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Leveraging Artificial Intelligence to Mitigate Bird-Induced Cereal Crop Losses for Enhanced Food Security in Ghana: A Review


ABSTRACT
This review examines the transformative role of Artificial Intelligence in mitigating cereal crop damage caused by birds, highlighting its potential to enhance food security, improve agricultural sustainability, and support the livelihoods of farmers in Ghana. Food and nutrition security remain pivotal for sustainable development in Ghana, with agriculture contributing significantly to employment, food production, and economic growth. Among the pressing challenges facing Ghanaian farmers is bird-induced damage to cereal crops such as maize, millet, sorghum, and rice, which undermines productivity, food security, and farmer livelihoods. Traditional bird control methods such as scarecrows and manual labor, are often labor-intensive, costly, and increasingly ineffective at scale and raise social concerns, including child labor and school dropout. With advancements in technology, AI has emerged as a reliable solution for addressing these challenges. AI-powered systems, including drones equipped with bird detection and repellent technologies, offer innovative and sustainable alternatives to conventional with the potential of reducing 15-30% cereal crop losses caused by birds in Ghana while connectivity of Farmer Based Organizations to AI-based bird control systems increase accessibility and affordability for small scale farmers. Companies such as AiScarecrow have developed drones that mimic predatory birds, scaring away pest species through simulated threats while ensuring minimal harm to the environment, cutting down 90% field losses while saving an average of 8-10 hours a day of valuable time. These systems enable real-time monitoring, species-specific responses, and efficient deterrent mechanisms that significantly reduce bird-induced crop losses while minimizing environmental impact. This review synthesizes literature up to date on AI applications, bird deterrence technologies, and agricultural innovation in Ghana. The analysis identifies emerging approaches, key barriers to adoption, and directions for future research. The study highlights the urgency and feasibility in integrating AI-driven bird control into Ghana’s agricultural strategies to strengthen food security while promoting sustainable, technology-enabled farming. 
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1. INTRODUCTION
Boosting agricultural productivity is essential to meet the demands of the rapidly growing global population projected to reach 9.1 billion people by 2050, hence 3 billion tons of cereal must be produced annually to meet daily food needs (Nawaz et al., 2023). In comparison to a 7.7 billion population recorded in 2019 (Dorling, 2021), this marks a 26% increase over three decades, requiring a 50% growth in global food production to adequately sustain the projected population (FAO, 2020).
Food and nutrition are critical components of sustainable development, as highlighted by the United Nations’ 2030 Agenda for Sustainable Development, Goal 2 specifically aims to end hunger and promote sustainable agriculture (Wudil et al., 2022). Due to population increase and shifting dietary preferences, the demand for cereals in SSA is predicted to more than triple by 2050 (Noort et al., 2022). Globally, bird damage poses a major constraint to rice production, as noted by the Global Rice Science Partnership. It is estimated that 15% of rice production worldwide is lost to animal pests, including birds, arthropods, rodents, slugs, and snails (Odewumi, 2024).
 In Africa, birds rank as the second most significant biotic constraint after weeds, according to farmer surveys conducted in 20 countries. Ghana's most important economic sector is agriculture, which produces food and export commodities, employs more than half of the country's workforce in both formal and informal sectors, and accounts for almost half of the gross domestic product (GDP). Key cereals such as sorghum (Sorghum bicolor), millet (Pennisetum glaucum), maize (Zea mays), and rice (Oryza sativa) remains vital for Ghana’s food security and sovereignty, as well as for the broader sub-Saharan African (SSA) food security agenda. Yet, Ghanaian farmers face major challenges from bird-induced damage to cereal crops primarily from species like Quelea birds and other migratory bird species causing 15-30% significant crop losses, lowering quality (Klug, 2022), and creating economic burden to farmers. For centuries, the reliance on traditional methods such as scarecrows and manual bird chasing has proven insufficient against increasingly intelligent avian pests, while contributing to social issues like child school dropout. In some regions of Africa, cereal farmers lose between 15% and 20% of their yields to birds and often employ young children to scare them away (Raheem et al., 2021).
With technological advancements, many global industries have undergone rapid transformation (D. Kakkad et al., 2020). The development and commercialization of agricultural technologies has seen significant growth, despite agriculture still being one of the least digitized sector of the economy. Artificial Intelligence (AI) has become increasingly influential, enhancing our ability to understand and shape the environment (Stone et al., 2022; Dwivedi et al., 2021; Pramanik et al., 2017).
An integrated approach is necessary to address these challenges, including reducing food loss and waste (FLW), which accounts for nearly one-third of food produced for human consumption globally. In low-income countries like Ghana, these losses are most prevalent during agricultural production, post-harvest, and processing stages (Kansanga et al., 2023). Each year, Ghana loses an estimated 20% to 30% of its cereal crops (Rutten & Verma, n.d.). Despite the gravity of these losses, initiatives to reduce bird damage in Ghana remain fragmented, relying on localized data and without a feasible structure for adoption. This review bridges these core gaps by thoroughly assessing the scope of the problem, the inefficiency of current techniques, and the underlying challenges and opportunities for deploying AI. This review aims to synthesize existing data on bird-induced cereal losses in Ghana, critically evaluate the efficacy and socio-economic costs of conventional control methods, assess the potential and challenges of AI-based solutions in similar agricultural contexts, and propose a context-sensitive framework for AI adoption in Ghana's cereal value chain.
CEREAL CROP PRODUCTION IN AFRICA
Africa contributes 27% of the world's total cereal production, with its regions specializing in various types of cereals (Benjamin et al., 2024). Northern Africa focuses on wheat cultivation, while eastern and southern regions are major producers of maize and millet. foods and sources of essential nutrients, including carbohydrates, dietary fiber, vitamins, Ethiopia, Nigeria, and Egypt are the continent's top cereal producers. Cereals play a vital role in African diets as staple and minerals (Thielecke et al., 2020). Maize is rich in thiamine, niacin, and folate; sorghum provides iron and potassium; millet offers calcium, magnesium, and zinc; and rice is a source of B vitamins and iron (Verma et al., 2023).
Each cereal type has unique uses across the continent. Maize, the most widely grown cereal, is consumed in various forms, such as flour, porridge, and roasted or boiled cobs, and is also used as animal feed and for brewing beverages (Serna-Saldivar, 2023). Sorghum thriving in arid regions, is used for food, livestock feed, and traditional alcoholic drinks like "chang’aa" in East Africa and "dolo" in West Africa. Millet, prominent in the Sahel, is consumed as porridge or side dishes and used to make "tchapalo," a traditional West African drink. Rice, grown mainly in West Africa, is a staple food used in dishes such as jollof rice, biryani, and paella. Wheat (Triticum spp.) is less widely consumed but is essential for producing bread, cakes, pasta, and other baked goods, with wheat straw serving as animal feed. Barley (Hordeum vulgare) and fonio (Digitaria exilis), though less common, are used in brewing and as dietary staples, respectively.
Cereals are deeply embedded in African culinary traditions, with thick porridges like "fura" being widely consumed across the continent (Adebiyi et al., 2016). These porridges, made from mashed grains, vary in name and preparation across regions, reflecting the cultural significance of cereals in African diets. Beyond their nutritional importance, cereals are integral to Africa's agricultural economy and cultural heritage, serving diverse purposes ranging from staple foods to ingredients in beverages and traditional dishes (Reardon, 2021).
2. ENSURING FOOD SECURITY FOR THE GROWING POPULATION
Ghana achieved substantial progress in reducing hunger, especially between the 1990s and 2016 (Ecker & Asselt, 2017). Nonetheless, recent developments suggest that food insecurity is increasing. According to a 2020 World Food Programme Comprehensive Food Security and Vulnerability Analysis (CFSVA), 3.6 million Ghanaians, or 11.7% of the country's population, lacked reliable access to sufficient nutritious food (Danso-Abbeam et al., 2022; Quarm & Begho, 2024). This figure increased by the end of 2022, with 25% of the population being considered food insecure (Wudil et al., 2022). Many Ghanaian households are currently at the core of this crisis, finding it difficult to get food that satisfies their dietary requirements and tastes, which worsens the country's problems with food insecurity (Figure 1) (Logan, 2020).
According to a 2023 World Bank assessment, this time has also been characterized by economic challenges, such as currency depreciation and soaring inflation rates that have not been seen since the early 2000s (Katica Radosavljević et al., 2023). The nominal costs of staple crops including rice, millet, sorghum, wheat, and maize have increased drastically. For example, between September 2021 and May 2022, Accra's maize prices shot up by 65%, while within the same time period, the import price of wheat increased by 88% (Quarm & Begho, 2024). Food insecurity affects socioeconomic and demographic groups differently, and these economic difficulties have increased vulnerabilities for various population segments (Grimaccia & Naccarato, 2018).
Using effective agricultural techniques is essential to maximizing production on a limited amount of land as the world's population increases and food demand rises (Kumari et al., 2025). With AI-based technology improving contemporary farming methods, artificial intelligence (AI) is rapidly changing the agricultural industry (Member Joy Usigbe et al., 2023). Crop rotation, rainfall, temperature, moisture content, and soil nutrient levels are some of the variables that affect agriculture. These factors can be analyzed by AI-powered systems to track and raise crop productivity (Ali et al., 2025; Ersin Elbasi et al., 2024; Adinarayana et al., 2024). In order to create more sustainable and effective farming systems, industries are using AI technology to optimize a wide range of agriculture-related operations throughout the food supply chain.

Figure 1. Dietary Adjustments in Response to Changing Conditions in Ghana[image: ]
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3. TRADITIONAL METHODS OF CROP PROTECTION FROM BIRDS DAMAGE 
Traditional bird-scaring methods have long been a central aspect of farming in African agriculture (Agossou et al., 2022). Farmers continue to rely on age-old techniques to protect their crops, such as shouting to scare birds away, using noise-making tools like gourds, cans, drums, or cracking whips, throwing mud or stones, and covering cereal heads with grass or cloth (Yaw & Silvia, 2019). In some cases, out of frustration, farmers employ shamans or rely on fetishes to deter birds. While these methods may provide limited protection in areas with low bird populations or on small, family-managed farm lands, they become increasingly ineffective as farm sizes expand and agricultural practices advance (Cheke & El Hady Sidatt, 2019). 
Additionally, traditional methods are largely inadequate for addressing quelea bird infestations and can account for 15-80% of production costs in large-scale government farming schemes (Mtobesya, Boaz Ndagabwene, 2012). There is a pressing need for innovative and efficient crop protection strategies that can reduce farmers' dependency on these labor-intensive methods, allowing them to focus more on adopting improved farming practices (Patel et al., 2020). Effective cultural practices could help minimize or even eliminate bird-related crop damage.
4. VISUAL DETERRENTS 
Visual deterrents are designed to elicit fear or curiosity in birds through specific stimuli, often mimicking the presence of predators, either real or simulated (Micaelo et al., 2023; Avery & Werner, 2017). Real predators can pose a direct threat, potentially resulting in bird fatalities. Alternatively, non-lethal methods involve the use of unfamiliar objects such as scarecrows, dyes, lights, reflective tape, optical gels, kites, or balloons (Figure 2) (Klug, 2022). Many of these visual repellents can also be combined with auditory deterrents to enhance their effectiveness.
5.1  SCARECROWS
A scarecrow is a dummy or decoy which usually takes the form of a person. The purpose of scarecrows is to trick birds into believing that an individual is close by (Abdelhakim, 2020). In order to deter birds from destroying and feasting on freshly planted seeds and growing crops, humanoid scarecrows are usually placed in open fields while wearing ancient clothing. In popular culture, scarecrows are a major visual representation of farms and the countryside, and farmers employ them all over the world. Scarecrows are most effective when combined with other bird deterrents (Pruteanu et al., 2023). They should be positioned close to crops or other locations where birds are not wanted to be, and their placement should be alternated with that of other scarecrows or other bird control techniques. 
Moving the scarecrow every few days and dressing in bright colors may significantly increase its effectiveness temporarily (Król et al., 2019). 
According to Agossou and Assede (2022), The species of bird determines how effective scarecrows are. For instance, pigeons and seagulls are not as easily frightened by scarecrows as crows and blackbirds are (Gorton, 2018). Certain birds have the ability to learn things quickly, retain patterns, and even collaborate in groups to solve issues (Boucherie et al., 2019). They can swiftly determine whether something isn't a true threat because of their intelligence. A seagull, for instance, may be tricked by a scarecrow for a day or two, but then it will recognize it as a fake human. The scarecrow won't be able to frighten them away after that.
a. BALLOONS AND HAWK KITES 
Kites and balloons, illustrated in Figure 2, function as mobile predator models designed to deter birds (Rivadeneira et al., 2018). These devices are anchored to the ground or poles, ensuring they remain in place within the target area. By mimicking the presence of a predator, such as a hawk, they aim to trigger the birds' instinctive fear response. However, since these devices do not represent an actual threat, birds tend to habituate to their presence over time.
b. DEAD BIRD MODELS
Dead bird models, which can either be replicas or actual bird carcasses, are positioned on the ground to simulate fallen and deceased birds. These models have been employed as bird repellents in both agricultural settings and at airports.
An example of their application is in an intensive gull control program at Toronto’s Leslie Street Spit, where gull replicas are used annually (Micaelo et al., 2023). The replicas are made from plastic bottles with attached gull wings and are tossed into the air to mimic injured birds. This method, combined with falconry and pyrotechnics, has proven effective in preventing seagulls from nesting in extensive areas of the colony. Similarly, some airports use a strategy of killing seagulls and flinging their carcasses into the air alongside pyrotechnics to deter other birds.
While dead bird models can be effective at deterring certain species, their impact is typically limited to the habituation period, after which birds may become accustomed to their presence (Latham et al., 2018).
c. REFLECTORS AND REFLECTING TAPE
Reflective tape, is a three-layered rubber band consisting of a silver metallic sheet on one side and a synthetic resin coating on the other (Rivadeneira et al., 2018). This tape reflects light to produce flashes when exposed to sunlight and generates sound when moved by wind. Due to its combined visual and auditory stimuli, reflective tape is frequently used in agricultural settings to deter birds (Chen et al., 2024).
Although reflective tape does not directly trigger birds' instincts, its novelty initially prompts birds to avoid areas where it is applied. The reflected light and associated noise can startle them, but the absence of a strong biological connection often results in birds quickly habituating to the device (Wan Mohamed et al., 2020).
Several studies have explored the effectiveness of reflective tape in various settings, such as airports and agricultural fields. More recent research focuses on the noise produced by the snapping of reflective tape in the wind, suggesting that this auditory component enhances its effectiveness compared to static reflective objects. Micaelo et al., (2023), utilized reflective tape (0.025 mm thick and 11 mm wide) to protect crops such as sunflowers and sorghum. Suspended in parallel lines above ripening crops or positioned at crop entrances, the tape successfully deterred birds, particularly in areas with strong winds that amplified the noise. However, the effectiveness was species-dependent and diminished when the reflective surface became hidden due to coiling.
Rivadeneira et al., (2018) employed reflective tape to repel blackbirds by attaching it to ropes spaced three, five, and seven meters apart, supported by poles three meters high. The tapes were positioned at heights of 0.5 to 1 m at their lowest point. Among the tested configurations, the three-meter spacing was the most effective at deterring birds.
Micaelo et al., (2023), evaluated the use of 20 mm wide red fluorescent tape to deter geese from winter wheat fields in the United Kingdom. In a 20.2-hectare field, reflective tape was installed on one half, while the other half served as a control. An additional 7.5-hectare field with scarecrows and a gas cannon was used as another control. The reflective tape was positioned at 40 to 60 m intervals between wheat rows. The study found that the reflective tape significantly reduced crop loss, with only 1% of production lost compared to 6% in the control fields. Furthermore, geese avoided grazing within two meters of the tape's application area.

Figure 2. Images of some visual deterrents: (a) scarecrows; (b) reflecting tape; (c) hawk balloons; (d) aircraft; (e) RC aircraft; (f) lights
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5. IMPACT OF AI ON AGRICULTURE 
The transition from agrarian to urban lifestyles has led to significant labor shortages in agriculture, posing challenges for traditional farming practices like planting, irrigation, harvesting, and pest management (Misra & Ghosh, 2024). To address these issues, AI-driven technologies have been introduced to improve efficiency and productivity across the agricultural sector. These advancements have enhanced critical areas such as crop yield, irrigation, soil content analysis, crop monitoring, pest detection, and weeding (Taha et al., 2025). By integrating AI, farmers can achieve higher output with fewer resources while improving crop quality and reducing the time to market (Talaviya et al., 2020; Omia et al., 2023; S. Ajith et al., 2025).
The agricultural sector also faces risks exacerbated by climate change, monoculture, and excessive pesticide use, leading to increased vulnerability to pests and diseases (Khatri et al., 2023). These issues, compounded by natural forces like unpredictable rainfall and resource limitations, create significant stress on farms (Singh et al., 2020). Addressing these challenges requires innovative solutions to mitigate risks and sustain crop production under difficult conditions. AI has proven to be a valuable tool in helping farmers manage these risks, ensuring consistent yields and enhancing the overall resilience of agricultural systems (Jung et al., 2021).
Given the growing global population and the annual need for higher yields, the agricultural industry must double its efficiency to meet future demands. AI-powered automation provides a transformative approach to achieving this scalability. By automating labor-intensive tasks and optimizing processes, AI enables agriculture to adapt to modern challenges while meeting the rising need for food production (Ahmad et al., 2024; Ben Ayed & Hanana, 2021; Aijaz et al., 2025).

6. DRONES IN AGRICULTURE 
In a technological setting, unmanned aircraft that may be remotely controlled are known as unmanned aeronautical vehicles (UAVs) or unmanned ethereal frameworks (UAS), also referred to as automatons (Talaviya et al., 2020; Telli et al., 2023). During World War I, drones were first used for enemy surveillance. They are small, photo-capable aircraft that are operated by radio. They cooperate with the GPS and additional sensors that are attached to them. In agriculture, drones are being used for disaster management, weed identification, crop health monitoring, irrigation equipment monitoring, herd and animal monitoring, and more (Kaya & Goraj, 2020; Kumar et al., 2023). Agriculture is being significantly impacted by remote sensing using UAVs for image collection, processing, and analysis (Olson & Anderson, 2021). Because they weigh less than 15 pounds, crop scouting drones may be transported to the field in the back of a pickup. The Association for Unmanned Vehicle Systems International estimates that the economic impact in the years following the implementation of laws will be approximately $13 billion and 7500 commercial drones, with 80 to 90% of the market increase coming from agricultural use (Stehr, 2015). Rotating motor helicopters and fixed-wing aircraft are the two primary UAV designs. Each one of these has advantages of its own (figure 3).

The drones with fixed wings can fly at 25 to 35 miles per hour and still capture images. When the battery is fully charged, it can travel 600 acres per hour (Perritt & Sprague, 2016). Fixed-wing aircraft require a wide, level landing field and must be tossed or launched into the air. Although a parachute can be utilized in tight spaces, the airplane's lifespan will be significantly shortened. Fortunately, in the event that the fuselage cracks, new parts are readily available. While compromising maximum speed, rotary motors can hover and concentrate on particular trouble areas in a field. Because they frequently need to run four engines or more, their battery life is a little bit shorter. T
The drones can be operated manually or by programming GPS data to fly along predefined routes. The aircraft can be programmed to take off with a single touch and fly without land guiding, or they can be learnt to fly in a matter of hours. It is possible to implement self-leveling programming to stabilize the images and account for wind.
In agriculture, drones are becoming more and more useful, especially for controlling crop damage caused by birds. By utilizing high-resolution cameras and AI-powered systems, drones can efficiently detect and monitor bird activity in real time. They can identify bird species and their behavior, enabling farmers to deploy targeted deterrents, such as automated repellent systems or sound-emitting devices. Drones can also be equipped with bird-scaring technologies, such as loud noises or visual signals, to prevent birds from damaging crops. This precision reduces the need for widespread chemical deterrents, minimizing environmental impact and ensuring that only affected areas are targeted. With their ability to cover large areas quickly, drones offer a cost-effective and sustainable solution to combat bird-related crop losses (Bhusal et al., 2022).
Moving forward, drones have significant potential to further transform agriculture. Their role could expand beyond bird control to encompass various aspects of crop management, such as pest detection, soil health monitoring, irrigation, and crop spraying. Equipped with advanced sensors and AI, drones can collect and analyze data on crop conditions, helping farmers make data-driven decisions to optimize yields (Bayar et al., 2025). In the future, drones may be integrated with other technologies, such as autonomous vehicles and machine learning models, to create fully automated farming systems. This integration will lead to more efficient, precise, and sustainable agricultural practices, revolutionizing the industry and potentially reducing labor costs while enhancing overall productivity and food (Getahun et al., 2024).
 Figure 3. A fixed wing drone and a rotary motor drone
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Source: The Cat Rental Store, 2020
7. THE APPLICATION OF ARTIFICIAL INTELLIGENCE 
According to Redhu et al. (2022), artificial intelligence (AI) represents a groundbreaking advancement in agriculture. AI-based technologies have the potential to significantly enhance crop production by offering more effective monitoring and timely pest management decision-making (Widianto et al., 2022). Machine learning plays a pivotal role in identifying patterns in data, while unsupervised learning utilizes clustering and association algorithms to derive insights.
Traditionally, farmers relied on manual labor and chemical herbicides to combat weeds. While these methods were effective, they posed several challenges. It took a lot of work to uproot weeds by hand, and using chemical herbicides created health and environmental issues. Additionally, farmers faced more challenges when herbicide-resistant weeds emerged as a result of the overuse of these pesticides. According to Ankita Priyadarshini et al. (2024), AI is revolutionizing weed control in agriculture. Through machine learning and computer vision, farmers can now identify and target weeds with exceptional precision. This approach not only reduces herbicide use but also mitigates environmental damage and enhances crop yields. For instance, the AI-driven Map and Zap laser-weeding system achieves over 90% accuracy in weed elimination (Yaseen & Long, 2024). This advanced system can detect weeds as small as two or three leaves, providing a sustainable alternative to traditional chemical-based methods (Shaner & Beckie, 2014). By enabling precise targeting, AI-powered weed management minimizes herbicide application, safeguards beneficial insects, promotes biodiversity, and ensures crops receive more nutrients and resources, ultimately improving yields.
[bookmark: _Hlk215519825]AI is also being utilized by industries, including wholesalers, processors, and retailers, to forecast demand for agricultural products. By understanding market demands, these industries can help farmers adjust production inputs accordingly, reducing waste, minimizing environmental impacts, and improving profitability (Ara et al., 2021). In order to estimate rice yields, Babaee et al. (2021) used a hybrid approach that combined genetic programming and artificial neural networks (ANNs), finding that irrigation had the greatest impact. In a comparable way, Ghulam Mohyuddin et al. (2024) examined new developments in AI for smart farming and emphasized important elements that affect agricultural yields, including weather, soil quality, irrigation, unmanned aerial vehicles, insect control, weed management, and disease control.
8. ARTIFICIAL INTELLIGENCE IN BIRDS CONTROL 
Artificial Intelligence (AI) has emerged as a pivotal tool in addressing agricultural challenges in Ghana, particularly concerning the detrimental impact of birds on cereal crop yields. The reliance on traditional methods such as scarecrows and manual bird chasing has proven insufficient against increasingly intelligent avian pests. Recent advancements in AI technology now enable farmers to employ sophisticated solutions that comprehensively address the issue of bird damage, ensuring more sustainable agricultural practices and improved food security.
AI-driven technologies, like drones and automated bird repellent systems, represent a significant advancement in the fight against bird damage in crops. Companies such as AiScarecrow have developed drones that mimic predatory birds, scaring away pest species through simulated threats while ensuring minimal harm to the environment, cutting down 90% field losses while saving an average of 8-10 hours a day of valuable time (Kaur et al., 2023; AIScarescrow, 2023). The integration of AI algorithms allows these drones to react intelligently to bird movements, optimizing their operations and covering larger areas effectively (Saeed et al., 2022). Traditional methods often involve substantial labor, including the use of children to chase birds away, which can compromise education and overall well-being. In contrast, AI solutions save precious time and resources, promoting better productivity in cereal farming.
To reduce crop damage from wild birds, farmers have begun using unmanned aerial vehicles (UAVs) built with wild bird identification systems on agricultural farms to scare away birds (Bhusal et al., 2019; Bhusal et al., 2022). To further discourage wild birds, a sophisticated acoustic bird repellent system has been created. This system recognizes bird species by their physical characteristics and vocalizations using a deep learning network. 
An Internet of Things (IoT)-based automatic bird detection and repellent system is another creative strategy. This device uses a predator sound generator to scare birds away from the fields and a pyroelectric infrared detector to detect motion. These technologies offer practical and long-term ways to reduce agricultural damage caused by birds.
Furthermore, automatic wild bird repellent systems utilizing deep learning models have been implemented to detect and deter pest birds in real-time. These systems employ mask region-based convolutional neural networks (mask R-CNN) to identify bird species and deploy laser beams as a repelling mechanism, significantly reducing contact and crop damage (Chen et al., 2024). Experimental results indicate that these systems have achieved up to 40.3% reduction in bird presence during trials (Chen et al., 2024). This not only enhances crop yield and profit margins for farmers but also helps diminish the psychological stress associated with ongoing loss due to bird pest issues.
Recent advancements in Artificial Intelligence (AI) offer a promising approach to mitigating bird damage to crops (Jha et al., 2019). In order to identify and discourage birds, AI-powered systems analyses data from multiple sources, including sensors, cameras, and drones. These systems can also learn from experience, adapting to changing bird behavior and environmental conditions. The application of AI in agriculture, including bird damage mitigation, has the potential to transform the sector, enhancing efficiency, productivity, and sustainability (Aijaz et al., 2025). 
While vision‑based systems such as UAVs have demonstrated effectiveness in experimental settings (Bhusal et al., 2022; Chen et al., 2024), their deployment in smallholder farming systems which dominate Ghana’s cereal production faces considerable challenges. High capital costs, limited technical literacy, and inadequate infrastructure for battery charging and data transmission constrain adoption. However, emerging service‑based models, where farmers pay per hectare for drone‑based bird scaring, may offer a scalable alternative. Evaluating the cost‑effectiveness of such models relative to traditional labor‑intensive methods is essential for informing policy and investment.
9. Opportunities for Adoption in Ghana’s Cereal Value Chain
Implementing these innovations into practical solutions for Ghanaian cereal farmers presents several opportunities. First off, according to Natho et al. (2025), AI systems can significantly lower labor requirements and completely eliminate the need for child labor in bird scaring, which would improve household welfare aligning with national development objectives. In addition, while most small-holder farmers probably cannot afford to own drones or other advanced technological systems on their own, cooperative-based or private service models that charge a fee per acre or hectare could make these technologies accessible and cheaper for farmers. 
Furthermore, Ghana's existing digital advisory systems, extension platforms, and Farmer Based Organizations (FBOs) network already provide scalable mobile and media-based services. According to research, FBO membership greatly supports digital adoption, and AI-based bird detection systems based on smart cameras and edge computing are technically feasible. Connecting technology firms building AI bird control with FBOs and Ghana's digital extension ecosystem is thus consistent with current evidence and provides a practical framework, provided affordability, connectivity, and farmer training limitations are overcome.
Despite these opportunities, considerable challenges must be addressed. Infrastructure remains a major constraint: most AI systems require reliable power supply, internet service, and maintenance networks, which happen to be unevenly dispersed throughout rural Ghana. Small-scale farmers have prohibitively expensive initial capital expenditures, and adoption will likely remain limited without targeted subsidies, microcredit schemes, or public-private partnerships in place (FAO, 2026). A further challenge is technical literacy, as operating and debugging AI equipment necessitates training that present agricultural extension services are not currently capable of providing. More importantly, AI models for bird detection rely on geographically appropriate training data, no datasets for Ghana's important invasive bird species are currently available. Lastly, the lack of a national policy framework for regulating, promoting, and ensuring the quality of AI agricultural technologies raises concerns among farmers and potential investors.
In summary, AI technologies for bird deterrent systems have improved greatly and now offer a potential range of techniques that could help Ghana reduce the15-30% cereal losses caused by birds. Each technology possesses unique advantages and limitations. However, the existing literature is largely dominated by technical performance studies conducted in high-resource settings and only 19% of rural   households have reliable internet access, compared to 63% in urban areas (Kwasi, 2025). Critical gaps exist in terms of long-term effectiveness, cost-efficiency for small-scale producers, and the institutional processes needed to facilitate adoption in low-income agricultural systems. Rural Ghana faces limited connectivity, digital literacy, cost, and access to advanced tools, so solutions must work with basic phones and low-resource edge devices and be paired with training. Addressing these gaps plays an important role for creating a contextually adaptive framework for AI adoption in Ghana's cereal value chain, one that incorporates technological, socioeconomic, and policy elements to ensure that AI-based solutions are not only successful, but also inclusive and sustainable.

10. CONCLUSION
Addressing bird-induced cereal crop damage is essential for improving agricultural productivity and achieving food security in Ghana. Traditional deterrents have proven inadequate, especially given the growing scale of farming operations and the adaptability of pest birds. AI technologies, such as automated drones and intelligent bird repellent systems, offer practical and sustainable solutions. By leveraging these tools, Ghana's agricultural sector can reduce losses, enhance efficiency, and strengthen the livelihoods of farmers. Adopting AI in crop protection not only safeguards critical food supplies but also contributes to a more resilient and sustainable farming ecosystem.
To effectively reduce bird-induced cereal crop damage in Ghana and improve food security, AI technologies must be incorporated into agricultural operations in order to improve food security. Educating farmers through training programs, workshops, and accessible resources can raise awareness about AI-driven solutions, such as automated drones and intelligent bird repellent systems. Partnerships with private companies and government support through subsidies, tax incentives, and regulatory frameworks will ensure these technologies are affordable and accessible, especially to smallholder farmers. Establishing demonstration farms and leveraging farmer cooperatives can further facilitate the adoption of AI, allowing farmers to collectively invest in and maintain these advanced tools.
Research and development should focus on tailoring AI solutions to address the specific challenges of bird-induced crop damage in Ghana while ensuring minimal environmental impact. AI tools powered by renewable energy, like solar-powered drones, can improve sustainability. Integrating these technologies into broader agricultural strategies, such as pest and disease control, and combining them with sustainable farming practices will create a holistic approach to crop protection. Continuous monitoring and evaluation of AI-driven systems will refine their effectiveness, ensuring increased cereal crop yields and improved livelihoods. By leveraging AI, Ghana’s agricultural sector can build resilience, safeguard food supplies, and create a sustainable farming ecosystem to secure its future.
Future research should focus on bird migration routes and local movement patterns in Ghanaian cereal-growing regions in order to develop AI-driven systems that gently reroute bird movement away from vulnerable areas, AI models can be used to forecast arrival times and spatial hotspots using high-resolution migration-route data from radar, acoustic monitoring, and satellite tracking. This allows for the development of dynamic, context-aware deterrents like adaptive drones, sound emitters, or light-based systems that nudge birds without upsetting ecological networks. Simultaneously, research must be conducted to produce precise, quantitative data regarding the effectiveness of AI-based bird control systems in agricultural environments. Evidence now available indicates that AI-driven detectors (such as YOLO, DenseNet, and Mask R-CNN) can reach detection accuracies above 90–99% with matching reductions in bird activity in treated fields; however, the majority of trials have been small-scale or experimental. To direct policy and investment in Ghana and other smallholder-dominated systems, robust, large-field information on bird impact rates, species composition, yield changes, and cost-benefit ratios under various AI-based methods will be crucial.
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