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ABSTRACT

Higher Education Institutions (HEIs) play a pivotal role in advancing sustainable agriculture by
functioning as knowledge generators, human-capital developers, extension facilitators, and quality-
assurance actors. This systematic review synthesizes empirical and theoretical studies published between
2021 and 2025, examining the contributions, challenges, and emerging opportunities for HEIs in
promoting sustainable agricultural development. Using the IMRAD-aligned framework, the review
identifies critical themes including institutional leadership, resource allocation, curriculum integration,
faculty capacity, community engagement, infrastructure, digital technologies, and quality assurance
mechanisms.

Findings reveal that HEIs contribute substantively to food security through climate-resilient crops,
integrated and organic farming systems, and the development of human capital equipped to translate
research into practice. Extension initiatives—including demonstration farms, service-learning, and
community-based participatory research—strengthen technology adoption, resource efficiency, and local
resilience. However, challenges persist, including limited long-term university—community
collaborations, insufficient digital infrastructure, constrained faculty competencies in sustainability-
oriented pedagogy, and inadequate longitudinal assessment mechanisms. Market and employment
pressures further affect graduates’ adoption of sustainable practices.

Despite these constraints, HEIs leverage emerging opportunities through digital platforms, academia—
industry partnerships, agri-entrepreneurship programs, and campus-based living laboratories, fostering
experiential learning, innovation, and community co-creation. Quality assurance systems, including ISO
standards and accreditation frameworks, enhance institutional credibility, governance, and international
collaboration.

The review underscores that HEIs function as integrated, adaptive systems wherein research, teaching,
extension, and governance interact synergistically to promote sustainable agriculture. Aligning
institutional strategies, programs, and best practices with Sustainable Development Goals (SDGs 2, 4, and
12) positions universities as transformative agents capable of fostering resilient, equitable, and
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ecologically sound food systems. The findings provide a foundation for policy, curriculum design, and
institutional strategies to strengthen the role of HEIs in achieving sustainable agricultural development.

Keywords: Higher Education Institutions, Sustainable Agriculture, Food Security, Resource Efficiency,
Experiential Learning, Community Engagement, Quality Assurance, Sustainable Development Goals

INTRODUCTION

Sustainable agriculture—commonly defined as the responsible management of natural and agricultural
resources to meet present food needs without compromising the ability of future generations to meet theirs,
has become one of the most urgent global priorities of the 21st century. It encompasses sustainability
practices such as precision farming, soil and water conservation, organic production, integrated pest
management, renewable energy adoption, and circular food systems aimed at reducing waste and
improving resource efficiency. These practices are primarily driven by rising food insecurity,
environmental degradation, climate change adaptation, and increasing global demands for sustainable food
production standards (FAO, 2021/2022). As nations strengthen their commitment to achieving sustainable
development, the agricultural sector continues to evolve through innovation, policy reforms, and
community-based sustainability initiatives that support long-term resilience and food system
transformation.

Within this global shift, Higher Education Institutions (HEIs) play a crucial role in advancing sustainable
agriculture by embedding sustainability principles into teaching, research, and extension programs. As
centers of knowledge creation and dissemination, HEIs shape the competencies of future agricultural
leaders, foster scientific inquiry, and facilitate community engagement that strengthens real-world
agricultural innovations (Salminen et al., 2024). Empirical studies demonstrate that university-driven
agricultural technology extension significantly enhances innovation adoption and productivity in farming
communities (Dai et al., 2024). HEIs also contributes through institutional improvement efforts such as
ISO-aligned quality assurance initiatives that reinforce resource efficiency and institutional credibility
(Homillano, 2025). However, persisting challenges related to research gaps, limited funding, and
insufficient multi-stakeholder collaboration emphasize the continuing need for HEIs to reinforce their
sustainability strategies and leadership roles to support national and global food security goals (Munialo
et al., 2023). In recent years, studies have documented how HEIs worldwide are contributing to sustainable
agricultural practices. In China, Dai, Wang, Jiang, and Lu (2024) emphasize the influence of university-
led agricultural technology extension programs in promoting efficient and environmentally sustainable
farming systems. Their findings indicate that universities contribute directly to innovation and the
adoption of green technologies, although the extent of this impact varies across regions depending on
institutional capacity and local development needs. In Africa, Munialo et al. (2023) highlight significant
gaps in food systems research at the University of Nairobi, noting that much of the research remains
narrowly focused on production, while underexploring equally critical areas such as food processing,
marketing, logistics, and value addition. These studies point to the uneven distribution of HEIs’ research
efforts, underscoring the need for broader, systems-oriented approaches to sustainable agriculture.
Regional perspectives further illustrate the evolving role of HEIs in advancing agricultural sustainability.
In Southeast Asia, the Food and Agriculture Organization (FAO) and Chulalongkorn University (2021)
emphasized the importance of strengthening multidisciplinary research, embedding sustainability into
curricula, and enhancing extension services that directly contribute to achieving the Sustainable
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Development Goals (SDGs). In the Philippines, Homillano (2025) examined the case of the Central Bicol

State University of Agriculture (CBSUA), showing how quality assurance and accreditation systems have

shaped the development of agricultural graduate programs. CBSUA’s attainment of Level IV accreditation

for some of its programs demonstrates the capacity of HEIs to link institutional quality standards, such as

ISO and national accreditation processes, with broader goals of agricultural innovation and sustainability.

These findings underscore the critical interplay between institutional development, academic quality, and

contributions to sustainable agriculture.

At the global level, Salminen et al. (2024) stress that higher education must place sustainable food systems

at the core of teaching and research in order to address long-term challenges of food security, equity, and

resource efficiency. They argue that HEIs must be proactive in cultivating partnerships, promoting

interdisciplinary programs, and aligning their strategies with international quality assurance frameworks

to maintain institutional credibility while addressing sustainability objectives. Together, these insights

reveal a consistent pattern: while HEIs face systemic barriers such as limited funding, uneven research

priorities, and fragmented institutional practices, they also present significant opportunities for innovation,

collaboration, and leadership in sustainable agriculture.

Objectives:

This systematic review therefore examines the role of HEIs in advancing sustainable agriculture, with

particular emphasis on challenges, strategies, and contributions in the past three years. Specifically, it aims

to achieve the following objectives:

A. Identify the common challenges and emerging opportunities faced by HEIs in integrating
sustainability into sustainable agriculture.

B. Analyze and compare the strategies, programs, and best practices implemented by HEIs that
strengthen collaboration, institutional reputation, and academic—community partnerships; and

C. Examine HEIs’ contributions to sustainable agriculture, particularly in promoting food security,
resource efficiency, and compliance with quality assurance standards such as ISO accreditation.

By synthesizing these insights, the study contributes to the global and regional discourse on sustainable

agriculture and provides evidence-based recommendations for policy makers, HEIs, and stakeholders in

the Philippines, Southeast Asia, and beyond.

METHODOLOGY

This systematic review was carried out following the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA 2020) guidelines to ensure a transparent, rigorous, and well-structured
research process. Guided by the PRISMA framework, the review progressed through four phases:
identification, screening, eligibility, and inclusion, allowing for a systematic examination of literature on
the role of Higher Education Institutions (HEIs) in advancing sustainable agriculture. During the
identification stage, a comprehensive search was undertaken across multidisciplinary academic databases,
including Google Scholar, Scopus, ScienceDirect, ResearchGate, and ERIC and SciSpace. The search
focused on studies published between 2021 and 2025, using English-language publications to ensure
alignment with recent global developments in sustainability and agricultural transformation. The
keywords used combined major concepts relevant to the topic, such as: “higher education,” *
“HEIs” “sustainable agriculture,” “sustainability in agriculture,” ‘“agri-food systems
“research,” “extension,” “quality assurance,” “ISO accreditation”

universities,”
” “teaching,”
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The initial search yielded a broad set of records, with duplicates subsequently removed prior to screening.
To enrich the evidence base, documents from reputable international organizations (FAO, UNESCO) were
also reviewed, particularly policy briefs and institutional reports.

The screening process focused on determining the relevance of the studies to the core theme of HEIs'
contributions to sustainable agriculture. Given the increasing importance of sustainability frameworks,
climate-resilient agricultural practices, and quality assurance systems in higher education, limiting the
search to 2021-2025 enabled the review to capture recent initiatives, innovations, and institutional
reforms. This timeframe also reflects the period when many HEIs intensified their integration of
sustainability principles due to global policy shifts and the growing emphasis on SDGs, especially SDG 4
(Quality Education) and SDG 12 (Responsible Consumption and Production). At this stage, studies
unrelated to higher education, agricultural sustainability, or institutional quality assurance were excluded.
Records lacking empirical basis or presenting outdated practices were also removed. Only articles directly
addressing higher education’s teaching, research, extension, or policy functions in sustainable agriculture
were retained.

In the eligibility phase, full-text assessment was conducted using refined keywords such as: “HEI
sustainable agriculture initiatives,” “university-led agricultural innovation,” *
agriculture-related programs,” “ISO-certified agricultural education,” “HEI extension programs for

2 13

quality assurance in

sustainable farming.” A large number of articles were reviewed over approximately twelve (12) weeks,
including additional records identified through reference list searches. The inclusion criteria encompassed
peer-reviewed empirical studies, systematic reviews, case studies, and institutional assessments that
examined HEI roles in sustainability or agriculture. Studies were excluded if they: 1. focused exclusively
on basic education, 2. discussed agriculture without links to HEIs, 3. were non-English publications, 4.
were opinion pieces or lacked methodological rigor. Each study was evaluated based on research design
appropriateness, clarity of data collection processes, reliability of findings, and adherence to ethical
standards. Articles that failed to demonstrate transparency in methodology or data credibility were
removed from the final pool.

After completing the full review and quality appraisal, only studies with strong methodological grounding
and direct relevance to HEIs’ efforts in advancing sustainable agriculture were included. The final set of
studies represented diverse geographical contexts, providing insights from both developed and developing
regions. This diversity offered a broader understanding of how universities contribute to sustainability
through curriculum development, research innovations, community extension, and quality assurance
mechanisms such as ISO accreditation.

The systematic review is particularly timely, as HEIs continue to play a pivotal role in shaping the future
of sustainable agriculture through education, research, and community engagement, while simultaneously
navigating emerging challenges related to climate resilience, food security, institutional accreditation, and
sustainable development.

A structured approach was used to determine inclusion and exclusion criteria, summarized in the table
below:
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Table 1: Inclusion and Exclusion Criteria
Criteria Inclusion Exclusion
Study Type Peer-reviewed journal articles, | Opinion- based articles, editorials, non-
institutional case studies, and policy | peer-reviewed sources
briefs
Timeframe 2021- 2025 Studies published before 2021
Language English ~ language studies and | Non- English studies and publications
publications
Research Rigor | Studies with robust methodology, | Studies with unclear methodologies,

adequate sample sizes, validated data
collection, and statistical analysis

small or unrepresentative samples, or
unvalidated findings

Ethical

Considerations

Studies with informed consent, data
privacy safeguards, and bias mitigation
strategies

Studies lacking ethical transparency,
informed consent, or proper data

handling

Screening and Selection Process
The initial search yielded 132 records. After removing duplicates, 98 studies remained for title and
abstract screening. Of these, 56 articles were excluded due to irrelevance. 42 full-text articles were
assessed for eligibility, and 16 studies met the final inclusion criteria. These were subjected to in-depth

synthesis and thematic analysis.

Stage Number of Records
Records identified 132

After duplicates removed|[98

Screened (title/abstract) |98

Excluded 56

Full-text assessed 42

Full-text excluded

26 (not HEI-focused or non-sustainability related)

Included in synthesis

16

Data Extraction and Analysis
Data from each included study were extracted into a structured matrix capturing: author(s), year,
country/region, study focus, methodology, and key findings. Independent review by the research team

ensured consistency and accuracy.
A thematic synthesis approach was employed to categorize findings into three core dimensions aligned
with the study objectives:
1. Challenges and opportunities faced by HEIs in promoting sustainable agriculture

I[JFMR260167116
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2. Strategies and best practices in teaching, research, and extension

3. Contributions and impacts of HEIs on food security, institutional quality, and sustainability outcomes
Discrepancies in interpretation were resolved through team discussion and consensus.

PRISMA 2020 Flow Diagram of Study Selection Process

Identification Stage
Records identified through database searching (n = 132)
Duplicates removed (n = 34)
l
Screening Stage
Records screened (title/abstract) (n = 98)
Records excluded (n = 56)
l
Eligibility Stage
Full-text articles assessed for eligibility (n = 42)
Full-text articles excluded (n = 26)
Reason: Not HEI-focused or non-sustainability related
1
Inclusion Stage
Studies included in qualitative synthesis (n = 16)

RESULTS AND DISCUSSION

This review looked on the role of Higher Education Institutions (HEIs) in advancing sustainable
agriculture through the identification of challenges and emerging opportunities in integrating
sustainability into sustainable agriculture. Also, analyze and compare different strategies, programs, and
best practices being implemented that strengthen collaboration, institutional reputation, and academic-
community partnerships. The review also examines the HEIs contributions to sustainable agriculture,
particularly in promoting food security, resource efficiency, and compliance with quality assurance
standards.

1. Common Challenges and Emerging Opportunities Faced by HEIs in Integrating Sustainability in
Sustainable Agriculture.

Challenges

The HEISs plays a critical role in the promotion of sustainable agriculture through many initiatives such as
research, education, and community engagement. Accomplishing activities related to these leads to facing
several challenges in sustaining the efforts. Restrictions such as limited funding and resources hinder the
implementation of innovative programs and research undertakings. Likewise, the difficulty in integrating
sustainability concepts into the traditional curricula can also be constrained by existing course structures
and assessment methods. Collaboration with local communities and stakeholders also adds to the
challenge.

This systematic review revealed findings that Higher Education Institutions (HEIs) provide sustainable
agriculture initiatives in multiple approaches that usually comes up with constraint’s aspects.

Curriculum and Pedagogy
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Curricula struggle to move from individual enthusiasm to program — wide, action — oriented learning
because academics operate in disciplinary silos and lack time and institutional support to redesign courses.
Studies report gaps between stated curricular aims and actual classroom practice, and call for experiential,
service — learning approaches tied to real agrifood problems.

A. Disciplinary Siloing

The HEIs performs the growing role in knowledge creation for agroecological transformation. Universities
can frame research around systems thinking, values, and relational knowledge to support sustainable food
— system transitions (Mufioz-Araya et al., 2024). Many universities operate within siloed departments,
which limits collaboration between agronomy, ecology, social sciences, and economics, making it harder
to address the complex, interconnected issues inherent in sustainable food systems (Mufioz-Araya et al.,
2024). The integration of transdisciplinary and systems — thinking approaches across traditional academic
structures has been a primary challenge among HEIs. Organizational related barriers such as departmental
silos and weak leadership commitment further impede the integration of sustainability across curricula,
research, and campus operations. These problems suggest that without strategic planning, dedicated
resource, and capacity building, HEIs may struggle to sustain agricultural — sustainability projects to
implement them effectively (Machado and Davim, 2023).

B. Limited Time and Resources

Pretorius and Schonfeldt (2023) highlight that inadequate funding and weak resource mobilization hinder
the long-term transformation of food systems in universities. Machado and Davim (2023) cited that higher
education faces problems on resource constraints that limit the ability of HEIs to implement sustainability
initiatives, including sustainable — agriculture programs. Many educators report that developing and
teaching sustainability-oriented modules takes significantly more time and effort. For instance, preparing
new course materials, facilitating field trips or labs, and integrating systems thinking all require resources
that many institutions lack (Parry & Metzger, 2023; Munoz-Araya et al., 2024). Limited institutional
funding compounds this problem; universities may not prioritize sustainability initiatives, making it
difficult to allocate money for faculty training, agroecology teaching infrastructure, or support for
interdisciplinary programs (Zamora, 2014). As a result, sustainability topics often remain peripheral,
rather than fully embedded into core curricula.

C. Gap Between Intent and Practice

The gap between intent and implementation in sustainable agriculture highlights that HEIs often articulate
sustainability goals through mission statements, curricula, and training programs but struggle to fully
translate these intentions into practical outcomes. Murakami et al. (2017) explain that this gap arises from
sociocultural tensions, identity conflicts, limited experiential learning, and misalignment between global
and local sustainability goals. Zamban and Matte (2024) provide a concrete example of this phenomenon
in agrarian technician training that show that while the curriculum is shifting toward sustainability,
students’ practical engagement and the alignment of learning objectives with community and environment
realities remain incomplete. Students from conventional agricultural backgrounds may resist sustainable
concepts that seem to criticize their family’s farming practices while students from non — farming
backgrounds may struggle to identify as agriculturalists that navigates to identity conflicts as a significant
emotional and social challenge in the classroom (Murakami et al., 2017).

Zamban and Matte (2024) explain that many educational institutions publicly recognize the importance of
sustainability, often embedding it in their official mandates and development plans, yet this commitment
is not consistently reflected in classroom practice. According to their analysis, there remains a clear gap
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between intent and implementation: while sustainability is acknowledged as a priority, it is not
systematically integrated across core subjects. As a result, students encounter sustainability concepts
unevenly—some receive substantial exposure through subjects like science or social studies, while others
encounter only minimal or superficial references.

D. Need for Action — Oriented Pedagogies

Tripathi et al. (2023) emphasizes that while agricultural Higher Education Institutions in India have
integrated sustainability principles into policies and campus initiatives, translating these intentions into
meaningful student learning requires more than theoretical instruction. The study highlights programs
such as energy conservation, waste management, water harvesting, and campus greening, which
demonstrate institutional commitment to sustainability (Tripathi etal., 2023). However, to ensure that
students internalize these principles and develop practical competencies, HEIs must adopt action-oriented
pedagogies—teaching approaches that actively engage students in hands-on, problem-solving activities
within real-world contexts (Murakami etal., 2017). By connecting classroom knowledge to campus
sustainability projects and community-based interventions, action-oriented pedagogies bridge the gap
between institutional intent and student practice, fostering the skills, agency, and mindset necessary for
sustainable agricultural development (Zamban & Matte, 2024; Tripathi et al., 2023).

E. Technical Knowledge & Gaps

Instructor and students often face sociocultural tensions when dealing with problems on technical
knowledge and gaps as they disrupt the traditional expert — student transfer model where students may
struggle with the ambiguity of sustainability problems versus the concrete answers found in conventional
agronomy (Murakami, et al., 2017).

Bournaris et al. (2022) note that many agricultural education programs continue to face significant
technical knowledge gaps, particularly in rapidly evolving areas such as precision agriculture, digital
farming tools, and data-driven decision-making. These gaps are evident both among students, who often
have limited exposure to emerging technologies, and within academic programs, where curricula may not
yet reflect the latest advancements in sustainable agritech. According to Bournaris et al. (2022), this lack
of updated technical capacity becomes a major barrier to integrating sustainable and innovative
technologies into agricultural education. They argue that without intentional curriculum renewal, students
are unable to develop the competencies needed to participate in modern, technology-enhanced agricultural
systems. As a result, the authors stress the need for targeted instructional modules, specialized training
activities, and partnerships with industry and research institutions to ensure that syllabi remain
current. Such collaborations can help bridge the knowledge gap, provide access to real-world applications,
and strengthen the alignment between academic preparation and the demands of contemporary sustainable
agriculture.

Research Integration and Funding Barriers

Linking research on sustainable agriculture to teaching and community impact is hindered by budget
constraints, limited incentives for applied collaboration, and weak monitoring of outcomes. Institutions
report that financial and bureaucratic limits block the translation of research into curricular innovation and
community solutions.

A. Budgetary Restrictions

HEIs are supporting food security through integrated farming systems. Ahmad et al., 2024 showed that
universities contribute directly to community food production while linking research to practical
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applications. As HEIs plays an active role in promoting food security through integrated farming, a major
challenge such as high resource requirement for establishing and maintaining integrated farms, including
land, inputs, labor, and technical expertise is noted (Ahmad et al., 2023). The limitations on funding,
inadequate infrastructure, and insufficient capacity of staff, limits universities from scaling these projects
or sustaining them in the long run (Ahmad et al., 2023).

Tomasi et al. (2025) explain that many agronomy programs struggle to advance curriculum reform and
research development due to persistent budgetary restrictions. These financial limitations affect the
ability of institutions to update courses, acquire modern equipment, and support faculty in designing
innovative, interdisciplinary learning experiences. According to Tomasi et al. (2025), inadequate funding
also constrains research activity, particularly projects that require laboratory resources, field experiments,
or collaboration with external partners. As a result, opportunities to develop integrated teaching-
research projects—which are essential for exposing students to real-world agronomic challenges and
emerging sustainable practices—become limited. The authors argue that without sufficient investment,
agronomy programs face difficulties in aligning educational delivery with the evolving needs of the
agricultural sector, ultimately weakening both student training and institutional capacity for innovation.
B. Insufficient Incentives for Applied Collaborations

Borges et al. (2023) and Tripathi et al. (2023) highlight that a lack of incentives for applied collaboration
often prevents researchers and teachers from effectively working together on projects that are directly
relevant to local communities. Without structured support—such as recognition in promotion criteria,
funding for joint initiatives, or institutional frameworks to facilitate collaboration—academics have
limited motivation or capacity to co-create research that could be immediately integrated into teaching.
This gap means that valuable knowledge generated through community-engaged or problem-based
research often remains disconnected from the classroom, reducing opportunities for students to engage
with real-world challenges. According to these studies, fostering incentives and institutional mechanisms
for collaboration is essential to ensure that research and teaching mutually reinforce one another,
enhancing the relevance and impact of higher education on local agrifood and sustainability issues.

C. Weak Monitoring & Reporting

Monitoring and evaluation can also be complex in terms of measuring contributions to food security,
environmental sustainability, and socio — economic benefits (Ahmad et al., 2023). Tripathi et al. (2023)
argue that the weak monitoring and reporting of research-to-practice outcomes poses a significant
barrier to understanding the effectiveness of integration efforts in agricultural and food-related education.
When institutions do not systematically track how research findings are applied in teaching or community
projects, it becomes difficult to assess whether educational innovations are achieving their intended
impact. This lack of transparency also reduces accountability, making it harder to justify sustained
funding or to scale successful initiatives across programs or institutions. According to Tripathi et al.
(2023), establishing robust monitoring and reporting mechanisms is therefore critical, not only for
evaluating the success of integrated research-teaching approaches but also for ensuring that investments
in curriculum development, applied projects, and faculty collaboration produce measurable and
sustainable outcomes.

D. Technological and Knowledge Gap

Bournaris et al. (2022) note that technological and knowledge gaps significantly hinder the adoption of
research innovations, including advanced approaches like precision agriculture. Even when research
produces effective tools or methods, their practical uptake by students, farmers, or institutions remains
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limited if there is insufficient training or supporting infrastructure. According to Bournaris et al. (2022),
simply producing research outputs is not enough; adoption requires coordinated investment in both
capacity building and technological infrastructure, such as training programs, demonstration sites, and
access to digital tools. Without these complementary measures, the potential impact of innovations on
sustainable agricultural practices and student learning is substantially reduced.

Institutional Policy and Faculty Capacity

Institutional governance, bureaucratic procedures and limited faculty development hinder curricular
capacities and sustained pedagogical change. Multiple studies highlight the importance of leadership,
streamlined policies and continuing professional development to enable faculty to teach sustainability
effectively.

A. Bureaucratic Constraints

Tomasi et al. (2025) highlights that bureaucratic constraints within institutional policies and
administrative processes often slow down or even block efforts to update curricula. Formal procedures,
rigid approval chains, and extensive documentation requirements can make it difficult for faculty to
introduce new courses or integrate emerging topics, including environmental and sustainability themes,
into existing programs. According to Tomasi et al. (2025), these structural barriers prevent timely
adaptation of educational content, limiting students’ exposure to critical concepts in sustainability and
reducing the agility of institutions to respond to evolving societal and sectoral needs. As a result, even
when there is recognition of the importance of sustainability, the practical incorporation of these elements
into curricula can be delayed or fragmented.

B. Overburdened Faculty Role

Tomasi et al. (2025) note that overburdened faculty roles, where educators are responsible not only for
teaching but also for administrative tasks, research supervision, and other institutional duties, can
significantly reduce their capacity to engage in curriculum redesign and community-based projects.
When workload expectations are high and diversified, faculty have limited time and energy to develop
innovative courses, integrate sustainability themes, or collaborate on applied research with local
communities. According to Tomasi et al. (2025), addressing this challenge requires adjustments to
workload models, for example, providing dedicated time or incentives for curriculum development and
outreach activities—so that faculty can meaningfully contribute to both pedagogical innovation and the
practical application of research in teaching.

C. Lack of Sustained Faculty Training

A recent study on faculty perceptions indicates that while educators recognize the importance of
sustainability, significant gaps in training, instructional resources, and institutional support hinder them
from effectively integrating these concepts. Faculty often feel unprepared to facilitate the interdisciplinary
dialogue necessary for sustainable agriculture (Dela Cruz et al., 2025). Faculty work is often siloed.
Collaborative teaching, which is essential for sustainable agriculture (e.g., a sociologist teaching alongside
an agronomist), is frequently discouraged by university structures that reward individual research over
collaborative teaching (Helms, 2014).

Borges and Da Silva (2022) and Borges et al. (2023) highlight that the lack of sustained faculty training
in sustainability significantly undermines both teacher confidence and competence in addressing these
topics in the classroom. Without ongoing professional development opportunities, educators may struggle
to integrate current sustainability concepts, technologies, or practices into their courses effectively. The
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author argues that continuing professional development is repeatedly cited as an urgent need, as it
equips faculty with up-to-date knowledge, pedagogical strategies, and practical skills to teach
sustainability comprehensively. Sustained training not only strengthens instructional quality but also
ensures that students receive consistent, accurate, and engaging exposure to sustainability concepts across
the curriculum.

D. Leadership & Resource Commitments

Borges et al. (2023) emphasize that while faculty may initially be motivated to integrate sustainability and
innovation into teaching and research, intrinsic motivation alone is often insufficient for sustained
action. Without practical organizational support, including dedicated resources, clear policies, and
long-term strategic planning, faculty enthusiasm can diminish over time. The authors argue that effective
integration of sustainability into curricula and research requires not only individual commitment but also
leadership and institutional resource commitments to provide guidance, incentives, and continuity.
Such support ensures that initiatives are maintained, scaled, and aligned with broader educational and
societal goals, rather than relying solely on temporary faculty-driven efforts.

Stakeholders Partnerships, Infrastructure, and Assessment

Sustained university-community partnerships, adequate technical infrastructure, and robust evaluation
systems are weak or inconsistent, limiting real-world impact and the ability to measure progress toward
sustainability learning outcomes. Market contexts and external employment patterns also influence
graduates’ ability to practice sustainable agriculture.

A. Need for Long — Term University — Community Collaboration

Tripathi et al. (2023) stress the importance of long-term university-community collaboration to ensure
that curricula in food and agricultural programs remain relevant and responsive to local needs. Such
partnerships allow universities to co-create learning experiences and course content with community
stakeholders, aligning academic objectives with the practical challenges of local agrifood systems.
According to Tripathi et al. (2023), sustained engagement with farmers, cooperatives, and industry actors
not only enhances the applicability of research and teaching but also equips students with real-world
skills and problem-solving abilities. This approach fosters a two-way exchange: universities provide
knowledge and technical expertise, while communities contribute contextual insights and priorities,
supporting the transformation of agrifood systems in a locally meaningful and sustainable way.

Another effective learning strategy is the student — led and community — based initiatives. Deskin and
Harvey, 2023 uncovered that university — led community food projects improve the skills of the students
and strengthen the resilience of the community. Despite recognition of a student — led and community —
based initiatives as an effective strategy for experiential learning in sustainable agriculture, challenges in
the implementation were noted. The coordination and resource demand of such programs, that includes
organizing on — farm projects, community workshops, or food — system interventions require substantial
faculty supervision, logistical planning, and financial support (Deskin & Harvey, 2023). Coordination on
community needs also requires careful planning and engagement, and failure to parallel academic
objectives with local farming realities can reduce the relevance or impact of interventions (Ahmad et al.,
2023)

B. Market & Employment Pressures

Ramirez (2025) observes that market and employment pressures can strongly influence the career
choices of graduates, often steering them toward conventional agricultural practices even when they have
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received education in sustainability. These external economic and professional incentives may undermine
the impact of sustainability-focused curricula, as students prioritize immediate job opportunities or
established industry norms over innovative or environmentally responsible approaches. According to
Ramirez (2025), to enhance the effectiveness of sustainability education, it is crucial to engage external
stakeholders—including employers, industry bodies, and policymakers—so that graduates encounter
aligned incentives and support structures that reinforce sustainable practices in their professional
trajectories.

C. Infrastructure and Technical Constraints

The integration of digital technologies into teaching and extension is a worthy initiative but is still limited
by infrastructure and digital literacy gaps. Digital divide, including inadequate infrastructure, limited
access to high — speed internet, and low literacy among faculty, students, and marginalize farmers,
constraints the effective disposition of ICT — enabled platforms and precise — agriculture tools (INIAP &
CAWR, 2025). These problems usually limit the reach and impact of digital initiatives, making it
challenging for universities to scale interventions or ensure equitable access for rural communities.
Limited access to digital infrastructure and data analytics tools prevents the effective implementation of
interactive, technology-enhanced learning platforms. This "digital equity" issue means students may learn
theory but lack exposure to the practical, high-tech tools used in modern sustainable farming (Ijiga et al.,
2025, as cited in Michael & Ogunsola, 2025).

D. Assessment & Evaluation Difficulties

Ensuring meaningful engagement with local communities is a challenge when students and universities
have limited familiarity with community needs, cultural contexts, or local farming practices. The challenge
on evaluating the effect of these programs on both student learning and community resilience is due to
lack of standardized assessment tools and longitudinal follow up (Deskin & Harvey, 2023).

E. Insufficient Teacher Awareness & Perceived Competence

One of the key challenges in implementing sustainable agriculture education in higher education
institutions (HEIs) is insufficient teacher awareness and perceived competence. Many faculty members
may be trained primarily in conventional agricultural methods, with limited exposure to sustainability
principles, agroecology, or climate-smart agriculture (Zamban & Matte, 2024). As a result, instructors
may lack confidence in designing and delivering courses that integrate sustainable practices, participatory
learning, or community-based projects (Murakami et al., 2017). This gap in teacher knowledge and skills
can hinder curriculum innovation, reduce the effectiveness of experiential learning activities, and limit the
ability of students to acquire practical competencies in sustainable agriculture (Tripathi et al., 2023).
Even when HEIs have sustainability-oriented programs, faculty members perceived lack of competence
may lead to minimal incorporation of sustainability in teaching or reliance on traditional lecture-based
approaches, thereby perpetuating the gap between the intent and implementation of sustainability
education (Murakami etal.,, 2017; Zamban & Matte, 2024). Developing faculty capacity through
professional development, workshops, and collaborative learning with practitioners and local communities
is therefore crucial for ensuring that sustainability education is both meaningful and effectively
implemented (Tripathi et al., 2023).

Emerging Opportunities
HEIs are increasingly forming academia — industry partnerships to drive innovation. ICAR et al., 2023
highlights that collaborations with industry improve the employability of the student, sustain the support
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on research initiatives, and enable co-creation of novelty in agricultural technologies. While academia —
industry partnerships is an emerging possibility, HEIs challenged in the establishment and sustaining of
these collaborations. Aside from the limited resources, limited experience in managing intellectual
property, technology transfer, and commercialization processes can hinder HEIs translating research
outcomes into practical applications or market ready innovations. The challenges are further aggravated
by uneven stakeholders’ engagement, where industry partners may have differences on expectations and
priorities compared to academic objectives, leading to misalignment in the project outcomes. Despite this
challenge, academia — industry partnerships exhibit a promising opportunity for advancing sustainable
agriculture. ICAR et al., 2023 demonstrate that this collaboration enhances the employability of the
students through exposure to real-world agricultural challenges and industry practices. HEIs provided
partnerships with access to shared funding, technical infrastructure, and specialized expertise, this support
sustainable research initiatives and facilitate the co-creation of original agricultural technologies. The
alliance also promotes the transfer of technology that enables research outputs to be converted into market
—ready solutions that will benefit farmers, communities, and the agricultural sector. Through partnership,
HEIs can strengthen the research capacity and impact in society, placing them as key actors in the
transition toward sustainable agricultural systems (ICAR et al., 2023).

There is growing opportunity in agri-entrepreneurship and university—industry partnerships. HEIs can
embed entrepreneurship training into agricultural curricula, incubate farm-to-market startups, and broker
innovations in value-chain sustainability. Case studies from multiple universities highlight curricula that
combine business skills, sustainable practice, and market linkage training — opening pathways for
spinouts, local SME support, and new funding streams through impact investors and development partners
(Chirinda et al., 2024).

Curriculum innovation is an immediate opportunity: embedding Education for Sustainable Development
(ESD) and action-oriented pedagogy into existing agricultural degree programs can produce graduates
with practical competencies in sustainable practices, climate adaptation, and systems literacy. Empirical
studies show HEIs are already trialing modular ESD courses, green curricula and experiential labs that
can be scaled into core degree requirements — creating space for micro-credentials, ladderized courses,
and stackable certificates that respond quickly to employer and community needs (Tripathi et al., 2023;
Duran, 2024).

Digital technologies present significant emerging opportunities for enhancing sustainable agriculture
where universities can leverage ICT tools and precision — agriculture platforms to provide hands — on,
experiential learning for students while simultaneously supporting farmers with data — driven decision —
making, remote monitoring, and extension services (INIAP & CAWR, 2025). Digital platforms also create
a broader knowledge dissemination and collaboration, connecting HEIs with industry partners,
government agencies, and farming communities to co — develop innovative solutions. Integrating
technology into the curriculum prepares graduates with digital competencies that are essential to modern
agricultural systems (INIAP & CAWR, 2025). Digital transformation and extension modernization
present a timely opportunity for HEIs to scale sustainability education beyond campus borders. Digital
extension, e-learning platforms, mobile advisories and blended training courses let universities reach
smallholder farmers with climate-smart practices and enable remote practicums and continuous
professional development for extension agents. In contexts like the Philippines, national e-extension
platforms and university—agency collaborations demonstrate how HEIs can co-design digital curricula and
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scale outreach while collecting learning data for research and impact evaluation (ATI, 2021; Briones et
al., 2023).

Campus as laboratory and demonstration site is an under-exploited institutional asset. Universities can
convert campus land, greenhouses, and extension plots into demonstration sites for integrated farming
systems, regenerative practices, and circular nutrient flows; such sites become hubs for hands-on training,
demonstration for local farmers, and field-scale research that attract external grants and public—private
partnerships (Sultan et al., 2024). This model strengthens HEIs’ capacity for applied research and
extension while generating measurable sustainability outputs.

HElIs have significant emerging opportunities to drive ecological knowledge creation. By adopting system
— thinking frameworks, relational knowledge approaches, and value — centered research, universities can
produce holistic insights that support sustainable food — system transitions (Mufioz-Araya et al., 2024).
The approach can lead HEIs to connect scientific research with social, economic, and environmental
considerations, adapting innovation that is practically relevant and ecologically sound. Likewise,
universities can serve as innovation hubs, facilitating collaboration among researchers, farmers,
policymakers, and industry partners to work hand in hand with knowledge and solutions that can be
adapted and scaled locally. Considering the strategies, HEIs strengthen the leadership in sustainability
education and research, contributing to agroecological transformation and long — term food — system
resilience (Mufoz-Araya et al., 2024). HEIs are uniquely positioned to reconceptualize knowledge
production for agroecological transformation. Recent work argues that universities can move beyond
technocratic, disciplinary silos to create transdisciplinary knowledge frameworks that prioritize place-
based agroecological practices, farmer knowledge, and systems thinking — an orientation that opens
opportunities for new research programs, cross-faculty institutes, and funded ‘“knowledge co-creation”
projects that explicitly target food-system transformation (Mufioz-Araya et al., 2024).

On the emerging opportunities relating to student — led and community — based initiatives, Deskin &
Harvey (2023) demonstrate that such student — led and community — based programs not only enhance
student skills in problem solving, leadership, and applied agriculture, but also strengthen the resilience of
the community by transferring knowledge and sustainable practices among local farmers. These programs
promote active, hands — on learning and create mutual partnerships where students, faculty, and
community members co-produce solutions to problems related to agricultural challenges. Through
embedding experiential, community — focused projects into the curricula, HEIs can at the same time
advance educational outcomes and contribute to sustainable development (Deskin & Harvey, 2023).
Student-led and community-embedded learning initiatives provide a low-barrier route to integrate
sustainability into pedagogy. Student farms, campus food projects, and community food hubs serve as
living laboratories where students practice agroecology, run participatory research, and learn facilitation
and extension skills. These informal and student-run spaces foster critical, transformative learning and
strengthen university—community ties, offering HEIs opportunities to revise assessment methods
(portfolio, project-based assessment) and to claim societal impact in promotion and funding metrics
(Deskin & Harvey, 2023).

Integrated farming systems present opportunities for HEIs. Ahmad et al. (2024) cited that such initiatives
permit universities to directly contribute to community food production, providing tangible benefits while
linking academic research with practical applications. Integrated farms became a living laboratory for
students and researchers, providing experiential learning in sustainable agriculture, system thinking, and
applied research. These projects also strengthen university —community partnerships, foster local capacity
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— building, and enhance knowledge transfer of innovative farming practices. In combining research,
education, and community engagement, HEIs can simultaneously advance sustainable agriculture,
enhance food security, and train new generation of agricultural professionals equipped with practical skills
and system — based understanding (Ahmad et al., 2023).

Finally, institutional policy and capacity-building form an enabling opportunity: systematic reviews and
syntheses show that when HEIs adopt campus sustainability strategies, reward systems for
transdisciplinary scholarship, and partnerships with local governments and civil society, integration of
sustainability in agricultural education accelerates. By aligning internal incentives (hiring, promotion, seed
funding) with sustainability goals, HEIs can institutionalize pedagogy, research, and outreach that
materially advance sustainable agriculture at scale (Abo-Khalil, 2024).

Findings

A notable limitation in current HEI-led initiatives in sustainable agriculture is the absence of systematic,
long-term evaluation. Without continuous monitoring of environmental, social, and economic outcomes,
the effectiveness and scalability of these interventions remain uncertain (Task Force on Agrifood
Research, 2023). In the context of the Philippines, Homillano (2025) similarly highlights gaps in
institutional capacity and quality assurance mechanisms within agricultural graduate programs, noting that
limited monitoring and evaluation processes constrain program effectiveness and long-term impact.
Additionally, equity and inclusion concerns persist, as women, marginalized populations, and remote
communities may remain underrepresented unless explicitly prioritized in program design (Pretorius &
Schonfeldt, 2023).

Despite these challenges, several strategic opportunities for HEIs have been identified. Universities are
well-positioned to advance digital agricultural extension and precision agriculture, leveraging ICT, mobile
platforms, and data-driven approaches to improve farmer engagement and knowledge transfer (INIAP &
CAWR, 2025). Likewise, transdisciplinary and experiential curricula, including problem-based learning,
on-farm laboratories, and student-community engagement projects, equip graduates with practical skills
for sustainable agriculture (Deskin & Harvey, 2023; Mufioz-Araya et al., 2024). Homillano (2025) further
emphasizes that strengthening institutional quality assurance—through accreditation processes and
structured program evaluation—enhances the effectiveness of teaching, research, and extension activities
in agricultural programs.

HEISs also act as innovation hubs, fostering collaboration among government, industry, and communities
to co-develop sustainable solutions (Pretorius & Schonfeldt, 2023). The promotion of open-access
knowledge dissemination improves accessibility and encourages equitable adoption of sustainable
practices (Task Force on Agrifood Research, 2023). Alignment with Sustainable Development Goals
(SDGs) further reinforces institutional commitment, enabling universities to mobilize resources,
strengthen partnerships, and enhance legitimacy in sustainability initiatives.

Finally, universities can leverage their research and evaluation capacity to conduct longitudinal and quasi-
experimental studies, generating evidence to guide policy and improve practice (Task Force on Agrifood
Research, 2023; Homillano, 2025). By addressing structural barriers while capitalizing on these
opportunities, HEIs can move beyond fragmented pilot projects and assume a transformative leadership
role in promoting sustainable agriculture.
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Table 2. Challenges and Opportunities of HEIs in Sustainable Agriculture

Theme

Specific Finding

Supporting Evidence

(Author, Year)

Challenges

Limited institutional capacity and
funding

Pretorius & Schonfeldt, 2023

Disciplinary silos and resistance to
curricular reform

Machado & Davim, 2023

Digital divide affecting adoption of
ICT and digital extension

INIAP & CAWR, 2025

Weak R&D—extension—farmer

linkages

Pretorius & Schonfeldt, 2023

Lack of long-term evaluation and
evidence

Task Force
Research, 2023

on Agrifood

Inclusion and equity barriers

Pretorius & Schonfeldt, 2023

Opportunities

Digital extension and precision

agriculture

INIAP & CAWR, 2025

Transdisciplinary and experiential
learning

Deskin & Harvey, 2023;
Muiioz-Araya et al., 2024

Multi-actor innovation ecosystems

Pretorius & Schonfeldt, 2023

Open science and wider knowledge
diffusion

Task Force
Research, 2023

on Agrifood

Alignment with SDGs and policy
frameworks

Pretorius & Schonfeldt, 2023

Capacity  for

evaluation

rigorous  impact

Task Force
Research, 2023

on Agrifood

2. Strategies, Programs, and Best Practices by HEIs that strengthen collaboration, institutional
reputation, and academic — community partnerships

The Higher Education Institutions (HEIs) play a pivotal role in advancing sustainable development and
fostering meaningful engagement with society. Beyond their traditional responsibilities of teaching and
research, universities are increasingly expected to serve as catalysts for community development,
technology transfer, and knowledge co-creation, particularly in sectors like agriculture where local
livelihoods, food security, and environmental sustainability intersect (Brundiers & Wiek, 2017; Pretty,
2018). As a result, HEIs have adopted multi-faceted approaches to strengthen collaboration, enhance
institutional reputation, and build effective academic—community partnerships.

These approaches can be understood along three interrelated dimensions: strategies, programs, and best
practices. Strategies refer to the high-level institutional directions and policies that guide how universities
integrate sustainability and engagement into their core mission, such as curriculum mainstreaming,
institutionalized community-engaged scholarship, and the adoption of campus-as-living-laboratory
models (Kelly, 2024; Filho et al., 2022). Programs operationalize these strategies through concrete
initiatives, including service-learning courses, extension projects, demonstration farms, participatory
research, and entrepreneurship incubators that actively involve students, faculty, and community partners
(Putra, 2024; Duke, 2023; ATI, 2021). Complementing these are best practices, which are evidence-based
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methods or approaches—such as co-creation, transparent governance, mutual capacity building, and
impact reporting—that ensure the effectiveness, equity, and sustainability of engagement initiatives (Israel
et al., 2013; Fitzgerald et al., 2016; Filho et al., 2022).

Understanding the distinctions and interplay between these three dimensions allows HEIs to design more
coherent and impactful engagement frameworks. Strategies provide the direction, programs deliver action,
and best practices ensure quality and sustainability. Collectively, they form a robust system through which
HEIs can strengthen partnerships, enhance societal impact, and bolster institutional reputation, thereby
positioning themselves as agents of innovation and sustainable development within the communities they
serve.

Strategies

Strategies represent the high-level institutional directions and policy decisions that guide how Higher
Education Institutions (HEIs) embed collaboration, sustainability, and community engagement into their
core functions. Unlike individual programs or projects, strategies are long-term, structural, and
institution-wide, providing a framework that shapes curriculum design, faculty incentives, partnership
approaches, and campus operations. By adopting strategies such as curriculum mainstreaming of
sustainability, institutionalizing community-engaged scholarship, and utilizing the campus as a living
laboratory, HEIs create an enabling environment that encourages meaningful collaborations, enhances
institutional reputation, and aligns academic efforts with societal needs (Brundiers & Wiek, 2017; Kelly,
2024; Sterling, 2010). These strategies serve as the foundation upon which programs and best practices
are developed, ensuring that engagement with communities is both systematic and sustainable.
Integration of Sustainability Across the Curriculum

One prominent strategy is the integration of sustainability across the curriculum, where universities infuse
sustainability competencies—systems thinking, collaboration, and problem-solving—into agricultural
degree programs. Brundiers and Wiek (2017) argue that whole-institution curriculum transformation helps
universities build societal partnerships, as communities see HEIs as knowledge brokers for sustainable
development. Similarly, Sterling (2010) highlights that embedding sustainability into academic structures
enhances institutional reputation because it signals long-term commitment to societal change.
Institutionalization of Community — Engaged Scholarship

Another key strategy is the institutionalization of community-engaged scholarship, where HEIs revise
promotion and tenure guidelines to recognize teaching, outreach, and community research as legitimate
scholarly work. This strategic shift reduces structural barriers and creates incentives for faculty to pursue
long-term partnerships. Kelly (2024) and Fitzgerald et al. (2016) both note that when engagement becomes
a rewarded form of scholarship, collaboration expands and institutional visibility increases.

Multi — Stakeholders Collaboration

HEIs also strengthen partnerships through multi-stakeholder collaboration strategies, engaging NGOs,
local governments, smallholder farmers, and industry in research planning and decision-making. Pretty
(2018) emphasizes that sustainable agriculture benefits most when knowledge systems incorporate farmer
experience, university science, and policy frameworks. These collaborative strategies not only enrich the
relevance of HEI outputs but also cultivate institutional trust among communities and partners (Pandey et
al., 2025).

Campus as Living Laboratory Strategy

Lastly, the campus-as-living-laboratory strategy—which transforms university farms, greenhouses, and
research stations into active co-learning hubs, promotes experiential learning, applied research, and
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community-centered engagement. Such living-lab structures provide students and faculty with
opportunities to test sustainable agricultural practices in real-world contexts, bridging theory and practice.
According to Filho et al. (2022), these initiatives enhance institutional reputation by generating tangible
environmental and social outcomes that stakeholders, including local communities and policymakers, can
directly observe. Homillano (2025) further underscores that when living laboratories are integrated within
well-structured, accredited programs, they contribute to quality assurance and institutional effectiveness,
strengthening both teaching and extension activities. These strategies not only equip graduates with
practical skills for sustainable agriculture but also foster multi-stakeholder collaboration, enabling
universities to co-create solutions with communities, government agencies, and industry partners.
Moreover, aligning living-lab projects with Sustainable Development Goals provides a framework for
monitoring impact, documenting outcomes, and mobilizing institutional resources, thereby positioning
HEIs as leaders in transformative and sustainable agricultural education.

Programs

Programs are the operational initiatives through which Higher Education Institutions (HEIs) implement
their broader strategies. They translate high-level institutional directions into concrete, action-oriented
activities that engage students, faculty, and community partners. Programs are often project-based, time-
bound, and resource-supported, and include initiatives such as service-learning courses, university-led
extension and demonstration farms, community-based participatory research, and agri-entrepreneurship
incubators (Putra, 2024; Duke, 2023; Agricultural Training Institute, 2021). By providing structured
opportunities for applied learning, technology transfer, and co-created research, programs enable HEIs to
build lasting community partnerships, strengthen the practical relevance of their curricula, and visibly
demonstrate their contribution to societal development. In essence, programs act as the practical execution
of institutional strategies, bringing collaboration and engagement to life on the ground.

Service Learning and Community Immersion

A major programmatic approach is service-learning and community immersion, where students engage in
community agriculture projects, sustainable farming initiatives, and local food-system work. Eyler and
Giles (1999) found that well-structured service-learning enhances student civic responsibility and deepens
community trust in institutions. More recently, Putra (2024) confirms that such programs foster reciprocal
learning and provide communities with immediate benefits, reinforcing long-term relationships.
Participatory Extension and Demonstration Farm Programs

HEIs also run participatory extension and demonstration farm programs, commonly through university
extension units. These programs provide farmer training, field demonstrations, seed distribution, and
agroecology seminars. The DA—ATI partnership model demonstrates how university-led extension
enhances both local capacity and institutional visibility (Agricultural Training Institute, 2021). Feder,
Anderson, and Birner (2010) likewise stress that extension programs anchored in HEIs improve innovation
adoption rates and strengthen science—community linkages.

Community — Based Participatory Research (CBPR)

Another emerging program is community-based participatory research (CBPR) in agriculture—an
approach where communities co-design research questions and share decision-making. Israel et al. (2013)
argue that CBPR builds credibility because communities experience the research process as inclusive and
empowering. Duke (2023) has shown that CBPR programs create long-term partnerships that continue
beyond project timelines.

Agri — Entrepreneurship and Innovation Incubator Program
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In addition, agri-entrepreneurship and innovation incubator programs provide support for student and
community-based enterprises, offering mentorship, market linkages, and training in sustainable value
chains. Ghezzi and Cavallo (2020) note that university incubators enhance institutional image by
demonstrating real-world impact and fostering economic development. These incubators often become
platforms for public—private partnerships, as noted by Pandey et al. (2025).

Best Practices

Best practices refer to evidence-based methods and approaches that ensure the effectiveness,
sustainability, and equity of Higher Education Institutions’ (HEIs) engagement with communities. Unlike
strategies, which provide direction, or programs, which implement activities, best practices focus on
quality, methodology, and replicability. Examples include co-creation with community stakeholders,
transparent governance through MOUs and agreements, mutual capacity-building initiatives, and
systematic impact reporting (Israel et al., 2013; Fitzgerald et al., 2016; Filho et al., 2022). By adopting
these approaches, HEIs can strengthen trust, enhance collaboration outcomes, and maintain long-term
partnerships while simultaneously improving their institutional credibility and reputation. Best practices
thus act as the guiding principles that enhance the success and sustainability of both strategies and
programs.

Co — Creation and Participatory Decision — Making

A foundational best practice is co-creation and participatory decision-making. When communities help
define project agendas, monitoring tools, and expected outcomes, partnerships become equitable and
sustainable. Israel et al. (2013) and Duke (2023) both emphasize that co-creation reduces power
imbalances and enhances mutual trust—factors crucial for long-term collaboration.

Transparency Governance and Parnership Formalization

Another best practice is transparent governance and partnership formalization, involving clear MOUs,
benefit-sharing agreements, and joint monitoring systems. Fitzgerald et al. (2016) suggest that governance
clarity prevents “transactional partnerships” and enables sustained projects that can be highlighted in
institutional reports and accreditation portfolios.

Mutual Capacity Building Practices

HEIs also excel when they implement mutual capacity-building practices, where training flows in both
directions—students and faculty learn participatory methods, while community partners receive
leadership and technical-skills training. Pretty (2018) notes that agriculture-focused partnerships thrive
when farmer knowledge and academic expertise are treated as complementary sources of innovation.
Effective Communication and Impact Reporting

A final best practice is effective communication and impact reporting. Publishing community impact
reports, showcasing outcomes in public forums, and maintaining transparent online documentation all
enhance institutional reputation. Filho et al. (2022) stress that HEIs gain global visibility when they
communicate measurable sustainability outcomes, particularly through frameworks like SDG reporting
and sustainability audits.

Findings

The consolidated findings illustrate that Higher Education Institutions (HEIs) are moving toward a more
systemic and intentional model of collaboration and sustainability integration, particularly within the field
of agriculture. At the strategic level, HEIs are increasingly embedding sustainability into institutional
policies, long-term development plans, and curricular reform. These strategic commitments—such as
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whole-institution sustainability frameworks, community-engaged scholarship pathways, and campus-as-
living-laboratory models—create a structural environment where collaboration and innovation can
flourish (Brundiers & Wiek, 2017; Kelly, 2024; Sterling, 2010). Such strategies elevate sustainability from
isolated academic themes into cross-cutting institutional priorities, ensuring continuity, organizational
coherence, and visibility that ultimately enhance institutional reputation.

These strategies are then translated into concrete action through programs that directly link the university
to local and regional communities. Programs such as service-learning, agricultural extension, digital
learning platforms, agroecology demonstration farms, and community-based participatory research not
only operationalize sustainability goals but also provide experiential learning opportunities for students
and practical support for partner communities (Putra, 2024; Duke, 2023; Agricultural Training Institute,
2021). Through these programs, HEIs strengthen their role as knowledge brokers, extension hubs, and
catalysts of local development, building reciprocal relationships that reinforce institutional legitimacy and
social relevance. Importantly, these programs generate tangible outputs—technologies, training modules,
crop management innovations, and livelihood improvements—that deepen trust between universities and
stakeholders.

Complementing these institutional efforts are best practices that provide methodological rigor and
consistency in how HEIs manage partnerships and engagement activities. Practices such as co-creation of
research agendas, transparent partnership governance, equitable knowledge exchange, and systematic
impact assessment ensure that collaborations remain ethical, mutually beneficial, and sustainable (Israel
et al., 2013; Fitzgerald et al., 2016; Filho et al., 2022). These practices act as quality benchmarks that help
HEIs maintain strong and long-lasting relationships with farmers, local governments, NGOs, and industry
partners. More importantly, they help safeguard the integrity of academic—community partnerships,
ensuring that institutions avoid extractive or short-lived engagements.

Collectively, the alignment of strategies, programs, and best practices forms a robust and holistic model
for HEI-led sustainability engagement. This alignment demonstrates that meaningful institutional impact
arises not from isolated initiatives but from well-integrated systems that connect policy, practice, and
pedagogy. When these three components work together, HEIs are better positioned to contribute to
sustainable agricultural development, enhance community resilience, and elevate their public standing as
leaders in knowledge-driven societal transformation. Ultimately, this integrated approach affirms that
HElIs serve not only as centers of learning but also as active partners in co-creating solutions that address
environmental, social, and economic challenges in an increasingly complex world.

3. Contributions of Higher Education Institutions to Sustainable Agriculture

The review demonstrates that Higher Education Institutions (HEIs) play a central and multidimensional
role in promoting sustainable agriculture, functioning simultaneously as knowledge generators, human-
capital developers, extension actors, and quality-assurance institutions. Their contributions can be grouped
into three interrelated domains—food security, resource efficiency, and quality assurance—which
collectively shape sustainable agricultural outcomes (Task Force on Agrifood Research, 2023; Homillano,
2025).

HEIs Strengthen Food Security through Research, Innovation, and Human-Capital Development

HEIs contribute to food security by developing climate-resilient crops, integrated pest management
strategies, organic farming systems, and other technological innovations that enhance both the availability
and stability of food systems (Deskin & Harvey, 2023; Mufoz-Araya et al., 2024). These scientific
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advancements align with the FAQO’s four pillars of food security and have been shown to improve
productivity and resilience among smallholder farmers across Asia, Africa, and Latin America.

In addition, HEIs play a decisive role in human-capital formation, offering degree programs, competency-
based curricula, and field-oriented learning that prepare agricultural scientists, extension officers,
policymakers, and practitioners. These graduates act as knowledge intermediaries, translating research
innovations into actionable solutions within local farming communities (Pretorius & Schonfeldt, 2023;
Homillano, 2025).

HEIs Enhance Food Security Through Extension and Community Engagement

University-led extension initiatives—including farmer field schools, demonstration farms, mobile training
units, and participatory research—facilitate the practical application of academic knowledge (INIAP &
CAWR, 2025). Studies indicate that HEI-led extension programs increase the adoption of sustainable
agricultural technologies, improve yields, optimize resource use, and strengthen household food security
(Task Force on Agrifood Research, 2023).

However, in the Philippine context, extension activities face several constraints: limited funding,
fragmented outreach models, overreliance on external partnerships, and insufficient staffing, which hinder
scalability and long-term impact (Homillano, 2025). These systemic gaps underscore the need for more
coordinated and resource-supported HEI-led extension frameworks.

HEIs Advance Resource Efficiency

HEIs generate technologies and practices that optimize land, water, energy, and input use, contributing to
sustainable intensification and agroecological resilience. Examples include precision agriculture, nutrient
management, soil health enhancement, and water-efficient irrigation systems (Deskin & Harvey, 2023;
INIAP & CAWR, 2025). A widely cited example is the dissemination of alternate wetting and drying
(AWD) techniques for rice, which reduce water consumption and production costs while maintaining
yields.

Despite these advances, a recurring limitation is the lack of longitudinal and systematic impact
assessments, restricting evidence-based policymaking and limiting recognition of HEI contributions to
resource-efficient agriculture (Task Force on Agrifood Research, 2023).

Quality Assurance Frameworks Strengthen Institutional Capacity and Credibility

ISO standards, accreditation systems, and Environmental Management Systems (EMS) enhance HEI
credibility, governance, and sustainability performance. ISO 9001 (Quality Management Systems) and
ISO 14001 (Environmental Management Systems) provide structured processes that reinforce institutional
transparency, accountability, and environmental stewardship (Homillano, 2025). Evidence shows that
ISO-certified universities demonstrate stronger research and teaching performance, higher stakeholder
trust, and improved operational conditions for sustainability-focused initiatives.

Accreditation frameworks, such as CHED evaluation, AACCUP, and PAASCU, embed sustainability
principles into institutional policies and practices, enabling universities to serve as models of responsible
resource use and sustainable governance (Filho et al., 2022).

Environmental Management Systems (EMS) and Institutional Legitimacy

Implementation of EMS, particularly ISO 14001, strengthens institutional legitimacy by improving waste
management, resource efficiency, and stakeholder confidence (Filho et al., 2022; Task Force on
Agrifood Research, 2023). In Asian and European contexts, EMS adoption often extends beyond
compliance to participatory governance, strategic environmental planning, and integration with
community outreach, creating enabling conditions for sustainable agricultural research and innovation.
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Quality Assurance Supports Internationalization and Knowledge Exchange

Regional and international frameworks, such as AUN-QA and INQAAHE?’s International Standards
and Guidelines, foster harmonized quality benchmarks, cross-border collaboration, and shared
sustainability practices (Homillano, 2025). ISO-based systems complement these initiatives by
reinforcing institutional credibility, comparability, and global mobility. Collectively, these mechanisms
enhance HEI competitiveness and provide pathways for collaborative research, faculty and student
exchange, and exposure to diverse models of sustainable agriculture.

HEIs as Integrated, Adaptive Systems

The literature consistently demonstrates that HEIs function as complex, adaptive systems, where
research, teaching, extension, and governance interact synergistically. Quality assurance mechanisms
underpin institutional reliability, while improved research and education foster innovations that enhance
food security and resource efficiency (Task Force on Agrifood Research, 2023; Homillano, 2025). This
reinforcing cycle enables HEIs to move beyond isolated initiatives toward transformative leadership in
sustainable agriculture, aligning institutional actions with local, national, and global sustainability goals.

Findings

The review indicates that Higher Education Institutions (HEIs) play a central and multidimensional role
in promoting sustainable agriculture, acting as knowledge generators, human-capital developers,
extension facilitators, and quality-assurance institutions. HEIs contribute to food security by developing
climate-resilient crops, integrated pest management strategies, organic farming systems, and other
innovations that enhance the availability, stability, and productivity of food systems (Deskin & Harvey,
2023; Munoz-Araya et al., 2024). They also prepare agricultural scientists, extension officers,
policymakers, and practitioners through competency-based curricula and experiential learning, enabling
graduates to translate research into actionable solutions for farming communities (Pretorius & Schonfeldt,
2023; Homillano, 2025).

Through extension and community engagement, HEIs facilitate the adoption of sustainable technologies,
improve yields, optimize resource use, and strengthen household food security (INIAP & CAWR, 2025;
Task Force on Agrifood Research, 2023). However, limitations in funding, fragmented outreach, staffing
shortages, and overreliance on external partnerships constrain the scalability and long-term impact of these
initiatives, particularly in the Philippine context (Homillano, 2025).

HEIs also enhance resource efficiency by promoting precision agriculture, nutrient and soil management,
water-efficient irrigation, and other practices that support sustainable intensification (Deskin & Harvey,
2023; INIAP & CAWR, 2025). Yet, the absence of systematic, longitudinal impact assessments restricts
evidence-based policymaking and limits recognition of their contributions (Task Force on Agrifood
Research, 2023).

Quality assurance mechanisms, including ISO standards, accreditation systems, and Environmental
Management Systems (EMS), strengthen institutional credibility, governance, and sustainability
performance (Homillano, 2025; Filho et al., 2022). These frameworks enhance transparency,
accountability, and institutional legitimacy while enabling HEIs to participate in internationalization,
collaborative research, and knowledge exchange.

Overall, HEIs function as integrated, adaptive systems, where research, teaching, extension, and
governance interact synergistically. When quality assurance underpins institutional processes, research
and education innovations foster improvements in food security and resource efficiency, creating a
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reinforcing cycle that positions HEIs as transformative leaders in sustainable agriculture (Task Force on
Agrifood Research, 2023; Homillano, 2025).

CONCEPTUAL FRAMEWORK
Figurel. Roles of HEIs in Advancing Sustainable Agriculture
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This conceptual model reinforces the central argument that Higher Education Institutions (HEIs) are
indispensable actors in advancing sustainable, resilient, and equitable agricultural systems. The diagram
positions HEIs at the core, serving as the nexus that integrates food security, resource efficiency, and
quality assurance into a unified sustainability framework. Through their teaching, research, and extension
mandates, HEIs generate innovations and human capital that strengthen food systems, while
simultaneously driving resource efficiency via practices such as precision agriculture, soil health
management, and water-saving irrigation. Quality assurance, depicted as the foundational pillar, ensures
that these contributions are credible, reproducible, and aligned with international standards. The
reinforcing cycle highlights how robust quality assurance systems not only validate HEI outputs but also
amplify their transformative impact on food security and resource efficiency. Together, these interlinked
domains illustrate how HEIs function as complex, adaptive institutions whose integrated roles shape the
trajectory of sustainable agriculture.

CONCLUSION

The review of literature and empirical studies demonstrates that Higher Education Institutions (HEIs) play
a central and multidimensional role in advancing sustainable agriculture. Acting simultaneously as
knowledge generators, human-capital developers, extension facilitators, and quality-assurance
institutions, HEIs are uniquely positioned to influence food systems, agricultural practices, and community
resilience. Despite the significant contributions of HEIs, several challenges persist, including insufficient

IJFMR260167116 Volume 8, Issue 1, January-February 2026 23



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

long-term university—community collaborations, limited technical infrastructure, constrained faculty
capacity in sustainability-oriented pedagogy, and inadequate assessment and evaluation mechanisms.
Market and employment pressures further influence graduates’ adoption of sustainable practices, while
systemic gaps in digital infrastructure and resource availability limit the reach and scalability of
technology-enabled agricultural initiatives.

In response to these challenges, HEIs have adopted a range of strategic, programmatic, and methodological
approaches to embed sustainability and community engagement into their core functions. Strategies such
as the integration of sustainability across curricula, institutionalization of community-engaged
scholarship, multi-stakeholder collaboration, and the use of campus-as-living-laboratory frameworks
provide structural guidance and foster enabling environments for meaningful partnerships. Programs
operationalize these strategies through service-learning and community immersion, participatory
extension and demonstration farm initiatives, community-based participatory research, and agri-
entrepreneurship incubators, providing students, faculty, and communities with opportunities for applied
learning, technology transfer, and co-created solutions. Complementary best practices, including co-
creation and participatory decision-making, transparent governance, mutual capacity building, and
systematic impact reporting, ensure the effectiveness, sustainability, and equity of engagement initiatives
while enhancing institutional credibility and reputation.

HEIs’ contributions to sustainable agriculture extend across multiple interrelated domains. In terms of
food security, universities develop climate-resilient crops, organic and integrated farming systems, and
other technological innovations that improve the availability, stability, and productivity of food systems.
Through competency-based curricula and experiential learning, HEIs prepare agricultural professionals
capable of translating research into actionable solutions for local farming communities. Extension and
community engagement initiatives, such as farmer field schools, demonstration farms, and mobile training
units, facilitate the practical application of academic knowledge, strengthen adoption of sustainable
technologies, optimize resource use, and enhance household and community food security.

Furthermore, HEIs advance resource efficiency through precision agriculture, soil and nutrient
management, and water-efficient irrigation systems, although the absence of longitudinal impact
assessments limits recognition of their contributions to sustainable intensification. Quality assurance
mechanisms, including ISO standards, accreditation frameworks, and Environmental Management
Systems, reinforce institutional transparency, accountability, and governance while supporting
internationalization, knowledge exchange, and global benchmarking.

Simultaneously, HEIs are uniquely positioned to harness emerging opportunities. Digital technologies and
ICT-enabled platforms offer avenues for experiential learning, remote extension services, and data-driven
decision-making that extend sustainability education beyond campus boundaries. Academia—industry
partnerships and agri-entrepreneurship incubators provide pathways for innovation, market-oriented
solutions, and skill development that align with community and industry needs. Integrated farming
systems and student-led, community-based initiatives function as living laboratories, strengthening both
student competencies and community resilience while creating spaces for applied research and innovation.
Institutional policies that reward transdisciplinary scholarship, promote sustainability-aligned incentives,
and enable collaboration with local governments and civil society further amplify HEIs’ transformative
potential.

In conclusion, HEIs operate as integrated, adaptive systems in which research, teaching, extension, and
governance interact synergistically to drive sustainable agricultural development. By strategically
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addressing structural barriers, embedding sustainability into curricula and institutional policies, leveraging
technology, and fostering collaborative partnerships with communities, industry, and government,
universities are positioned not merely as centers of learning but as agents of profound societal
transformation. Their integrated efforts ensure that graduates are equipped with practical skills, local
communities benefit from knowledge transfer and innovation, and sustainable practices are both adopted
and scaled. Ultimately, HEIs have the capacity to lead the transition toward resilient, equitable, and
ecologically sound agricultural systems, leaving an enduring impact that extends far beyond campus
boundaries and into the broader society, thereby affirming their role as pivotal architects of sustainable
development.
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