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Abstract. Chemistry plays an important role in farming and plantation activities.
This extends to the discovery and use of inorganic and organic compounds
(many of which are not chemically identified but are indirectly utilized through
best practices and passed down through generations) that boost plant growth
and inhibit pests and other forms of damage. The evolution of agriculture, from
early farming methods to modern scientific techniques, highlights the impact of
chemical compounds on enhancing plant health and the development of smart
farming technologies. These chemical innovations contribute to achieving the
United Nations Sustainable Development Goals (SDGs), with a particular focus on
sustainability, environmental protection, and agricultural efficiency.

1. Introduction

Human beings once lived along riversides and, from time to time, migrated to other
places in search of food. However, around 7000 BCE, agricultural activities transformed nomadic
societies into settled, Neolithic communities, marking a significant shift in human lifestyles [1-
3]. Plants, the primary producers of food, have played a crucial role in sustaining human
populations from ancient times to the present. Agriculture, defined as the practice of cultivating
crops and raising livestock, emerged as an essential activity rooted in the exploitation of natural
resources for food production [4-5].

In ancient times, farmers developed methods to sustain plant growth, such as using cow
dung and rice wash water, often without understanding the chemical reactions and components
involved. Cow dung, used for centuries as a natural fertilizer, contains essential nutrients like
nitrogen, phosphorus, and potassium, all vital for plant growth. It is also rich in organic matter,
which enhances soil fertility and structure. Similarly, rice wash water—the water used to rinse
rice before cooking—contains beneficial nutrients. Research shows that washing rice with
higher water volumes leaches out significant amounts of carbon, nitrogen, calcium, and sulfur,
which can be absorbed by plants to support their growth [6-7].

As societies developed, so too did farming methods, evolving from simple, traditional
practices into modern agricultural systems that heavily rely on scientific knowledge and
technological innovations [8-9]. The advancement of agriculture has led to the widespread use
of fertilizers, herbicides, fungicides,

and other chemicals designed to maximize crop yields. These innovations aim to ensure
consistent productivity, regardless of weather conditions or seasonal changes. Modern
agricultural techniques also incorporate precision farming tools, genetic engineering, and
automated systems to optimize the use of resources and improve efficiency, all in response to
the growing global demand for food [10-12].
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2. The Role of Chemistry in Agriculture

Chemistry is intrinsically linked to modern farming practices, where scientific advances
in chemistry play a pivotal role in enhancing agricultural productivity [13-15]. Modern farming
techniques utilize cutting-edge chemical methods to ensure optimal plant growth and crop
yield. From the use of fertilizers to pesticides, the application of organic and inorganic chemistry
is central to the farming industry’s ability to meet growing global food demands. In particular,
fertilizers—both organic and inorganic— are used to improve soil quality, enrich plant
nutrients, and promote better crop growth. These chemical products have become
indispensable in farming, enabling farmers to maximize yields while combating soil depletion
and nutrient deficiencies [16-18].

The NPK components—nitrogen (N), phosphorus (P), and potassium (K)—for instance
are identified as the most important nutrients for plant growth. These elements are naturally
abundant on Earth, and their availability is crucial for healthy plant development. [19-20]
through chemical processes that produce synthetic NPK fertilizers or through natural processes
like nitrogen fixation, these nutrients are vital for sustaining plant life. The production of NPK
granules involves various chemical reactions that make these nutrients accessible to plants in a
form they can absorb. Similarly, nitrogen fixation, a natural process carried out by certain
bacteria in the soil or in symbiosis with plants, converts atmospheric nitrogen into a form that
plants can utilize. Both of these processes—whether synthetic or biological— are deeply rooted
in chemistry, highlighting the essential role of chemical reactions in agriculture.

Chemical elements and compounds are equally vital in pesticide development,
protecting crops from pests and diseases. Sulfur effectively combats powdery mildew and rust,
while copper-based compounds, such as copper sulfate, are common in organic farming to
control blights and molds. Broad- spectrum fungicides, including chlorothalonil and mancozeb,
prevent fungal growth and manage blight, respectively. Additionally, triazoles like tebuconazole
inhibit fungal cell membrane synthesis, while strobilurins, such as azoxystrobin, disrupt cellular
respiration. Carbendazim, a benzimidazole, halts fungal cell division, and boscalid controls
diseases like downy mildew and gray mold. Applied as sprays or dusts, these fungicides are
crucial for maintaining crop health and ensuring agricultural productivity by managing a wide
range of fungal threats [21-22].

In recent years, chemistry has expanded into functional materials to support
modernization and urbanization while maintaining global sustainability. This progress includes
research into greener fertilizers and pesticides, aimed at creating more sustainable materials. A
significant area of exploration is nanotechnology, where advancements in eco-friendly
nanomaterials are being developed to promote sustainable agricultural practices and
environmental management. Such research emphasizes improving soil health, enhancing plant
growth, and ensuring food safety, while minimizing environmental pollution and optimizing
nutrient delivery. Additionally, these materials offer numerous benefits while mitigating
potential risks to ecosystems [24-25].

Recent studies highlight advancements in metal-based pesticide formulations for
sustainable agriculture, particularly the use of copper and zinc compounds to control plant
pathogens [26]. Inorganic materials, such as metal complexes and Metal-Organic Frameworks
(MOFs), have gained attention for applications in pesticide delivery systems, water purification,
and soil remediation. Notably, research exploring MOFs in eco-friendly pesticide development
emphasizes their ability to enable controlled release of active ingredients, reducing chemical
runoff, toxicity, and harm to non- target organisms. MOF-based formulations improve pesticide
efficiency and selectivity, supporting sustainable agricultural practices. Additionally, inorganic
formulations, including MOFs, are designed to be biodegradable, minimizing long-term soil and
water contamination [27-28].

The expansion of chemistry into material sciences has driven innovations that advance
smart farming technologies. Developments in materials chemistry have produced sophisticated
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tools, including water- efficient irrigation systems, sensors, and nanomaterials, which enhance
agricultural efficiency and sustainability [29-30].

Nanomaterials, for instance, can be used for precision farming, where sensors detect soil
moisture, temperature, and nutrient levels, allowing for real-time adjustments in irrigation and
fertilization. These technologies reduce waste, conserve water, and optimize crop yields.
Additionally, smart farming systems incorporate automated irrigation, climate control, and crop
monitoring to improve farm management efficiency. Recent studies have examined the role of
nanomaterials in agriculture, particularly in developing water-efficient irrigation systems and
smart sensors for precision farming. The incorporation of these advanced materials into
agricultural practices helps optimize resource use and reduce environmental impact [31-32].

The development of new materials has contributed significantly to the advancement of
smart farming technologies. For instance, advanced sensors and nanomaterials have enabled
precision agriculture, where farmers can monitor soil conditions, track crop health, and manage
resources more effectively. This includes the role of smart farming materials in increasing crop
yields while minimizing resource use. The research explored the use of flexible, lightweight
materials for crop monitoring devices, which can be integrated into loT-based farming systems.
These innovations contribute to sustainable agriculture by reducing water and fertilizer use and
improving overall crop productivity [33-36].

3. Synergy Between Agriculture and Chemistry in Achieving SDGs

The intersection of agriculture and chemistry is essential for promoting sustainable
agricultural practices and supporting the United Nations Sustainable Development Goals (SDGs).
Agriculture directly contributes to SDGs such as Zero Hunger (SDG 2), Clean Water and
Sanitation (SDG 6), and Responsible Consumption and Production (SDG 12). Chemistry
enhances these contributions by advancing fertilizers, pesticides, and smart farming
technologies that boost productivity and environmental stewardship.

Advancements in chemistry empower farmers to increase crop yields, reduce
environmental degradation, and ensure food security. Chemical contributions, such as synthetic
and organic fertilizers, improve soil health, while pesticides protect crops from diseases and
pests. Sustainable agricultural methods guided by chemistry contribute to biodiversity
preservation, healthier soils, and cleaner water systems.

Chemical elements, nanomaterials, and Metal-Organic Frameworks (MOFs) play a crucial
role in sustainable agriculture. MOFs, for instance, reduce soil pollution and protect plant health
through controlled-release pesticide systems. These advancements align with SDG 6 (Clean
Water and Sanitation) and SDG 15 (Life on Land) by minimizing harmful chemical runoff and
supporting ecosystem health.

Recycling agricultural waste into valuable products through chemical processes, such as
bioenergy and bioplastics, reduces reliance on synthetic chemicals, maximizes resource
efficiency, and minimizes waste. This circular approach supports a resilient agricultural system,
aligning with SDG 2 (Zero Hunger) and SDG 9 (Industry, Innovation, and Infrastructure).

Sustainable agricultural practices, such as organic farming, crop rotation, and precision
farming, are essential for achieving SDG 12 (Responsible Consumption and Production).
Precision farming, which utilizes technology for real-time monitoring, reduces resource waste
and enhances productivity, ensuring a balance between meeting food demands and preserving
natural resources.

Agriculture plays a vital role in climate action (SDG 13) through mitigation and
adaptation strategies. Sustainable land management practices, agroforestry, and renewable
energy integration reduce greenhouse gas emissions and promote carbon sequestration. These
approaches help combat climate change while sustaining agricultural productivity.
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4., Conclusions

In conclusion, the integration of chemistry and agriculture is pivotal in advancing global

sustainability efforts. From improving crop yields through chemical innovations to promoting
sustainable practices like precision farming and agricultural waste recycling, these
advancements contribute significantly to the achievement of multiple SDGs. Together, they
ensure long-term food security, environmental protection, and global sustainability.

References

1.

2.

v

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bocquet-Appel, J.-P. (2011, July 29). When the world's population took off: The springboard of the Neolithic
demographic transition. Science, 333(6042), 560-561. https://doi.org/10.1126/science.1208880

Pollard, E., Rosenberg, C., & Tigor, R. (2015). Worlds together, worlds apart (Concise ed., Vol. 1, p. 23). WW.
Norton & Company. ISBN 978-0-393-25093-0.

Lewin, R. (2009). The origin of agriculture and the first villagers (5th ed.). In Human evolution: An illustrated
introduction (p. 250). John Wiley & Sons. ISBN 978-1-4051-5614-1.

Food and Agriculture Organization. (2020). The state of food and agriculture: Leveraging food systems for
inclusive rural transformation. https://openknowledge.fao.org/server/api/core/bitstreams/6e2d2772-
5976-4671-9e2a- 0b2ad87cb646/content

Volume 3, Issue 1, Special Issue: A world of plants. (2021). Journal of Plant Science, 3(1), 2-

Central India's green cotton gently weaves its web. (2024, September 5). Le Monde.
https://www.lemonde.fr/en/environment/article/2024/09/05/central-india-s-green-cotton- gently-
weaves-its-web_6724956_114.html

Nabayi, A, Sung, C. T. B, Zuan, A. T. K, Paing, T. N, & Akhir, N. . M. (2021). Chemical and microbial
characterization of washed rice water waste to assess its potential as plant fertilizer and for increasing soil
health. Agronomy, 11(12), 2391. https://doi.org/10.3390/agronomy11122391

Future foods: Global trends, opportunities, and sustainability challenges. (2022). Future Foods.

Dixon, J., Li, L., & Amede, T. (2023). A century of farming systems: Part 1: Concepts and evolution. Farming
Systems, 1(3), 100055. https://doi.org/10.1016/j.farsys.2023.100055

Javaid, M., Haleem, A, Singh, R. P, & Suman, R. (2022). Enhancing smart farming through the applications of
Agriculture 4.0 technologies. International Journal of Intelligent Networks, 3, 150-164.
https://doi.org/10.1016/j.ijin.2022.09.004

Abiri, R, Rizan, N, Balasundram, S. K., Bayat Shahbazi, A., & Abdul-Hamid, H. (2023). Application of digital
technologies for ensuring agricultural productivity. Heliyon, 9(12), e22601.
https://doi.org/10.1016/j.heliyon.2023.e22601

Karunathilake, E. M. B. M,, Le, A. T, Heo, S.,, Chung, Y. S, & Mansoor, S. (2023). The path to smart farming:
Innovations and  opportunities in  precision  agriculture.  Agriculture, 13(8), 1593.
https://doi.org/10.3390/agriculture13081593

Gamage, A, Gangahagedara, R, Subasinghe, S., Gamage, ], Guruge, C., Senaratne, S., Randika, T, Rathnayake, C.,
Hameed, Z, Madhujith, T, & Merah, O. (2024). Advancing sustainability: The impact of emerging
technologies in agriculture. Current Plant Biology, 40, 100420. https://doi.org/10.1016/j.cpb.2024.100420

Smith, K, Evans, D. A, & El-Hiti, G. A. (2008, February 12). Role of modern chemistry in sustainable arable crop
protection. Philosophical Transactions of the Royal Society B: Biological Sciences, 363(1491), 623-637.
https://doi.org/10.1098 /rstb.2007.2174

Javaid, M., Haleem, A, Singh, R. P, & Suman, R. (2022). Enhancing smart farming through the applications of
Agriculture 4.0 technologies. International Journal of Intelligent Networks, 3, 150-164.
https://doi.org/10.1016/}.ijin.2022.09.004

Shah, F, Nagaraj, K, Papriwal, S, Selwal, G. Mistry, R, Maity, P, Kamalesu, S., Radhakrishnan, L., &
Venkatachalapathy, R. (2024). Innovative nanotechnological solutions for sustainable agriculture amidst
rising population demands. Food and Humanity, 3, 100425. https://doi.org/10.1016/j.foohum.2024.100425

Nongbet, A, Mishra, A. K., Mohanta, Y. K., Mahanta, S., Ray, M. K., Khan, M,, Baek, K. H., & Chakrabartty, I. (2022,
September 30). Nanofertilizers: A smart and sustainable attribute to modern agriculture. Plants (Basel),
11(19), 2587. https://doi.org/10.3390/plants11192587

Lewu, F. B, Volova, T,, & Rakhimol, K. R. (Eds.). (2020). Controlled release fertilizers for sustainable agriculture.

Dubey, R. C, & Kumar, P (Eds). (2022). Rhizosphere engineering. Academic Press.
https://doi.org/10.1016/C2020-0-03385-2

Fang, X, Yang, Y., Zhao, Z., Zhou, Y, Liao, Y, Guan, Z., Chen, S., Fang, W,, Chen, F, & Zhao,S. (2023, December 3).
Optimum nitrogen, phosphorous, and potassium fertilizer application increased chrysanthemum growth
and quality by reinforcing the soil microbial community and nutrient cycling function. Plants (Basel), 12(23),
4062. https://doi.org/10.3390/plants12234062

Hassan, A. S. M. (2019). Inorganic-based pesticides: A review article. Egyptian Scientific Journal of Pesticides
(Egy Sci ] Pestic), 5(4), 39-52. Retrieved from
https://www.researchgate.net/publication/340984628_Inorganic-Based_Pesticides_A_Review_Article

10




Proceedings of the International Conference on Agricultural Strategy for Sustainability (ICASS)
October 15-16, 2024 - Pekanbaru, Indonesia
Volume 1, Number 1 (2025): 7-12

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Garud, A. Pawar, S., Patil, M. S, Kale, S. R, & Patil, S. (2024, August 27). A scientific review of pesticides:
Classification, toxicity, health effects, sustainability, and environmental impact. Cureus, 16(8), e67945.
https://doi.org/10.7759/cureus.67945

Alengebawy, A., Abdelkhalek, S. T, Qureshi, S. R.,, & Wang, M. Q. (2021). Heavy metals and pesticides toxicity in
agricultural soil and plants: Ecological risks and human health implications. Toxics, 9(3), 42.
https://doi.org/10.3390/toxics9030042

Wahab, A, Muhammad, M., Ullah, S, Abdi, G., Shah, G. M., Zaman, W,, & Ayaz, A. (2024). Agriculture and
environmental management through nanotechnology: Eco-friendly nanomaterial synthesis for soil-plant
systems, food safety, and sustainability. Science of The Total Environment, 926, 171862.
https://doi.org/10.1016/j.scitotenv.2024.171862

Badgar, K., Abdalla, N., El-Ramady, H., & Prokisch, J. (2022). Sustainable applications of nanofibers in agriculture
and water treatment: A review. Sustainability, 14(1), 464. https://doi.org/10.3390/su14010464

Colin-Orozco, J., Colin-Orozco, E., & Valdivia-Barrientos, R. (2024). Production of nanofibers by electrospinning
as carriers of agrochemicals. Fibers, 12(8), 64. https://doi.org/10.3390/fib12080064

Karimi-Maleh, H., Ghalkhani, M., Saberi Dehkordi, Z., Mohsenpour Tehran, M., Singh, ]., Wen, Y., Baghayeri, M.,
Rouhi, J., Fu, L., & Rajendran, S. (2024). Mof-enabled pesticides as developing approach for sustainable

agriculture and reducing environmental hazards. Journal of Industrial and Engineering
Chemistry, 129, 105-123. https://doi.org/10.1016/j.jiec.2023.08.044

Chao, Y, Deng, N., & Zhou, Z. (2024). A review of recent advances in metal-organic frameworks materials for
zero-energy passive adsorption of chemical pollutants in indoor environments. Science of the

Total Environment, 175926. https://doi.org/10.1016/j.scitotenv.2024.175926.

Chao, Y, Deng, N., & Zhou, Z. (2024). A review of recent advances in metal-organic frameworks materials for
zero-energy passive adsorption of chemical pollutants in indoor environments. Science of the
Total Environment, 175926. https://doi.org/10.1016/j.scitotenv.2024.175926

Aarif, M. K. O, Alam, A, & Hotak, Y. (2025). Smart sensor technologies shaping the future of precision
agriculture: Recent advances and future outlooks. Journal of Sensors. https://doi.org/10.1155/js/2460098

Getahun, S., Kefale, H., & Gelaye, Y. (2024). Application of precision agriculture technologies for sustainable crop
production and environmental sustainability: A systematic review. The Scientific World Journal
https://doi.org/10.1155/2024/2126734

Sharma, R, & Kumar, V. (2024). Nano-enabled agriculture for sustainable soil. Waste Management Bulletin, 2(1),
152-161. https://doi.org/10.1016/j.wmb.2024.01.002

Dhanaraju, M., Chenniappan, P, Ramalingam, K., & Pazhanivelan, S., & Kaliaperumal, R. (2022). Smart farming:
Internet  of  Things (IoT)-based  sustainable  agriculture.  Agriculture, 12(10), 1745.
https://doi.org/10.3390/agriculture12101745

Sisinni, E., Saifullah, A., Han, S, Jennehag, U.,, & Gidlund, M. (2018). Industrial Internet of Things: Challenges,
opportunities, and directions. IEEE Transactions on Industrial Informatics, 14(9), 4724-4734.
https://doi.org/10.1109/TI11.2018.2852491

Shi, X,, An, X,, Zhao, Q,, Liu, H,, Xia, L., Sun, X,, & Guo, Y. (2019). State-of-the-art Internet of Things in protected
agriculture. Sensors, 19(8), 1833. https://doi.org/10.3390/s19081833

Elijah, 0., Rahman, T. A,, Orikumbhi, L., Leow, C. Y., & Hindia, M. N. (2018). An overview of Internet of Things (IoT)
and data analytics in agriculture: Benefits and challenges. IEEE Internet of Things Journal, 5(5), 3758-3773.
https://doi.org/10.1109/]10T.2018.2844296

11




Proceedings of the International Conference on Agricultural Strategy for Sustainability (ICASS)
October 15-16, 2024 - Pekanbaru, Indonesia
Volume 1, Number 1 (2025): 7-12

12




