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ABSTRACT 

	[bookmark: _GoBack]The study analyze the factors influencing smallholder oil palm farmers’ adoption rate of Climate Smart Agricultural (CSA) practices and adoption rate of each CSA practice in the oil palm producing belt of Nigeria. Multi-stage sampling technique was employed to select 300 smallholder oil palm farmers in Akwa Ibom, Cross River and Ondo State Nigeria. Ordered probit regression model was utilized to analysis the factors influencing the smallholder oil palm farmers adoption of CSA practices and adoption rate model was used to determine the rate of adoption of each CSA practice in the study area. The adoption rate shows that the most adopted CSA practice among the smallholder oil palm farmers is avoiding slash and burn practices on oil palm fields and in new developments with adoption rate of 0.743. From the result of the ordered probit model, the price of First Fruit Bunches (FFB) was positively significant at 1% and the marginal effect for the price of FFB shows that an increase in price of FFB will increase the probability of having high adoption rate for CSA practices by 11.86% among the respondents in the study area. The study recommends that extension agents should intensify their sensitization and advocacy program among the smallholder oil palm farmers on the need to adopt CSA practices in the study area. 
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1. INTRODUCTION
Oil palm production in the world is expanding as demands rises, this rise is directly associated with significant sustainability challenges which borders on the current global climate change challenges stemming from the oil palm production impact on Land Use and Land Cover (LULC) and its effect of green-house gas emission [1]. Nigeria is reported to be currently the largest producer of Oil palm in the continent of Africa and the 5th largest in the world. It has been established that the global expansion of the oil palm sector is because of its importance as a major source of livelihoods for smallholder farmers and workers in producing countries like Nigeria [2]. Though a good source of revenue, the accompanying effects of the activities involved in the processes requires actions to mitigate and safeguard the environment for sustainability both in production as well as in income generation [3].
In Nigeria, the oil palm sector has a beneficial effect on the economy. As a result, it provides work opportunities for millions of individuals in the country. The palm produce used to be a very important source of foreign exchange to Nigeria up to late 1960s, it used to supply a substantial part of the nation's foreign exchange. In Nigeria, Oil palm is one of the largest agriculture companies [4]. It has been acknowledged that the oil palm sector has made a contribution to the expansion and quickening of economic development. Therefore, one of the most lucrative uses of land in tropical regions of Nigeria is the production of oil palm [5]. Oil palm production has the potential to make a sizeable contribution to the economy of Nigeria, helping to propel brisk economic growth and making a contribution towards the reduction of rural poverty. This is buttressed by its growing production, in 2015, its production was 995,000 metric tons, by 2021 it was 1,400,000 metric tons [6]. 
Palm oil is used in the manufacture of different products such as lipstick and moisturizer. It is also popular as cooking oil [7]. Thus, there is a significant and growing demand for palm oil which led to increase in area of land cultivated for oil palm farming by smallholder oil farmers and oil palm estates in Nigeria over the years. This support the finding of [8] that the dense vegetation of Agro-Ecological Zones (AEZs) of Nigeria reduce by 56.11% while built-up land and agricultural land increase by 169.06% and 17.98% respectively in the last 30 years. Hence, there is a concern in the international community that the cultivation of oil palm is significantly impacting the environment negatively. This is causing crisis between the local indigenes whose livelihood depends on forest-based resources and big oil palm estates owners and smallholder oil palm farmers who are daily expanding their oil palm farms to make more income in some oil palm producing countries like Malaysia, Indonesia and Nigeria [9]. It is being argued that the establishment of oil palm plantation requires that natural forest trees are cleared in vast areas of tropical rainforest, thus destroying bio-diversity (World Wildlife Forum [10]. 
One of the major constraints affecting the productivity of smallholder oil palm farmers in Nigeria and other developing countries is climate change. The effect of climate change on oil palm farmer takes different shapes and dimensions such as reduce yield, stress and ultimately reduce income. Farmers income is a function of crop output which is determine by the crop yield. So, if the yield is reduce, then income will also reduce. Also, the erratic rainfall pattern makes it difficult for the farmers to know when to plant and how to plant. This is making farming a frustrating agribusiness to most farmers and oil palm farmers inclusive [8]. 
Therefore, smallholder oil palm farmers are equally expose to the effect of climate change. This as a result of their exposure  to increase temperatures, unpredictable rainfall and lack of enough technical know-how on how to mitigate and adapt to the climate change impact. Due to high exposure of oil palm farms to intense circumstance such as floods, wind-storms and droughts, and seasonal factors like heat spells, and unpredictable rainfall patterns, oil palm farmers become vulnerable to the effect of climate change. Many smallholder oil palm farmers in their effort to increase their production resulted to deforestation by cultivating more land and destroying ecosystem and biodiversity which negate SDGs 15 that is to protect, restore, and sustainably manage forests, and combat desertification. This has led to training of smallholders oil palm farmers on the Food and Agriculture Organization (FAO) concept of Climate Smart Agriculture (CSA) operational in the oil palm belts of three Nigeria states namely Akwa Ibom, Cross River and Ondo . This effort was made in order to protect and reduce deforestation. 
In view of the above, this study investigated the factor influencing smallholder oil palm farmers adoption of climate smart agricultural practices in the oil palm producing belt of Nigeria. A more rigorous approach was adopted using the rate of adoption and ordinal probit regression. The result of this study will serve as an empirical evidence that will guide the stakeholders on factors that is influencing smallholders oil palm farmers on adoption of climate smart agriculture practices in the study area. It will also guide policy makers on critical variables to consider in their policy formulation on various agricultural interventions in Nigeria and other oil palm producing countries concerning oil palm farming. For the study, the definition of smallholder oil palm farmer is a farmer cultivating oil palm and other subsistence crops. The family member provides most of the labour, the farm is the principal source of income and the planted area of oil palm is less than 50 hectares in size (.Nigeria National Interpretation Working Group [11].
 
2. material and methods 
2.1 Study area, source of data, sample techniques and size
The study was carried out in oil palm producing belt of Nigeria, specifically in Akwa Ibom (17% of total palm oil production in Nigeria), Cross River (11% of total palm oil production in Nigeria) and Ondo (11% of total palm oil production in Nigeria) States. The three States were purposively selected for the study because they account for almost 39.0% of oil palm production in Nigeria (United Stated Department of Agriculture (USDA), 2024). The three states are made up of 67 Local Government Areas (i.e., Akwa Ibom State has 31, Cross River State has 18 and Ondo State has 18 Local Government Areas). The population of the three states is 11,296,089 (i.e., Akwa Ibom is 5,451,000, Cross River is 2,384,212 and Ondo is 3,460,877) [12]. Well-structured questionnaire was used to collect primary data for the period of 2023/2024 farming season for the study. The data collected includes the socio-economics characteristics of the respondents, number of climate smart agricultural practices introduced to the smallholder oil palm farmers and number adopted by smallholder oil palm farmers in the area of study. 
Two Local Government Areas (LGAs) known for oil palm production in each state were selected for the study. The next stage involved random selection of five (5) communities in each of the LGAs through the assistance of oil palm farmers association in each state. In each community, ten (10) smallholder oil palm farmers who benefited from training on climate smart agricultural practices organized by FAO in conjunction with Federal Ministry of Agriculture and Water Resource (FMA&WR), Abuja using their state officers in each state. One hundred (100) smallholder oil palm farmers were selected for the study in each state, making three hundred (300) smallholder oil palm farmers in total for the study.
2.2 Methods of Data Analysis
The adoption rate of smallholder oil palm farmers sampled will be calculated and divided based on the following: < 50% adoption rate =1, between 50% and 69% adoption rate = 2 and >70% adoption rate = 3. The number of smallholder oil palm farmers that fall into these categories will be used in estimation of factors influencing the adoption of climate smart practices among the smallholder oil palm farmers in the area of study. 

3.0 results and discussion
3.1 Summary Statistics
3.1.1. Socioeconomics Characteristics
As showing in Table 1, in all the three states, smallholder oil palm farmers were in their active production age as 80.0% falls below or equals 55 years. Oil palm farming business is a long time agribusiness unlike arable crops farming that is done within a year. So, most of the sampled farmers must have started their oil palm farming at their early 30s or late 30s as reflected in their years of farming experience that 80.0% less or equal 15 years. This buttresses the postulation of [13] that oil palm farming is best done at early age and not after retirement, because of its long term gestation period. Likewise, the Table shows that women are not left out in oil palm farming business. Though it is men dominated agribusiness in the study area (60.0% were male), but women still have substantial percentage participation in oil palm farming in the area of study. This support the assertion of [14] that women contribution in farming activities in developing countries is on the increase. This can be attributed to policy shift that now give women recognition and enhance them to access land and farm inputs  easily at a subsidized rate. 
Above 60% of the sampled smallholder oil palm farmers sampled can read and write as reflected in the Table. Hence, adoption of climate smart agricultural practices should not be a problem in the study area. As rightly posited by [15] that adoption of new innovations and technologies by farmers is often enhanced by their level of education. Therefore, most of the smallholder oil palm farmers sampled should easily comprehend the concept of climate smart agriculture and practice should not be a problem to them. Unlike arable crop farmers, most tree crop farmers in developing countries are always polygamous with many children because they have the money to marry many wives [16]. This scenario also play out among the smallholder oil palm farmers sample for the study. For example in Cross River the mean household size is twelve (12), ten (10) in Akwa Ibom, and nine (9) in Ondo State. With 60.0% between 1and 9 person reflects a large household size that enhances family labour as suggested by [17] that tree crops farming required hired labour that is often complemented by family labour in most developing countries. 
Buttressing the assertion of family labour is the findings that in the three states 75.0% of the sampled smallholder oil palm farmers were married. Tallying their mean age of 80.0% falls below or equals 55 years (active) with their marital status shows that family labour would be enhanced as most of them will have children who are youths (Between 18 and 25 years) and such will be energetic to carry out farming activities like spraying and pruning. As rightly asserted by [18] that farming is better done by the youths who are active and have strength to carry out farming activities. The farm size of the sampled oil palm farmers shows that they are smallholder oil palm farmers. As shown in the Table, 91.5% had more than or equal to 5.0 hectares. This shows that they are smallholder oil palm farmers that may not be able to use sophisticated equipment such as tractors in their farming activities. Most smallholder tree crop farmers in developing countries are often off-takers who are servicing big oil palm processing companies. So, they are often organized into cooperative to enhance easy administration and management. So, it is not surprising that most (98.0% belong to cooperative society or association) of the sampled farmers belong to cooperative or association. 

Table 1. Smallholder oil palm  farmers’ socioeconomic characteristics per state
	Variable
	Smallholder Oil Palm Farmers’ Key Socioeconomic Characteristic Values 

	
	Akwa Ibom
	Cross River
	Ondo
	

	
	Mean
	Dominant Indicator in each state

	Age
	51.8
	52.1
	50.7
	86.2% falls below or equals 55 years (active)

	Gender
	
	
	
	60.0% were male

	Education Level
	
	
	
	At least 60.0% Completed Secondary School

	Household Size (Number) 
	10
	12
	9
	60.0% between 1and 9 persons

	Marital Status
	
	
	
	75.0% married

	Farming Experience (Years)
	20.9
	15.8
	22.0
	80.0% less or equal 15 years

	Farm size (Hectare)
	5.753
	7.09
	8.34
	91.5% had more than or equal to 5.0 hectares

	Membership of Cooperative/Association 
	
	
	
	98.0% belong to cooperative society or association


Source: Author’s estimations based on data from survey 2025


3.2 Adoption Rate of Climate Smart Agricultural Practices
Five Climate Smart Agricultural (CSA) practices were introduced to the smallholder oil palm farmers in the study area through sensitization and advocacy by the staff of the FMA&WR in conjunction with FAO. The CSA practices are avoiding slash and burn practices on oil palm fields and in new developments, using climate information and advisory services to manage farm operations, not engaging in deforestation of protected areas, integrating agro-forestry and participating in community level forest protection schemes and measures. The farmers were visited after a year to find out those CSA practices they adopted as a result of the sensitization and advocacy program in the study area.
As shown in Table, the most adopted CSA practice among the smallholder oil palm farmers is avoiding slash and burn practices on oil palm fields and in new developments with adoption rate of 0.743. This implies that 74.30% of the sample smallholder oil palm farmers adopted the CSA practice in the area of study. This is likely because the farmers can relate with the effect of burning practice and the devastating effect especially during the dry season. According [19] burning of frond stacked in the farm could lead to total burning of the whole farm. So, tree crop farmer always avoid slash and burn practice. The process of burning frond stacked pollutes the atmosphere with significant amounts of smoke and the animals which dwell in the tropical rain forests also lose their habitat which is their homes due to pollution of the atmosphere. Thus, animals living in the landscapes where oil palm is cultivated are at risk [20]. 
The second most adopted CSA practices by the farmers was using climate information and advisory services to manage farm operations with adoption rate of .0.613 which implies that 61.30% of the sampled smallholder oil palm farmers adopted the practice in the area of study. Of recent, in Nigeria, there are a lot of ongoing programs on climate change adaptation and mitigation. Such program includes Global Environment Fund (GEF) and FAO in partnership with the Federal and States Ministry of Agriculture and Water Resources on Food Systems, Land Use, and Restoration (FOLUR) in some states which include the area of study. The main aim of the program is to protect the forest reserves from intrusion by the farmers. Such programs created a lot of awareness on how to use climate change information and advisory services to effectively and efficiently manage farm operations. This buttresses the findings of [21] that various interventions by international partners is helping the local farmers in emerging countries with respect to information on how best to manage their farm.
Not engaging in deforestation of protected areas is the third most adopted CSA practices by the smallholder oil palm farmers in the study area with adoption rate of 0.473. The implication of this is that 47.30% of the respondents adopted the CSA practice. It has been established that smallholder oil palm farmers desire to meet the demand of palm oil processing companies contributes to deforestation in some oil palm producing countries like Malaysia, Indonesia and Nigeria [5]. Therefore, increase in oil palm farm hecretage by smallholder oil palm farmers and big oil palm estates in Nigeria and other oil palm producing countries is negatively affecting the oil palm farm ecosystem, such as increasing rate of soil erosion and reduction of soil fertility when preparing the site [22]. The oil palm farm expansion process mostly lead to various ecological problems like deforestation, intrusion of ecosystem that lead to loss of biodiversity or wildlife species, impairment of habitat, vegetation, environmental pollution (soil, air and water). In Nigeria, a reasonable portion of the country’s biodiversity, consisting mainly of flora and fisheries have become extinct, while some others are vulnerable [23]. 
So, it is very difficult for many of the respondents to adopt the integrating agro-forestry and participating in community level forest protection schemes and measures which are the fourth and the fifth most adopted CSA practices with adoption rate of 0.463 and 0.430 respectively. Implying that 46.30% and 43.00% of the respondents adopted integrating agro-forestry and participating in community level forest protection schemes and measures. It has been argued that frail ecosystems or forests containing majorly concentrations of biodiversity, especially vulnerable species, are used to establish oil palm plantations in oil palm producing countries. Therefore, the requirements of local communities for forest-based livelihoods are threatened [24]. Achieving Sustainable Development Goals (SDGs) 15 protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss will be very difficult [25]. So, there is need to intensify advocacy on the need for the smallholder oil palm farmers to adopt these CSA practices in the area of study. 
At the state level, Ondo State smallholder oil palm farmers had the highest adoption rate of all the CSA practices introduced with adoption rate of 0.570. This implies that the farmers adopted 57.00% of the CSA practices introduced them. While Cross River and Akwa Ibom State adoption rate is 0.538 and 0.526 respectively. Reflecting that farmers in Cross River and Akwa Ibom adopted 53.80% and 52.60% of the CSA practices introduced to them. The total adoption rate in the study area as shown in Table 2 is 0.545. In study area, smallholder oil palm farmers adopted 54.50% of the CSA practices introduced to them in 2023/2024 farming season. This is above average (50.00%), there is need for more follow up by the extension agents to continue to educate them on why they should increase their adoption rate of all CSA practices. This buttresses the assertion of [26] that there is need to educate the farmers on why they should adopt new innovations and technologies in their farm practices.




Table 2: Number of Climate Smart Agricultural Practices Adopted By State
	S/N
	Climate Smart Agricultural Practices
	Number of Adopters
	Total
	Rate of Adoption of Each CSAP

	
	
	Akwa Ibom
	Cross River
	Ondo
	Study Area
	

	1
	Avoiding slash and burn practices on oil palm fields and in new developments
	78
	73
	72
	223
	0.743

	2
	Using climate information and advisory services to manage farm operations.
	58
	62
	64
	184
	0.613

	3
	Not engaging in deforestation of protected areas
	46
	45
	51
	142
	0.473

	4
	Integrating agro-forestry
	41
	45
	53
	139
	0.463

	5
	Participating in community level forest protection schemes and measures.
	40
	44
	45
	129
	0.430

	
	Total
	263
	269
	285
	817
	

	
	Divided by 500 
	500
	500
	500
	1500
	

	
	Adoption Rate Per State
	0.526
	0.538
	0.570
	0.545
	


Source: Author’s estimations based on data from survey 2025

3.3 Ordered Probit Model on Factors Influencing Adoption of Climate Smart Practices
The ordered probit model estimation result shows the factors inducing smallholder oil palm farmers adoption of CSA practices is presented in Table 1. According to [27], the presence of two intercepts which are the threshold parameters indicate that there are three different categories. The threshold parameters  and  are significant at 5% level, which shows that the ordered probit model with three different adoption rate is suitable. The log likelihood value of -111.38 reflects that the explanatory variables used in the ordered probit model are suitable. The probability value of 0.010 for chi squared of 45.0612 informs that at least one of the parameters of the variables is different from zero. The empirical results from the analysis reveals that the price of FFB are positively significant at 1% level, while sex of respondents, age of respondents, income, farm size (Hectare), membership of cooperative/organization and level of education were significant at 5% level. The Age2 of the is negatively significant at 5% level of significance. The marginal effect for the independent variables is reported in Table 3. Marginal effect measures the smallholder oil palm farmers adoption rate towards CSA practices when there is a unit change in the explanatory variables.
The price of FFB is significant at 1% level and is positively related with adoption of CSA practices which implies that the higher the price of FFB the more the smallholder oil palm farmers will be inclined to adopt the CSA practices. The marginal effect for the price of FFB shows that an increase in price of FFB will increase the probability of having high adoption rate for CSA practices by 11.86%, moderate adoption rate by 9.55%  and low adoption rate by 2.31% respectively by the respondents in the area of study. This correspond with the findings of [28] that the more the income of the farmers, the more they will be inclined to adopt new innovations and technologies. The result lay credence to crucial effect of income from FFB to adoption of CSA practices in the area of study. So, adoption of new techniques, innovations and technologies by the farmers depend on income from the agricultural produce. 
The sex of respondents, income, membership of cooperative/association, level of education and farm size are all significant at 5% level of significant and they are positively relate to adoption of CSA practices in the area of study. The age2 is negatively significant at 5%, therefore, there is an inverse relationship between the variable and adoption of CSA practices by the smallholder oil palm farmers in the area of study.
The sex of respondents is very important in adoption of best agricultural practices, this is based on the assertion of [29] that male farmers are willing to adopt new practices in agribusiness value chain space than female farmers. The marginal effect of respondent sex indicates that a unit increase in the number of male farmers in the study area will increase the chance of having high adoption rate of CSA practices by 3.07%, moderate adoption rate by 0.75%  and low adoption rate by 3.81% respectively. 
Income of the farmers also determine the rate at which they will be willing to adopt new agricultural practices. Adoption of new agricultural practices often require financial resource which will be possible if the income of a farmer increases. Therefore, the higher the income of smallholder oil palm farmers in the area of study, the more they will be inclined to adopt the CSA practices introduced to them. The marginal effect of smallholder oil palm farmers income (Both farm and non-farm) reflects that a unit increase in the their income will increase the likelihood of having high adoption rate of CSA practices by 12.23%, moderate adoption rate by 9.85% and low adoption rate by 2.39% respectively. The result support the findings [26] that the higher the income of a farmer, the more he/she will be willing to take up new production strategies and innovations that is introduce to them by the agricultural extension agents.
Membership of cooperative or association which is a social capital enhance adoption of new innovations and technologies among farmers like the case in China [30] For the study, smallholder oil palm farmers were sample through oil palm farmers association in each state. The CSA practices were introduced to the executive member first and which makes it easier to convince the members to attend the sensitization and advocacy workshop on CSA practices. Hence, the higher the number of the smallholder oil palm farmers that belong to cooperative or association, the more they will be willing to adopt CSA practices introduced to them. The marginal effect of membership of cooperative or association shows that an increase in membership of cooperative or association will increase the likeliness of having high adoption rate for CSA practices by 12.95%, moderate adoption rate by 2.39% and low adoption rate by 10.43% respectively. The high adoption rate value (12.95%) above moderate and low adoption rate value shows that any intervention, introduction of new techniques and innovations to farmers is better done through the farmers associations. This support the findings of [31]. that farmers associations play a critical role in farmers acceptance and adoption of new innovations and technologies.
Level of education will enhance the respondents’ ability to appreciate the need to adopt CSA practices. Educated farmers are prone to willingly adopt new information, innovations and technologies that will enhance their productivity [28]. The result of marginal effect of level of education informs that a unit increase in education of the respondents will increase the high adoption rate by 12.01%, moderate adoption rate of 9.67% and low adoption rate of 2.34%. The high adoption rate value of 12.01% above the moderate and low adoption rate value shows the importance of education in farmers adoption of new agricultural practices and innovations. It is always easier for agricultural extension agents to communicate such practices and innovation to them and explain the benefits to them. This support the findings of [32] that educated farmers are always open to new innovations and practices because they can read and write.
Farm size (Hectare) enhances the respondents willingness to adopt the CSA practices in the study area. The bigger the farm size of a farmer, the more he/she will be willing to protect his/her investment, hence, he/she will be willing to adopt new innovations and technologies that will enhance his/her productivity [33]. The marginal result effect show that a unit increase in farm size will increase the high adoption rate by 11.17%, moderate adoption rate of 8.99% and low adoption rate of 21.76%. Farm size is very important in adoption of new agricultural practices because it determines the income of the farmers and give them the leverage to adopt new innovations and technologies [34]
Age2 of the respondents are negatively significant at 5%. Smallholder oil palm farmers above 60 years of age will not probably be willing to adopt  the CSA practices introduced to them or may be selective in those one they will adopt. According to [31] aged farmers often find it difficult to adopt new farm techniques, innovation and technology. The are often rigid and always think there is no need for change. The result of the  marginal effect of age2 which are farmers above 60 years old shows that an increase in farmer age above 60 years will decrease high adoption rate by 4.66%, moderate and low adoption rate by 2.11% and 2.00% respectively. 
Table 3: Ordered Probit Estimation Results of Factors Influencing Adoption of Climate Smart Practices 
	[bookmark: _Hlk67199218]Variables
	Coefficients
	Std Err
	Marginal Effect

	
	
	
	Prob (Z=1)
	Prob (Z=2)
	Prob (Z=3)

	Sex of respondents 
	0.61398**
	0.29049
	0.0381
	0.0075
	0.0307

	Marital status
	0.24276
	1.02570
	1.8889
	0.0080
	0.9444

	Age of respondents (years)
	-0.92204
	0.4126
	0.1468
	-0.0287
	0.1182

	Income
	0.41744**
	0.20594
	0.0239
	0.0985
	0.1223

	Age2
	-0.50337**
	0.2122
	-0.0600
	-0.0111
	-0.0466

	Household size
	-0.40800
	0.1969
	0.1170
	0.028
	0.1448

	Membership of cooperative/organization 
	0.11144**
	0.0400
	0.1043
	0.0239
	0.1295

	Level of education
	0.005695**
	0.00013
	0.0234
	0.0967
	0.1201

	Price of FFB (kg) 
	0.44387***
	0.104
	0.0231
	0.0955
	0.1186

	Access to credit/input subsidy
	0.0019
	0.0001
	0.0077
	0.0319
	0.0396

	Varieties of Oil Palm planted (Dura = 1, Pisifera = 2, Tenera = 3)
	0.0024
	0.0012
	0.0098
	0.0406
	0.0504

	 Farm Size (Hectare)
	0.2158**
	0.0780
	0.2176
	0.0899
	0.1117

	Farming Experience
	0.2038
	0.0912
	0.0157
	0.0648
	0.0805

	δ1 
	1.15974**
	0.55537
	
	
	

	δ2
	2.23924**
	1.1021
	
	
	

	Chi-square
	45.0612
	
	
	
	

	Log likelihood
	-111.38*
	
	
	
	

	Prob.
	0.0085
	
	
	
	

	Degree of freedom
	9
	
	
	
	

	Number of observed samples
	300
	
	
	
	


*Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level
Source: Computed from Field Survey Data, 2025.
Z=1 = Low adopters, Z=2 = Moderate adopters and Z=3 = High adopters 
4. Conclusion
The study examine the adoption rate of CSA practices and variables inducing the adoption rate of smallholder oil palm farmers in the oil palm producing belt of Nigeria. The empirical results from the analysis shows that the price of FFB, income, level of education, membership of cooperative/association, sex of respondents, farm size and age2 were critical variables influencing the adoption of CSA practices in the area of study.  The results of adoption rate model shows that avoiding slash and burn practices on oil palm fields and in new developments is the most adopted CSA practices (0.743) and the least adopted CSA practices is participating in community level forest protection schemes and measures (0.430). 
The result of the ordinal probit model shows that the price of FFB is the most critical variable influencing the adoption of CSA practices in the study. The variable influences high adoption rate for CSA practices by 11.86%, moderate adoption rate by 9.55%  and low adoption rate by 2.31% respectively in the area of study. Other critical variable are sex of respondents, income, membership of cooperative/association, level of education, farm size and age2.
Therefore, smallholder oil palm farmers will be willing to adopt CSA practices with more sensitization and advocacy programs in the study area. The policy makers should ensure that they encourage the smallholder oil palm farmers to have access to education, this will enhance their adoption of new innovations and technologies. Likewise, young smallholder oil palm farmers should be the target of any program intervention, they are willing to adopt new innovations and technologies. National and international intervention should consider income diversification for the smallholder oil palm farmers, this will enhance their receptive to new innovations and technologies. Smallholder oil palm farmers should be encourage to belong to cooperative and association, this is a social capital that will enhance their income and enable them to adopt new innovations and technologies. 
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