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Abstract
Climate change has been a significant issue affecting the agricultural sector in Nigeria, particularly among small holder farmers. In Kwara State, this issue is further exacerbated due to its susceptibility to drought, floods, and other extreme weather events. As a result, there is a need for the implementation of climate smart agricultural practices to increase resilience and sustainability of agricultural production. This study aims to assess the current state of climate smart agricultural practices among small holder farmers in Kwara State, Nigeria. Data was collected through surveys and interviews with 120 small holder farmers in the state. Results showed that the adoption of climate smart practices such as drought-resistant crop varieties, rainwater harvesting, and soil conservation techniques is still low among small holder farmers. Lack of knowledge, access to resources, and government support were identified as the main barriers to adoption. These findings highlight the urgent need for targeted interventions and policies to promote the adoption of climate smart practices among small holder farmers in Kwara State, Nigeria.
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CHAPTER ONE
INTRODUCTION
1.1 BACKGROUND OF THE STUDY
           Agriculture play a vital role in the fight against extreme poverty and hunger, as it is the primary source of income for approximately 1.6 billion rural small holders (Ahmadzai et al 2021) northerlies, this sector remains extremely vulnerable to climate change, disproportionately affecting small scale farmers due to their poverty, reliance on natural resources and inability to Adopt new live hood strategies (Tofu et al, 2022). In Nigeria small holder farmers are primarily situated in rural regions and rely heavily on agriculture, which serves as the backbone of Nigerian economy. According to the food and agriculture organization (FAD), agriculture practices must be climate smart in order to nourish the global population while promoting lasting development in rural regions. By implementing the climate smart agriculture (CSA) approach we can cultivate ideal conditions for sustained growth in agriculture amidst a changing climate. 
              Climate Smart Agriculture [CSA] priorities three crucial objective; augment  agriculture output and profit fortifying resilience against climate change input and mitigating harmful greenhouse gas emissions-all with the overarching goal is to ensure food security in the face of climate change and increasing dietary demands. climate smart agriculture include use of improved crop variety, mulching,  use of organic manuals ,crop rotation, site specific nutrient management, mixed cropping, non-farm house amongst others. Therefore climate smart agriculture is an agricultural practice that contributes to the achievement of sustainable development goals.     
           Despite the numerous benefits associated with CSA practices their adoption has been reported to be low generally, especially Africa including Nigeria and also been hampered by a number of obstacles, including limited access to finance and markets, a lack of knowledge and skill, inadequate policy support [Adeagbo et al,2023]. The Agriculture sector is vital in the eradication of enzyme poverty and hunger. It support the method of close to 1.5 billion people living in rural areas households worldwide [World Bank, 2008]. Climate Smart Agriculture is a concept that was coined by the food and Agriculture organization and widely endorsed by international institutions. It is aimed at sustainable intensification, sound and efficient management of resources, and offer an opportunity for climate changes funding while seeking to strengthen the livelihoods of small-scale farmers through improved access to service, knowledge, genetic and financial resource, markets, etc.  [FAO, 2013]. Despite its vital importance, the sector is highly sensitive susceptible to climate changes and variability [Pervet,2006].This is because Nigeria Agriculture in predominately rain-fed and hence fundamentally dependent on the varieties of weather [Zoellick,2009].According to the food  and Agriculture organization [2014],Climate changes likely to cause considerable crop yield losses, adversely affecting small holder livelihoods.
            Climate is an important factor in crop distribution and availability which can influence weather conditions such as powerful rainstorms, high wind pressures and high temperature thereby affecting agriculture activities. More so, climate change can affect agriculture yields through induced environmental pollution and depletion of natural resources that greatly challenge sustainable crop production and environmental management in modern agriculture [food and agriculture. [FAO], 2018].  Small holder farmers in developing countries rely on rain-fed agriculture whereby increasing their vulnerability to the consequences  of the climate change have not been fully understood by the small holder famers which can result to being averse to adapt new changes. Furthermore, the low level of climate smart agriculture practices adoption in the region alongside varieties and challenges of climate change. [Saadu et al, 2024]. Smallholder farmers in Kwara state, like many other regions ,any increasingly faced with the negative impacts of climate change such as unpredictable rainfall, droughts ,and extreme whether events. These challenges threaten agricultural productivity, food security and the live hood of farmer .although climate smart agricultural practice [CSAP] which include strategies like conservation tillage  ,water management ago firstly and the use of climate resilient crops have been identified as affective solution to integer these impact their adoption among small holder farmers in Kwara state remain under researched. 
1.2 STATEMENT OF THE PROBLEM 
Climate change has become a critical global issue with significant implication for agriculture productivity, food security and rural livelihoods, especially in developing region like sub Saharan African. In Nigeria, particularly in Kwara state, smallholder farmer are experiencing increasing challenges related to unpredictable weather patterns drought flood and soil degradation (Adeola et al. 2020). These change have adversely impacted crop yield threatening food security and the livelihood of farmer who depend on agriculture for sustenance and income
    The adoption of climate smart agriculture (CSA) practices such as drought resistant crop vertices, water conversation techniques agro-forestry and integrated pest management has been proposed as a potential solution to mitigate the effective effect of climate change [FAO 2013]. However, despite the promises of these practices, small holder farmers in Kwara state, like many others ion Nigeria, face barrier to adaptation including limited knowledge, insufficient resources and inadequate policies support. Previously student have highlighted the important of CSA in enhancing resilience to climate change, but there is limited research foreseen especially on its adaptation and efficiency among small holder farmer in Kwara state [Akinwumi et al., 2019]. Therefore, this research aims the awareness adaptation and challenges associated with climate smart agricultural practices among small holder farmers in Kwara state, Nigeria. The finding will provide valuable insights into the factor that influence CSA adaptation and offer recommendation for promoting sustainable agricultural practices in the face of climate change.   

1.3 RESEARCH QUESTION
· What is the socio-economics characteristics of climate smart agriculture practices
· What is the level of awareness of climate smart agricultural practices among small holder farmer in Kwara State? 
· To what extent have small holder famer in Kwara state adopted climate agriculture practices in their farming activities
· What are the constraints faced by small holder farmer in Kwara state in adopting climate agricultural practices? 

1.4 OBJECTIVES OF THE STUDY
· To describe the socio-economic characteristics of small climate smart agricultural practices.
· To assess the level of awareness of climate smart agricultural practices among small holder in kwara state.
· To identify the factor influencing the adoption of climate smart agricultural practices among small holder farmer in Kwara state.
· To analyze the constraint facing small farmers in the adoption of C.S.A practices.

 1.5 JUSTICATION OF STUDY
This study is important because it will provide valuable insights into the current level of awareness, adoption and the factor influencing climate    smart agricultural practices among small holder famer in the   region. By identifying the benefit challenge and barrier faced by these famer this study can inform policy recommendation aimed at improving    agricultural resilience in the face climate change. Small holder farmer in the Kwara state, like many other across the country face growing challenges due to the adverse effect of climate smart such as creative rain fall patterns soil degradation and reduced agricultural productivity. These challenges pose a significant to food security the live hoods of farmer and the overall economy of the region. Despite the recognition of climate smart agricultural practices [sap] as viable solution for mitigating the impact of climate change effectiveness in Kwara state.
         There is a lack of comprehensive data on how well these farmer are aware or have integrated such practices into their framer activities. Additionally barrier such as limited access to information training resources and market may be preventing full scale implementation of climate smart practices in the region without a clear understanding of the extent of [SAP] adoption and the factor influencing their uptake it become default for poly maker agriculture extension service and development agencies to design intervention that support sustainable agriculture in Kwara state. 

1.6 DEFINITION OF TERMS 
  1. Climate smart agriculture [CSA];   A set of practices and strategies designed to help farmer adopt to climate change reduces greenhouse gas emission and increase agricultural productivity in resilience
2. Smallholder famer ; famer who operate on small scale farms typically with limited resources land capital they often rely on family labor and provide crops primarily for subsistence or land market 
3. Climate –smart agricultural practices [CSAP] specifics faming technology or approaches that promote resilience to climate change enhance food security and reduce environmental. Example include agro-forestry conversation, crop diversification, efficient water management and the drought crop 
4. Adoption; the process by which farmer adjust their agricultural practices in temporaries or the frequent of extreme weather event 
5. Agricultural extension services; public and private services that provide farmer with information education and technical support to improve their agricultural practices. Extension services plays a crucial role in promoting the adoption of climate smart practices by providing training demonstration and advice on how technologies and method 
6. Sustainable agricultural; agricultural practice that meet current food and fiber needs without compromising the ability of future generation to meet their own needs 
7. Food security; this is defined as the availability of food produces or product [crop etc.] among all individual household in a particular state or country.













CHAPTER TWO
2.1 CLIMATE SMART AGRICULTURE 
     Climate change can have effects on all human beings due to its alarming treats to the environment and agricultural yield all over the world. The climate is an important factor of the distribution and abundant of species. Enhancing the accumulation of carbon dioxide [CO2]will have a lot of potential effect on plants and may also have a lot of indirect threats on herbivores and all other food chain members [Jones, Wang, Fawcett, and Grant ,2007]
        Extreme weather conditions such as powerful rainstorms, high wind pressures and high temperatures have much influence on agriculture activities. Climate and agriculture are strongly interrelated universal processes and thus variations in climate influence agriculture activities. A large climate change risk is due to arise in temperature [global warming] which is predicted to have major threats to the environment disturbing agriculture, with higher CO2 quantities , increase in atmospheric average temperature larger glacial overflow ,varied  rainfall  sequence and the interrelation of all the above factor [Ekpa, et al 2021].
            In a study by [Mburu et al [2014] on the effect of climate variability and change on food security, they affirmed the severe and adverse effects in terms of access, availability and sufficiency of food among small-scale farmers. The interactions of several factors such as temporal and spatial variability of climate change in seasonal patterns, degraded soil and uncertain future climate scenario will pose further drop in production and consequently lead to enhanced food insecurity, retardation in economic growth and increased poverty among close to 80 of small-scale farmers who depend on agriculture for their livelihoods [Ani, etal, 2022].
              Climate is an environmental factor with a great impact on agriculture; it influences the types of crops that can be grown as well as the length of the growing season of any crops planted. Unfortunately, the world is presently experiencing change in the climate pattern which is now affecting agriculture in a number of ways [Germa and Amanue, 2017]. Those are through changes in average temperatures ,rainfall and other climate extremes [e.g. heat waves ], pests and diseases infestation ,changes in atmospheric carbon ground-level ozone concentration, and changes in the nutritional quality of some foods [Abdulrahman ,etal,2021].

2.2   Climate-smart Agricultural practices 
  The agricultural growth policy has changed drastically as a result of climate change. Changing temperature and precipitation, sea level rise, and the increasing frequency of extreme climate event are already having a negative effect on global and local agricultural development. Cropping, livestock, and fisheries, etc. All expected to be more vulnerable to climate change in the coming decades, especially in low-income countries with limited adaptive ability (FAO, 2013). Climate-smart agriculture is an integrated solution to achieving food security while mitigating climate change and contributing to other development goals in the face of climate change (FAO, 2013).A wide range of climate-smart system have been built all over the world since its inception (FAO, 2013). Farmers have successfully implemented climate-smart agriculture, which generally include farm based sustainable agriculture land management practices such as conservation tillage, agroforestry, and residue management, as well as other climate-smart technology such as early warning system and crop insurance, practically at the community level. 
         Much emphasis is currently focused on sealing up and out sealing effective CSA activities and innovation to other areas with similar agro ecological and institutional environment in order to have a meaningful effect on food security, climate change adaptation, and mitigation (Vernooy & Bouroncle, 2019). Scaling up entails providing higher quality benefits to more people over a longer Geographic’s region, and dang so more efficiently, equitably, and long-term. The FAO has released two publications on climate-smart agriculture (FAO, 2010) and climate-smart agriculture (FAO, 2013) which outlined the expected (SA practice of every farmer. 
      The following CSA practice according to FAO (2013), [Saguye (2017) and [Wekesa et al. (2018) were outlined as expected practice to be adopted by climate-smart farmers to mitigate the adverse effect of climate.
A. Agronomic practice (improved seed varieties, crop rotation, intercropping, and cover crop).
B. Water management (irrigation, bunds, terracing, contouring, water harvest).
C. Tillage and residue management (conversation tillage, incorporation of crop residue).
D. Integrated soil fertility management (organic fertilizer, efficient use of inorganic fertilizer).
E. Integrated pest management (blend of cultural, biological and chemical control).
F. Agroforestry (intercropping crops and trees, live fencing).
2.2.1.      AGRONOMIC PRACTICE 
        According to FAO (2017) climate-smart agronomic practice involve numerous climate change adaptation and mitigation option for each crop system that can sustainably.
          Increase yields while minimizing production adverse environment impact. They may vary depending on the coping and adaptive strategies used by each farming household. Practices with an explicit emphasis on adaptation, as well as practices with a wider scope on minimizing output risks and reducing emission, are among the management practices and technology for a climate change adoption And mitigation. Increasing diversity and complexity within the agricultural ecosystem which variety of an be done in a variety of spatial scale (e.g. landscape level, within farms, and /or within the same crop) and over a variety of time frames, promoting long-term mechanization(e.g. increasing the availability of suitable machinery in conjunction with proper agronomic management to minimize greenhouse gas emissions from various farm and processing operations), and develop clear and reliable scientific tools to direct farmers seasonal and long-term decision-making
The CSA agronomic management will provide optimum physical and biological condition for crop production (food, fiber, folder and trees) (Saguage, 2017).In cropping system , good management practices would include direct seeding (no tillage)improved protective soil cover through cover crop, crop residues or much , and crop diversification through rotation (e.g. incorporating deep rooting plants and perennials pasture legs for intergraded crop-livestock system ) while lousing of crop residues should be avoided by all means (FAO, 2017).

2.2.2 WATER MANAGEMENT 
Water plays a vital role in food production and ecosystem conservation.
According to FOA (2017), water management is a critical component of climate-smart agriculture strategies. Understanding the possible impact of climate change on water supplies and the vulnerability of rural communities to these impacts is needed for the implementation of adaptation and mitigation option in agriculture water management,
Agriculture industries are the primary consumes of water supplies, accounting for 70% of total fresh water withdrawals globally (FAO, 2017). Change in water quantity and quality due to climate change are expected to compromise food security and increase the vulnerability of poor rural farmers , particularly in acid and semi-acid areas (FAO , 2017).
Water management practices for adapting problem cause by poor and soil conservation and management practices, such as reduced tillage, the incorporation of crop residues, gypsum and manure application, crop rotation and crops to increase soil organic matter, bunds creation, terracing, contouring and water harvesting (FAO, 2013).
2.2.3       TILLAGE AND RESIDUE MANAGEMENT 
According to FAO (2017) climate change would lead to land and soil destruction, as well as a reduction in the production of these natural resources. However, there are many ways to mitigate climate changes negative effects. Good tillage management activities such as zero or minimum tillage operation and choosing the most suitable land-use system for a particular area.
Tillage and residue management refer to strategies that enable various user group to manage their resources such as water,  crops, livestock, and associated with bio diversity , in ways that are best suited to the current bio physical, socio economic, and climatic conditions. 
        Residue management usually refers to maintaining the soil surface cover and protecting the soil from nutrient losses as well as erosion using farm waste [Saguge 2017] Good residue management helps in improving different physical, chemical, and biological processes within soil. It protect soil from wind and rain erosion, conserves soil moisture, and improve infiltration and aeration within the soil profile. Proper crop residue management helps in adding soil organic matter and provides food for soil microorganism.
            Incorporation of crop residue improves soil organic matter and provides food for soil organism matter after harvesting the economic part of field crops, residue, such as stem, leaves, husks, straw, and bark play decisive role in improving soil quality as well as addressing several environmental issues. These crops residues generally act as soil conditional and reduce slope of run-off [FAO, 2013].

2.2.4. INTEGRATED PEST MANAGEMENT
       Climate-Smart Agriculture practices for pest management should depend heavily on enhanced biological activity to help control insect pests and other diseases causing soil microorganisms.
         Integrated Pest Management [IPM] entails the judicious use of crop rotations and beneficial plant substances as well as chemical pesticides, herbicides, and fungicides to control insect pest and diseases problems. Overtime, the enhanced biological activity and abundance brought on by no-tillage and other CSA technologies will result in decreased applications of agrochemicals [Wekesa et al 2018].
2.2.5. INTEGRATED SOIL FERTILITY MANAGEMENT 
Integrated soil management is a strategy used by climate-smart farmers in intensifying cropping system to combine input of organic matter (mulch, compost, crop residue, and green mature) with inorganic fertilizer to address or prevent macro and micro nutrient deficiencies. The CSA integrated soil fertility management involve precise management of nitrogen, that is, recycling of nitrogen on the farm by using manure and nitrogen fixing plants is the predominant technique in organic and low external input agriculture to enhance soil quality and quality and provide nutrient (FAO,2017).
       Proper timing and management of nutrients bare essential because nutrient need to deliver to the plant in time of peak demand. Organic and green manure as well as nitrogen from legumes, can be managed very precisely through crop rotation that includes cover and catch crops. Herbicides and other weed management option, physical conversation structure (such as bunds, drainage), irrigation and partial irrigation are expected to be used where necessary (FAO, 2013).
2.2.6. AGRO FORESTRY 
Agroforestry (trees on farm) and horticulture crops provide many opportunities for value-added production, particularly in tropical regions. Intercropping crops and trees, live fencing technologies are used as living contour hedges for erosion control, to conserve and enhance biodiversity, and to promote soil carbon sequestration (FAO, 2013).


2.3.   SMALLER HOLDER FARMERS SOCIOECONOMIC CHARACTERISTICS
       The exact meaning of a small holder farmer varies widely across the world, depending on location and intensification of farming system, in general, a small holder farmer is describe as anyone who farm’s a small plot of land, cultivating food crops and occasionally small cash crop (Nyambo, Luhanga & Yonah, 2019) Small holder farmer in many areas practice mixed crop livestock farming, with 3-5 large ruminant held on the field (Abebe, 2012). Small holder farmer (those with less than 2 hectares of land) account for the majority of the world’s 570 million farms (loader, stoke & Raney, 2016). Small holder farmer dominate the agricultural sector in Africa, accounting for roughly (75%) of agricultural production and 50% of livestock products (louder et al., 2016).
 2.4 THE CONCEPT OF CLIMATE-SMART AGRICULTURE
Climate smart agriculture was first introduced at a FAO meeting in Hague in 2010 at the conference on food security and climate change. Climate smart agriculture is defined by FAO as an agricultural activity that increases productivity and income sustainably and efficiently [adaptation] reduces or greenhouse gas emissions [mitigation] and contributes to the achievement of national food security and development goals [FAO, 2010].The idea behind this definition was to strike a balance between food production and environmental stability without jeopardizing either 
          Climate smart agriculture is characterized as raising agricultural productivity and incomes in a sustainable manner while also adapting to and building resilience to climate change and reducing greenhouse gas emissions. Further, it is a strategy for growing environmental technical ,policy and investment in order to achieve long-term agricultural growth and food security in the face of climate change [Amole and Ayantunde, 2018] To achieve the goals of CSA, a variety of methods can be used for energy-smart food systems, for example, the use of advanced renewable energy technologies for farming such as windmills, solar panels, pyrolysis devices, and bioenergy operated water pump is important Resource  conserving technology (RCTS) like zero tillage the farmer to plant wheat soon after rice cotton  harvest to avoid warm weather detrimental to grain filling. The emergence of newly developed varieties which are tolerant to heart drought and salinity is also better strategy of CSA to mating at the effect of such change 
     The connection between agriculture and climate change is red and it has the potential to be fatal on the one  hand the agriculture supply chain and land use transition including deforestation account for 30% of global greenhouses gas emission which the negative effect of climate change are causing land loss and food insecurity on the other (inter government pond on climate change (IPCC),2019).According to collier and deacon (2014) (SA is a strategy to develop technology and food security mickey (2020) on the other hand stated that CSA is a focus based concept techniques to assist farmer in moving from current techniques to more climate aware practices and encouraging farmer to abandon or minimize their dependence on method that increase greenhouse gas emission 
      Agroforestry conservation tillage residue management green manure and improved water management are example of CSA practice that engage farmer in sustainable intensification measure to improve agricultural production [Oyawole Obayelu and  Fabunmi 2020) climate agriculture also help farmer to apply their expertise and skill better exchange information choose more effective pro-environment technology and form stronger alliances all which help them negotiate better market prices (Anuga et al., 2019) most smallholder farmer in most developing countries still depend on rain fed agriculture making them more vulnerable to climate change effect (Harvery Rodrigues Vigvera chain Vignola and Alpizar 2018 )These farmer do not completely comprehend impact of climate change resulting in inadequate adaption mechanisms (FAO, 2010). 
Climate smart agriculture offer adaptation strategies that can help smallholder farmer prevent or reduces the negative effect of climate change on their production income and well-being as well as a conceptual framework for improving agriculture adaption and mitigation to support food security in a changing climate (Abegunde Sibanda & Obi 2019) These activities were classified as carbon water nitrogen energy weather and information smart by the world bank (climate smart village model FAO, 2012)
2.5  FACTOR INFLUENCING ADOPTION OF CSA PRACITICES 
Household and farm characteristics and socio economics factor that affect the adoption of adaptation strategies age education level ender of the householder head the householder sizes years of farming experience attitude toward risk and wealth are all factor that can affect adoption decision a farmer age may positively or negatively impact his or her decision to implement new technology (Undimal, Jinca Mensah & Caesar 2017) farmer over the age of 50 have more farming experiences and are better to determine the characteristics of modern technology than younger farmer so they are more likely to follow the technique (Udimel et al., 2017) according to [Tsai and luan (2016) ones attitude toward risk impact one’s ability to consider risk and risk of adoption. The expiation is the farmers who are willing to take risk are more like to adopt the project than those who are risk averse Education is frequently assumed to increase the like hood of adopting new technology because it improve a farmers ability to recognized climate changes effect (Paltasingh & goyari,2018). Similarly education help household to gain access to and comprehend knowledge required for making creative decisions (Paltasingh & Goyari, 2018).Higher educational attainment, on the other hand, may be a barrier to adoption because it’s open up alternative likelihood option that may complete with agriculture production 
The influence of the household heads gender on adoption decisions is influenced by local culture (Teklewd, Adam & Marenya,2020).Due to social barriers, women in many parts of Africa are frequently denied property rights (Radu, Deaconu & Frasineanu,2017).Female headed households, on the other hand, are more likely to take climate change adoption step (Radu et al,2017) This may be due to the fact that in most African rural small holder farmer society, women outnumber men in rural areas where most of the agriculture work is done .As a result ,women have more agricultural experience and knowledge of the different management method ,as well as how to improve them ,based on available data on climatic condition and other factor such as markets and household food needs (Glaze broke, Noll & Opoku,2020).
       Household size as a proxy for labor availability may positive affect the adoption of a new technology because it alleviate labor constraint (Biru, Zeller,& Lacces Tooos, 2020 ).Given that most farm operation in sub Saharan African depend on family labor rather than hired labor ,a lack of adequate family labor combined with an inability to hide labor rather than  hired labor lack of adequate family labor combined with an inability to hike labor can severely limit CSA adoption practice (Diao, Cossar, Houssou & Kolavalli,2014).Nonetheless ,household with many family  member will be forced to redirect a portion of their labor force to nonfarm activities to relieve the consumption burden imposed by their  greater households size (Diao et al.,  2014).
        Institutional factor on the other hand such as asses to credit information of farm job land ownership group membership and government policies can influences adoption of new technology (Twine Rao and Baitenweek, 2019). Farmer ability to adopt new farming strategies requires funds and lack borrowing capacity can restrict their ability to accept adaptation measure that require significant investment such as irrigation, teracigitree planting, soil testing and fertilizer usage for example (twine et al -2019).farmer decision to implement emerging technology may be influenced by access to knowledge as they were made aware about its existence. Similarly farmer to famer extension and information sharing about future climate change may be enable them to adjust their farming practices in response to climate change (Ingram, 2014) 
       Property right and long term investment in climate change adaptation strategies are affect by land ownership (DOSS, 2018). For example tenure security can aid the adoption of land related technology such as irrigation equipment and soil conservation practices. Farmer are less likely to spend their time or resources if they are unable to reap the full benefit of their effort (Doss, 2018). Off famer jobs could provide a household with alternative sources of income, reducing reliance on agriculture and increasing the like hood of climate change adaptation 
 2.6    EFFECT OF CLIMATE –SMART AGRICULTURE ON AGRICULTRAL PRODUCTION 
    Climate –smart agriculture can help farmer to meet the growing demand for food. Generally (SA contributes to food security, economic development and poverty reduction (Overdraogo, Housesionon, Zougmore & Party 2019). Literature suggests that increased agriculture productivity can improve the welfare of households by increasing their income and improving their food security by producing their food (Makate, Wang & Mango 2016). Productivity and welfare gains from (SA crop and livestock technologies have the empirical support of on-farm trials. For example on-farm trial of (SA system that were run by research from international maize and wheat improvement center (CIMMYT) FROM 2012-2015 In Zambia found that dibble stick rip line and direct seedlings (SA system had a 6-18%,12-28%,and 8-9% greater maize yield respectively compared to the conventional tillage system (market  et al,2016 ) the study found that the rotation of maize with legumes (cowpea and soybeans) significant increased the maize yield and net return (as high as us%312 to 767 per hectare compared to only US 64 to $516 under conventional practices) 
   Study by [Wossen, Abdoluoye, Alene, Feleke, Menkir and Manyong [2017] found that the adoption of drought-tolerant maize varieties increased maize yields among the adopters by 13.3% and reduced the down-side risk exposure by 81% soil and water management CSA practices protect the soil [minimum tillage],reduce water losses from runoff and improve water infiltration [mulching]and reduce evaporation and improve soil fertility[intercropping, rotation, and  manure use] [Halloma,2019].several studies have assessed the impact of CSA and found both direct result [ improved  crop and livestock productivity, and reduced total variable cost ] and indirect result [improved food and security through the increased availability of staple crops at housed hold level and in market per capital consumption, increased demand for farm labor ,which brings about better wage return for agricultural labor ] [Fnentie & Benyene ,2019].
          [Ogada,Raji,Radeny,Recha,and Solomon[,2019] observed that adoption of CSA such as multiple stress-tolerant crops improved household assets accumulation. [Mapangwa[2017] assert that studies in Malawi, and Zambia on effect of CSA have shown a high yield advantage of over 1 tons per hectare, livestock productivity has been enhanced through supplementary feeding with forage legumes, such as the valet bean (mucuna prurians),cow pea (vigna unguiclata), lablab (lablab purpose),and leucaena trees (Kebebe, 2017). [Abdulhamid and Bamusa (2018) found that farmers saw crop failure, flooding, drought, instability of rainfall, plant growth, agricultural land, and shortage of fresh water, displacement of farming family and variation in rain pattern as the main effects of climate change on crop production.

2.7      CLIMATE FACTORS AFFECTING PRODUCTION IN NIGERIA
         Weather and climate change have had a variety of catastrophic implications and effects in different areas of the world (Seneviratne, Nicholls, Easterling, Goodness, Kanae, Zhary, 2012). Flooding, deforestation, erosion, drought, sea level rise, and deforestation-induced changes of heat stress, pests and diseases, irregular rainfall pattern, and land loss are all examples of climatic factors affecting production in Nigeria. More precisely, sea level rise and deforestation-induced changes affect the south-south geopolitical zone, erosion, flooding, and land loss affect the south-east. De-vegetable and overgrazing affect the North-central, drought, desertification, and heat stress affect the North-East; and drought, esterification, and heat stress affect the North-west (Olagunju, 2015). Crop also react negatively when temperature exceeds the optimal level for biological processes, with a sharp drop in net growth and yield. According to [Khan, Asaf, Khan, Jan, Kang and Kim (2020) heat stress can affect the entire physiological growth, maturation, and ultimately reduce the yield of cultivated crop. More frequent weather events would intensify the negative impact on agricultural yield 
         High air temperature reduce tilling, trigger stunting and speed and crop growth, resulting in shorter growing cycles. As a result higher temperature causal by climate change could negatively impact production (Struers & Asch, 2019) 
           Drought and flood already cause widespread yield losses worldwide and climate change predicted rise in drought and flood frequency will exacerbate these losses in the future. As a result the major challenge is the possible negative impact of climate change on production constraints has been described as water scarcity as a result the major challenge is the possible negative impact of changing climate on production which is also a factor limiting annual yield growth. Drought – related crop failure occurs about one every year (molobela&sinka,2011) heat, drought salinity and submergence are only a few of the stresses that climate change will create for plant improved abiotic tolerance has always been a priority for  research  institutes like international research institutions (IRRI) (Molobela & Sinta 2011).





CHAPTER THREE
3.0 METHODOLOGY
3.1 THE STUDY AREA 
This study will be conducted in Kwara state north central region of Nigeria bordered by Oyo state to the sought Kogi state to the east and Niger state to the north Kwara state to the east and Niger sand to the north The state also share border mouth Ekiti state to the south Kwara central position in Nigeria makes it a gateway between the northern  and southern  region .The state has a diverse terrine consoling of both overland and upland area with part of the state featuring savannah vegetation. The capital of Kwara state is Ilorin which in situated in the central part of the state. 
As of the 2023 estimate Kwara state has a population of approximately 3.2 million people experiences a tropical climate by two distinct season the wet season [from April to October] and the dry season [from November to march].The wet season is marked by heavy rainfall the dry season seen high temperature with less rainfall the state experiences on average temperature of 27 to 30 but this can vary depending on the time of the year. Kwara state is a gateway state between northern and southern Nigeria kilometers. It is located between the latitude 800 and 910 north and longitude to 2451 and 640 east by River Niger while it share boundaries in the southern with Oyo, Osun and east state share boundaries Kogi and Benin republic in the east and west  representatively, [OYEBANJI, 2000]. 
Kwara has a population of 2,365,353 million people, this made up of 1,193,483 males and 1,171,570 females [Federal Government of Nigeria Official Gazette, 2007]. It has both highland and lowland with an elongated shape that cover about 32,500sq/km with interspersed hills and valley in a part of Baruteen, Kalama and Moro Local Government Area. The state is also derived by many rivers, chief among which is River Niger. Others include rivers Asa, Moro, Moshe, Ero, Oyun and Osin, all of which has been harnessed for water supply to towns and village. Many of these river has also been utilized for Agricultural purposes. There are two main climate season, dry and wet season in Kwara state with annual rainfall ranging from 1000mm-1500mm and maximum average temperature range between 30 -35 [Oyebanji, 2000]. The farming system in Kwara is pre-dominantly small holder-based with farmers cultivating 1-5 hectares of land. However, this are also medium and large-scale farmers. This system involve both rain-fed and dry. Season farming, with cassava, yam, maize, sorghum, cowpea etc, being major crops cultivated across the states agro-ecological zones.
[image: ]








3.2 RESEARCH DESIGN 
The study will adopt a descriptive and explanatory research design combining quantitative and qualitative approaches to examine the assessment and adoption of climate smart agricultural practices among small holder farmers. This study will focus on identifying the adoption and assessment of climate smart agriculture practices among farmers. 
3.3 POPULATION OF THE STUDY
The targeted population of the study comprises of small farm holders across Kwara state, this includes both small holder and commercial farmer as well as key stakeholders such as extension officer, agricultural input supplies and marketers.
3.4 SAMPLING SIZES AND SAMPLING TECHNIQUES 
The sampling size for this study will be determined using;
A 3-STAGE SAMPLING METHOD
A three stage sampling method will be adopted, the first stage will be random selection of two [2] Local Government out of the sixteen [16] Local Government in Kwara state. The second stage will be selecting three [3] random villages from the selected local governments and the last stage will be random selection of twenty [20] farmers from each villages making a total respondent of 100 farmers. 
3.5 INSRUMENT FOR DATA COLLECTION 
     Data was collected through structured interviews and surveys a well-designed questionnaire will be used as the primary instrument incorporating both closed and open ended question .The questionnaire was divided into section based on the objective of the study.
3.6 VALIDITY OF THE INSRUMENT 
To ensure the validity of the questionnaire a panel of expert in agriculture and research methodology revised as access the constant per testing was conducted on a small sample of the farmer outsize the study area to identify any ambiguities or issues with the instrument adjustment was made based on feedback during the per-tending  phase. Twenty questionnaire structured for this research will be served to the lecturer and other supervisor, researcher and other expertise in the area of research study in the Department of Agriculture Kwara State Polytechnic for validation. The expert will be asked to critically examine the instruments in terms of meeting the objectives of the study, the use of tenses as well as clarity of words if necessary some items in the questionnaire will be modified clarify of words with modification if the items in the questionnaire if the items by the expert and its subsequent corrections by the researcher, the instrument will be adjudged valid for the study. 
3.6 MEASUREMENT OF VARIABLE  
The key variable include the socio economies factor large education farm size household] market variable [market access, market price, market demand] production variable [agricultural produces] intuitional services [extension services farmer organization credit]
Each variable was operating to facilities quantitative analysis for example the independent variable the socio economics was measured at nominal level while the dependent variable i.e. the production market and institutional variable] was measured at ordinal level on 3 and 5 indicting frequency and intensity 

3.7 DATA ANAYASIS 
      The collected data was subjected to both descriptive and inferential statistical analysis descriptive statistics such as frequencies and percentage was used to summarize socio-economic characteristics of the farmer and the prevalence of different soil management practices 
Inferential statistics including regress analysis was applied to management practices the statistical package for social sciences [SPSS] software was employed for data analysis finding were presented using table chart and narrative to facilities a comprehension understanding of the climate smart agricultural practices among  smart agricultural practices among small farmer in Kwara state  Nigeria. 




CHAPTER FOUR
4.0 RESULT AND DISCUSSION 
4.1 SOCIO-ECONOMIC CHARACTERISTICS 
4.1.1 Distribution of Respondents by Age
The table 4.1.1 below shows the age distribution of 120 smallholder farmers in Kwara State, Nigeria. The majority (62%) are between 31 and 50 years old, indicating that most farmers are in their productive working age. 22.5% are aged 30 or below, suggesting good youth participation. A smaller proportion, 15.9%, are above 50 years, showing limited involvement of older farmers in climate-smart agriculture.
Table 4.1.1 : Frequency Distribution of Respondents by Age 
	Age
	Frequency
	Percent

	<= 30
	27
	22.5

	31 - 40
	39
	32.5

	41 - 50
	35
	29.2

	51 - 60
	5
	4.2

	Above 60
	14
	11.6

	Total
	120
	100.0



4.1.2 Distribution of Respondents by Gender 
The table 4.1.2 below presents the gender distribution of 120 smallholder farmers in Kwara State, Nigeria. The majority are male (70.8%), while females account for 29.2%. This indicates that men dominate agricultural activities in the study area, although women also play a significant role, comprising nearly one-third of the farming population.


Table 4.1.2 : Frequency Distribution of Respondents by Gender 
	Gender
	Frequency
	Percent

	Male
	85
	70.8

	Female
	35
	29.2

	Total
	120
	100.0



4.1.3 Distribution of Respondents by Educational level 
The table 4.1.3 below indicates that  the majority of smallholder farmers in Kwara State have formal education, with 48.3% attaining tertiary education and 31.7% having secondary education. Only a small portion has primary education (14.2%) or no formal education (5.8%). This indicates a generally educated farming population, which may enhance the adoption of climate-smart agricultural practices.
4.1.3 Frequency Distribution of Respondents by Educational level 
	Educational level
	Frequency
	Percent

	No formal Education
	7
	5.8

	Primary
	17
	14.2

	Secondary
	38
	31.7

	Tertiary
	58
	48.3

	Total
	120
	100.0



4.1.4 Distribution of Respondents by farm size in hectares
The table 4.1.4 shows that 93.3% (112 out of 120) of the smallholder farmers operate on farm sizes of 5 hectares or less, while only 6.7% (8 farmers) manage 6–10 hectares. The data confirms that the vast majority of respondents are true smallholder farmers, as they cultivate relatively small plots of land. This has implications for resource availability, mechanization potential, and the scale at which climate-smart agricultural practices can be adopted.
4.1.4 Frequency Distribution of Respondents by farm size in hectares 
	Farm size (ha)
	Frequency
	Percent

	<=5ha
	112
	93.3

	6 - 10ha
	8
	6.7

	Total
	120
	100.0



4.1.5  Distribution of Respondents by Source of income 
The table  4.1.5 below shows that most smallholder farmers in Kwara State rely on cooperative societies (70.8%) for financial support. A smaller percentage access funds from banks (15.8%), receive gifts (7.5%), or depend on family support (5.8%). This emphasizes the importance of community-based financial structures in sustaining agricultural livelihoods.
4.1.5  Frequency Distribution of Respondents by source of income 
	Source of income
	Frequency
	Percent

	Gift
	9
	7.5

	Bank
	19
	15.8

	Cooperative
	85
	70.8

	Family
	7
	5.9

	Total
	120
	100.0



4.1.6 Distribution of Respondents by main crop grown
The table 4.1.6 below shows that the  main crop grown by smallholder farmers in Kwara State is maize, cultivated by 56.7% of respondents. Other crops include rice (17.5%), millet (11.7%), sorghum (6.7%), and cowpea (5.8%), with a few growing other crops (1.7%). This indicates that maize is the predominant crop, and interventions to improve agricultural practices should prioritize it.

Table 4.1.6 Frequency Distribution of Respondents by main crop grown 
	Main crop grown
	Frequency
	Percent

	Maize
	68
	56.7

	Rice
	21
	17.5

	Sorghum
	8
	6.7

	Millet
	14
	11.7

	Cowpea
	7
	5.8

	Others
	2
	1.6

	Total
	120
	100.0



4.1.7  Distribution of Respondents by CSA Practices used 
The table 4.1.7 below indicates that the  most commonly used climate-smart agricultural practice among smallholder farmers in Kwara State is crop rotation (51.7%), followed by conservation tillage (20%). Other practices such as agroforestry (10.8%), drought-resistant crops (8.3%), efficient water management (4.2%), and organic farming (3.3%) are less widely adopted. This suggests that while some CSA methods are gaining traction, adoption of more advanced or resource-dependent practices remains low.
Table 4.1.7 Frequency Distribution of Respondents by CSA Practices used 
	CSA Practice use
	Frequency
	Percent

	Conservation Tillage
	24
	20.0

	Crop Rotation
	62
	51.7

	Use of drought resistant and crop varieties
	10
	8.3

	Agroforestry
	13
	10.8

	Efficient Water Management
	5
	4.2

	Organic farming
	4
	3.3

	Others
	2
	1.7

	Total
	120
	100.0



4.1.8 Distribution of Respondents by  CSA Duration 
The table 4.1.8 below shows that 67.5% of smallholder farmers have been practicing climate-smart agriculture (CSA) for 4 years or more, while 32.5% are relatively new adopters with less than 4 years of experience. This indicates a strong and sustained adoption of CSA practices among farmers, possibly due to increased awareness, proven benefits, or support from agricultural programs. Encouraging newer adopters and strengthening long-term participation can further enhance climate resilience and sustainable productivity in smallholder farming.
Table 4.1.8: Frequency Distribution of Respondents by CSA Duration 
	CSA Duration
	Frequency
	Percent

	Less than a year
	14
	11.7

	1-3years
	25
	20.8

	4-5years
	42
	35.0

	More than 5years
	39
	32.5

	Total
	120
	100.0



4.1.9  Distribution of Respondents by CSA First contact 
The table 4.1.9 below  shows that 34.2% of smallholder farmers were first introduced to climate-smart agriculture (CSA) through family and friends, while other key sources include extension services (21.7%), farmer group meetings (17.5%), and radio and friends (15.8%). Less common sources include training workshops (4.2%), internet or social media (5.8%), and others (0.8%). This indicates that informal and community-based channels play a major role in CSA awareness, while formal platforms like training and digital media are less utilized. Strengthening formal outreach methods could improve CSA knowledge dissemination and reach more farmers effectively.
 Table 4.1.9  Frequency Distribution of Respondents by CSA First contact 
	CSA First Contact
	Frequency
	Percent

	Extension Services
	26
	21.7

	Farmer Group Meeting
	21
	17.5

	Radio and Friends
	19
	15.8

	Family and Friends
	41
	34.2

	Training Workshop
	5
	4.2

	Internet or Social Media
	7
	5.8

	Others
	1
	0.8

	Total
	120
	100.0



4.1.10 Distribution of Respondents by Formal Training Received 
The table 4.1.10 below shows that 66.7% of smallholder farmers have received formal training on climate-smart agriculture (CSA), while 32.5% have not, and 0.8% are unsure. This indicates a high level of exposure to structured CSA education, which can enhance proper understanding and implementation of sustainable practices. However, the significant proportion without training highlights the need to expand training opportunities, especially for farmers in remote or underserved areas.
Table 4.1.10  Frequency Distribution of Respondents by Formal Training Received 
	Formal Training Received
	Frequency
	Percent

	Yes
	80
	66.7

	No
	39
	32.5

	Unsure
	1
	0.8

	Total
	120
	100.0



4.2 IMPACT OF CLIMATE SMART AGRICULTURE PRACTICES 
4.2.1 Distribution of Respondents by CSA Opinion 
The table 4.2.1 below shows that 35.8% of smallholder farmers believe climate-smart agriculture (CSA) has reduced their yield, while 30.8% reported an increase in yield, and 24.2% observed no change. Additionally, 9.2% indicated that CSA was not applicable to their situation. This suggests that opinions on the effectiveness of CSA are mixed, possibly due to differences in implementation, crop type, or environmental conditions. Enhancing technical support, proper training, and follow-up could help maximize the benefits of CSA and improve farmers’ perceptions and outcomes.
Table 4.2.1 Frequency Distribution of Respondents by CSA Opinion.
	CSA Opinion
	Frequency
	Percent

	Increased Yield
	37
	30.8

	Reduced Yield
	43
	35.8

	No Change
	29
	24.2

	Not Applicable
	11
	9.2

	Total
	120
	100.0



4.2.2 Distribution of Respondents by CSA Benefits 
The table 4.2.2 below shows that the most commonly reported benefit of climate-smart agriculture (CSA) among smallholder farmers is increased water use efficiency (40.8%), followed by reduced cost of farming (21.7%), and reduced crop failure due to weather change (15.8%). Other noted benefits include improved soil facilities (15.0%), increased market access (5.0%), and enhanced pest control (0.8%). This indicates that CSA practices are particularly valued for improving resource efficiency and reducing vulnerability to climate impacts, though benefits vary among farmers depending on the specific practices adopted.
Table 4.2.2: Frequency Distribution of Respondents by CSA Benefit.
	CSA Benefit
	Frequency
	Percent

	Improved Soil Facilities
	18
	15.0

	Increased Water use Efficiency
	49
	40.8

	Reduced Cost of Farming
	26
	21.8

	Enhanced Pest Control
	1
	0.8

	Reduced Crop Failure due to weather change
	19
	15.8

	Increased Market Access
	6
	5.0

	Others
	1
	0.8

	Total
	120
	100.0



4.2.3  Distribution of Respondents by CSA Future  Perception 
The table 4.2.3  below shows that 29.2% of smallholder farmers view the future of climate-smart agriculture (CSA) as positive and promising, while 26.7% perceive it as negative and unpromising, and 25.0% remain neutral. Additionally, 19.2% are unsure about its future. This reflects a divided perception among farmers, possibly influenced by varying experiences, results, or levels of support received. To improve confidence in CSA, there is a need for increased education, demonstration of successful outcomes, and tailored support to address specific challenges farmers face.
Table 4.2.3: Frequency Distribution of Respondents by CSA Future Perception 
	CSA Future Perception
	Frequency
	Percent

	Positive and Promising
	35
	29.2

	Neutral
	30
	25.0

	Negative and Unpromising
	32
	26.6

	Unsure
	23
	19.2

	Total
	120
	100.0



4.3 ADOPTION LEVEL OF CLIMATE SMART AGRICULTURAL PRACTICES
The table 4.3 below reveals varying levels of adoption of CSA practices among smallholder farmer. Highly adopted practices include conservation (69.2%), mulching (54.2%), use of weather information (55.8%), early maturing crop varieties (54.2%), and combining trees with grazing land (54.2%). These practices had the lowest mean scores, indicating frequent and consistent use. Moderately adopted practices such as cover cropping, agroforestry, irrigation, water harvesting, and improved seed systems are used by many farmers but not consistently, with many reporting occasional rather than regular use. Least adopted practices include crop rotation, integrated pest management, and planting trees on farms, which had the highest mean scores and the lowest “always” adoption rates. This suggests that these practices face adoption challenges possibly due to limited technical knowledge, resources, or perceived benefits.
Table 4.3
	Climate Smart Practice
	Always
	Sometimes
	Never
	Mean

	
	Frequency (%)
	Frequency (%)
	Frequency (%)
	

	Conservation
	83(69.2)
	29(24.2)
	8(7.6)
	1.40

	Cover Cropping
	56(46.7)
	58(48.3)
	6(5)
	1.58

	Crop Rotation
	40.(33.3)
	58(48.3)
	22(18.3)
	1.85

	Agroforestry
	49(40.8)
	57(47.5)
	14(11.7)
	1.71

	Irrigation
	44(36.7)
	69(57.5)
	7(5.8)
	1.69

	Water Harvesting
	51(42.5)
	53(44.2)
	16(13.3)
	1.71

	Mulching
	62(54.2)
	46(38.3)
	9(7.5)
	1.53

	Drip Irrigation
	41(34.2)
	62(51.7)
	17(14.2)
	1.80

	Constructed wetlands
	47(39.2)
	52(43.3)
	21(17.5)
	1.78

	Early Maturing Crop Varieties
	65(54.2)
	41(34.2)
	14(11.7)
	1.58

	Improved Seed System
	51(42.5)
	57(47.5)
	12(10)
	1.68

	Integrated Pest Management
	47(39.2)
	44(36.7)
	29(24.2)
	1.85

	Use of Weather for cost Planning
	67(55.8)
	39(33.5)
	14(11.7)
	1.56

	Early warning system for Drought
	48(40)
	55(45.8)
	17(14.2)
	1.74

	Planting trees on farm
	36(30)
	66(55)
	18(15)
	1.85

	Combining trees with grazing area
	65(54.2)
	41(34.1)
	14(11.7)
	1.58



4.4  CHALLENGES AND BARRIERS ASSOCIATED WITH THE ADOPTION OF CLIMATE SMART AGRICULTURAL PRACTICES
The table 4.4 below reveals that the most severe constraint to adopting climate-smart agriculture (CSA) among smallholder farmers is financial limitation, with a mean score of 1.62, indicating that many farmers lack the funds needed to implement CSA practices. Knowledge and information gaps, along with lack of awareness training, also rank high (both with mean scores of 1.70), showing that farmers often lack the necessary understanding and exposure to effectively adopt these practices. Other significant challenges include inadequate extension services (mean = 1.82), limited access to inputs and technology (mean = 1.80), and poor market access (mean = 1.78), all of which hinder the consistent use of CSA innovations. Insufficient government support is perceived as the least severe constraint (mean = 1.97), though it still impacts adoption for a notable portion of farmers.
Overall, the findings highlight that financial constraints, knowledge gaps, and limited support services are the most pressing barriers. Addressing these through improved funding access, farmer training, and stronger extension systems is essential to enhance CSA adoption.



Table 4.4
	Constraints
	Very Severe
	Severe
	Not Severe
	

	
	Frequency (%)
	Frequency (%)
	Frequency (%)
	Mean

	CSA Financial Constraint
	62(51.7)
	42(35)
	16(13.3)
	1.62

	Knowledge & Information gaps
	51(42.5)
	54(45)
	15(12.5)
	1.70

	Insufficient Government support
	36(30)
	52(43.3)
	32(26.7)
	1.97

	Awareness Training
	54(45)
	48(40)
	18(15)
	1.70

	Inadequate Extension Service
	42(35)
	58(48.3)
	20(16.7)
	1.82

	Access to Market
	47(39.2)
	52(43.3)
	21(17.5)
	1.78

	Limited Access to Input & Technology
	44(36.7)
	56(46.7)
	20(16.7)
	1.80






CHAPTER FIVE
5. 0 SUMMARY, RECOMMENDATIONS AND CONCLUSION 
5.1 SUMMARY 
The study assessed the adoption of climate-smart agricultural (CSA) practices among 120 smallholder farmers in Kwara State, Nigeria, revealing key insights into their socio-economic characteristics, current CSA practices, perceived impacts, and the challenges they face.
· Demographics: The farming population in Kwara State is predominantly male (70.8%) and falls within the productive age group of 31-50 years (62%). A high percentage of farmers have formal education, with 48.3% having tertiary education and 31.7% having secondary education, suggesting a literate farming community that could facilitate the adoption of new practices. The vast majority (93.3%) are true smallholder farmers, operating on 5 hectares or less. Cooperative societies are the primary source of financial support for most farmers (70.8%). Maize is the main crop cultivated by 56.7% of the respondents.
· CSA Practice Adoption: Crop rotation (51.7%) and conservation tillage (20%) are the most commonly used CSA practices. While a significant proportion of farmers (67.5%) have been practicing CSA for 4 years or more, indicating sustained adoption, newer adopters still constitute a notable percentage. Informal channels like family and friends (34.2%) are the primary source of initial contact with CSA, followed by extension services (21.7%). A high percentage of farmers (66.7%) have received formal training on CSA.
· Perceived Impact of CSA: Opinions on the effectiveness of CSA are mixed, with 35.8% reporting reduced yield, 30.8% increased yield, and 24.2% no change. The most reported benefits of CSA include increased water use efficiency (40.8%), reduced cost of farming (21.7%), and reduced crop failure due to weather changes (15.8%). Future perception of CSA is divided, with 29.2% viewing it positively, 26.7% negatively, and 25% remaining neutral.
· Awareness and Adoption Levels: Practices like conservation (69.2%), mulching (54.2%), use of weather information (55.8%), early maturing crop varieties (54.2%), and combining trees with grazing land (54.2%) are highly adopted. Practices such as crop rotation, integrated pest management, and planting trees on farms are among the least adopted.
· Challenges and Barriers: Financial limitations (mean score of 1.62), knowledge and information gaps (mean score of 1.70), and lack of awareness training (mean score of 1.70) are identified as the most severe constraints to CSA adoption. Other significant barriers include inadequate extension services (mean = 1.82), limited access to inputs and technology (mean = 1.80), and poor market access (mean = 1.78). Insufficient government support (mean = 1.97) is perceived as less severe but still impacts adoption.
5.2 RECOMMENDATIONS
Based on the study’s findings, the following recommendations are proposed to enhance the adoption and effectiveness of climate-smart agricultural practices among smallholder farmers in Kwara State:
· Address Financial Constraints: Develop and implement accessible financial schemes, such as low-interest loans or grants, specifically tailored for smallholder farmers to invest in CSA technologies and practices. Leverage the existing strength of cooperative societies to channel financial support effectively.
· Intensify Knowledge Dissemination and Training: While formal training exists, there is a need to improve the quality and reach of awareness and training programs. Focus on practical, hands-on demonstrations of CSA techniques, particularly for less adopted practices like integrated pest management and planting trees on farms.
· Strengthen Extension Services: Enhance the capacity and reach of agricultural extension services to provide consistent, tailored, and timely support to farmers. This includes increasing the number of extension workers, providing them with adequate resources, and integrating them more closely with farmer groups and local communities.
· Improve Access to Inputs and Technology: Facilitate access to essential CSA inputs such as drought-resistant crop varieties, improved seeds, and efficient water management technologies. This could involve subsidies, establishing input supply hubs, or promoting local production of these inputs.
· Promote Success Stories and Peer-to-Peer Learning: Capitalize on the influence of informal networks like “family and friends” by facilitating farmer-to-farmer learning and showcasing successful CSA adoption stories within communities. This can help build trust and demonstrate the tangible benefits of CSA.
· Tailored Interventions for Diverse Outcomes: Acknowledge the mixed perceptions of CSA’s impact on yield. Conduct further research to understand the specific factors contributing to reduced yields in some cases and develop tailored interventions to optimize CSA benefits across different farm types and crops.
· Policy Support for Sustainable Practices: Advocate for policies that incentivize and support the adoption of CSA practices, including those that provide market access for CSA-friendly produce and address land tenure issues to encourage long-term investments in sustainable agriculture.

5.3 CONCLUSION
Climate change poses significant threats to agricultural productivity and food security for smallholder farmers in Kwara State. While there is a good level of awareness and some adoption of climate-smart agricultural practices, financial limitations, knowledge gaps, and insufficient support services remain major barriers. By addressing these constraints through targeted interventions, improved access to resources, enhanced training, and stronger institutional support, the adoption of CSA can be significantly increased, leading to more resilient and sustainable agricultural production in the region. The findings underscore the urgency of promoting CSA to ensure food security and improve the livelihoods of smallholder farmers in the face of a changing climate.
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