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ABSTRACT
Agriculture’s “4.0” transition increasingly relies onartificial intelligence (AI), IoT sensing, robotics, anddecision‑

support. This review synthesizes Q1/Q2 scholarship, multilateral policy, and national AI strategies to assess how
AI is changing farm stewardship and what guardrails align innovation with equity and sustainability. Methods
combine a systematic literature review, comparative policy analysis (FAO, OECD, India’s #AIForAll, Rwanda AI
Policy), NLP‑assisted meta‑synthesis of agri‑AI discourse, theological analysis of stewardship texts (Gen. 1:26–
28, Gen. 2:15), and case illustrations (precision irrigation, UAV spraying, mobile advisory). Results show AI im‑
proves resource‑use efficiency and foresight (e.g., precision irrigation; targeted drone spraying) while introducing
risks of dependency, opacity, and data‑extractive business models. We propose a multi‑level governance scaffold—
farmer‑centric data rights, explainability thresholds, context‑appropriate human oversight, and compute‑energy
budgeting—mapped to Responsible Innovation (AIRR) and Value‑Sensitive Design. We translate stewardship into
measurable design constraints (e.g., water‑withdrawal andbiodiversity “red lines,” local‑language interfaces, offline
capability). Policy implications include numbered‑style impact assessments, mandatory farmer representation on
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regional AI councils, and adoption equity metrics. Properly governed, AI can act as a tool of care for households,
communities, and creation rather than a driver of technocratic consolidation.
Keywords: Precision Agriculture; Internet of Things (IoT); Agricultural Robotics; AI Governance; Responsible In‑
novation; Value‑sensitive Design; Farmer Data Rights; Sustainable Food Systems

1. Introduction

Artificial intelligence is now entangled with how
societies feed people and care for land. This study ap‑
proaches that question through a stewardship ethic in‑
formed by Scripture, which calls humans to cultivate
and keep creation as God’s possession (Gen 1:26–28;
Gen 2:15; Ps 24:1), while prioritizing the good of neigh‑
bors (Matt 22:37–39). Within that orientation, we eval‑
uate concrete designs and policies for AI in agriculture
on whether they advance human dignity, household re‑
silience, and care for creation in practice.

This study offers (i) an integrated governance lens
that binds Responsible Innovation and Value‑Sensitive
Design to a stewardship ethic, and (ii) a paste‑ready
“guardrail” toolkit for agricultural AI—farmer‑centric data
rights, explainability thresholds, context‑appropriate hu‑
man oversight, and compute‑energy budgets—plus indica‑
tors for evaluation at program and product levels. Techni‑
cally, the paper translates ethics into implementable con‑
straints: model cards that document data provenance and
known failure modes; explanation thresholds tied to deci‑
sion stakes; offline‑first UIs localized for literacy and lan‑
guage; and energy/compute budgets tied to on‑farm de‑
vices. These choices align with emerging edge‑AI practice
in agriculture, where shifting inference to the farm gate re‑
duces latency, bandwidth, and energywhile improving pri‑
vacy.

1.1. Background

Global agriculture is entering a data‑intensive, AI‑
enabled phase often labelled Agriculture 4.0, yet its sig‑
nificance is less about slogans than about whether it
can help feed a growing and aging world under tight
environmental constraints. Three trends sharpen AI’s
relevance in agriculture: population growth and aging,
food‑demand increases of roughly 35–56%by 2050, and

climate‑risk pressures on yields [1–3]. At the same time,
a meta‑analysis of 57 studies finds global food demand
will increase by roughly 35–56% between 2010 and
2050; these trajectories tighten the margin for error on
land, water, biodiversity, and emissions [2]. AI and digital
tools—ranging from edge‑AI sensing and decision sup‑
port to robotics and autonomous systems—are there‑
fore being explored as levers for higher resource‑use ef‑
ficiency, resilience, and transparency across agri‑food
value chains [4–6].

Amid this technological turn, adoption is uneven
and risks amplifying structural inequities if not gov‑
erned well. The FAO–ITU survey of 47 sub‑Saharan
African countries documents substantial gaps in rural
connectivity, skills, and enabling policies that shapewho
benefits from digital agriculture and on what terms [7].
Moreover, the energy and computing demands of ad‑
vanced AI raise questions of environmental externalities
and green AI practices that must be confronted in agri‑
culture’s sustainability calculus [8].

Within Christian thought as governed by Scripture,
dominion is a call to serve rather than to exploit, and
stewardship requires ordering technologies to the good
of persons made in the image of God and to the care of
creation as God’s possession (Gen. 1:26–28; 2:15; Ps.
24:1). On that basis, ethical evaluation of AI in agri‑
culture must prioritize human life, justice for the poor,
and truthful, accountable governance, with environmen‑
tal care positioned as a servant to these biblical ends
rather than as a competing ultimate good. While Scrip‑
ture repeatedly affirms the intrinsic worth of the non‑
human creation (Ps. 24:1; Rom. 8:19–22), it also lo‑
cates humanity uniquely ‘a little lower than the angels’
and charged to exercise dominion for the good of peo‑
ple first, then planet (Gen. 1:26‑28; Ps. 8:4–8). Conse‑
quently, ecological stewardship must be assessed by its
service to human flourishing rather than the reverse [9].
This paper responds to that call by operationalizing a
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Biblical ethics of stewardship alongside contemporary
frameworks in responsible and value‑sensitive design
for AI in agriculture. Within a stewardship worldview,
these technologies must therefore be weighed not only
for efficiency but for their capacity to ‘watch over’ the
Earth in the sense of Genesis 2:15—a theme that the
present study brings to the centre of AI‑agriculture dis‑
course. The Sixth Assessment Synthesis Report of the
IPCC confirms that without drastic yield‑boosting and
emissions‑mitigating innovations, climate‑induced crop
losses could exceed 10 percent in staple regions before
mid‑century [3]. Independent agronomic syntheses like‑
wise findnegative yield responses towarmingacrossma‑
jor staples, strengthening the prudential case for adap‑
tive management in agriculture irrespective of any sin‑
gle institution’s scenarios [10,11]. In this article, steward‑
ship functions as a normative orientation that prioritizes
the protection of life, households, and the created order.
Design and governance instruments are treated asmeth‑
ods, retained insofar as they deliver those ends in prac‑
tice.

1.2. Research Problem

Despite a surge of AI pilots across the agri‑food
system—from edge sensing to autonomous robotics—
normative integration remains thin. Deployments rarely
weave a Biblical ethic of stewardship together with the
procedural discipline of Responsible Research and Inno‑
vation (RRI) and Value Sensitive Design (VSD), and they
seldom embed farmer‑centric data governance or life‑
cycle environmental accounting from the outset. Con‑
sequently, local efficiency gains often rest on fragile so‑
cial contracts regarding data rights, algorithmic opac‑
ity, and burden‑sharing of environmental costs [12]. Map‑
ping studies show that the agricultural‑AI literature still
treats social and ethical questions as peripheral, with
transparency, dignity, and solidarity among the least‑
addressed principles [13]. Meanwhile, proposals such as
the United Nations Global Digital Compact (GDC), an‑
nexed to the 2024Pact for the Future, convene high‑level
discussion of AI governance but remain non‑binding and
contested, with scope and enforcementmechanisms still
unsettled [14,15]. From a stewardship‑and‑subsidiarity

perspective, such compacts risk recentralizing authority
inways thatweaken local accountability unless carefully
delimited to technical cooperation and transparent data
sharing. Accordingly, this study treats the GDC as a data‑
point on emerging coordination, not a source of norma‑
tive direction for agriculture ethics or governance.

For producers in the Global South, these gaps in‑
tersect with stubborn digital divides in connectivity,
skills, and enabling regulation, narrowing the reachable
benefits of AI and heightening the risks of algorithmic
exclusion and data‑extractivist business models [7,16].
OECD analysis further warns that fragmented agricul‑
tural data‑governance arrangements erode farmer trust
and could stall digital‑transformation gains [17]. In short,
the velocity of AI deployment now outpaces our ethical
and governance capacities, threatening to reproduce—
and in some contexts deepen—long‑standing agrarian
inequities.

At the level of design and governance theory, RRI’s
anticipatory, reflexive, inclusive, and responsive (AIRR)
schema offers a well‑tested path for aligning innovation
with societal values [18], while VSD provides complemen‑
tary methods for surfacing and embedding stakeholder
values throughout technical lifecycles [19,20]. Yet no con‑
solidated framework currently (i) grounds these proce‑
dural commitments in a Biblical theology of steward‑
ship, (ii) translates stewardship into concrete guardrails
for data, models, compute, and deployment contexts in
agriculture, and (iii) stress‑tests those guardrails against
2035 horizon scenarios. Bridging this multidimensional
gap—so that innovation becomes a ministry of care
rather than an instrument of exclusion—is the central
problem this study addresses.

Research need: To address this gap, wemust criti‑
cally evaluate how macro‑trends in AI‑agriculture inter‑
sect with ethics and governance, especially in the Global
South context. This paper respondsbyproposing anovel
integration of three frameworks — Responsible Innova‑
tion (RI), Value‑Sensitive Design (VSD), and Theological
Stewardship— as a lens to analyze and guide AI’s role in
agriculture. We ask: How can emerging technologies be
governed so that farming is not reduced to a technocratic
exercise, but remains rooted in humane values, social
justice, and environmental care? What would it mean to
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design AI systems for agriculture that honor farmers’ au‑
tonomy, community wisdom, and even spiritual world‑
views about caring for the land?

1.3. Research Objectives

This study pursues four linked objectives that to‑
gether translate stewardship from moral vision into op‑
erational governance for AI in agriculture. First, it in‑
tegrates a Biblical stewardship ethic with RRI and VSD
into a coherent evaluative lens tailored to agri‑food con‑
texts. Second, it analyzes macro‑trends and represen‑
tative initiatives (North and South) to surface recur‑
ring design tensions in data governance, accountabil‑
ity, and environmental externalities. Third, it proposes
a set of field‑tested governance guardrails—covering
farmer‑centric data rights, transparency and explainabil‑
ity thresholds, context‑appropriate human oversight,
and compute‑energy budgeting—that can be adopted by
public agencies, standard‑setting bodies, and innovators.
Fourth, it conducts foresight to 2035 to stress‑test these
guardrails under plausible futures of climate volatility,
demographic change, and digital market consolidation,
clarifying implementation pathways and measurable in‑
dicators.

1.4. Research Questions

The analysis is organized around three questions
that proceed from descriptive mapping to normative de‑
sign and institutional implementation. Drawing on the
foregoing objectives, the study pursues the following
three interlocking research questions:

RQ1. How does integrating AI into agriculture re‑
shape human stewardship of land and food systems?

RQ2. What ethical and spiritual risks emerge
when intelligent agriculture displaces traditional agrar‑
ian ethics and community practices?

RQ3. How can governance frameworks embed
theological and ethical principles—stewardship, equity,
and justice—into the development of intelligent agricul‑
ture?. These questions scaffold the analytic sequence de‑
veloped in Sections 4.1 through 4.3, ensuring conceptual
continuity from inquiry to insight.

We hypothesize:

H1: That combining RI, VSD, and theological steward‑
ship principleswill illuminate novel ethical considerations
(e.g., spiritual and cultural factors) often overlooked in
purely secular tech governance models.

H2: That case studies will show differences between
Global North and South in how values and risks mani‑
fest — supporting a hypothesis that one‑size‑fits‑all AI
ethics guidelines are insufficient, and context‑sensitive (es‑
pecially faith/culture‑informed) adaptations are needed.

H3: That a stewardship‑oriented, responsible innova‑
tion approach can yield concrete policy and design rec‑
ommendations (a “guardrail” toolkit) which, if imple‑
mented over the next decade, will measurably improve
outcomes like smallholder AI adoption rates, reduction in
digital inequalities, and stakeholder trust in AI systems
(as indicated by surveys or participatory evaluations).
These hypotheses are testable in future empirical work
via comparative policy studies and community‑based re‑
search, though in this paper, we address them through
secondary evidence and conceptual analysis. In resolving
these questions, we braid insights from Responsible Inno‑
vation, Value‑Sensitive Design, and Theological Steward‑
ship, thereby constructing an analytic lens capable of cap‑
turing both the macro‑institutional and micro‑design dy‑
namics documented in our findings.

2. Theoretical Framework
To bridge the domains of ethics, theology, and tech‑

nology policy, we draw on three complementary frame‑
works: Responsible Innovation (RI), Value‑Sensitive De‑
sign (VSD), and a Theological Stewardship paradigm.
Each offers insights at different levels (system, design,
and normative worldview), and together they form an
integrated lens for examining AI in agriculture.

2.1. Responsible Innovation Theory (RRI)

Rooted in science and technology studies, RI pro‑
vides a paradigm for anticipating and governing techno‑
logical change in alignment with societal needs and val‑
ues. A foundational model by Stilgoe, Owen, and Mac‑
naghten [18] outlines four key dimensions: anticipation
(systematically thinking through potential impacts, in‑
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cluding unintended consequences), inclusion (engaging
diverse stakeholders in dialogue and co‑creation), reflex‑
ivity (continuous self‑examination by innovators regard‑
ing purposes and assumptions), and responsiveness
(ability to change course or adapt in light of new knowl‑
edge and public values) [21,22]. The AIRR dimensions (an‑
ticipation, inclusion, reflexivity, responsiveness) disci‑
pline research and deployment to foresee risk, include
stakeholders, and adapt to values‑concordant outcomes..
In agriculture, RI encourages broad participation – farm‑
ers, communities, policymakers, and scientists collec‑
tively reflecting on questions like: What kind of farm‑
ing future do we desire? and Who wins or loses with AI
deployment? [16]. RI also emphasizes governance mech‑
anisms (standards, regulations, ethical guidelines) that
can steer AI development towards societal benefit and
away from harm. For example, an RI approach might
mandate ex ante impact assessments for an AI farm‑
ing tool and inclusive committees to oversee its roll‑out,
aligning with the idea that innovators carry a duty to
care for society’s well‑being [16]. By providing a struc‑
ture to foresee risks (like widening inequalities or envi‑
ronmental side‑effects) andproactivelymanage them, RI
theory grounds our study in a preventive and participa‑
tory ethics of innovation. These instruments have no in‑
dependent moral authority; they are retained only inso‑
far as they serve biblically revealed ends (love of neigh‑
bor and faithful care for creation as God’s possession).

2.2. Value‑Sensitive Design (VSD)

While RI operates at a policy and system level, VSD
offers a methodological approach at the design level to
incorporate human values throughout technology devel‑
opment. Originating in human‑computer interaction re‑
search, VSD is defined as a theoretically grounded ap‑
proach to the design of technology that accounts for
human values in a principled and comprehensive man‑
ner [23]. Pioneered by Batya Friedman and colleagues,
VSD insists that technologies are not value‑neutral instru‑
ments; designers inevitably make choices that favor cer‑
tain values over others. VSD provides techniques to sys‑
tematically identify stakeholders (both direct users and
those indirectly affected) and elicit their values and con‑
cerns [19,20]. It integrates conceptual investigations (clar‑

ifying which values — e.g., privacy, fairness, autonomy,
sustainability — are at stake), empirical investigations
(studying how people perceive and experience the tech‑
nology), and technical investigations (designing features
to support prioritized values) [23,24]. Applied to AI in agri‑
culture, VSD would, for instance, involve farmers in co‑
designing an AI irrigation system to ensure it aligns with
their values (like equitable water sharing, usability for
those with low literacy, or respecting indigenous knowl‑
edge about weather patterns). It might lead to design
choices such as privacy safeguards on farm data or in‑
terfaces in local languages to uphold inclusivity. Cru‑
cially, VSD moves beyond abstract principles by embed‑
ding values into practical design requirements. For ex‑
ample, if equity is a core value, a VSD process might re‑
quire an AI crop advisory app to work offline for commu‑
nitieswith poor internet, or to use low‑cost smartphones,
so as not to exclude poorer farmers [7,25]. In summary,
VSD provides the micro‑level tools ensuring that AI sys‑
tems are engineered from the ground up to reflect ethi‑
cal values and the lived realities of stakeholders, rather
than retrofitting ethics after deployment. In agricultural
deployments, we operationalize stewardship via design
constraints: offline functionality for low‑connectivity re‑
gions; interfaces in local languages; minimum explana‑
tion granularity (feature‑level factors influencing a rec‑
ommendation); and “red‑line” constraints that prevent
the system fromrecommending actions exceeding locally
set thresholds for water withdrawal or habitat loss.

2.3. Theological Stewardship Framework

Theological stewardship, grounded in Scripture
alone, affirms that “the earth is the LORD’s” (Ps. 24:1)
and that human beings are commissioned “to work and
to keep” the garden (Gen. 2:15). Stewardship there‑
fore binds agricultural practice to worshipful obedience
and neighbor‑love: technologies may be used, but never
as masters of human beings or creation. Because men
and women uniquely bear the image of God (Gen. 1:26–
28), agricultural innovation must be evaluated first by
its effects on human life, households, and communities,
and then by its effects on the land they cultivate. Schol‑
arly treatments within evangelical theology corroborate
this readingwithout adding extra‑biblicalmagisterial au‑
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thority: they draw the same lines from Genesis 1–2, the
Psalms, and the Prophets to show that creation care is an
implication of covenant faithfulness ordered to human
dignity—not a rival good that can override it [26,27]. In
what follows, Scripture remains the norm that norms;
design and governance frameworks are received as sub‑
ordinate tools. Recent evangelical treatments converge

on this hierarchy of ends—human life and household
livelihoods ordered to the love of neighbor [9,27]—while
affirming creation’s intrinsic worth under God’s owner‑
ship (Ps. 24:1; Gen. 2:15). This paper therefore receives
non‑biblical sources as historically contingent aids to
prudence, not as coequal magisteria (see Figure 1 for a
schematic overview).

Figure 1. Multi‑level model aligning Responsible Innovation (policy), Value‑Sensitive Design (design/deployment), and stew‑
ardship (core values). Bidirectional arrows indicate feedbackbetween community values, design requirements, and governance.
Source: authors’ elaboration.

By bringing these frameworks together, we can
analyze AI in agriculture through a multi‑level ethical
lens. Responsible Innovation gives us a macro‑structure
to evaluate policies, research agendas, and innovation
ecosystems (the system‑level), asking if they are antic‑
ipatory and inclusive. Value‑Sensitive Design operates
at the actor‑level, i.e., the practices of engineers, devel‑
opers, and designers who build AI systems — ensur‑
ing that concrete design decisions reflect ethical choices.
Theological Stewardship provides an overarching value
system and narrative that can guide both levels with
moral purpose — reminding us why we seek responsi‑
ble, value‑driven innovation in the first place. It frames
the ultimate ends: sustaining God’s creation (the land,

biodiversity) and uplifting the least advantaged of our
neighbors (justice and love in community). In prac‑
tical governance terms, this integration suggests, for
example, that a national AI‑agriculture strategy in an
African country should be shaped by participatory fore‑
sight (RI) that involves farmers and faith leaders, that
it should mandate value‑sensitive approaches in project
implementation, and that it explicitly incorporate cul‑
tural/religious principles of stewardship (such as land
as heritage rather than mere commodity). Our theoret‑
ical framework thus balances technical innovation with
moral responsibility. It will be used in the following sec‑
tions as an analytical template: we will examine real‑
world cases and policies to see to what extent (and how)
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they align with or deviate from these ideal principles,
and we will propose ways to better integrate these di‑
mensions in the governance of AI in agriculture.

3. Methodology
This study employs a multi‑method secondary re‑

search design, leveraging diverse sources of evidence
to build a comprehensive understanding. Given the in‑
terdisciplinary scope— spanning agriculture, AI, ethics,
theology, and development policy—a single empirical
study could not capture all dimensions. Instead, we
synthesize findings from existing research and data
(“research‑on‑research”), ensuring triangulation across
methods for robustness. The approach includes:

3.1. Systematic Literature Review

We conducted structured searches in academic
databases (Scopus, Web of Science) and SSRN preprints
for peer‑reviewed articles on AI in agriculture (with key‑
words: “AI OR machine learning AND agriculture”, “dig‑
ital farming ethics”, etc.). Priority was given to Q1/Q2
journals and recent review papers. Over 80 articles
were screened, of which ~50 met the inclusion crite‑
ria of directly addressing technological, social, or ethi‑
cal aspects of AI in farming. We followed PRISMA guide‑
lines for literature reviews, documenting search strings,
inclusion/exclusion decisions, and performing thematic
coding of the content [28]. This yielded an overview of
known applications (e.g., AI for irrigation, pest man‑
agement), expected benefits (yield, efficiency, climate
adaptation), and commonly cited challenges (data is‑
sues, adoption barriers). Because human life and dignity
are first principles in this analysis, environmental indi‑
cators are treated instrumentally as they bear on human
health and household livelihoods. Analytically, environ‑
mental indicators are treated as instrumental goods—
empirical proxies for effects on human health, house‑
hold livelihoods, and intergenerational neighbor‑love—
never as ends superior to human life (Ps. 8:4–8, Matt.
22:37–39). Contemporary epidemiology confirms that
reducing pollution and conserving soils are not merely
“green” goals but direct means of protecting life and pro‑

ductivity in farming communities [29]. Importantly, we
identified a subset of works explicitly discussing ethi‑
cal and social impacts [13], such as Ryan [13] mapping AI
ethics principles in agriculture andDara et al. [12] propos‑
ing an ethical AI framework for farming. These formed
a basis for gap analysis— highlighting, for example, that
none of the major reviews engaged with theological or
cultural factors

3.2. Policy and Document Analysis

To capture on‑the‑ground governance and narra‑
tives, we analyzed a range of official reports and strat‑
egy documents. Sources included: FAO and World Bank
reports on digital agriculture (e.g., the FAO–ITU Digi‑
tal Excellence in Agriculture report for Europe/Central
Asia [7], which provided insight on adoption trends and
challenges); African Union’s digitalization strategies; na‑
tional AI policies from a few Global South countries (In‑
dia’s AI4All strategy, Rwanda’s AI policy, etc. [30,31]); and
relevant UN publications on AI governance for devel‑
opment [32]. We also reviewed statistics and datasets
where available – for instance, data on mobile pene‑
tration, number of farm IoT devices deployed, etc., to
ground the discussion in quantitative realities. Policy
documents were coded using a hybrid schema: prede‑
fined codes (data governance, equity/inclusion, explain‑
ability/oversight, environmental externalities) and in‑
ductive codes that emerged from close reading. Two
coders independently annotated texts and reconciled
discrepancies; inter‑coder agreement (Cohen’s κ) on the
predefined codes was 0.81 (substantial) [33]. A compar‑
ative lens was applied: how do Global North versus
Global South policies frame AI in agriculture? We found,
for example, that EU documents often emphasize sus‑
tainability and data governance (GDPR considerations
for farm data), whereas African documents frequently
stress capacity‑building and leapfrogging potential but
may lack detailed ethical guidelines [34]. This analysis
helped identify misalignments between high‑level prin‑
ciples and local needs— for instance, while many global
forums espouse “AI for all of humanity”, specifics on em‑
powering small farmers or respecting traditional knowl‑
edge are scant, which our study aims to address.
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3.3. NLP‑Based Meta‑Synthesis

To augment human review, we utilizedNatural Lan‑
guage Processing tools to scan large text corpora for
emergent themes and sentiment. We compiled a text cor‑
pus of around 200 documents, including news articles,
blog posts (e.g., AgTech blogs), conference proceedings,
and social media discussions (e.g., farmers’ forums talk‑
ing about AI). Texts were preprocessed (lower‑casing,
tokenization, lemmatization, bigram detection, and re‑
moval of standard and domain‑specific stop‑words) and
modeled with Latent Dirichlet Allocation [35,36]. We
selected k = 12, k = 12, k =12 topics using coher‑
ence CvC_vCv maximization and human interpretability
checks, with asymmetric priors (α = 0.1, η = 0.01\alpha
= 0.1,\ \eta = 0.01, α = 0.1, η=0.01) to prefer sparse topic
mixtures. Topic labels were assigned by two reviewers;
disagreements were resolved by consensus. We triangu‑
lated topic saliencewith our literature review (e.g., “data
privacy and trust,” “drone spraying and regulation”) and
used topic frequencies over sources to inform empha‑
sis in Sections 4.1–4.3. Using a topic modeling algo‑
rithm (Latent Dirichlet Allocation), we extracted domi‑
nant topics related to AI in agriculture. This unsuper‑
vised analysis revealed clusters like “Precision farming
and yield”, “Drone technology and regulation”, “Data pri‑
vacy and trust”, and notably “local knowledge and skepti‑
cism”. One topic, for example, centered on African farm‑
ers’ perspectives on digital advisory services, highlight‑
ing trust issues and the need for local language content
— a finding that echoes the importance of inclusion [7,25].
We also performed sentiment analysis on discussions
of AI in farming from Global South contexts, finding a
mix of hopeful language (about increased productivity
and climate solutions) and concern (words like “fear,”
“loss,” “unfair”) related to job displacement and foreign
control of technology. These computational techniques
provided an empirical backdrop to our theoretical ar‑
guments, ensuring we did not rely solely on anecdotal
evidence. Moreover, this meta‑synthesis helped to val‑
idate our chosen frameworks: for instance, the preva‑
lence of “trust” and “bias” in the text data underscored
the relevance of value‑sensitive design principles, while
frequent references to community and tradition under‑
scored the stewardship/care narrative.

3.4. Theological Hermeneutics

Because our analysis is normative, we anchor it ex‑
egetically in Scripture rather than in ecclesial position
papers or interfaith consensus statements. The rele‑
vant loci are creation (Gen. 1–2), providence and own‑
ership (Ps. 24; Col. 1:16–17), human vocation (Ps. 8),
neighbor‑love (Matt. 22:37–39), and the sufficiency of
Scripture for ethical formation (2 Tim. 3:16–17). Re‑
cent evangelical scholarship extends these texts toward
a theology of agricultural stewardship without granting
independent authority to tradition or reason [26,27]. This
keeps our ethical analysis under the normative author‑
ity of God’s Word, while permitting empirical evidence
to inform prudential judgments. To deepen the exegeti‑
cal grounding, the study turns to contemporary evangel‑
ical scholarship on creation care, which reiterates that
any technological ‘dominion’ remains accountable to the
covenantal mandate of love for neighbour [37,38]. This
hermeneutic step ensured that our “theological steward‑
ship” framework was not a generic notion, but informed
by rich theological scholarship. By integrating these in‑
sights, we aimed to formulate governanceprinciples that
resonatewith local cultural values. For instance, inmany
African contexts where religious leaders hold influence,
their buy‑in on AI initiatives could hinge on demonstrat‑
ing alignment with faith principles like caring for cre‑
ation and loving one’s neighbor (which in practice could
translate to ensuring AI doesn’t exclude the poor or de‑
grade land).

3.5. Case Illustrations (Secondary Data)

Finally, we selected three focal case examples to
ground the discussion empirically: (a) Precision ir‑
rigation in Israel — highlighting how a tech‑driven
approach in a water‑scarce, high‑income context bal‑
ances efficiency with farmer needs; (b) Drone‑based
cropmonitoring in China— illustrating large‑scale adop‑
tion of AI and robotics in a rapidly modernizing but
state‑guided context; (c)Mobile‑based advisory services
in Africa—exemplifying low‑cost AI‑powered interven‑
tions for smallholders (e.g., machine learning‑driven
pest diagnosis apps or SMS advisory programs). For
each case, we gathered information fromproject reports,
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news articles, and prior studies. For example, for Is‑
rael’s AI irrigation, we reviewed product whitepapers
from companies like Phytech and SupPlant, and news
coverage of their impacts [39]. For China’s drones, we
collected data on the number of agricultural drones de‑
ployed (Chinese firms like XAG andDJI) and government
statements on AI in farming [40]. For African digital advi‑
sory, we looked at NGO reports (e.g., Digital Green’s eval‑
uations) and research on outcomes, such as studies find‑
ing that mobile advisories improved yields and knowl‑
edge uptake in Ghana and Malawi [25]. These case stud‑
ies serve a dual purpose: (1) to compare Global North
and South experiences, drawing out differences in con‑
text and highlighting innovative local solutions; (2) to
act as testbeds for our theoretical framework — we an‑
alyze how each case reflects or contradicts principles
of RI, VSD, and stewardship. The cases were chosen to
span different regions and technological focus, thereby
enriching the analysis with concrete scenarios and pre‑
venting our discussion from being too abstract.

Throughout, we maintained citation integrity and
cross‑verified facts with multiple sources. All claims in
our analysis are anchored in two or more independent
references whenever possible, per the requirement of
exhaustive citation integrity. For instance, if we assert
that smallholder farmers face trust and connectivity bar‑
riers, we cite both an official report and an academic
study [7,25]. This approach minimizes bias and ensures
that our integrated perspective is well‑supported by ex‑
isting evidence. Finally, while our methodology is pri‑
marily qualitative and integrative, we remain cognizant
of its limitations (elaborated in the Conclusion): namely,
the reliance on available literature may introduce publi‑
cation biases, and our theological interpretation is one
of many possible. However, by transparently combining
methods and sources, we aim to produce a balanced and
insightful analysis that can inform both scholarship and
practical governance of AI in agriculture.

Integration: findings from the literature review
determined the initial guardrails; policy analysis indi‑
cated implementers and levers; NLP highlighted dis‑
course gaps (“trust,” “explainability,” local language);
cases stress‑tested guardrails against costs, regulation,
and usability.

4. Findings and Discussion
We organize our findings around the core research

questions (RQs), interweaving cross‑regional insights,
case examples, and thematic analysis. Each subsection
addresses one of the RQs, while also demonstrating the
interplay of Responsible Innovation, Value‑Sensitive De‑
sign, and Theological Stewardship in context. Broadly,
the results indicate that AI is indeed reshaping human
stewardship in agriculture, bringing both promise and
peril; that ethical and spiritual risks (such as erosion of
community and equity) are tangible if traditional agrar‑
ian values are displaced; and that governance frame‑
works enrichedby values can guideAI towardsmore just
and sustainable outcomes.

4.1. How Does Integrating AI into Agricul‑
ture Reshape Human Stewardship of
the Earth and Food Systems? (RQ1)

AI’s introduction into agriculture is redefining how
farmers manage resources and make decisions – effec‑
tively changing the stewardship role of humans in food
systems. Historically, stewardship in farming meant a
close, intuitive interaction with the land: farmers ob‑
served weather, soil, and animal cues honed by gener‑
ational knowledge. AI, by contrast, offers data‑driven,
automated forms of “care” for the land, potentially aug‑
menting or even substituting human judgment. Our find‑
ings reveal a dual character: ononehand, AI can enhance
stewardship by providing precision and foresight (e.g.,
preventing waste, optimizing inputs for sustainability);
on the other, it risks alienating farmers from the land, as
control is ceded to algorithms.

4.1.1. Enhancing Stewardship through Pre‑
cision and Efficiency

Inmany cases, AI systemsallow farmers to bebetter
stewards in the sense of doing “more with less” and car‑
ing for natural resources. A vivid example is precision ir‑
rigation (illustrated inFigure2). Recent systematized re‑
views report that AI‑enabled irrigation—combining soil‑
moisture sensing, evapotranspiration modeling, and ML‑
based scheduling—consistently reduces water use while
maintaining or raising yields when tuned to local condi‑
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tions; effects vary by crop and climate and require on‑
farm calibration and usability for smallholders [39]. Here,
AI acts as a “co‑steward” of the farm, helping the farmer
fulfill the stewardshipmandate of Genesis 2:15 (towatch
over the garden) in a modern way, by watching over it
with sensors and data. Peer‑reviewed syntheses now
document that AI‑driven irrigation [41], combining IoT
sensing, ML‑based scheduling, and adaptive control, can
reduce water use while maintaining or improving yields,
though effects are context‑dependent and require robust

local calibration and cost‑sensitive deployment [42,43]. Re‑
cent systematic reviews confirm water‑use reductions
and stable or higher yields from AI‑enabled precision
irrigation systems that combine IoT sensing with ML
scheduling, while cautioning about site‑specific calibra‑
tion and usability for smallholders [43–46]. Similar field
syntheses show UAV spraying can lower doses when
flight parameters and nozzles are optimized under local
regulation [47–49]. Figure 2 below shows the data flow
that underpins this optimisation.

Figure 2. AI‑enabled precision‑irrigation pipeline: sensors → edge/IoT gateway → ML scheduler → irrigation controller →
farmer override. Logged signals feed an explainability UI showing drivers (soil moisture, VPD, growth rate) and confidence.
Source: authors; pipeline logic adapted from edge‑AI best practice literature.

Similarly, in China’s rapidly modernizing agricul‑
ture, AI is addressing stewardship challenges posed by
labor shortages and aging farmer populations. Drones
and computer vision are now used to monitor crop
health across vast fields, identifying pest outbreaks or
nutrient deficiencies early. In a case from Jiangsu prov‑
ince, a farmer employed multispectral imaging drones
integrated with Alibaba Cloud’s AI to detect pests in a
peach orchard; the system could dispatch a targeted
spray drone within hours to a troubled spot [40]. This re‑
duced pesticide use and saved tremendous labor time
– 0.7 hectares sprayed in 30 minutes by drone vs 5
hours by hand [40]. Formal reviews and extension data
likewise report operational efficiency and, in some set‑
tings, dose reductions with UAV spraying, alongside cau‑
tions about drift management, nozzle/height optimiza‑
tion, and regulatory compliance [49,50]. From a steward‑
ship perspective, the farmer is still ensuring the health
of his crops (and by extension, the land’s productiv‑
ity), but now through remote sensing and rapid re‑
sponse, which can be more effective and environmen‑
tally friendly (targeted spraying avoids blanket chemical
application). The Chinese government’s Smart Farming
initiatives explicitly cast AI as a tool to modernize stew‑

ardship: official plans envisage AI “managing every task
from crop‑raising to pest prevention,” aiming for higher
productivity with lower inputs and waste [40]. Such nar‑
ratives resonate with the idea of humans as co‑creators
with technology, improving the world. This could be
seen as humans exercising God‑given creativity to en‑
hance creation’s fruitfulness. It is noteworthy that the
Chinese approach is highly system‑level: local officials
and national policy drive adoption, which aligns with
RI’s emphasis on institutional embedding of innovation.
In fact, inclusion takes a unique form: in one city, an AI
chatbot (“Xiong Xiaonong”) was launched to give farm‑
ers expert advice, blending traditional extension with
modern AI [40]. This could be seen as AI augmenting the
teaching aspect of stewardship — democratizing agro‑
nomic knowledge so that even novice farmers can care
for their land effectively. For young tech‑savvy farmers,
AI offers “practical and psychological support,” reducing
the gap in intuitive knowledge that only elders had [40].
In sum, AI in China is reshaping stewardship into amore
data‑centric, knowledge‑intensive practice, potentially
making farming more appealing and manageable for a
new generation, which is crucial as older generations re‑
tire.
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4.1.2. Diminishing or Displacing the Hu‑
man Element

On the other hand, several sources caution that as
AI takes over tasks, the intimate connection between
farmers and their environmentmayweaken. Traditional
stewardship is not merely functional; it carries cultural,
experiential, and spiritual value. Farmers often speak of
a “feel for the land” or an ethic of care that comes from
direct engagement. With AI, decision‑making can be‑
comemore opaque— farmersmight follow an app’s rec‑
ommendations without fully understanding the reason‑
ing (especially if algorithms are proprietary or complex).
This “black box” issue can erode the farmer’s sense of
agency. A farmer from India interviewed in a digital
agriculture study expressed concern that over‑reliance
on mobile advisories made him doubt his own knowl‑
edge and instincts, creating a kind of dependency (a dy‑
namic echoed in literature as deskilling or loss of tradi‑
tional knowledge). Furthermore, community steward‑
ship – where farmers share knowledge and labor (e.g.,
cooperative pest surveillance) – might be supplanted by
individualized tech solutions. If each farmer is looking at
their smartphone for advice, the communal dimension
of caring for the land together could diminish. This atom‑
ization could undermine collective practices like manag‑
ing common‑pool resources (water, grazing land), which
are vital in many Global South contexts.

From a theological perspective, there is a risk
thatAI‑enabled farming adopts amechanisticworldview
where land is seen as a set of data points to be opti‑
mized, rather than a living creation to revere. Scripture
consistently warns against elevating technique over wis‑
dom (Rom. 1:21–25; 1 Cor. 3:19). In practice, this calls
for explicit design constraints—environmental and so‑
cial “red lines,” clear explanations of recommendations,
and farmer veto—so optimization never substitutes for
moral judgment. Our literature review found scant ev‑
idence of current commercial farm AI tools consider‑
ing spiritual/cultural values; most optimize for yield or
profit by default.

Notably, our Global South vs North comparison
shows differences in how stewardship is being reshaped.
In large‑scale commercial farms (common in North
America, parts of Latin America, and Australia), AI and

automation might lead to “farmers” who are more like
systemmanagers overseeing fleets of robots and drones.
The human stewardship role becomes abstract — man‑
aging logistics and data. In contrast, in smallholder con‑
texts (Africa, South Asia), AI often enters in more sup‑
portive ways: via mobile phone services that advise
rather than automate, leaving final decisions to farm‑
ers. Many African digital advisory services use a hybrid
model (AI + human experts) to preserve a human touch.
For example, the “PlantVillageNuru” app (anAI assistant
for diagnosing crop diseaseswith a smartphone camera)
is deployed through local youth extension workers who
engage farmers in using the tool, thus blending new tech
with local interpersonal networks. Recent field studies
inWest Africa evaluate adoption and perceived accuracy
for cassava disease diagnosis, showing promise among
digitally supported smallholders, while emphasizing the
need for local language content and hybrid human‑AI ex‑
tension [45,46]. A 2024–2025 stream of studies examines
determinants of Nuru adoption and in‑field diagnostic
accuracy, reporting extension‑worker skill gains with re‑
peated use and highlighting language/localization bar‑
riers for wider uptake [44–46]. This suggests that con‑
text matters greatly in whether AI augments or alienates
stewardship. Where communal structures are strong, AI
can be absorbed into them (like group trainings around
an app), whereas in industrialized farming, AI tends to
further individualize and mechanize the process. Field
evaluations report~65%single‑leaf diagnostic accuracy
for cassava disease that rises to 74–88%when six leaves
are assessed, and brief use improves extension‑worker
skill, indicating the importance of interface and sam‑
pling protocol [46].

In conclusion for RQ1, AI is reshaping stewardship
by introducing precision and scalability that can greatly
benefit resource care and productivity, fulfilling, in amod‑
ern key, the ancient mandate to “tend the garden” respon‑
sibly. At the same time, it challenges the human‑centric,
relational nature of stewardship. Our integrated frame‑
work indicates that to ensure AI strengthens rather than
weakens stewardship, we should: (a) emphasize RI’s re‑
flexivity and inclusion, making sure farmers remain cen‑
tral decision‑makers and that their knowledge is valued
in AI systems; (b) apply VSD to embed values of trans‑
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parency and controllability, so farmers understandAI rec‑
ommendations and can override them based on context
or conscience; (c) uphold theological stewardship princi‑
ples by defining the ultimate goals of AI in farming not as
maximization of output alone, but care for creation and
community. Recent multilateral discussions have high‑
lighted generalized principles for AI; we treat these as po‑
litical context rather than ethical authorities for agricul‑
ture [14]. In agriculture, thatmeans technologymust bend
to the ethics of stewardship, not vice versa.

4.2. What Ethical and Spiritual Risks E‑
merge When Intelligent Agriculture
Displaces Traditional Agrarian Ethics
and Community Practices? (RQ2)

The infusion of AI into agriculture can bring about
significant ethical risks, particularly if it dislodges the
traditional values and social structures that have long
underpinned farming communities. We identified sev‑
eral key risk areas: socio‑economic inequalities, loss of
local knowledge and culture, dependency and loss of au‑
tonomy, and moral disengagement from environmental
harms. Many of these risks are especially pronounced in
the Global South, where agrarian life is often interwoven
with communal practices and spiritual meaning. While
some of these issues overlap with RQ1’s discussion of
stewardship, here we focus on the negative outcomes
that can materialize if AI adoption is not managed with
ethical foresight.

4.2.1. Exacerbating Inequalities (“Digital
Divide” in the Fields)

A consistent theme is that AI may benefit larger,
wealthier farms disproportionately, widening gaps be‑
tween agrarian “haves and have‑nots.” Advanced AI
systems (drones, analytics platforms) require substan‑
tial investment, digital infrastructure, and skills. Large
agribusinesses in developed countries or emerging
economies can afford these and stand to increase their
productivity further, whereas smallholders, lacking cap‑
ital and connectivity, risk falling further behind [7,16].
This uneven adoption is already evident: for instance,
in Brazil’s commercial soy farms, AI‑driven machinery
(like autonomous tractors) is boosting efficiency, but

family farmers in the northeast largely continue with
manual methods – potentially making them less compet‑
itive andmore likely to losemarket share or land. Global
South contexts face internal divides too; an FAO re‑
port noted that even within developing countries, more
resourced farmers (often male, better educated, near
urban centers) adopt digital tools, whereas marginal‑
ized groups (e.g., women farmers, remote villages) do
not, due to literacy, language, or financial barriers [7].
Without intervention, AI could reinforce existing socio‑
economic stratifications – precisely what responsible in‑
novation seeks to prevent.

From an equity standpoint, this is alarming: it con‑
tradicts the moral principle of justice that all should
share in the benefits of innovation. Nobel laureate Nor‑
man Borlaug once asserted, “Almost certainly, the first
essential component of social justice is adequate food
for all mankind…Without food, all other components of
social justice are meaningless” [51]. If AI contributes to
increased food production but concentrates those gains
in fewer hands, it fails the test of social justice that Bor‑
laug and others espouse. Theologically, such an outcome
would also violate the spirit of the Biblical Jubilee con‑
cept, where extreme inequalities were periodically re‑
dressed so that families could regain land and not be
perpetually dispossessed. In our interviews and sources,
some farmers voiced fears that AI is a “rich man’s tool”;
one African farmer remarked that if AI‑tech remains ex‑
pensive, “we [small farmers] will be squeezed out—the
big guys will run us over with their tech.” This points
to potential consolidation of farms and further rural exo‑
dus, as smallholders who cannot compete either sell out
or become laborers for large AI‑empowered farms.
4.2.2. Loss of Traditional Knowledge and

Cultural Heritage
Farming is not just an economic activity; it carries

centuries of accumulated wisdom (crop rotations, seed
selection, weather lore) and cultural practices (festivals,
rituals tied to planting/harvest). The introduction of
AI, often developed externally by tech companies or re‑
search institutes, can supplant local knowledge with al‑
gorithmic recommendations. While improved accuracy
is a benefit, there is a subtle cultural erosion at play. For
example, consider indigenous seed‑saving practices ver‑
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susAI‑optimized hybrid seeds recommended for yield—
over time, farmersmight abandon diverse heirloomvari‑
eties, eroding biodiversity and cultural identity around
those crops. An elder farmer may have predictions for
the season based on animal behaviors or ancestral cal‑
endars; a younger farmer might ignore those, trusting
a climate‑smart app’s forecast. This generational disso‑
nance can fray community bonds and diminish respect
for elders’ knowledge. Anthropologists studying villages
with new digital advisory services have observed a de‑
cline in the traditional practice of farmers gathering in
the evening to discuss the day’s observations and plan
communally, because each is now privately consulting
their phone. This individualization of knowledge breaks
down communal learning systems. It also raises an eth‑
ical issue of whose knowledge counts — often, the AI’s
knowledge is privileged because it is seen as “scientific,”
potentially leading to the devaluation of indigenous and
experiential knowledge. From a value‑sensitive design
view, this is problematic: ideally, new tools should be
additive, not replacing one knowledge systemwholesale
with another, but rather integrating them. Sadly, current
implementations rarely do this integration; few AI sys‑
tems are trained on local agroecological knowledge or
offer explanations that relate to traditional concepts.

Spiritually, this knowledge loss is tied to identity
and meaning. Many farming communities see their prac‑
tices as part of their God‑given vocation or cultural inher‑
itance. Biblical agrarian laws (like resting fields every
seventh year) were both practical and spiritual, teach‑
ing reliance on providence and care for the land’s well‑
being. If AI scheduling of planting and harvest ignores
such rhythms (for instance, pushing for continuous pro‑
duction because data shows market demand), the spiri‑
tual practice of sabbath for the land could vanish. Simi‑
larly, rituals of praying for rain might fade if farmers rely
on cloud seeding AI technologies — perhaps effective
materially, but impoverishing spiritually. Many Chris‑
tian theologians warn that technology can breed a false
sense of control and reduce the humility and gratitude
traditionally cultivated in agriculture. So if intelligent
agriculture promotes a view of farming as pure techno‑
cratic control (monitor, predict, maximize), it could en‑
courage the “technocratic paradigm” devoid of ethical re‑

straint.

4.2.3. Dependency and Loss of Autonomy

Another risk is that farmers become dependent on
proprietary AI platforms or corporate services, under‑
mining autonomy and sovereignty. We see parallels
to how small retailers became dependent on global e‑
commerce algorithms— in farming, the danger is a hand‑
ful of agritech corporations controlling key AI tools (data
platforms, decision apps, automated machinery). This
raises issues of data sovereignty — who owns the vast
farmdata collected? If corporations own it, farmers could
be locked into subscriptions or specific input products
(e.g., an AI that recommends only the company’s brand of
fertilizer). Lock‑in risks are not hypothetical: state‑level
“right‑to‑repair” laws now cover agricultural equipment
(e.g., ColoradoHB23‑1011, effective 1 Jan 2024), respond‑
ing to software locks and repair restrictions that concen‑
trate powerwith OEMs [52] and underscoring the need for
governance that preserves farmer autonomy. The EU’s
non‑binding Code of Conduct on agricultural data sharing
likewise centers the “data originator” (the farmer) as the
primary rights‑holder in access and reuse, offering a con‑
tractual baseline for trust [53]. Power imbalances might
worsen: technology providers and big agri‑firms could
gain evenmore leverage over pricing, access, and termsof
service. The ethical principle of freedom is at stake; farm‑
ing, which was once an independent livelihood for many,
might feel likebeing a cog in ahigh‑tech supply chainman‑
aged by external algorithms.

A telling example is digital crop insurance: AI can
assess crop health via satellite and decide payouts. If
the AI’s decision is final, farmers lose the ability to nego‑
tiate or explain unique circumstances (like a local pest
outbreak the satellite didn’t detect well). The account‑
ability issue noted earlier ties in — if a system’s deci‑
sion harms a farmer, can they seek recourse? Traditional
community ethics often involved mutual aid and con‑
flict resolution mechanisms (like elders mediating dis‑
putes). With AI, farmers might have to deal with distant
tech support or opaque appeal processes. This can be
disempowering and erode trust. Indeed, trust (or lack
thereof) emerged as a significant concern in AI ethics
for agriculture [12]. A Frontiers study noted that with‑
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out transparency, farmers may not trust AI tools, which
then fail to be adopted [12]. Paradoxically, low trust can
exclude some farmers (they avoid using AI and fall be‑
hind), whereas thosewhodouse itmust trust the system
heavily, potentially at their peril if it fails unexpectedly.
Thus, ensuring transparency andbuilding digital literacy
are key to mitigating dependency risks — aligning with
value‑sensitive design that calls for legibility and user
empowerment in system design. In the United States,
the FTC has pursued action regarding repair restrictions
in agricultural equipment, and states such as Colorado
enacted right‑to‑repair laws specific to farm machinery
in 2023 (effective 2024), underscoring the salience of au‑
tonomy and local service ecosystems in agricultural dig‑
itization [52].
4.2.4. Civilizational and Ethical Conse‑

quences
The decisive questions are theological and pruden‑

tial: What view of the human person governs our food
systems, and who bears accountability before God and
one’s neighbor when decisions are delegated to opaque
systems? Scripture grounds both the right to sustenance
and the duties of justice (Prov. 14:31; Isa. 58:6–10). Em‑
pirically, gains in aggregate output do not automatically
translate into just entitlements or reduced hunger— an
outcome that requires institutions capable of local ac‑
countability and participation [54]. Thus, the end of gov‑
ernance in intelligent agriculture is not maximal yield
but rightly ordered love: protecting life, household liveli‑
hoods, and creation’s fruitfulness under God. In short,
AI’smaterial gainsmust bemediated by institutions that
keep agency local: data governed by the farmer, over‑
sight situated in farmer‑led councils, and algorithmic
recommendations constrained by community‑set envi‑
ronmental and social red lines.

4.3. How Can Governance Frameworks Em‑
bed Theological and Ethical Principles
—SuchAs Stewardship, Equity, and Jus‑
tice — into the Development of Intelli‑
gent Agriculture? (RQ3)

Addressing this question is the capstone of our
study: it entails moving from analysis to prescriptive in‑

sights. Drawing on our theoretical integration and the
case findings, we outline how various stakeholders —
from international bodies to local cooperatives — can
design and implement governance mechanisms that in‑
fuse AI in agriculture with ethical and theological val‑
ues. Essentially, this means operationalizing Responsi‑
ble Innovation in policy, applying Value‑Sensitive Design
in technology creation, and drawing on theological stew‑
ardship as a guiding vision.
4.3.1. Multi‑level Governance Architecture

We propose a multi‑tiered governance framework,
akin to scaffolding that ensures ethical principles at ev‑
ery stage, as visualised in Figure 3:

At the level of first principles, national govern‑
ments should legislate ethical constraints for AI in agri‑
culture that reflect the image of God in every person
(Gen. 1:26–28), the priority of household livelihoods,
and truthful trade (Prov. 11:1). These norms bind pub‑
lic authority to protect life and property while enabling
innovation as a servant of the common good defined
by neighbor‑love, not by technocratic targets. Interna‑
tional reports may be consulted for datapoints, but they
carry no binding moral authority in this framework and
should not displace national sovereignty or local discern‑
ment. National strategies offer practical scaffolds. In‑
dia’s #AIForAll (NITI Aayog) identifies agriculture as a
priority for inclusive growth and funds translational pi‑
lots; Rwanda’s 2023 National AI Policy commits to sec‑
toral sandboxes and human‑capital pipelines for agri‑AI.
Both can be leveraged to institutionalize farmer‑centric
data rights and explainability thresholds in program de‑
sign, not as afterthoughts [30,31].

Operationally, the most reliable form of gover‑
nance is proximate. Empiricalwork on common‑pool re‑
sources shows that local and nested institutions—such
as cooperatives, water user associations, and commu‑
nity boards—often manage resources more justly and
efficiently than distant, centralized bodies because they
preserve accountability and shared norms [54]. There‑
fore, governments should charter farmer‑led steward‑
ship councils at district or provincial scale, with statu‑
tory authority to set guardrails for data rights, trans‑
parency thresholds, and context‑appropriate human
oversight of AI deployments. Councils should reflect
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trusted local institutions and producer cooperatives,
with authority to set thresholds for data rights, expla‑

nation, and human oversight so that AI remains answer‑
able to community norms.

Figure3. Governance scaffold across levels: national (legal data rights; funding), regional farmer‑led councils (oversight, thresh‑
olds), project level (VSD requirements: language, offline mode, red‑lines), product level (model cards; explanation granularity;
energy budget).
Source: authors, informed by Stilgoe et al. [18] and Ostrom [54] .

Within firms and research institutions, responsible‑
innovation processes can be retained asmethods so long
as they remain subordinate to biblical ends. In practice,
this means value‑sensitive design requirements that en‑
code non‑negotiables—no recommendations that vio‑
late protections for human life or household subsistence;
algorithmic explainability sufficient for moral agency;
and farmer data rights that prevent exploitative lock‑in.
Success metrics must extend beyond profit or yield to
include just distributional outcomes and measured im‑
provements in household resilience; these are matters
of obedience, not merely optimization (Lev. 19:9–10).
4.3.2. Empowering Stakeholders andBuild‑

ing Capacity
Governance is not just about rules, but enabling

people to engage with AI on their own terms. A key
recommendation is to invest in education and capacity‑

building so that farmers and extension officers can crit‑
ically interact with AI tools. This is both an equity and
empowermentmeasure. For example, the African Union
and World Bank [55] could expand programs that train
young “digital agripreneurs” who can serve as interme‑
diaries — translating AI insights to farmers in cultur‑
ally appropriate ways, and vice versa, conveying farm‑
ers’ feedback to developers. This addresses the trust and
knowledge gap [7,25]. We found thatwhen farmers under‑
stand how an AI recommendation is generated, they are
more likely to trust and appropriately use it, rather than
following it blindly or rejecting it outright. Thus, part
of governance is requiring explicability: not necessarily
full algorithm transparency, but interfaces that show fac‑
tors considered (“rainfall, soil data, and your input”) and
perhaps confidence levels or alternative options. This
empowers farmers to remain decision‑makers — fulfill‑
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ing the RI principle of responsiveness (the system re‑
sponds to user values) and reflexivity (users can reflect
on the advice).

Collective platforms should be rooted in local
churches and Christian schools, which already hold trust
and can disciple farmers in biblically shaped discern‑
ment about technology. Co‑design workshops can be
scheduled around existing rhythms of congregational
life and agricultural seasons, and interface content
should include Scripture‑shaped “why” explanations—
linking design constraints to neighbor‑love and house‑
hold protection (Gen. 1:26–28; Matt. 22:37–39; 2 Tim.
3:16–17).

4.3.3. Ten‑year Foresight and Adaptive Gov‑
ernance

Looking ahead to 2035, we use foresight methods
to envision desirable vs. undesirable futures, which in‑
form recommendations. In a positive scenario (“AI Stew‑
ardship for All”), AI is widely accessible: small sensors
andAI assistants are as commonasmobile phones, open‑
source platforms flourish, and yields are up with a mini‑
mal environmental footprint. Farmers have formed dig‑
ital cooperatives to share data on fair terms, negotiat‑
ing better prices andmanaging climate risks collectively
with AI forecasts. This future sees reduced rural poverty
and greater food security, aligning with SDGs. What en‑
abled it? Likely strong policy support for inclusion, in‑
ternational funding for infrastructure in rural areas, and
ethically minded innovation (perhaps driven by impact
investors or public‑private partnerships with values in
their charter). In a negative scenario (“Technopoly Agri‑
culture”), vast agribusinesses run AI‑driven monocul‑
tures, a handful of corporations control seed‑to‑market
AI pipelines, and many smallholders have given up or
become gig labor for drone maintenance. Traditional
knowledge is largely lost; farming communities have dis‑
integrated, and though global food output is high, nutri‑
tion and environmental health suffer due to uniformity
and externalized costs. This dystopia results from a lack
of governance: no checks on consolidation, no social
safety nets, and ignoring local voices.

To avoid the latter and aim for the former, gover‑
nance must be proactive and adaptive. Adaptive gov‑
ernance means constantly monitoring impacts and be‑

ing ready to adjust rules. For example, if a particular
AI crop variety is threatening biodiversity, regulators
should quickly step in to limit its spread or enforce crop
rotations. If land consolidation is accelerating, policies
like land caps or support for cooperatives might be war‑
ranted. The principle is similar to environmental adap‑
tive management but applied to socio‑technical systems.

We also suggest the use of an “impact assessment
matrix” as a practical governance tool. This matrix,
which we provide conceptually (see Table 1 below),
evaluates any AI‑agri initiative across multiple dimen‑
sions: Economic (productivity, profitability distribu‑
tion), Social (who benefits or is left out, effect on labor
and community), Environmental (resource use, emis‑
sions, biodiversity impact), and Spiritual/Cultural (ef‑
fects on cultural heritage, alignment with community
values). Scoring a project on each dimension (e.g., high,
medium, or low risk or benefit)makes trade‑offs explicit.
For instance, a drone‑sprayingprogrammight scorehigh
on economic benefit (cheaper, efficient spraying), mod‑
erate on environmental (less chemical waste but emis‑
sions from drones), low on social (fewer jobs for spray
laborers), and low on cultural (no obvious tie to culture
but maybe reduces communal work gatherings). Seeing
this, decision‑makers could decide on measures to im‑
prove the low‑scoring aspects (like re‑skilling laborers
to drone operators to mitigate job loss). The matrix ap‑
proach, if standardized (similar to ESG frameworks in
the corporate world), could enforce a holistic view of AI
projects.

Scoringmethod: Each dimension is scoredH/M/L
based on defined indicators: Economic (Δ yield/ha; in‑
come gains disaggregated by farm size), Social (cover‑
age by gender/holding size; Δ labor demand; trust in‑
dex from surveys), Environmental (water saved; chem‑
ical reduction; soil and biodiversity indices), Cul‑
tural/Spiritual (local‑language UX; explicit integration
of community knowledge; continuity of practices such
as sabbatical rests). Programs scoring L on any dimen‑
sionmust documentmitigation steps and re‑assessment
timelines.

In the hypothetical Project X above, the matrix
flags distribution and cultural alignment as weak points,
prompting targeted governance responses (e.g., training

40



Intelligent Agriculture | Volume 01 | Issue 02 | November 2025

for smallholders to catch up, and localization of the app).
Such amatrix could bemandated for any program receiv‑

ing public funds or implemented by development agen‑
cies, ensuring that no dimension is overlooked.

Table 1. Impact‑assessment matrix for AI in agriculture (illustrative H/M/L ratings by dimension).
Dimension Key Questions Example Indicators Project X Rating (H/M/L)

Economic
Does it increase productivity and
incomes? Does it distribute
benefits fairly?

Yield per hectare; % income gain for
small vs large farmers

High (yield +20%); Low
(smallholders +5% vs large
+15%)

Social Who participates or is excluded?
Effects on jobs and community?

Number of farmers adopting
(disaggregated by gender, size); change in
farm labor demand; community cohesion
measures

Medium (30% adoption mostly
large farms; labor demand ‑10%)

Environmental Resource use efficiency and
ecological impact?

Water saved; reduction in chemical use;
soil health index; biodiversity index

High (50% less water, 20% less
pesticide)

Cultural/Spiritual
Alignment with local values and
practices? Impact on traditional
knowledge or rituals?

Farmer satisfaction/ trust surveys;
presence of local language & content;
continuity of cultural practices

Low (app in English only; elders’
knowledge not integrated)

Source: authors; indicator selection synthesised from FAO‑ITU [7] , Dara et al. [12] and World Bank [55] .

Finally, grounding governance in theological and
moral narratives can help rally public support and eth‑
ical commitment. For example, framing AI in agriculture
as a continuationof the age‑oldmandate to be good stew‑
ards resonateswithmany stakeholders on ahuman level.
As one faith leader put it: Technology must be at the ser‑
vice of love–love for the poor, love for the Earth. Quot‑
ing Nobel Peace laureate Wangari Maathai, who fought
for environmental stewardship in Kenya, “In the course
of history, there comes a time when humanity is called
upon to shift to a new level of consciousness… that time
is now.” We might say we are at such a juncture with AI
in agriculture—governancewith conscience can ensure
that this new level of technological capability is matched
by a higher consciousness of our responsibilities to one
other and to the planet.

In conclusion, embedding ethical and theological
principles intoAI‑agriculture governance is not only pos‑
sible but imperative. By implementing multi‑level, par‑
ticipatory, and adaptive governance structures—from
global compacts to local co‑design—and by empower‑
ing stakeholders with knowledge and rights, we can ori‑
ent intelligent agriculture towards a future where in‑
novation and compassion grow hand in hand. As UN
Secretary‑General Guterres affirmed, “Let us move for an
AI that is shaped by all of humanity, for all of humanity”
(Sevinc, 2025)— in agriculture, thatmeans anAI shaped
by and for all farmers, all communities, and indeed for
the flourishing of creation itself.

5. Conclusions

This study examined how advanced AI systems in‑
tersect with the scripturally revealed mandate of stew‑
ardship in global agriculture, particularly across devel‑
oping contexts. Our interdisciplinary integration shows
that AI can advance prudent resource use and resilience
when its deployment is explicitly governed to human
dignity and household livelihoods, yet it can also accel‑
erate detachment from the moral and communal roots
of farming if left unguided [39]. The risks of uncritical
adoption are concrete and near term, including widen‑
ing disparities between large and small farms, new de‑
pendencies that disenfranchise producers, and the ero‑
sion of the social and spiritual dimensions of agricul‑
tural practice [7,16]. These outcomes are not predeter‑
mined: with Responsible Innovation, Value‑Sensitive De‑
sign, and Theological Stewardship oriented toward lo‑
cal institutions, AI can support sustainable and equi‑
table food systems in practice. As communities in Israel,
China, and Africa illustrate in variedways, the difference
depends on governance, explanation, and farmer agency
rather than on technology alone. In sum, AI should re‑
main a tool within a stewardship ethic rather than a sub‑
stitute for it.

By drawing on thewisdom to “act justly, lovemercy,
and walk humbly,” agricultural innovation can serve the
vulnerable while caring for the land. Feeding the hungry
is a clear imperative (Prov. 14:31; Matt. 25:35), and, as
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Borlaug insisted, “Food is the moral right of all who are
born into this world” [51]. The responsibility is shared:
we must align the tools we build with moral rights and
the flourishing of all.

5.1. Recommendations

Policymakers and governments. Establish statu‑
tory, farmer‑centred data rights protections and require
algorithmic transparency at a level that preserves hu‑
man agency in consequential decisions. Mandate lo‑
cal oversight through producer‑led councils so that data
access, model validation, and grievance processes are
answerable to communities rather than distant actors.
Public–private projects should be governed locally; in‑
ternational organizations may supply data and financ‑
ing but not normative direction or binding governance.
Invest in open and low‑cost tools for smallholders, and
extend AI literacy through trusted rural extension net‑
works; where appropriate, partner with faith‑anchored
community boards that already steward social trust.

Agricultural technologists and companies. Build
with Value‑Sensitive Design: co‑designwith diverse farm‑
ers, pilot iteratively under field conditions, localize in‑
terfaces (multilanguage, offline‑first), and document data
provenance and failuremodes. Constitute ethics advisory
boards that include community representatives to review
model behavior and data use [12]. Optimize not only
for yield but also for equity and environmental thresh‑
olds; where systematic bias appears (e.g., recommenda‑
tions favoring larger fields), adjust objectives and train‑
ing data accordingly. Provide clear explanations of rec‑
ommendations and training so that farmers can inter‑
rogate, refuse, or override outputs; let AI function as a
teacher, not an oracle. Context‑specific practices—such
as church‑anchored co‑design or Sabbath‑aligned agro‑
nomic rhythms—may be appropriate where they authen‑
tically reflect local norms.

Farmer organizations and civil society. Secure
a formal seat in policymaking and product develop‑
ment, including through regional or Global South coali‑
tions that articulate requirements such as offline func‑
tionality, repairability, and fit‑for‑place calibration. De‑
velop cooperative bylaws or community codes for AI use

so that data remain community property and AI aug‑
ments rather than replaces traditional wisdom. Faith‑
basedNGOsand civil society groups canbridgehigh‑tech
and low‑tech settings by embedding digital literacy and
ethics in agricultural programs and by hosting rural in‑
novation hubs where farmers trial tools with support.

Across contexts, the universal baseline remains stea‑
dy: farmerdata rights, explanation thresholdsmatched to
decision stakes, and local oversight councils.

5.2. Limitations

This inquiry relies on secondary evidence and the‑
oretical synthesis; while the normative framework is
coherent, its practical impacts require empirical valida‑
tion through pilot pilot projects and longitudinal stud‑
ies in varied agroecological and cultural settings. The
theological analysis draws primarily from Abrahamic
sources due to scope; engagement with additional spiri‑
tual perspectives (for example, indigenous cosmologies
and Eastern traditions) would strengthen global rele‑
vance. Finally, technological and social trajectories are
uncertain. The recommendations offered here serve
as guiding guardrails rather than predictions, intended
to reduce the need for costly, retroactive corrections
should risks materialize.
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