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A Path Towards Resilience: Sustainable Agriculture for Food Security in Kenya
With the Third Agricultural Revolution in the 20th century, known as the “Green Revolution,” high-yield seeds, synthetic fertilizers, chemical pesticides, and irrigation have increased exponentially worldwide. Despite these developments and agricultural technology diffusion, global food insecurities persist, including in Kenya. With droughts, flash floods, and consecutively failed harvests, Kenyans face long periods of hunger and high malnutrition rates (Bryan et al., 2013). To address this challenge, Kenya must establish sustainable food sources by introducing diverse crops resistant to environmental extremes and implementing appropriate agricultural practices. 
Kenya is located in East Africa, bordered by Somalia to the east and Tanzania to the south. Over 80% of its terrain is classified as arid and semi-arid land (ASAL), receiving minimal annual rainfall (Odhiamb, 2013). Despite only 10.2% of Kenya's land being arable, a significant portion, 48.7% of the total land area, is dedicated to agricultural purposes (The World Bank). Key crops cultivated include maize, sugar cane, guavas, potatoes, beans, and bananas (The World Factbook). These crops thrive on farms averaging 0.86 hectares in size. Notably, numerous families in Kenya derive income from these modest-sized farms, with over 40% of the total population employed in the agricultural sector—comprising more than 70% of the rural population. Agriculture stands as a crucial economic driver, contributing approximately 33% to Kenya’s GDP (Agriculture, Food and Water Security, 2023).
Food is an essential aspect of Kenyan culture. Of the estimated 55 million individuals in Kenya, there are approximately forty different ethnic groups—all with unique cultures and cuisines. Though each group has different native foods, the staple foods in Kenya include cereals, typically maize, millet, and sorghum, eaten with various meats and vegetables (Okeyo et al., 2020). The culture in Kenya is naturally very communal, and mealtimes are considered an essential element to bring family members together. Families are a significant factor that brings a strong sense of security, inclusion, and identity to an individual in Kenya (Njue et al., 2008).
Kenyans primarily suffer from inadequate food and access to clean water. This issue has arisen from factors such as climate shocks, agricultural challenges, and insufficient food systems (Mwangi, 2020). Between 2020 and 2023, Kenya experienced the worst drought in its history—with five consecutive seasons of low rainfall. These drought periods have affected many countries in The Horn of Africa, causing more than 23 million people across Kenya, Ethiopia, and Somalia to face severe hunger (World Food Program USA. 2023). The areas in Kenya affected by the droughts have seen their food security, standard of living, and the well-being of their livestock continue to plummet. Additionally, malnutrition increases the number of people with compromised immunity (IRC, 2023). In October 2023, rainfall finally arrived after a prolonged dry spell; however, it resulted in a shift from drought to flooding—leading to a different state of emergency. According to the United Nations (U.N.) Office for the Coordination of Humanitarian Affairs (OCHA), thousands of people have been relocated due to heavy rainfall. Many of those people have lost their livestock and farms, requiring the need for urgent humanitarian aid (The Associated Press, 2023). In these harsh periods, data has indicated that over 5.4 million people in Kenya experienced acute food insecurity (AFI) in 2023. Around 4.4 million of those people are affected by Phase 3 (crisis) or above on the Integrated Food Security Phase Classification (IPC), with approximately 774,000 people being impacted by Phase 4 (emergency) (Kenya: Acute Food Insecurity Situation, 2023). These food insecurities are the product of an insufficient food system and result in inadequate amounts of food, increasing food prices, growing poverty, and decreasing productivity in agriculture (Emongor, 2013). 
The Kenyan government, which is a presidential, multi-party democratic system, acknowledges the importance of increasing agricultural production and has begun implementing strategies to achieve a sufficient food system. One of them includes Strategic Grain Reserves (SGR), which are intended to maintain stability during times of scarcity while ensuring that farmers receive returns for their production (Mundumwiu, 2022). Additionally, former President Mwai Kibaki, who served from 2002 to 2013, initiated a long-term development blueprint called the “Kenya Vision 30” with the aim of transforming Kenya into an industrialized middle-income country by 2030. It emphasized that the growth of the agricultural sector is a significant challenge, and the government is striving to implement irrigation under 404,800 hectares to maximize the use of ASALs (Kibe, 2021). Organizations outside the country are also contributing to decreasing food insecurities in Kenya. The U.N. World Food Programme (WFP) is one of the many organizations working to build a healthier and food-secure future for Kenya. Their response to the crisis currently includes providing refugee camps with nutritional food through cash and food transfers. The WFP also supports Kenya by ensuring that the national nutrition action plans are implemented, and farmers have access to markets and technologies (Kenya | World Food Programme). 
While most programs designed to increase food security focus on applying agricultural technology and providing locals with food through transfer, promoting sustainable agriculture alongside these solutions can further increase crop yields and environmental health. Kenyan farmers can gain the skills to continue farming even in harsh conditions—opening the doors to future expanded food security fueled by Kenya itself and not the organizations that assist them. Practicing sustainability helps Kenya and decelerates the effects of climate change globally. On the contrary, unsustainable agriculture can lead to soil and environmental degradation, as well as reduce the amount of crop yields. With the unforgiving ASALs and climate in Kenya, stability in food security must be created through sustainable, long-lasting practices. By providing education on agroecology and hands-on training in sustainable farming techniques, farmers can be empowered to transition towards an environment-friendly and high-yield food system (Kogo, 2021). 
Numerous sustainable farming techniques can be implemented in Kenya. Water conservation and management are two of the most extensive possibilities that can benefit Kenya. Having an efficient water system is crucial, especially with Kenya’s high percentage of ASALs and the impending, unpredictable effects of climate change. Because of the dry seasons and arid lands, farming conditions are not ideal for many parts of Kenya. Farmers are forced to grow crops on land without water or water-efficient techniques. Harvesting rainwater, managing water use efficiency, and implementing drip irrigation can reduce water use and increase crop yields (Khasoa, 2024). Instead of using traditional flood irrigation, drip irrigation reduces water use by 70 %. It is identified as a micro-irrigation system that allows water to slowly drip onto the roots of plants (Arshad, 2020). Using drip irrigation in water-scarce Kenya offers advantages beyond water efficiency, such as lower costs, promoting healthier plants, saving time, and reducing weed growth. Another method to irrigate arid lands is using seawater—utilizing the parts of Kenya adjacent to the ocean. Although desalination has been too expensive and energy-intensive in the past, technological advances have made large-scale seawater irrigation feasible. Using membrane technology has allowed reverse osmosis—a process that forces seawater through a semipermeable membrane. As the seawater selectively passes through the membrane, salt particles and other molecules other than water are trapped and left behind (Feria-Diaz, 2021). This process effectively creates fresh, clean water—offering a sustainable solution to water scarcity regions. 
Promoting soil health is also critical to long-term sustainable agriculture. Practices such as organic farming and agroforestry must gain popularity. Organic farming uses natural inputs, crop rotation, and intercropping to maintain soil fertility and prevent erosion (Kogo, 2021). Drought-resistant seeds, such as green grams, cowpeas, and sorghum, are promoted to replace crops such as maize, which are vulnerable to environmental extremes (Onyodi, 2023). With drought-tolerant and disease-resistant seeds, the risk of crop failure is effectively reduced. Additionally, agroforestry, which involves planting trees alongside crops and livestock, provides shade and moisture for crops underneath the hot sun in Kenya’s arid land. The integrated trees yield crops themselves—serving as a mutualistic relationship with the farmers’ ground crops (Njagi and Hoffner, 2021). Though adversaries may assert that focusing on sustainability will divert attention from the main issue of food insecurity in Kenya, sustainable agriculture is a crucial practice for developing countries to follow in order to decrease the contributions on issues such as climate change. 
The implementation of mobile technology is offered as one of the main recommendations to enact sustainable agriculture. Mobile cellular subscriptions and phone technology in Kenya are very advanced. The number of people with cellular subscriptions has continued to grow throughout recent years—reaching a peak in 2022 with 121.7 subscriptions per 100 inhabitants (Taylor, 2023). Real-time updates on market information and weather forecasting enable farmers to make informed decisions about their crops. Mobile technology can also provide information on soil health, water quality, crop performance, and livestock—monitoring them through cameras, drones, and satellites. These resources can pave the way for precision agriculture, where farmers can check the data for their crop health and nutrition levels—allowing for effective adjustment of inputs and outputs of resources such as pesticides and fertilizers (Khan et al., 2021). With the support and funding from entities such as the UN and the Kenyan government, the development of an app could help spur the efforts of increasing educational agriculture throughout Kenya. This app could contain gathered information from farmers in each region of Kenya on forecasting and crop and livestock quality, significantly improving the efficiency of farming despite the large number of ASALs. By educating representative farmers from each region, the app usage knowledge can spread in a contagious diffusion method to the local farmers. This app-based education system can encompass comprehensive solutions for farmers, including the previously discussed methods such as drip irrigation and organic farming. This technology can increase agricultural productivity and support sustainable farming practices in Kenya.  
Agriculture is the foundation of stable food security worldwide, and Kenya is no exception. Recent studies have shown that Africa’s agricultural productivity can increase 2–3 times more with better technologies and farm inputs (The World Bank). By ensuring that the future of Kenya is supported with humanitarian aid and the means to practice sustainable agriculture, the people of Kenya can move away from national famine. 
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