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ABSTRACT
	This study identifies and examine the impact of climate change in the rice sector of Ghana. This review aims to explore effective adaptation strategies to sustain production and food security. As a major concern to food production in Ghana, it seeks to address the challenges and how to mitigate these challenges concerning the production of rice. The literature was categorized into: (1) rainfall change patterns and effects on rice yield and grain quality; (2) temperature variability and physiological stress responses; (3) influence of extreme weather events; and (4) mitigation strategies including precision agriculture and water conservation technologies. Climate related factors significantly affect rice production in Ghana. Rainfall variability caused 15-30% yield reductions in rain-fed systems, while temperature rise increased pollen sterility, reducing yields by 10-15% per heat-stress event. Extreme weather events, such as floods and droughts, caused up to 50% yield loss. Adaptation strategies like drought-tolerant varieties, controlled irrigation, and mixed cropping helped reduce impacts, but adoption rates remain low due to limited extension support, financial constraints, and inadequate access to climate information services. Climate change significantly affects Ghana's rice production, with rain-fed systems experiencing 15-40% yield declines. Despite adaptation efforts, production remains vulnerable, and Ghana relies heavily on imports, accounting for 50-70% of domestic consumption. Investing in strategies like drought-tolerant varieties, precision agriculture, and sustainable water management can help sustain production, ensure food security, and support rural livelihoods.
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1. INTRODUCTION
The agricultural sector in Ghana contributes approximately 22% to the nation's Gross Domestic Product (GSS, 2014) and accounts for 51% of employment opportunities within the country (Shah & Wu, 2019). Furthermore, it generates 75% of the nation's foreign exchange earnings (Armah et al., 2011), with crop production constituting roughly two-thirds of the agricultural sector. The agriculture of Ghana is vulnerable to various risks, primarily due to its reliance on rainfall and its exposure to multiple climatic, natural, and biological threats. Such threats, which include floods, droughts, fires, pests, and diseases, can adversely affect various crops, potentially leading to a reduction in the overall national value of agricultural production. The phenomenon of global warming represents a major challenge confronting the contemporary world. Climate change exerts a profound influence on both precipitation patterns and temperature levels. Certain regions may encounter the difficulties associated with drought, whereas others may suffer from persistent heavy rainfall and resultant flooding calamities. Additionally, increasing temperatures have repercussions for the growth cycles and yields of crops. 
The occurrence and severity of weather conditions such as drought and torrential rains are on the rise, thereby introducing uncertainty and risk to agricultural production (Wu et al., 2014; Zhao et al., 2016). The ramifications of climate change on agricultural food production are of global concern, necessitating close examination of climatic variables such as temperature, rainfall, atmospheric carbon dioxide levels, and solar radiation, particularly in relation to rice production. An estimated 135 million individuals worldwide are currently experiencing hunger (World Food Program, 2020). This acute level of global hunger is exacerbated by diminishing food production levels. Insufficient food production is identified as a principal factor contributing to food crises. Nevertheless, both climate change and economic shocks also play a substantial role in instigating food crises. To effectively address the food crisis and the prevailing levels of hunger, an augmentation of food production is imperative (Rasul, 2015).
In spite of advancements in technology, including the development of improved crop varieties and enhanced irrigation systems, weather and climate remain critical determinants that significantly influence agricultural productivity. Ghana has been identified among countries most vulnerable to climate change impacts (Antwi – Agyei et al., 2012). This phenomenon can be attributed to the fact that agriculture, a crucial sector within the national economy and responsible for the employment of over 70% of the workforce, is primarily reliant on rainfall (MoFA, 2016). Approximately 5% of Ghana's demographic encounters nutritional insecurity, with an additional two million individuals susceptible to becoming nutritionally insecure (MoFA, 2016), as the mean yields of staple crops such as maize, rice, millet, sorghum, and groundnut, which are pivotal for satisfying the essential alimentary requirements of the majority of the Ghanaian populace, have not demonstrated any considerable advancement. 
Consequently, the importation of commercial food and food aid has escalated to approximately 4.7% of the overall food requirements (MoFA, 2016). 
In the northern regions of Ghana, even minimal fluctuations in rainfall can lead to considerable repercussions on crop yields, attributable to the limited adaptive capacity of the agricultural systems (Antwi – Agyei et al., 2012). This area has been exposed to extreme climate related occurrences, encompassing both arid spells and inundations, which have culminated in the destruction of agricultural produce and livestock, resulting in starvation (UNCCD, 2015). Such severe climatic events are projected to increase in frequency in the forthcoming years as a result of persistent climate alteration (IPCC, 2014). Modern climatic transformation includes not merely modifications in prolonged means but also an escalation in variability associated with these means, resulting in an augmented frequency of extreme occurrences (US Natl. Res. Counc. 2016). It is projected that climate change and variability will adversely affect the livelihoods and well-being of smallholder farmers in tropical regions, including Ghana (IPCC 2014).
Climate change influences not only the environmental conditions necessary for rice cultivation but also directly affects both its yield and quality. Currently, Ghana achieves only around 30% self sufficiency in rice production, yielding merely 150,000MT, in contrast to a consumption requirement of approximately 700,000MT (MoFA, 2015). To bridge this supply gap, Ghana procures nearly 70% of its rice consumption needs from Asian countries such as China, Thailand, and Vietnam, in addition to the USA. This situation also serves as a critical problem statement that can be integrated with the initial discussion. It is imperative to devise strategies for rice cultivation that are responsive to the challenges posed by climate change.
The aim of this review is to evaluate the effects of climatic alterations on the rice sector and to explore mechanisms to alleviate its impacts in Ghana. By scrutinizing the patterns and repercussions of climate change and contemplating relevant adaptive strategies, this research aspires to provide significant insights and directives for agricultural professionals, policymakers, and scholars in confronting the difficulties presented by climate change that they presently face.
2. METHODOLOGY
This study is more of a systematic literature review of current and developing challenges regarding the effects of climate change and the mitigation strategies, with a focus on Ghana. This review seeks to address the following questions; How does rainfall variability affect the Ghanaian rain fed agricultural system in rice yields? How can heat resistant and drought tolerant rice varieties be developed and impacts of adopting genetically modified rice varieties? How effective are water saving technologies improving rice production in Ghana? An extensive literature review was conducted to answer these research questions and obtain information on crucial life supporting sectors in agriculture,water and health. To answer the first and the second research questions, an online literature search was conducted on Google Scholar and Google search engines, providing a wide range of information that cuts across various journals(Hoogendoorn & Fitchett, 2018), national and multilateral climate change documents(Awuni et al., 2023). Examples include Nature, Scientific African, Land use policy, Climate risk management, Ecosystem and Environmental sciences. The search focused on the impact of climate change in general and then zeroed on in effects of the change in climatic factors such as rainfall pattern, temperature and extreme weather events. The search focused on the impact of climate change in general and then zeroed in on mitigation strategies to employ. The search was done without a specific time interval to obtain as much information as possible.
Numerous keywords and phrases were used in the search about the subject area of the research topic, including “impact of climate change”, “climate impact in Ghana”, “climate change and adapatation + Ghana”,”mitigation strategies to adapt in Ghana”. Other documents were retrieved, which were numerous to be mentioned and helped answer the research questions. Example include; Environmental science and pollution research(2002), Climate Change and Adaptation for Food Sustainability: Implications and Scenarios(2021), Rainfall variability and its impact on crop yields in Northern Ghana,The impact of high-temperature stress on rice; Challenges and solutions (2021), Progress and perspectives in studies on responses and thresholds of major food crops to high temperature and drought stress(Hong et al., 2016).

3.EFFECTS OF CHANGES IN CLIMATIC FACTORS IN RICE FIELDS IN GHANA.
[bookmark: _Hlk214383828]3.1 Effects of Changing Rainfall Patterns on Rice Yield and Quality
The double maxima regime and the single maximum regime are the two main precipitation patterns experienced in Ghana (Osei et al., 2021). According to the double maxima regime, Southern Ghana has two peak seasons from April to July and September to November (Owusu & Waylen, 2013b). On the other hand, Northern Ghana experiences the single maximum regime from May to October, which is followed by a prolonged dry season from November to May (Owusu & Waylen, 2013a). Temperatures in all Ghanaian ecological zones have been rising over time, while rainfall has been generally declining with increasingly unpredictable patterns (Issahaku et al., 2016).
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In terms of rainfall intensity, both excessive precipitation and prolonged dry spells are detrimental to rice production. 
Excessive rainfall results in elevated water levels within rice fields, potentially leading to drainage issues in the roots and obstructing the unimpeded movement of oxygen, thereby generating toxic compounds that harm plant roots (Datta et al., 2017). During the reproductive phase, excessive rainfall may adversely affect the fertilization and grain formation processes, thus compromising both the quality and yield of rice (Ye et al., 2019) (Fig. 1). The ramifications of climate change are anticipated to be particularly severe for Ghana, notwithstanding the expected fluctuations in both annual temperatures and precipitation (Asare-Nuamah & Botchway, 2019).
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Fig. 1. Impact of abiotic stress on rice crop (Suresh et al., 2024)
3.2 IMPACT OF TEMPERATURE ON RICE YIELD AND QUALITY
Rice is cultivated in regions with temperatures between 28 and 22 degrees Celsius, which are more than ideal for its growth (Dubey et al., 2018). Reduced rice yields could result from further increases in the mean air temperature during important periods. High temperatures during reproductive growth have been shown to reduce rice output by producing sterile spikelet (Shrestha et al., 2022). By the end of the twenty-first century, it is predicted that rice productivity could drop by as much as 41 percent. While heat stress above 35°C during critical growth phases, such as flower development, impairs grain filling and results in yield losses estimated at 10% to 15%, rice is relatively more resistant of high temperatures throughout its vegetative stage (Awasthi et al., 2014).
Temperatures beyond threshold levels in rice can shorten crop length, increase pollen sterility, and shorten grain filling time, all of which lower rice quality and output. The production of root crops and total rainfall are strongly positively correlated in Ghana. However, although average temperature and root crop output are positively correlated, this correlation is weak for rice production (Chemura et al., 2020).
Temperature and water stress effect on rice manifest in different ways. Under each of these stress conditions, plants processes such as physiology, biochemical, phenology are disrupted or altered to tolerate the stress with potential consequences for yield. Increasing temperature would accelerate development and shorten the life cycle of a rice crop (Steduto et al., 2009). Elevated temperatures hasten the overall development of the crop, which hurries the rice plants through critical stages like flowering and grain filling at a faster rate than ideal, thus shortening the duration available for the grains to fill and mature and consequently resulting in a reduction of grain weight and overall yield (Dubey 2016). Generally, temperatures beyond of optimum would adversely affect aboveground biomass accumulation as enzymes required to catalyse photosynthesis become less efficient, thereby slowing the rate of photosynthesis. Additionally, rice undergo physiological adjustments such as regulating stomatal conductance in response to heat stress and this also negatively affect photosynthesis, and hence, biomass and yield (Riaz et al., 2024). 
The present challenge to agricultural development in the country is water scarcity and drought, which is likely to be aggravated by increased evapotranspiration which affects soil moisture content (Lahlali et al., 2024). High temperatures not only cause physiological stress, but they also enhance the evaporation process, which drains water from arid soils systems (Pérez-Harguindeguy et al., 2013) (Fig. 2). This evaporation is most injurious to rainfed agroecosystems, which are dependent solely on unpredictable rainfall patterns and have few water management techniques beyond such dependence.
[image: Morphological and physiological characteristics of rice under heat stress.]
Fig. 2. Impact of heat stress on rice life cycle (Xu et al., 2021).
3.3 Effects of Soil Moisture Variability on Rice Growth and Yield. 
Soil moisture variability, primarily driven by shifting rainfall patterns and temperature changes due to climate change, significantly affects rice cultivation and yields in Ghana. The availability and distribution of soil moisture play a crucial role in the growth of rice, a water-intensive crop. This variability in soil moisture arises from erratic precipitation events, prolonged dry spells, and inconsistent rainfall, all of which are becoming increasingly prevalent due to current climate trends.Ghana's agricultural productivity has faced a notable decline due to reduced soil moisture resulting from unpredictable and diminishing rainfall, especially in the northern regions where farming largely relies on rain. In these rainfed systems, yield reductions are expected to range from 15 to 30%. Insufficient soil moisture hampers grain development during critical growth stages, such as flowering, directly impacting grain quality and overall productivity. Farmers without dependable irrigation systems often find it necessary to abandon rice cultivation during harsh dry spells, leading to significant production losses.
Excessive rainfall can result in flooding and waterlogging in rice fields, particularly in southern regions characterized by heavy rainfall and inadequate drainage infrastructures. Extended flooding disrupts the oxygen supply to roots, resulting in root toxicity and damage, which negatively affects rice growth and reduces yields. Furthermore, flooding fosters the spread of pests and diseases, further compromising crop health and grain quality. Variability in soil moisture also impacts nutrient dynamics. Intense rainfall leads to the leaching of applied fertilizers, such as nitrogen, with losses of up to 40% reported during heavy storms, thereby diminishing nutrient availability for rice plants and escalating production costs. This nutrient depletion not only affects crop yields but also contributes to environmental pollution. Extreme dry conditions frequently force farmers lacking irrigation systems to forgo rice planting, resulting in production losses.
In particular, excessive rainfall in southern regions with heavy precipitation and poor drainage systems results in flooding and waterlogging in rice fields. Prolonged flooding disrupts the oxygen supply to roots, leading to damage and toxicity that impedes rice growth and reduces yields. Additionally, flooding encourages the proliferation of diseases and pests, which further deteriorates crop health and grain quality. Variability in soil moisture also influences nutrient dynamics. Intense rainfall can lead to the leaching of applied fertilizers, such as nitrogen, with documented losses of up to 40% during severe storms. This reduces the nutrient availability for rice plants and increases production costs.
Moreover, this nutrient loss not only affects crop yields but also has detrimental effects on the environment.
3.4  EXTREME WEATHER EVENTS ON RICE PRODUCTION 
Rice production in Ghana faces several threats from extreme weather events due to climate change (Gatta, 2022). Droughts, floods, hurricanes and high temperatures disrupt agroecological stability, strain economic resilience and aggravate food insecurity (Olowoyeye et al., 2024). Extreme rainfalls affect paddies by submerging, suffocating and shortening growth seasons reducing yields up to about 50% in severe cases. In the upper East region of Ghana erratic rainfall patterns has led an increase in waterborne diseases such as rice blast further diminishing productivity (Amoah, K., & Ekem, S. P. 2024). 
Rainfed rice crop production systems with an average yield of a paltry 3 tons per hectare compared to irrigated areas that produce 6 tons per hectare are most susceptible to dry spells. In the 2023 agricultural period, drought episodes in the Volta and Ashanti regions caused crop yields to decrease by 20% to 40%, highlighting the susceptibility of small-scale farmers who depend heavily on agriculture. Additionally, crops under drought pressure experience increased pest attacks; during the dry spell, the infestation of stem borers increased by 25%, adding to the reduction in yields. These unfavourable conditions prolong suboptimal production by inhibiting the ability of farmers to fund fertilizers and vital equipment (Sanginga & Woomer, 2009). Ghana is experiencing a significant temperature rise, with a recorded 0.21°C increase per decade from 1990, with projections for a possible 1.7°C rise by the year 2030 (Tetteh et al., 2022). 
In addition, elevated levels of CO₂, while potentially enhancing water-use efficiency, could reduce the nutritional quality of the rice grain, hence exacerbate the problem of malnutrition for 1.6 million people by 2050 (Intergovernmental Panel on Climate Change, 2022). Climate change-induced variability in yields has widened the gap between rice consumption and production, such that imports now meet 50% of local demand (Porter et al., 2015). Such dependence heightens vulnerability to price volatility in international markets, as seen in 2024 when local rice prices rose by 225% following supply chain disruptions (Smith et al., 2022). At the national level, climate change is expected to reduce welfare, disproportionately affecting low-income households and the north, where 3.6 million people already live-in food insecure conditions.
4.MITIGATION STRATEGIES FOR CLIMATE CHANGE IN RICE PRODUCTION
4.1 GENETIC ENGINEERING OF RICE FOR PRODUCTIVITY AND STRESS TOLERANCE
Genetic modification or transformation is the directed desirable transfer of gene or insertion  of DNA from one organism to another along with the subsequent stable, integration and expression of a foreign gene in the genome. It also refers to the targeted manipulation of genetic material and non-targeted, non-transgenic methods such as chemical mutagenesis and breeding applied to alter the genetic composition of plants.In order to survive climate change, Ghana's genetically modified (GM) rice varieties have been altered to include genes for salt tolerance, drought resistance, and nitrogen use efficiency.Other GM rice initiatives have altered a number of genes, including:
The genes OsNAS1, OsNAS2, and OsNAS3 are involved in the intake and storage of iron and zinc.
The Bacillus thuringiensis gene cryIA(b) provides defense against pests such as the rice borer.
Rice can live underwater for up to two weeks thanks to the Sub1A gene in the new rice variety with salt tolerance attributed to the HSA gene. Farming with these new varieties of rice can help reduce the effects of climate change in rice production and improve yield and quality.

4.2   IMPROVING TECHNIQUES AND STRUCTURE FOR RICE PLANTING  

Improving rice cultivation frameworks and methodologies constitutes a pivotal strategy for efficiently alleviating the repercussions of climate change on rice yield (Singh et al., 2024). This entails the optimization of planting configurations, modification of planting intervals, and refinement of agronomic practices. By enhancing rice cultivation frameworks and methodologies, the resilience of rice to climate change can be substantially augmented, alleviating the repercussions of climate change on rice yield and safeguarding food production and security (Suhardiman et al., 2019). Initially, optimizing planting frameworks represents a significant method to enhancing rice cultivation. Agriculturists can choose appropriate rice cultivars and planting methodologies in accordance with local climatic conditions and soil classifications. (Lienhard et al., 2019).
To increase rice's capacity to withstand adverse climates, for example, cultivars that are resistant to drought may be chosen in arid areas, cultivars that are resistant to heat in areas with higher temperatures, and cultivars that are resistant to salt and alkali in areas with salty and alkaline conditions. Therefore, another crucial strategy for improving rice farming frameworks is altering planting intervals (Shah & Wu, 2019). Rice growth and development may be impacted by changes in temperature and precipitation patterns brought on by climate change. To lessen the detrimental effects of climate change on rice growth, agricultural practitioners might adjust planting intervals to correspond with climatic conditions and the growth requirements of rice. Strengthen early warning systems for droughts and floods to support timely adaptive management by farmers.

4.3  ADOPTION OF WATER CONSERVATION TECHNOLOGIES
Adopting water-conserving techniques such as controlled irrigation, aerobic rice farming, hydroponic seed propagation, and rainwater collection is another way to address the effects of climate change (Nations, 2018a).Expand irrigation infrastructure to reduce reliance on erratic rainfall, considering that only a small percentage of irrigation potential is currently utilized in Ghana. Additionally, without affecting yield, controlled irrigation helps to lower the amount of irrigation water needed (16–35%) during the rice growth cycle (Ayaz et al., 2019).
Consequently, the cohort of agrarians situated near the terminal sections of the irrigation apparatus can derive benefits, thereby diminishing agricultural inputs, which culminates in an augmentation of the farmers' revenue (Nations, 2018b).  It also mitigates CH4 emissions, which are elevated in the continuous flooding irrigation technique during rice cultivation (Alam et al., 2020). Additionally, it represents a viable strategy to enhance the design, construction, and maintenance of irrigation infrastructure (Cosgrove & Loucks, 2015). 
4.4   ADOPTION OF MODERN TECHNOLOGIES TO IMPROVE RICE PRODUCTION
The implementation of technological instruments to enhance rice production efficacy represents a pivotal approach to confronting the challenges posed by climate change (Brauch & Scheffran, 2012). The incorporation of technological instruments can facilitate an augmentation in rice production productivity, resource allocation efficiency, and resilience to environmental stressors, thereby safeguarding food availability and security (Mowla et al., 2023). First, the use of modern agricultural technologies can significantly increase the yield and efficiency of rice production. Precision agriculture and the use of digital technology can help farmers carefully control the application of water, nutrients, and pesticides during the rice growth cycle, reducing waste and increasing the effectiveness of resource allocation (Mowla et al., 2023b). Geographic information systems and remote sensing technology can help farmers monitor weather patterns and field growth conditions in real time, allowing for timely adjustments to management plans and improving the scientific and accurate management of agricultural lands (Di et al., 2022).
Increase investment in agricultural research, extension services, and insurance schemes to buffer climate risks


5. Conclusion
This review paper outlines the effects of climate change on rice cultivation and explores strategies to mitigate these impacts. The analysis reveals that while rice production volume in Ghana has increased due to area expansion, yield improvements have been limited, likely due to adverse climate impacts including rising temperatures and variable rainfall patterns. The observed negative correlations between climate stressors and rice yields underscore the vulnerability of rice cultivation to climate change. These findings align with projections of reduced agricultural productivity under business-as-usual emission scenarios.In summary, climate change has significantly and extensively affected rice production. The rise in global temperatures, unpredictable rainfall patterns, and more frequent extreme weather events have created difficult conditions for rice production. These environmental changes impact not only the growth cycle and yield of rice but also its quality and ability to withstand stress, thereby threatening global food security. Also developing and applying effective approaches to mitigate the effects of climate change on rice cultivation is essential. Such approaches include developing rice varieties that can withstand environmental stresses, optimizing rice cultivation methods and planting patterns, adoption of water-conservation technologies and utilizing advanced technologies to boost production efficiency. These measures are designed to improve rice’s resilience to changing climate conditions, thereby supporting stable and sustainable rice yields. Future projections suggest that the ongoing effects of climate change will continue to pose significant challenges for rice cultivation. Persistent increases in temperature, erratic rainfall patterns, and a higher incidence of extreme weather events are expected to have lasting impacts on rice yields. As a result, it is essential to enhance international collaboration and take decisive action to reduce global emissions and implement climate adaptation strategies, ensuring the stability and long-term sustainability of rice production.
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