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Abstract: This paper reflects on the outcomes of a student-centered workshop held during the Indian Ecological Society International
Conference, held at Punjab Agricultural University, Ludhiana, Punjab, 12 — 15 November 2024.The students' workshop was a follow-up on the
topics developed in the Symposium on “Agriculture, Climate Changes, and Energy Transitions: Building Capacity to Maintain Yields of
Innovative Agrifood Systems” held during the conference. Its major purpose was to encourage discussions among conference participants
about specific research agendas and potential teaching plans. Students worked in groups of four to five to provide ideas for improving teaching
and learning and ideas for future research. They consistently mentioned a need to grasp the practical application of their classroom studies.
Most of the research ideas focused on conservation or enhancement of resources used in agriculture and many involved cross-disciplinary
topics, such as the expansion of data analysis technologies to promote resilience for agricultural communities. The results parallel the

principles outlined as key to a bioeconomy, outlined by the Food and Agriculture Organization of the United Nations.
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Consider: According to the United Nations, globally, nearly 1
in 10 people went hungry in 2022 and 2.4 billion people
(almost 30% of the population) experienced moderate to
severe food insecurity (United Nations 2024).
Consider: Despite food insecurity in parts of the world, the
average per capita consumption has increased steadily since
the 1960s, a trend that is expected to continue in Asia and
Africa (Pomeroy etal., 2023).
Consider: Modern agrifood systems emit roughly one-third
of anthropogenic greenhouse gas emissions (Crippa et al.,
2021). How can we make the transition to a clean energy
future while preserving agricultural livelihoods and
maintaining agricultural yields?
Consider: About 60% of the inputs to the global economy
could, in theory, be produced biologically by substituting
biologically based materials for fossil fuels in the production
of energy, chemicals, and the like (Chui et al., 2020, p. vi).
Facts like these have led researchers, policymakers,
educators, business-people, farmers, and other
stakeholders to propose replacing current economic and
agricultural systems with a sustainable, circular
“bioeconomy.” According to the Food and Agriculture
Organization of the United Nations (FAO), the bioeconomy
can be thought of as “the production, utilization,
conservation, and regeneration of biological resources,
including related knowledge, science, technology, and
innovation, to provide sustainable solutions (information,

products, processes and services) within and across all
economic sectors and enable a transformation to a
sustainable economy” (FAO 2022, p. 1). The incorporation of
traditional and local knowledge along-side that of scholars
can help generate new ideas in the realms of plant and
animal health, food production, and the environment.

According to the FAQ, the first principle of a bioeconomy
is that it should support food and nutrition security (FAO
2021). At the same time, natural resources must be
conserved and enhanced (Principle 3). Appropriate, efficient,
and effective use of resources will then strengthen local
communities and promote environmental resilience
(Principles 4,5,8and 9).

We must then ask the question: Are today's university-
level students being adequately prepared to participate in a
bioeconomy?

MATERIAL AND METHODS

We had the opportunity to get a glimpse into the readiness
of students during a workshop at the Indian Ecology Society
International Conference held in Ludhiana, Punjab, on 13
November 2024. This year's conference focused on the
intersection of climate change, energy use, and agriculture.
The students attending the symposium on “Agriculture,
Climate Changes, and Energy Transitions: Building Capacity
to Maintain Yields of Innovative Agrifood Systems” were
invited to participate in the workshop. Fifty-one of the
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undergraduate and graduate level students in attendance
responded to an invitation to a discussion of ideas for future
research as well as suggestions for improving teaching and
learning in the agricultural education in India. The students
worked in groups of 4 —5 to list at least two ideas for research
and at least two for teaching. A spokesperson for each group
shared the findings with all workshop attendees at the end of
the session. We gathered the worksheets filled out by the
groups and have summarized the information below.

RESULTS AND DISCUSSION

Teaching and Learning

We created a word cloud using wordcloud.com and the
list of ideas for teaching and education in agriculture
generated by students during the afternoon workshop. The
word cloud provides a visualization of the relative weighting
of different topics—those mentioned more often appear in
larger font than those mentioned only once or twice (Fig. 1).

Aside from agriculture and agricultural, the words that
stand out in this array are practical, farmers, knowledge,
climate, researchers, and models. Students consistently
mentioned the need to understand the practical applications
of what they were learning in the classroom, to incorporate
practice with the theory. Students encouraged faculty to
integrate farmers and their knowledge, field trips to farms,
and hands-on experience at farms into the curriculum.

Students also underscored the need for greater use of
technology for modeling (the impacts of climate change on
the agricultural sector, for example), to augment lectures,
and to share information among academics, people working
at research centers, students and farmers in their fields.
While some students may appreciate work undertaken to
advance agricultural sciences, or on what might benefit the
sciences in the future, most seemed focused on those things
that would allow them to contribute tangible benefits in the
present.

These suggestions align the concept of a bioeconomy
and with the conception of agriculture as part of a larger value
chain (Freer 2015). Because they may be involved with
aspects of agriculture that span from selecting the proper
varieties for use in remote fields to advising governments on
agricultural policy, graduates of agricultural programs need a
wide variety of skills ranging from the sciences of plants and
animal husbandry, production and processing/post-harvest
handling, food safety, agro-economics and logistics, to
marketing and supervision. Freer also stressed the
importance of soft skills need to “work with rural farmers and
adapt information based on literacy level, geography,
resources, and farming systems (Freer 2015).

In their analysis of curricula of American post-secondary
food system programs, Valley, Wittman, Jordan, Ahmed, and
Galt (2017), argued that traditional programs that taught

Fig. 1. Ideas for teaching and learning
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students in narrowly defined disciplines, such as food
science, agronomy, or animal biology, did not adequately
prepare them for the complex economic, social, and
environmental aspects of agriculture. They advocated a
more holistic approach and the incorporation of
interdisciplinary experiential learning that helps students
better grasp the many facets of agricultural issues.

One part of a more holistic approach to agriculture would
be the incorporation of local and Traditional Ecological
Knowledge (TEK or TK). Like its more academic counterparts,
TEK relies on careful observation of phenomena. But unlike
biology or chemistry, TEK employs qualitative rather than
quantitative methods, often involves an observerimmersed in
the very subject of observation, and may occur over long
periods of time, perhaps even generations (Kimmerer 2002).
Agricultural TEK would incorporate the history and culture of a
place along with the science.

While in countries like the United States, less than 2% of
the population engage in farming or ranching (Farm Bureau,
n.d.), a 2023 - 2024 Economic Survey of India reported
agriculture supported over 42% of the population (Ministry of
Finance 2024). In those countries and elsewhere, the
average age of the farmer has risen to almost 60 years
(Robinson 2024). Such facts underscore the importance of
the workshop attendees' suggestion that schools introduce
programs to motivate students to pursue farming as a
profession. This echoes the results of a survey of South
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African youth-- when youth are exposed to agricultural
studies at secondary and tertiary levels of education, they are
more likely to have plans to participate in occupations related
to agriculture and businesses related to it (Magagula and
Tsvakirai 2020). The growing world population will need the
food they will provide.

Ideas for Research

We used a similar approach to capture the ideas
suggested for future research.

We then categorized the research suggestions according
to the guiding principles of the bioeconomy as outlined by the
FAO (FAO 2021). The number in parentheses indicates how
many of the suggestions we classified under that particular
principle; note that suggestions could be classified under
more than one principle (Fig. 2). Examples of specific project
ideas follow each of the listings.

Sustainable Bioeconomy Development Should ... .
Principle 1: Support Food Security atall Levels (4)

e Explore nutritional aspects of agriculture to combat
malnutrition

¢ Incorporate millets into complex foods to increase their
nutritional value

e Developinsectfarming as a protein substitute

Principle 2: Ensure That Natural Resources are Conserved,

Protected and Enhanced (23)

¢ Understand the impact on farmers of reduced varietal
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Fig. 2. Ideas for future research
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e Model crop growth under climate stress

e Probe the soil-water relationship at field scale under
different cropping systems

e Map genetics of wild and traditional varieties

e |Introduce climate-resistant genes
established crops

into already

e Improve stress tolerance using plant-growth-promoting
rhizobacteria (PGPR) microbes

Principle 4: Make Communities Healthier, More Sustainable,

and Harness Social and Ecosystem Resilience (4)

e Explore conservation practices for various geographic,
climate, and soil combination scenarios

e Understand the impact of declining tree cover on
agricultural regions

Principle 5: Rely on Improved Efficiency in the Use of

Resources and Biomass (3)

e Recyclefood and agricultural waste

e Utilize methanotrophs in paddies to reduce emissions of
methane

Principle 7: Make Good Use of Existing Relevant Knowledge

and Proven Sound Technologies and Good Practices and,

Where Appropriate, Promote Research and Innovations (9)

e Integrate modern, local, and traditional ecological
knowledge as a basis for climate mitigation

e Harness understanding of geography and traditional
farming practices for sustainable food production

Principle 10: Promote Cooperation, Collaboration and

Sharing Between Interested and Concerned Stakeholders in

all Relevant Domains and at all Relevant Levels (12)

e Adapt technologies to capture real-time farm conditions
and climate data

Most ideas for research underscored the need for the

conservation, protection, and enhancement of agricultural

resources in the face of climate change. Even when not

called out specifically, the research topics suggested cross-

disciplinary approaches, such as combing computer science

modeling with plant and soil sciences or understanding the

impact of carbon emissions on agricultural practices.

Students suggested the need for developing agricultural

practices that also contribute to the resilience of the rural

economy in the face of a changing climate (combining

Principle 3: Support Competitive and Inclusive Economic

Growth, and Principle 4: Make Communities Healthier and

More Sustainable). Students also stressed the need to

incorporate both modern and traditional knowledge systems.

As with the teaching and learning ideas, the topics reflected a

growing awareness that we must appreciate agriculture as

part of a large, complex system—we cannot isolate

agriculture, its inputs or its impacts, from the world around it.

Itis an integral part of the bioeconomy.
Concluding Thoughts

When the organizers of this workshop first conceived of
this session as part of a larger conference, we did not know
how student participants would react. Would they be
interested? Concerned? Would they participate?

We discovered they were indeed interested and
concerned. These students would soon be entering the
workforce of trained professionals supporting farmers and
agricultural production and they wanted to ensure that they
and their fellow students had the skills necessary to meet the
challenges ahead. The political, economic, and
environmental landscape will be very different from that of
even one decade ago.

To revisit the question that prompted this paper: Are
today's university-level students being adequately prepared
to participate in a bioeconomy? They will be if we listen to
them. Two good places to start would be to: 1. Incorporate
more hands-on experience, field trips, and interactions with
farmers in the areas of agricultural institutions, and 2. Expand
interdisciplinary approaches to agricultural education and
research.

We are reminded of the words of Jawaharlal Nehru:

A University stands for humanism, for tolerance, for
reason, for the adventure of ideas and for the search of truth.
It stands for the onward march of the human race towards
ever higher objectives.
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