, this research aims
to contribute to the development of a new conceptual
and operational framework that enables agricultural ac‑

counting to accurately and responsibly represent the
ecological and digital complexity characterizing the sec‑
tor, aligning with the principles of sustainability and in‑
novation.

3. Methodology
This research adopts a qualitative, exploratory, and

theoretical‑conceptual approach, focusing on a critical
analysis of accounting standards, scientific literature,
and institutional frameworks on agricultural account‑
ing, sustainability, and digitalization. The methodologi‑
cal strategy is based on developing normative proposals
and alternative reporting models that address the envi‑
ronmental and technological challenges currently faced
by the agricultural sector.

This is a conceptual investigation, framed within
the domain of theoretical research with normative and
propositional purposes [29], aligned with the assump‑
tions of critical and environmental accounting. It is
based on the premise that accounting is not a neu‑
tral measurement technique, but rather an institutional
construct with social, political, and ecological implica‑
tions [6,9]. Thus, by questioning the ability of current
standards, particularly NCRF 17, to reflect the environ‑
mental impacts andpositive contributionsof sustainable
agricultural holdings, the study adopts a critical stance,
while simultaneously being oriented towards the devel‑
opment of practical and applicable solutions.

The methodology is developed in three intercon‑
nected phases. The detailed methodological workflow,
including the three analytical phases, is presented inAp‑
pendix A.

First, a critical and in‑depth documentary analysis
of NCRF 17 – Agriculture was conducted, in conjunction
with IAS 41 – Agriculture, as well as the main interna‑
tional guidelines on sustainability reporting, including
the Natural Capital Protocol [7], GRI standards, EFRAG's
proposals within the scope of CSRD [30], and the models
proposed by the TNFD. This analysis identified relevant
gaps, particularly regarding the valuation of positive ex‑
ternalities, the recognition of hybrid assets, and the in‑
clusion of environmental metrics in measurement and
reporting models.
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Secondly, a systematic review of the scientific lit‑
erature was conducted, encompassing theoretical and
empirical studies published in reputable journals such
as Sustainability Accounting, Management and Policy
Journal, European Accounting Review, Agricultural Eco‑
nomics, Science, and Nature Sustainability. The litera‑
turewas analyzed based on fivemain themes: the limita‑
tions of traditional agricultural accounting models, nat‑
ural capital theory, advances in environmental account‑
ing, the impact of Agriculture 5.0, and emerging trends
in ESG standardization.

Finally, based on the articulation between the nor‑
mative analysis and the literature review, applicable
models were developed, including: an ecological fair
value proposal, adjusted by environmental metrics; a
simplified ESG template for agricultural holdings; a
structure for environmental explanatorynotes to be inte‑
grated into the financial statements; and a comparative
table between the traditional reporting and the reformu‑
lated proposal with ecological sensitivity.

To reinforce the practical applicability of the pre‑
sented proposals, two exemplary cases of Portuguese
farms that combine sustainable practices with techno‑
logical innovation were used as inspiration for this re‑
search: Esporão, SA, and Herdade do Freixo. Esporão,
located in the Alentejo region, is recognized for its or‑
ganic viticulture, the use of sensors and drones, and the
integration of ESG indicators in reports alignedwith GRI
standards. Herdade do Freixo, located in the munici‑
pality of Redondo, combines precision agriculture with
underground architecture and certified environmental
management. These cases, although not analyzed ex‑
haustively empirically, serve as qualitative illustrations
of a structural dysfunction between effective sustainable
practices and the current accounting model, reinforcing
the urgency of developing more sustainability‑sensitive
regulations.

Naturally, as this is conceptual research, it is not
based on quantitative data or direct empirical observa‑
tions. Although this delimitation is intentional, given
the normative and propositional orientation of the study,
it is recognized that future research may benefit from
the application of complementary empirical methodolo‑
gies. Among these, in‑depth case studieswith interviews

with accountants and managers, comparative analyses
between conventional and sustainable farms, and au‑
dit and materiality tests of the proposed environmen‑
tal metrics stand out. Despite the limitations inherent
to this type of approach, the adopted methodology al‑
lows us to combine theory, standards, and practice with
a transformative objective. By contributing to the ad‑
vancement of agricultural accounting as an autonomous
field of research and stimulating normative and institu‑
tional debate on the limits of current measurement, the
study provides a solid foundation for constructing new
accounting frameworks aligned with the ecological and
digital challenges of contemporary agriculture.

4. Results and Proposals
Based on normative analysis, literature, and illus‑

trative evidence of good sustainable agricultural prac‑
tices, this research presents a set of conceptual and oper‑
ational proposals aimed at overcoming the main obsta‑
cles to environmental visibility in agricultural account‑
ing. The results demonstrate that accounting, when re‑
formulated based on environmentalmetrics, digital tech‑
nologies, and amulti‑capital logic, can evolve froma tech‑
nical recording instrument into aproper systemthat sup‑
ports ecological sustainability and organizational trans‑
parency.

One of the main proposals developed in this study
is the adoption of the Ecological Fair Value (EVF) model,
which aims to overcome the limitations of the fair value
model established in NCRF 17/IAS 41. The fair value of
NCRF 17 continues to be based on observable market
prices, disregarding the environmental, social, or tech‑
nological attributes of biological assets. Therefore, a
complementary measurement model is proposed that,
while maintaining the market benchmark, integrates au‑
ditable quantitative environmental indicators. Table 1
illustrates this approach, demonstrating the differences
between the traditional fair value model and the (pro‑
posed) Ecological Fair Value model. The EFV model in‑
tegrates environmental metrics (biodiversity index, wa‑
ter efficiency, carbon sequestration) directly into asset
valuation alongside market price, enabling comparabil‑
ity and auditability.
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Table 1. Traditional fair value model vs. (proposed) ecological fair value model.
Biological Asset Traditional Fair Value Fair Ecological Value (Proposed)

Fruit orchard Expected production × price + Local biodiversity index + Water efficiency
Dairy cow with sensors Projected sales value + Reduction of methane emissions + Animal welfare
Agroecological forest Market value of wood + Tons of CO₂ sequestered + Aquifer protection

The proposed JVE model is not intended to replace
the current fair value criterion, but rather to comple‑
ment it with objective environmental data, which will
be disclosed in explanatory notes to the financial state‑
ments or in integrated ESG reports. The JVEmodel (Joint
Value of Ecology) measures the combined economic and
ecological value of hybrid assets, distinguishing biologi‑
cal from technological components formore transparent
reporting.

To operationalize these metrics and ensure their
comparability, we also propose the adoption of a simpli‑
fied ESG template adapted to the realities of agricultural
holdings. This standardized indicatormodel enables the
systematization of data collection through technologies
associated with Agriculture 5.0, including IoT sensors,
drones, and geographic information systems. The pro‑
posal is presented in Table 2.

Table 2. ESG template proposal.
Dimension ESG Indicator Frequency Data Source

Environmental Water consumption per hectare Monthly Irrigation sensors
Environmental Carbon sequestered by culture Annual Ground/satellite models
Environmental Percentage of area with ecological coverage Quarterly Drone/NDVI images
Social Environmental training for workers Annual Human Resources
Technological Percentage of areas monitored digitally Biannual Sensor inventory

The suggested template can be used as an annex to
financial reports or as a voluntary ESG reporting supple‑
ment, facilitating the integration of environmental prac‑
tices into formal reporting systems and increasing audit
control of the information provided.

At the same time, recognizing that regulatory mod‑
els do not yet enable the direct measurement of posi‑
tive externalities on the balance sheet, we suggest in‑
cluding an Environmental Explanatory Note in the fi‑
nancial statements to address this gap. This note, both
qualitative and quantitative, would facilitate an appre‑
ciation of the ecological contributions of the practices
adopted by agricultural holdings, even if they have no
direct impact on accounting balances. An example of
wording could be as follows: Note X – Ecological Exter‑
nalities of Agricultural Activity: During the 2024 finan‑
cial year, the farm adopted regenerative practices that
resulted in: Estimated retention of 16 tons of CO₂; A 28%
reduction in water consumption per hectare; Regener‑
ation of 2 hectares of soil with permanent vegetation
cover; Preservation of 3 endangered pollinator species.
Although these contributions do not directly impact the
financial statements, they are disclosed as part of the

farm's commitment to environmental transparency and
sustainability, thereby ensuring its reputation for envi‑
ronmental and sustainable practices.

Another innovative proposal focuses on the inte‑
gration of hybrid assets, that is, those resulting from
the combination of biological elements with digital tech‑
nologies. Traditional agricultural accounting does not
adequately account for assets such as sensor‑equipped
cows, automated greenhouses, or artificial intelligence‑
controlled irrigation systems. Therefore, the proposal is
to create an intermediate accounting category or asso‑
ciated subaccounts that distinguish the value of the bio‑
logical asset from the value of the incorporated techno‑
logical investment. For example, in the case of a dairy
cowwith sensors, the dairy cow could be considered the
main asset; the market value of the cow could be con‑
sidered a (biological) sub‑asset, namely, the monitoring
sensors, smart feeding devices, and others.

This distinctionwould enable the partial capitaliza‑
tion of technological investments directly related to the
productivity and environmental sustainability of living
assets, promoting greater fairness and transparency in
the accounting recognition of innovation.
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The proposals presented in this study contribute to
increasing environmental transparency in agricultural
holdings' financial reporting, recognizing data gener‑
ated by Agriculture 5.0 as legitimate sources of account‑
ing information, valuing sustainable practices currently
invisible in the balance sheet, and anticipating emerg‑
ing regulatory trends, such as those outlined in the CSRD
and the new ESG reporting standards. These proposals
are designed for progressive implementation and can be
adopted voluntarily by agricultural entities, pending reg‑
ulatory developments and the institutional legitimiza‑
tion of the new proposed measurement and reporting
models.

5. Discussion
The results of this research highlight a structural

mismatch between the challenges of sustainability in
agriculture and current accounting models. In particu‑
lar, NCRF 17 – Agriculture, by adopting fair value as the
exclusive criterion for measuring biological assets, re‑
produces an economistic view of value, focused solely
on market flows. This logic overlooks relevant environ‑
mental and social externalities, thereby compromising
the ability of financial reporting to accurately represent
the ecological and technological realities of contempo‑
rary agriculture [9,15]. These findings are consistent with
prior analyses by Schaltegger and Burritt [6] and Raga‑
zou et al. [19], who also emphasize the importance of inte‑
grating environmental metrics into agricultural account‑
ing. However, our model advances by incorporating
Agriculture 5.0 data streams and ESG policy alignment.
These findings align with previous works, such as Beb‑
bington [25] and Cho et al. [27], which emphasise the gap
between sustainability discourse and its operationalisa‑
tion in accounting. However, our proposals extend the
literature by operationalising ecological metrics within
fair value and hybrid asset frameworks, providing a con‑
crete pathway for integration.

The logic of accounting neutrality, historically ori‑
ented toward objective and verifiable measurement, has
been the target of increasing criticism from critical and
environmental accounting. These authors highlight the
effects of ecological invisibility resulting from practices
that treat all biological assets indiscriminately, regard‑

less of whether they are managed using sustainable or
intensive methods. By omitting essential dimensions of
value creation, such as ecosystem regeneration and cli‑
mate changemitigation, financial reports become incom‑
plete and unsuited to contemporary demands [6,8,13,25].
The proposals presented in this study, such as fair eco‑
logical value, the environmental explanatory note, and
the ESG template, emerge as mechanisms to overcome
this apparent neutrality, repositioning agricultural ac‑
counting as an active instrument of sustainability.

In this context, through the integration of sensors,
drones, and artificial intelligence, Agriculture 5.0 gener‑
ates high‑quality, auditable environmental data, offering
remarkable potential to advance the traceability and re‑
sponsiveness of accounting systems. However, the lack
of regulations that recognize such data as valid account‑
ing inputs limits their formal integration into financial
reporting. This regulatory gap prevents the valorization
of the potential generated by technological innovations,
thereby deepening the gap between agricultural prac‑
tice and traditional accounting [31,32]. Thus, the proposal
to recognize hybrid assets that combine biological and
technological capital represents an effort to update ac‑
counting models to the new productive reality, where
value is co‑created between nature and technology.

At the same time, it is essential to acknowledge that,
although ESG reporting has proliferated in recent years,
its integration into financial accounting remains limited.
According to Cho et al. [27], many of these reports operate
in conjunction with the traditional accounting system,
utilizing unaudited metrics based on often inconsistent
voluntary frameworks. However, the regulatory land‑
scape is undergoing rapid changes. The entry into force
of the new European Corporate Sustainability Reporting
Directive (CSRD), along with the European Sustainabil‑
ity Reporting Standards (ESRS) and the emerging Task‑
force on Nature‑related Financial Disclosures [24], guide‑
lines, signals a turning point. These regulations require
companies to integrate relevant, reliable, and control‑
lable environmental and social information into their of‑
ficial reports. The proposals outlined in this study align
with this regulatory evolution, anticipating regulatory
requirements and offeringmodels that can be tested and
adjusted by primary sector organizations.
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These transformations will inevitably have pro‑
found repercussions on the accounting profession. Most
professionals still lack the necessary training to effec‑
tively deal with ecological metrics, non‑financial data,
or concepts such as natural capital and ecosystem ser‑
vices [28]. This reality will require ongoing academic
training, investment in environmental literacy, and the
fostering of a professional culture more aligned with the
principles of sustainability. Accounting thus ceases to
be amere system for recording past transactions and be‑
comes a strategic language for anticipating, valuing, and
planning sustainably.

At a theoretical level, the results of this research re‑
inforce the need to broaden the concept of value used
in accounting. As stated by Gray et al. [9] and Schal‑
tegger and Burritt [6], accounting value cannot remain re‑
stricted to monetary flows: it must necessarily incorpo‑
rate ecological and social dimensions, which are increas‑
ingly crucial for business continuity, organizational legit‑
imacy, and access to sustainable financing. The ecolog‑
ical value accounting proposal presented in this study
constitutes a step in this direction, preserving the techni‑
cal integrity of the accounting system but reconfiguring
the criteria and metrics underlying its measurement.

Despite the theoretical and normative contribu‑
tions developed here, it is essential to acknowledge that
this research is conceptual and does not involve direct
empirical validation of the proposed models. Therefore,
as a line of research, we suggest developing future stud‑
ies that could apply these proposals to specific cases, test
the feasibility of independent auditing of environmental
metrics integrated into fair value, assess the perceptions
of stakeholders, including accountants, farmers, and in‑
vestors, regarding the usefulness and legitimacy of these
approaches, and analyze their applicability in different
geographic, legal, and institutional contexts. Such em‑
pirical research will consolidate the foundations laid in
this work and contribute to a more robust and legiti‑
mate transformation of agricultural accounting toward
sustainability.

6. Conclusion
This study highlighted that agricultural accounting,

based primarily on NCRF 17 and IAS 41, remains insuf‑

ficient to reflect the ecological, technological, and social
complexity of contemporary agriculture. Measurement
based solely on fair market value disregards positive en‑
vironmental externalities, such as carbon sequestration
or soil regeneration, and discourages sustainable agri‑
cultural practices. Although technically coherent, this
model proves to be ethically limited and economically
restrictive, particularly in contexts where the value of
agricultural assets depends on their ecological responsi‑
bility and the environmental impact of the practices em‑
ployed.

This conceptual and critical research proposed a
set of accounting reform models designed to overcome
these limitations. Among the most relevant contribu‑
tions are the concept of Ecological Fair Value, which com‑
plements market value with controllable environmen‑
tal metrics; a proposed ESG template adapted to agri‑
culture, supported by data from emerging technologies
such as sensors and drones; the introduction of an envi‑
ronmental explanatory note as a transitionalmechanism
for recognizing positive externalities; and the proposed
accounting integration of hybrid assets, which combine
biological and technological elements. These proposals
aim not only to fill gaps in the current accounting model
but also to anticipate international regulatory develop‑
ments, particularly within the scope of the CSRD, ESRS,
and TNFD, contributing to more transparent, practical,
and sustainable agricultural accounting.

From a theoretical perspective, this study rein‑
forces criticism of the supposed neutrality of financial
accounting, arguing that the invisibility of environmen‑
tal externalities constitutes an obstacle to sustainable
decision‑making. At the same time, it advocates expand‑
ing the concept of accountable value to include natural
capital and ecosystem services, in order to reflect value
creation in the agricultural sector more fully. Thus, it
proposes that accounting assume a transformative role,
moving beyond being merely a descriptive tool to be‑
come a strategic instrument supporting technological in‑
novation and environmental sustainability.

On a practical level, the results of this study have di‑
rect implications for various target audiences. Accoun‑
tants and auditors must prepare to deal with environ‑
mental metrics and non‑financial data, requiring ongo‑
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ing training and professional development. Agricultural
companies, especially those that are more innovative
and focused on sustainable practices, require reporting
systems that are consistent with their operations and ca‑
pable of capturing and communicating ecological value.
Education and training institutions must review their
curricula to incorporate topics related to environmen‑
tal, digital, and critical accounting. Finally, legislators
and regulatory bodies are called upon to review current
measurement and reportingmodels to ensure they effec‑
tively meet the objectives of the green and digital transi‑
tion.

Based on these conclusions, a progressive revision
of NCRF 17 and IAS 41 is recommended to incorporate
sustainability metrics and specific guidance for hybrid
assets. It is also desirable that EFRAG or similar enti‑
ties develop sector‑specific application guides for agri‑
culture within the scope of the CSRD, and that institu‑
tional support for pilot projects of ecological accounting
in the primary sector be encouraged, based on the pro‑
posals presented here. The creation of specific national
or regional technical standards for agricultural ESG re‑
porting could facilitate the adaptation of family farms,
rural SMEs, and cooperatives to the new requirements.
To this end, it will be essential to promote interdisci‑
plinary dialogue between accountants, agricultural engi‑
neers, ecologists, and economists, ensuring a pluralistic
and robust construction of value measurement systems.

Finally, this research opens multiple avenues for
future empirical and interdisciplinary studies. We sug‑
gest applying the proposed models to real‑world case
studies, analyzing stakeholder acceptability, investigat‑
ing the economic impact of adopting environmentalmet‑
rics on access to sustainable financing, and developing
digital tools that automatically integrate environmental
data into agricultural accounting systems, such as intel‑
ligent dashboards.

Agriculture is a sector that not only produces food
but also shapes ecosystems, impacts the climate, and
structures rural areas. Ignoring these impacts in finan‑
cial accounting perpetuates an incomplete and, at times,
unfair view of the actual value generated. Accounting,
therefore, plays a central role in the transition to sustain‑
able and resilient productionmodels. This study aims to

contribute to this transformation by presenting viable
proposals that reconcile technical rigor, regulatory in‑
novation, and environmental responsibility. More than
a technical exercise, the agricultural accounting reform
proposed in this paper represents a commitment to eco‑
logical justice, sustainable innovation, and intergenera‑
tional responsibility.

7. Study Limitations, Practical Rec‑
ommendations, Policy Implica‑
tions, and SDG Alignment
This study is conceptual and does not include

empirical validation of the proposed models. There‑
fore, future research should consider implementing pi‑
lot projects, conducting case studies, and engaging stake‑
holders to assess the feasibility and reliability of inte‑
grating ecological metrics into agricultural accounting.
Practical recommendations should also include develop‑
ing national guidelines for ecological fair value, train‑
ing accountants in environmental metrics, and leverag‑
ing Agriculture 5.0 technologies for auditable data flows.
Future studies should also consider the policy impli‑
cations of aligning national standards with CSRD and
ESRS requirements and providing incentives to farms
that adopt hybrid asset recognition. The framework for
future research should therefore support SDG 2 (Zero
Hunger), SDG 12 (Responsible Consumption and Pro‑
duction), SDG 13 (Climate Action), and SDG 15 (Life on
Land).
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Appendix A. Methodological Proce‑
dures

This appendix outlines the procedures employed to
conduct the normative‑documentary analysis and to de‑
velop the proposals presented in the paper.
1. Sources and Selection Criteria:

• Accounting standards and guidance: NCRF 17, IAS
41, Natural Capital Protocol (2016), GRI Standards,
EFRAG ESRS drafts (2023), TNFD (2023).

• Scientific literature: peer‑reviewed articles from
Sustainability Accounting, Management and Policy
Journal, European Accounting Review, Agricultural
Economics, Accounting, Organizations and Society,
Science, and Nature Sustainability.

• Institutional and practice documents: sector re‑
ports and guidance relevant to Agriculture 5.0 and
ESG in agriculture.
Inclusion criteria: relevance to agricultural

accounting measurement/reporting, sustainabil‑
ity/natural capital integration, or digitalization (Agri‑
culture 5.0). Exclusion criteria: opinion pieces without
methodological transparency; duplicated content.
2. Data Extraction and Coding:

For each source, we extracted (i) objectives and
scope, (ii) measurement/recognition rules, (iii) treat‑
ment of environmental externalities, (iv) data require‑
ments and auditability, and (v) references to digital data
streams. Data were coded into the following thematic
categories: regulatory limitations, natural capital and
ecosystem services, environmental/critical accounting,
digitalization, and ESG/CSRD pressures.
3. Analytical Procedure:

Step 1 – Mapping gaps: contrasted NCRF 17/IAS
41 requirementswith the thematic categories to identify
omissions (e.g., absence of mechanisms for positive ex‑
ternalities, hybrid assets).

Step 2 – Design logic: for each gap, formulated a
proposal aligned with auditability, comparability, and
feasibility (short‑to‑medium term).

Step 3 – Triangulation with practice: confronted
proposals with illustrative cases (e.g., Portuguese farms
using sensors/drones and ESG reporting) to test clar‑
ity, data availability, and reporting placement (notes vs.
main statements).

Step 4 – Consistency checks: verified internal co‑
herence with ESRS materiality concepts and the poten‑
tial use of verifiable digital data (sensors, remote sens‑
ing).
4. EFV (Ecological Fair Value) Operationalization
Template:

• Baseline: market‑based fair value as per NCRF
17/IAS 41.

• Environmental adjustments (quantitative ad‑
denda disclosed in notes): biodiversity index,
water‑use efficiency, carbon sequestration, soil
cover/regeneration metrics.

• Data provenance: on‑farm sensors/IoT, remote
sensing (NDVI), certified inventories; indicate fre‑
quency and validation method.

• Audit trail: maintain raw data logs, calibration
records, and independent verification statements
where available.

5. JVE (Joint Value of Ecology) for Hybrid Assets:

• Asset decomposition: separate biological compo‑
nent (e.g., dairy cow) and embedded technological
component (e.g., sensor suite, smart feeders).

• Measurement: disclose cost/fair value of tech com‑
ponent; report environmental performance met‑
rics linked to the hybrid asset (e.g., methane reduc‑
tion, animal welfare index).

• Reporting location: primary recognition under ex‑
isting rules; ecological metrics in notes/ESG sched‑
ule with cross‑references.

6. Quality Assurance and Limitations:
Procedures were reviewed for transparency, repli‑

cability, and alignment with emerging regulations; how‑
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ever, empirical field tests and third‑party audits were
not performed within this conceptual study.
7. Replicability Package (suggested):

Provide a checklist for practitioners (sources con‑
sulted, metrics chosen, data frequency, validation
method) to replicate the analysis within their farms.
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