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Abstract. The threats to achieving sustainable growth and development of
agriculture vis a vis the sustainable development goals (SDGs) call for
intensifying agricultural innovations. This paper highlights some advances in the
agricultural transformation towards achieving the SDGs. Agriculture is being
transformed via increasing productivity, enhancing natural resources, fostering
inclusive growth, improving resilience to climate change, and adopting
appropriate governance. Moreover, agricultural productivity is being enhanced
through high value addition, job creation, access to resources, finance, and
service must be enhanced. In championing these aspirations, ensuing Agriculture
5.0 in conjunction with the Industrial Revolution 4.0 will be at the forefront. The
agricultural sector, needs to be connected to markets, agricultural income needs
to be diversified, and the knowledge base of agricultural stakeholders needs to
be strengthened through skilling. Resource optimization is essential for
protecting natural resources. Empowering marginalized groups, social
protection, sustainable land tenures could spur the socio-economic growth of
farmers. Climate change and ecosystem challenges need to be handled to build
resilience. These narratives must be supported by strengthened by policies.

1. Introduction

Rapidly growing global population poses significant challenges on the sustainability of
agricultural systems. Therefore, sustainable agricultural systems need transformation to
produce enough food to meet the rapidly increasing demand. Doubling agricultural productivity
through best agricultural practices is needed to increase income to minimize large scale poverty
so that malnutrition can be minimized in agriculture-based economies (Skoet and Stamoulis,
2006).

Sustainable development of agriculture is challenged by many factors; however, climate
change is viewed as one of the most critical challenges that affect agricultural productivity hence
needs attention at present.

Agricultural policies and appropriate reforms are vital to align the agriculture sector
with the SDGs. Policies that incentivize sustainable practices needs to be designed to facilitate
equitable sharing and access to resources by all the farmers (FAO, 2019). Innovations and
technology transfer can be promoted and accelerated by public-private partnerships (Meissner,
2019). Stakeholder collaborations and community participations can facilitate adoption of
sustainable practices (Maryono et al.,, 2024; Wayan and Nyoman, 2021). This paper highlights
some advances in the agricultural transformation towards achieving the SDGs.
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2. Enhancing Productivity, Employment, and Value Addition in Food Systems

Productivity enhancement, employment and high value addition can be achieved
through facilitating access to resource needs of production and finance and services, connecting
smallholders to markets, encouraging production and income diversification and building
knowledge and capacities of the producers (FAO, 2018).

Investments in basic infrastructure facilities such as roads, markets, transportation,
telecommunications and storage capacity, provision of access to resources, services and finance,
investments in modernization, advanced technologies and mechanization are important
(Rahman, 2022) in achieving agricultural transformation. Precision agriculture (Naresh et al,,
2024), high yielding improved crop varieties (Naresh et al., 2024), advances in biotechnology
(Ammar et al,, 2021) and innovations in mechanization (Elbashir, 2024) and water management
(Smith et al., 2023) have considerably increased agricultural yields.

In the transformation process, the farmer income needs to be improved which can be
assisted connecting the farmers with markets with higher diversification, efficiencies,
transparent, and competitive (Reardon et al., 2009).

Processing and improving product quality through agricultural modernization and value
addition to agricultural products increase the income of the agricultural sector. Agricultural
extension services play an important role in the dissemination of vital agricultural innovations
through which farming communities, especially, the capacity of rural communities is
empowered and strengthened (Zwane, 2020).

Policies on agricultural subsidies, access to credit, agricultural insurance, development
of rural infrastructure, etc. play crucial role in agricultural transformation. Research and
development, extension services, and information transfer, and market access also significantly
contribute to enhancing productivity in agriculture.

According to Roser (2023), 25% of world labor force is employed in agriculture.
However, demand for labor has reduced due to mechanization and technological innovations.
There is a need to transform low yielding small scale subsistence farms to high yielding
profitable farms (Fan et al,, 2013) to generate employment and income to subsistence farmer
families. This requires transforming the agricultural labor to an efficient and productive
workforce through which agriculture systems could be shifted to higher value-added activities
such as agribusinesses and agricultural processing (Bhandari, 2024). Once the agricultural
productivity is increased, it will lead to creation of employment in agriculture related support
services and industries such as food processing, packaging, distribution and marketing (Urugo
etal, 2024).

Reduction of postharvest losses is important in preventing losses and ensure profits.
Infrastructure developments such as road networks, cold storage, appropriate and timely
transportation networks, etc. can minimize postharvest losses and can improve access to
markets.

3. Sustainable Natural Resource Management

Agriculture relies on natural resources such as soil, water, and air, and biodiversity.
Degradation of these natural resources, temporal and spatial shortages and scarcity of natural
resources, and loss of biodiversity influences agricultural productivity and food security.
Agricultural productivity is challenged due to degradation of soil caused by erosion, compaction,
nutrient depletion, and accumulation of toxic chemicals such as heavy metals, traces of
agrochemicals, salts etc. Conservation and protection of soil health and restoring land is
important in maintaining soil productivity to sustain agriculture. Watershed management and
sustainable land and soil management within the context of integrated management approaches
engaging land users and local communities are important management aspects that are needed
in the transformation of agriculture.

In transforming agriculture to achieve sustainable development goals, waste and loss of
agricultural produce and food needs to be minimized. Waste and loss of agricultural produce
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affect both producers and consumers due to, waste of resources, increase in food prices
threatening food security and increasing greenhouse gas emission.

In the protection and sustainable management of natural resources, it is important to
conserve biodiversity and protect ecosystem functions. Ecosystem services such as role of
insects in pollination, pest control through beneficial insects and microorganisms, nutrient
cycling, nitrogen fixation, regulation of water, minerals and nutrients are important in sustaining
agricultural productivity.

4. Improving Livelihoods and Inclusive Economic Growth

Commercial farming through improved agricultural productivity increases income of
agricultural community thereby reducing poverty. In improving livelihoods, the farmers and
agricultural communities should be empowered where inequalities among different strata
needs to be eliminated. Secure tenure rights is a prerequisite to transform the underprivileged
farmers.

Access to improved inputs such as quality high yielding seeds, fertilizers and
agrochemicals, timely and sufficient irrigation, advanced and appropriate farming techniques,
and innovative technologies (Tadele, 2017) are the factors influencing agricultural
transformation that is pivotal in increasing agricultural productivity.

To enhance the income of the farmers, value chains that link farmers to the markets is
essential. Such value chains should provide farmers with better price for their products with
minimum transaction costs (Pingali et al., 2005). Integration of rural or small-scale farmers into
larger value chains can give them better access to stable and profitable markets by which they
can get better income and escape poverty (Hanf and Gagalyuk, 2018).

5. Adapting Governance for Emerging Agricultural Challenges

The most important intervention to address agricultural challenges is effective
governance (Minkman et al., 2022). The transformation process needs to incorporate aspects of
agricultural governance related to policies, institutions, and practices that manage resources
used in agriculture to face these challenges. The governance should ensure equitable
distribution of resources and benefits responding to external challenges (Lockwood et al,
2010).

Due to expansion of population, many people migrate to urban centers with the
expectation of employment and other benefits leading to shortage of labor in the rural
agriculture sector. To cater to these changes, there needs a balance in rural and urban
developments with better governance. Policies are needed to be formulated to cater to these
demographic changes.

Climate change has increased temperature, carbon dioxide concentration, altered rainfall
patterns, quantity and distribution, increased adverse weather events, increased incidents of
pests and diseases etc., which have directly affected agricultural productivity (Habib-ur-Rahman
et al, 2022). Agricultural transformation is vital to support agricultural sector to adapt to
climate change impacts. Adapting farming systems to climate change is crucial and this can be
achieved through adaptive governance, climate smart farming and sustainable management of
natural resources (Azadi et al., 2021).

Globalization increased the access to markets; however, this market integration may
provide opportunities while posing some challenges (Najera, 2017). Globalization exposes local
farmers to global price volatility, which also increases competition from more advanced
agricultural producers (Arita et al, 2014). Hence, nations should take appropriate actions to
mitigate such risks via governance. Implementation of trade policies can stabilize prices and
provide safety nets to local and small-scale producers. Hence an enabling environment to
implement technological advancements in agricultural transformation is essential which needs
strong governance systems in place (Lewis and Rudnick, 2019). The governance systems should
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ensure equitable access to finance, training, capacity building, and information dissemination
among all the stakeholder to promote agricultural transformation (McGuire et al., 2024).

6. The Way Forward

With the ever-increasing human inquisitiveness which is churning or uncovering
innovativeness and inventiveness, evolving new techniques could propel agricultural systems to
new heights or horizons beyond the existing soilless agriculture. Among the new and
forthcoming zeniths are agrivoltaics, seawater farming, desert agriculture, algae feedstock,
Climate Smart Agriculture (CSA), carbon farming or regenerative agriculture, circular farming,
integrated organic farming, agroforestry, and many more. Agrivoltaics are credited for
cultivating crops or rearing animals under or near solar panels to maximize land use efficiency
and agricultural outputs yet developing or promoting renewable energy. Moreover, this practice
contributes to decarbonization the environment. Seawater farming entails development of crop
varieties via for example, genome modification techniques such as paddy which are capable or
having the capacity tolerate saline environments to maximum arable land and water use
efficiency. Desert agriculture is a farming system of manipulating crop genome materials,
biological systems, and induced growth regulators to monitor crop growth and development in
deserts. To encourage waste management and utilization, algae feedstock approach in the
livestock and fishery industries could be pivotal because it will leverage on the use of algae from
the aquaculture and agricultural farms noted for causing eutrophication through excessive use
high protein fish feeds and nitrogen and phosphorus fertilizers as a substitute of nutritious food
source for livestock as feeds and fishmeal. Thus, this approach feeds positively into the global
environmental cleanup. On the other hand, CSA will ensure effective and efficient management
of farmlands and forests yet counterbalancing the adverse effects of climate change on
agricultural productivity.

7. Conclusion

Achieving sustainable agricultural transformation is a multidimensional process that
enhances productivity, generates employment, and adds value to food systems while ensuring
long-term sustainability. This transformation is driven by improved farming practices,
technological advancements, and well-designed policy interventions that address contemporary
agricultural challenges.

Modernization in agriculture reshapes labor dynamics by increasing efficiency, creating
opportunities in agribusiness, and expanding employment in value-added sectors such as food
processing and marketing. The sustainable management of soil, water, and other natural
resources, along with the integration of biodiversity-friendly practices, is essential for long-term
agricultural resilience.

Inclusive policies that support marginalized communities and encourage youth
participation in agriculture are critical for fostering equitable economic growth. Furthermore,
strong governance is necessary to address challenges arising from population growth,
urbanization, climate change, and globalization, ensuring that agricultural systems remain
adaptable and resilient in an ever-changing world.

References

Ammar, E. E, ELghandour, N. 0, Mouhamed, M. S.,, & ELKaliny, N. E. (2021). Crop productivity enhancement:
Agricultural biotechnology viewpoint. Egyptian Journal of Experimental Biology (Botany), 17(2).
10.5455/egyjebb.20211021042802

Arita, S., Hemanchandra, D., & Leung, P. (2014). Can local farms survive globalization?. Agricultural and Resource
Economics Review, 43(2), 227-248.

Azadji, H,, Moghaddam, S. M., Burkart, S., Mahmoudi, H., Van Passel, S., Kurban, A., & Lopez-Carr, D.

(2021). Rethinking resilient agriculture: From climate-smart agriculture to vulnerable-smart agriculture. Journal

of Cleaner Production, 319, 128602. https://doi.org/10.1016/j.jclepro.2021.128602

Bhandari, R. (2024). Agribusiness Opportunity for Rural Development in Nepal. Intellectual Journal of Academic
Research, 2(1): 23-26. https://doi.org/10.5281/zenodo.13490002

4




Proceedings of the International Conference on Agricultural Strategy for Sustainability (ICASS)
October 15-16, 2024 - Pekanbaru, Indonesia
Volume 1, Number 1 (2025): 1-6

Elbashir, M. A. (2024). Agricultural Mechanization and Food Security in Saudi Arabia. In Food and Nutrition Security
in the Kingdom of Saudi Arabia, Vol. 1: National Analysis of Agricultural and Food Security (pp. 349-363).
Cham: Springer International Publishing. https://doi.org/10.1007/978-3-031-46716-5_14

Fan, S., Brzeska, |, Keyzer, M., & Halsema, A. (2013). From subsistence to profit: Transforming smallholder farms (Vol.
26). Intl Food Policy Res Inst.

FAO (2018). Transforming food and agriculture to achieve the SDGs, 20 interconnected actions to guide decision
makers, Food and Agriculture Organization of the United Nations. Rome.

FAO. (2019). The state of food and agriculture: Moving forward on food loss and waste reduction. Food and
Agriculture Organization, Rome, Italy.

Grzelczak, M., Soliwoda, M. & Kurdys-Kujawska, A. (2023). Resilience in agriculture: is there theoretical and
methodological chaos? Polityki Europejskie, Finanse i Marketing, 29(78)
dx.doi.org/10.22630/PEFIM.2023.29.78.3

Habib-ur-Rahman, M., Ahmad, A, Raza, A, Hasnain, M. U,, Alharby, H. F, Alzahrani, Y. M., Bamagoos, A.A., Hakeem, K.R,,
Ahmad, S., Nasim, W. and El Sabagh, A. (2022). Impact of climate change on agricultural production; Issues,
challenges, and opportunities in Asia. Frontiers in Plant Science, 13, 925548.
https://doi.org/10.3389/fpls.2022.925548

Hanf, J. H.,, & Gagalyuk, T. (2018). Integration of small farmers into value chains: Evidence from Eastern Europe and
Central Asia. In Agricultural value chain. IntechOpen. http://dx.doi.org/10.5772 /intechopen.73191

Lewis, ], & Rudnick, J. (2019). The policy enabling environment for climate smart agriculture: A case study of
California. Frontiers in Sustainable Food Systems, 3, 31. https://doi.org/10.3389/fsufs.2019.00031

Lockwood, M., Davidson, ], Curtis, A., Stratford, E., & Griffith, R. (2010). Governance principles for natural resource
management. Society and natural resources, 23(10), 986-1001.
https://doi.org/10.1080/08941920802178214

Maryono, M., Killoes, A. M., Adhikari, R, & Aziz, A. A. (2024). Agriculture development through multi-stakeholder
partnerships in developing countries: A systematic literature review. Agricultural Systems, 213, 103792.
https://doi.org/10.1016/j.agsy.2023.103792

McGuire, E., Al-Zu'bi, M., Boa-Alvarado, M., Luu, T. T. G., Sylvester, J. M., & Lefiero, E. M. V. (2024). Equity principles:
Using social theory for more effective social transformation in agricultural research for development.
Agricultural Systems, 218, 103999. https://doi.org/10.1016/j.agsy.2024.103999

Meissner, D. (2019). Public-private partnership models for science, technology, and innovation cooperation. Journal of
the Knowledge Economy, 10(4), 1341-1361. https://doi.org/10.1007/s13132-015-0310-3

Minkman, E., Nguyen, H. Q., Luu, T, Dang, K. K,, Nguyen, S. L., Du, H., Huizer, T. & Rijke, ]J. (2022). From national vision
to implementation: governance challenges in sustainable agriculture transitions in the Vietnamese Mekong
Delta region. Regional Environmental Change, 22(2), 35. https://doi.org/10.1007/s10113-022-01898-z

Nijera, J. (2017). Integration of small farmers into global value chains: Challenges and opportunities inside the
current global demand. Tec Empresarial, 11(2), 7-16. http://dx.doi.org/10.18845 /te.v11i2.3229

Naresh, R, Singh, N. K,, Sachan, P, Mohanty, L. K,, Sahoo, S., Pandey, S. K., & Singh, B. (2024). Enhancing Sustainable
Crop Production through Innovations in Precision Agriculture Technologies. Journal of Scientific Research
and Reports, 30(3), 89-113. https://doi.org/10.9734/jsrr/2024/v30i31861

Pingali, P. L. (2012). Green revolution: impacts, limits, and the path ahead. Proceedings of the national academy of
sciences, 109(31), 12302-12308. https://doi.org/10.1073 /pnas.0912953109

Pingali, P, Khwaja, Y, & Meijer, M. (2005). Commercializing small farms: Reducing transaction cost. ESA Working
Paper No. 05-08, Food and Agriculture Organization http://dx.doi.org/10.22004 /ag.econ.289070

Rahman, A. (2022). Agricultural Transformation in Indonesia: Evaluation of Policy Implementation and Challenges
Faced. Jurnal Ilmiah [Imu Administrasi Publik: Jurnal Pemikiran dan Penelitian Administrasi Publik, 12(2),

691-700.
Reardon, T, Barrett, C. B, Berdegué, ]. A., & Swinnen, J. F. (2009). Agrifood industry transformation and small farmers
in developing countries. World development, 37(11), 1717-1727.

https://doi.org/10.1016/j.worlddev.2008.08.023

Roser, M. (2023). Employment in Agriculture. Published online at OurWorldinData.org. Retrieved from:
'https://ourworldindata.org/employment-in-agriculture' [Online Resource]

Skoet, ]., & Stamoulis, K. G. (2006). The state of food insecurity in the world 2006: Eradicating world hunger-taking
stock ten years after the world food summit. Food & Agriculture Organizatio, Rome, Italy.

Smith, M. D. Sikka, A, Dirwai, T. L, & Mabhaudhi, T. (2023). Research and innovation in agricultural water
management for a water-secure world. Irrigation and Drainage, 72(5), 1245-1259.
https://doi.org/10.1002 /ird.2872

Urugo, M.M,, Yohannis, E., Teka, TA., Gemede, H.F, Tola, Y.B., Forsido, S.F, Tessema, A., Suraj, M. and Abdu, ], (2024).
Journal of Agriculture and Food Research. Journal of Agriculture and Food Research, 18, 101316.
http://dx.doi.org/10.1016/j.jafr.2024.101316

Wayan, E. [, & Nyoman, Y. N. (2021). Farmers participation in achieving sustainable agricultural development. Biotika,
3(40).9-16.

Zwane, E. (2020). The role of agricultural innovation system in sustainable food security. South African Journal of
Agricultural Extension, 48(1), 122-134. http://dx.doi.org/10.17159/2413-3221/2020/v48n1a531




Proceedings of the International Conference on Agricultural Strategy for Sustainability (ICASS)
October 15-16, 2024 - Pekanbaru, Indonesia
Volume 1, Number 1 (2025): 1-6




