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Abstract: Sustainable agricultural practices are vital for enhancing productivity, resilience, and sustainability 

among smallholder farmers in developing countries like Tanzania. Various factors frequently constrain the adoption 

of such practices despite their importance. This study examined the factors influencing the adoption of climate-

smart agricultural practices (CSAPs) among smallholder grape farmers in Dodoma, Tanzania. We analyzed data 

collected from 120 farmers, selected through a multistage sampling procedure, using descriptive statistics and a 

multivariate probit model. The analysis assessed the effect of various factors on the adoption of crop rotation, crop 

diversification, intercropping, pest and disease management, and water and nutrient management. The findings 

reveal that access to finance, while negatively associated with crop diversification, significantly promoted the 

adoption of crop rotation. Male-headed households were less likely to adopt crop rotation, whereas married 

households were more inclined to adopt intercropping, water and nutrient management, and pest and disease 

management practices. Interestingly, increased grape yield and access to training slightly discouraged the adoption 

of intercropping and water management practices. Additionally, access to extension services positively influenced 

the adoption of pest and disease management, contributing to more sustainable farming practices. This study 

recommends that policymakers work with financial institutions to enhance financial access by providing affordable 

input loans. To effectively engage both male and female farmers, development practitioners should design gender-

sensitive outreach programs and strengthen extension services. Furthermore, local governments and NGOs should 

implement targeted interventions to encourage widespread adoption of CSAPs, fostering sustainability and 

resilience in grape farming. 
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1. Introduction 

Climate change is a global threat to human 

livelihoods, ecosystems, and economic systems. The 

agricultural sector, which is sensitive to climate 

change, exhibits substantial vulnerability (Hossain et 

al., 2023). Agricultural productivity, livelihoods, and 

environmental sustainability face growing threats of 

climate change, especially in developing countries 

where the economy relies heavily on agriculture. The 

sector primarily comprises smallholder farmers who 

produce for subsistence (Utonga, 2022b). Despite 

contributing significantly to food security and 

supporting farmers' livelihoods, farmers' reliance on 

climate-sensitive crops renders them vulnerable to 

the consequences of climate change. 

https://doi.org/10.20372/jaes.v9i2.10644
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Smallholder farmers in developing economies face 

climate-related challenges, including unpredictable 

rainfall, frequent extreme weather events, and rising 

temperatures (the Intergovernmental Panel on 

Climate Change [IPCC], 2014). These changes result 

in lower crop yields, food insecurity, and economic 

instability, seriously threatening long-term 

agricultural sustainability. Limited access to 

adaptation measures exacerbates these risks, as 

farmers lack the resources to mitigate climate-related 

threats (Mutengwa et al., 2023). This situation 

exposes them to environmental and economic shocks. 

In response to these challenges, CSAPs have 

emerged as viable strategies for enhancing resilience 

and sustainability in smallholder farming systems. As 

the IPCC highlights, CSAPs reduce the adverse 

impacts of climate change (FAO, 2010) and equip 

farmers with strategies to adapt effectively (FAO, 

2013). Agroforestry, conservation agriculture, crop 

diversification, effective water management, soil 

conservation measures, and climate-resilient crop 

varieties are some practices that fall under these 

strategies (Abegaz et al., 2024; Kizito et al., 2022). 

Various factors influence the adoption of CSAPs in 

the agricultural sector. These include access to 

extension services, financial resources, reliable 

information, and broad socioeconomic conditions, 

environmental factors, institutional frameworks, 

social dynamics, and market conditions all play 

essential roles in shaping farmers' decisions to adopt 

CSAPs (Agyekum et al., 2024; Aryal et al., 2018; 

Gemtou et al., 2024; Gudina and Alemu, 2024; Kassa 

and Abdi, 2022; Makate et al., 2019; Ndung’u et al., 

2023; Negera et al., 2022; Nyang’au et al., 2020; 

Sanogo et al., 2023; Silva et al., 2024). It is important 

to understand these factors when designing policies 

and support systems that promote the adoption of 

CSAPs to increase farmers' resilience and agricultural 

system sustainability in climate change. 

Although governments, international organizations, 

and stakeholders have made considerable efforts to 

promote the adoption of CSAPs, their uptake remains 

uneven. While adoption rates are higher in developed 

countries because of better access to technology, 

resources, and supportive policies, developing 

regions, particularly sub-Saharan Africa, experience 

lower adoption levels (Ogisi and Begho, 2023). 

Constraints, such as resource limitations, inadequate 

access to technology, poor infrastructure, and weak 

institutional support, hinder progress (Gumbi et al., 

2023; Ouédraogo et al., 2019). Smallholder farmers 

in these regions, including those in the grape farming 

subsector, remain vulnerable to climate risks and 

agricultural shocks. Despite experiencing the effects 

of climate change, farmers are slowly transitioning to 

CSPAs (Gemtou et al., 2024; Ogisi and Begho, 2023; 

Wakweya, 2023). 

This controversy in adoption patterns reveals farmers' 

difficulties in implementing the practices in different 

agricultural subsectors, including the grape farming 

subsector. In this sub-sector, the adoption of CSAPs 

has varied between developed and developing 

countries. In developed countries, farmers 

increasingly adopt advanced technologies to mitigate 

climate risks, such as automated irrigation systems 

and climate-controlled greenhouse gas production 

(Costa et al., 2020). In developing nations like 

Tanzania, farmers depend on methods such as 

rainwater harvesting, irrigation, and organic soil 

management in grape farming to mitigate climate 

change (Agus et al., 2015; Kiggundu et al., 2018; 

Ndlovu et al., 2020). In addition, implementing a 

combination of adaptation strategies at different 

scales has been proven to enhance the effectiveness 

of agricultural climate change adaptation (Naulleau et 

al., 2021). 

Grape farming in Tanzania is important in supporting 

smallholder farmers' livelihoods and economic well-

being, particularly in Dodoma, a region renowned for 

its grape production (Nalyoto and Ngaruko, 2023). 

While CSAPs have shown recognition for their 

potential to enhance sustainability and resilience in 

agriculture, their adoption by smallholder grape 

farmers in Dodoma remains poorly understood. 

Existing research has primarily focused on other 

aspects of grape farming, such as profit efficiency 

(Nalyoto and Ngaruko, 2023), contributions to 

household income and welfare (Lwelamira, 2015), 

value addition (Chacky and Pande, 2022), value 

chain (Kulwijila et al., 2018; Mlay, 2021), and 

consumer preferences (Kimaro et al., 2024). These 

studies provide valuable knowledge into various 

aspects of the grape farming subsector but leave an 

opportunity to explore the landscape of CSAP 

adoption in the subsector. This study addresses this 



Utonga et al.                                                                                                  J. Agri. Environ. Sci. 9(2), 2024 

Publication of College of Agriculture and Environmental Sciences, Bahir Dar University 95 

research gap by examining the factors influencing the 

adoption of CSAPs among smallholder grape farmers 

in Dodoma.  

This study is driven by the rationale that 

understanding the adoption factors is essential for 

developing interventions that improve resilience, 

sustainability, and economic stability in grape 

farming communities. It contributes to efforts to 

promote agricultural sustainability, support 

smallholder farmers' adaptation to climate change, 

and improve rural livelihoods. The findings offer 

practical knowledge to guide agricultural practices 

and policy development. 

2. Research Methodology 

2.1. Description of the study area 

This study was conducted in Dodoma District, an 

administrative area in the Dodoma Region, central 

Tanzania. Dodoma City, the capital of Tanzania, is 

the district's administrative center. Geographically, 

the district lies at approximately 6°10′S latitude and 

35°45′E longitude, with an altitude of about 1,200 

meters above sea level. It covers an area of 2,769 

square kilometers and has a population of 

approximately 410,956, based on the 2022 Tanzania 

National Census. This population translates into a 

population density of about 148 persons per square 

kilometer. Figure 1 illustrates a locational map of the 

district, showing its position within the Dodoma 

Region and its administrative boundaries. 

Dodoma District has semi-arid climatic conditions, 

with annual rainfall between 500 and 800 

millimeters. The climate features distinct wet and dry 

seasons, with the dry season prevailing most of the 

year. These climatic conditions, water scarcity, and 

soil degradation challenge agricultural activities. 

Despite these constraints, agriculture remains the 

primary economic activity, particularly in rural areas, 

where small-scale farming predominates. 

Smallholder farmers notably generate significant 

income from agriculture, especially grape farming. 

 
Figure 1: Map of the study areas 

2.2. Study design 

This study employed a cross-sectional design to 

examine the factors influencing the adoption of 

CSAPs by grape farmers in Dodoma District, 

Tanzania. The design was used in the study because 

it allowed for data collection at a single point, giving 

a picture of the levels of adoption, practices, and 

factors that affect grape farmers' decisions to use 
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CSAPs in response to climate change. This approach 

was suitable for understanding the current state of 

CSAP adoption and identifying the factors 

influencing farmers' adoption decisions. Additionally, 

this design allowed the study to capture a 

comprehensive view of current practices and trends, 

providing valuable information on CSAP adoption 

patterns. 

2.3. Population and sampling 

The target population for this study comprised 

smallholder grape farmers in the Dodoma Urban 

District, a central grape-producing region in 

Tanzania. A sample size of 120 farmers was 

determined using the approach by Singh and Masuku 

(2014), ensuring sufficient representation for an in-

depth analysis. The sample size calculation 

incorporated a margin of error of 8.95%, a population 

proportion of 50%, a 95% confidence level, and an 

assumed unknown population of grape farmers. The 

formula used for sample size determination is 

presented as follows: 

  
     

   
 
             

       
             [1] 

Where: 

n is a sample size (120) 

Z-score at 95% confidence level (1.96) 

P represents the population proportion of 50%, 

q = complement of p, (1-p) 

The symbol d represents the margin of error, which is 

8.95 percent. 

The farmers were randomly selected from two wards, 

Mpunguzi and Hombolo, chosen for their substantial 

involvement in grape farming. Of the 120 farmers, 15 

were from Mpunguzi and 85 from Hombolo. This 

uneven distribution resulted from farmers' availability 

during the survey, as many were occupied with other 

commitments. 

A multistage sampling technique was employed to 

ensure a representative selection of respondents. In 

the first stage, Dodoma District was selected 

purposively for its significant role in grape 

production within the Dodoma region (Nalyoto and 

Ngaruko, 2023). Two wards were purposively chosen 

in the second stage because they are key grape-

producing wards (Chacky and Pande, 2022). This 

reflects their prominence in grape farming activities 

within the district. Finally, farmers were randomly 

selected from these wards. This approach ensured a 

representation of grape farmers, enhancing the 

reliability and applicability of the findings to similar 

agricultural contexts. 

2.4. Data collection 

This study collected primary data to examine the 

factors influencing the adoption of CSAPs by 

smallholder grape farmers in the Dodoma District, 

Tanzania. The data collection aimed to capture 

information on farmers' characteristics, farming 

practices, and the factors affecting their decisions to 

adopt CSAPs. The study utilized a combination of 

survey and key informant interviews. 

The questionnaire served as the primary data 

collection tool for the survey. The tool gathered 

quantitative data on various aspects, including the 

demographic characteristics of the farmers, their farm 

sizes, farming practices, perceptions of climate 

change, access to extension services, financial 

resources, and the use of CSAPs. The instrument was 

pre-tested to ensure the questions' clarity, reliability, 

and validity before being administered to the farmers. 

Its format allowed for systematic comparisons 

between variables and ensured that the data could be 

analyzed statistically. It was suitable for gathering 

data on adopting CSAPs and other quantifiable 

characteristics. 

Besides the survey, key informant interviews were 

conducted with local agricultural officers, extension 

officers, and community leaders to gather 

information about the contemporary agrarian context, 

the role of policies in promoting CSAPs, and the 

challenges grape farmers face. The method, which 

utilized interview guides, provided a qualitative 

dimension to the study, allowing for the exploration 

of issues such as local perceptions of climate change 

and barriers to adopting CSAPs, which the surveys 

alone could not capture. Using key informant 

interviews added depth and context to the findings. 

2.5. Methods of data analysis 

2.5.1. Descriptive analysis 

The descriptive analysis in this study describes the 

characteristics of grape farmers, focusing on 

demographics and CSAP adoption patterns. This 
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analysis provides baseline information that helps 

interpret the primary trends and relationships in 

CSAP adoption. Demographic data, including age, 

gender, education level, household size, and years of 

farming experience, outlines the typical farmer’s 

profile. Frequencies and percentages were used to 

summarize these variables. These descriptive 

statistics provide a foundational understanding of 

grape farmers’ conditions, informing the 

interpretation of the study findings and potential 

policy recommendations for enhancing CSA adoption 

in similar agricultural contexts. 

2.5.2. Econometric analysis 

Model specification 

The study utilized a multivariate probit model to 

analyze binary adoption decisions for various CSAPs, 

addressing the simultaneity issues associated with 

separate univariate probit estimations. As highlighted 

by Greene (2008), treating adoption decisions as 

independent processes neglects the interdependence 

and correlation between unobserved factors 

influencing these decisions. The multivariate probit 

approach captured these interdependencies, reflecting 

farmers' tendency to adopt multiple practices while 

accounting for the factors influencing each decision 

and their correlations. While alternative models like 

univariate logit or seemingly unrelated regression 

(SUR) could be considered, their inability to 

simultaneously capture interdependencies and 

correlations among multiple binary adoption 

decisions made them less appropriate for this study. 

Similarly, the significant correlation among the 

adoption of CSAPs validated the superiority of the 

multivariate probit model over bivariate models like 

probit and logit, an issue these alternatives could not 

adequately address. 

Model formulation 

Let     denote the binary adoption decision for 

the farmer    on CSA practice   where j = 1, 2, 3, …, 

J, with J representing the number of CSA practices 

considered. For each adoption decision,        if 

the farmer adopts the practice j, and       

otherwise. The underlying latent variable    
   is 

specified as: 

    
                       [2] 

Where: 

   
  = unobserved propensity for farmer   to adopt 

CSA practice  , 

   = a vector of explanatory variables for farmer  , 

   = a vector of parameters specific to practise  , 

   = an error term capturing unobserved factors 

influencing adoption. It is assumed to be jointly 

normally distributed with a mean zero and a 

variance-covariance matrix Σ. 

The observed adoption decision     is linked to the 

latent variable as: 

    {
        

   

           
   

    [3] 

The multivariate probit model enables correlation 

among the error terms.    , addressing unobserved 

variations in adoption decisions. This correlation 

structure captures the influence of shared unobserved 

factors on a farmer’s decision to adopt multiple 

CSAPs. 

Estimation procedure 

The multivariate probit model was estimated through 

maximum likelihood estimation (MLE), yielding 

parameter estimates for each adoption equation while 

accounting for the correlation among error terms 

across the equations. It was estimated jointly for all 

adoption decisions, facilitating efficient and unbiased 

estimates. The estimation produced marginal effects 

showing the influence of each explanatory variable 

on the likelihood of adopting each CSAP. 

Data and description of variables  

Survey data were obtained from 120 smallholder 

grape farmers within the Hombolo and Mpunguzi 

wards. The data utilized in this study are described in 

Table 1. 
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Table 1: Variables and descriptions 

Variable Description Variable Type Measurement 
Expected 

Sign 

Crop diversification 
The cultivation of multiple types of 

crops within a farming system. 
Dependent 

Binary (1 = adopted, 0 = 

not adopted) 
N/A 

Crop rotation 

This involves planting different 

crops on the same land to manage 

soil health sequentially. 

Dependent 
Binary (1 = adopted, 0 = 

not adopted) 
N/A 

Intercropping 

Simultaneously cultivating two or 

more crops in proximity to 

optimize land use. 

Dependent 
Binary (1 = adopted, 0 = 

not adopted) 
N/A 

Water and nutrient 

management practices. 

Techniques to optimize water 

resources and nutrients essential for 

crop growth. 

Dependent 
Binary (1 = adopted, 0 = 

not adopted) 
N/A 

Pest and Disease 

Management Practice. 

Strategies to control pests and 

diseases affecting crops. 
Dependent 

Binary (1 = adopted, 0 = 

not adopted) 
N/A 

Marital Status The farmer is married or not. Independent 
Binary (1 = married, 0 = 

not married) 
Positive 

Quantity of harvested 

grapes 

The total quantity of grapes 

harvested 
Independent 

Continuous (measured 

in kilograms) 
Positive 

Access to financial 

resources 

The availability of financial 

resources for farming activities. 
Independent 

Binary (1 = has access, 

0 = has no access) 
Positive 

Awareness of CSAPs Knowledge of CSAPs Independent 
Binary (1 = aware, 0 = 

unaware) 
Positive 

Farm size 
The total area of land used for 

grape cultivation. 
Independent 

Continuous (measured 

in acres) 
Positive 

Access to training 

Availability of educational 

programs or workshops for farmers 

to improve their skills. 

Independent 
Binary (1 = has access, 

0 = has no access) 
Positive 

Input availability 
The accessibility of agricultural 

input. 
Independent 

Binary (1 = available, 0 

= not available) 
Positive 

Gender of the farmer The farmer is male or female. Independent 
Binary (1 = male, 0 = 

female) 
Positive 

Access to extension 

services 

Availability of agricultural 

extension services providing 

support and advice to farmers. 

Independent 
Binary (1 = has access, 

0 = has no access) 
Positive 

Number of household 

members 

The total number of people living 

in the farmer’s household. 
Independent 

Continuous (count of 

household members) 
Positive 

Farming experience 
Years of experience in grape 

farming 
Independent 

Continuous measured in 

years 
Positive 

Education Levels of education Independent 
Ordinal measured in 

levels 
Positive  

Age Age of the farmer Independent 
Continuous measured in 

years 
Negative  
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2.5.3. Ethical considerations 

The district council approved the study prior to data 

collection. All participants provided informed 

consent, and confidentiality and anonymity were 

maintained throughout the research. 

3. Results and Discussion 

3.1. Demographics of farmers 

Table 2 presents the demographic profile of the 

surveyed farmers, covering variables such as age, 

marital status, education level, and household size. 

These characteristics were essential for understanding 

the context of the grape farming sample. The table 

illustrates the distribution of these variables, 

providing valuable information for analyzing practice 

utilization in the study area. 

3.1.1. Age distribution 

The age distribution in Table 2 reveals a significant 

concentration of middle-aged farmers, particularly 

those aged 29 to 49, who comprise 78% of 

respondents. This demographic dominance shows 

that the workforce likely possesses the experience 

and skills essential for practical grape farming. The 

engagement of young adults (ages 29-39) 

demonstrates a readiness to adopt innovative 

practices, driving the subsector forward. However, 

the limited representation of younger farmers (ages 

18-28) raises concerns about the future sustainability 

of grape farming, as this age group represents only 

9% of respondents. Their low participation may stem 

from barriers such as resource access and preference 

for alternative livelihoods. Conversely, older farmers 

(ages 50 and above) represent a smaller segment, 

highlighting challenges related to succession and the 

need for knowledge transfer to younger generations. 

This age dynamic is relevant for adopting CSAPs, as 

younger farmers are more open to new technologies. 

In contrast, older farmers offer a valuable mentoring 

experience. 

3.1.2. Gender distribution 

The gender distribution in Table 2 reveals a 

significant disparity, with 62.5% of farmers being 

male and only 37.5% female. Men have traditionally 

been in charge of farming, which is reflected because 

most farmers are men. This is also true in other areas, 

like carrot farming (Sewando et al., 2022) and maize 

production (Utonga and Kamwela, 2024). This 

gender imbalance can influence decision-making and 

resource allocation within farming households, 

potentially limiting the effectiveness of agricultural 

practices and policies aimed at inclusivity. The 

underrepresentation of female farmers may hinder 

efforts to promote sustainable agricultural practices. 

The limited participation of CSAPs in grape farming 

could negatively impact the agricultural productivity, 

sustainability, and uptake of CSAPs. 

3.1.3. Marital status 

The data presented in Table 2 reveals the marital 

status of a sample population of 11 individuals who 

are not married and 109 individuals who are married. 

This reveals that most respondents were married, 

which may have various implications for social, 

economic, and demographic analyses. The percentage 

of married individuals highlights the importance of 

family structures, economic stability, and social 

support systems within the community. This trend 

may reflect cultural or societal norms favoring 

marriage among the population studied. This finding 

aligns with Utonga (2022a), who reported that 86% 

of maize farmers were also married, illustrating a 

consistent marriage trend within agricultural 

communities. 

Such similarities emphasize the significance of 

family structures in agricultural settings, where 

collaborative efforts and shared responsibilities often 

play a crucial role in decision-making. This 

interconnectedness can enhance the adoption of 

CSAPs because families that work together can pool 

resources, share knowledge, and support each other 

in implementing sustainable practices. Married 

farmers may have increased motivation to adopt 

CSAPs because of their commitment to securing their 

family’s livelihood and enhancing long-term 

resilience against climate variability, ultimately 

contributing to improved agricultural productivity 

and sustainability. 
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Table 2: Demographic Profile of the Respondents 

Variable Category Frequency Percentage/Average 

Age 

18-28 02 09 

29-39 70 35 

40-50 40 43 

>50 08 13 

Gender 
Male 75 62.5 

Female 45 37.5 

Marital status 

  

Not Married 11 09 

Married 109 91 

Education 

Informal 05 04 

Primary 22 18 

Secondary 57 48 

Tertiary 36 30 

Farming Experience 

1-5 37 31 

6-10 55 46 

11-15 17 14 

16-20 09 08 

21-25 02 02 

Household Members 
Minimum  1 

3 
Maximum  9 

Farm Size 
Minimum 1 

1.9 
Maximum 5 

Harvest 
Minimum 200 

1300 
Maximum 10,000 

Access to training 
Accessed 81 

- 
Not accessed 39 

Input Availability 
Available 93 

- 
Not available 27 

Access to Extension 
Accessed 83 

- 
No accessed 37 

 

3.1.4. Education level 

The education level of the respondents in Table 2 

shows a diverse range of educational backgrounds 

among grape farmers, which plays a significant role 

in adopting CSAPs. While only 4% of farmers have 

received informal education and 18% have completed 

primary education, a more significant proportion 

have attained secondary education (48%), followed 

by those with tertiary education (30%). Together, 

these two groups represent a substantial majority 

(78%) of the farmers, suggesting a favorable 

environment for adopting innovative agricultural 

practices. This educational background equips 

farmers with the skills and knowledge to engage with 

extension services, which can provide vital 

information and support for implementing climate-

smart strategies. The results confirm the findings of 

Ghazalian et al. (2009) and Prokopy et al. (2019), 

which show a positive correlation between higher 

education levels and the adoption of agricultural 

practices. This correlation highlights the essential 

role of education in facilitating the transition to 
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sustainable farming methods, as educated farmers are 

more open to new ideas and techniques that enhance 

agricultural productivity and resilience to climate 

change. 

3.1.5. Farming experience 

The distribution of farming experience in Table 2 

among respondents reveals relatively inexperienced 

to moderately experienced grape farmers. With 46% 

of farmers having only 6 to 10 years of experience 

and 31% in the 1 to 5 years category, the sector may 

lack the expertise necessary to implement adaptive 

practices that mitigate the impacts of climate change. 

The lower percentages of experienced farmers - only 

14% with 11 to 15 years, 8% with 16 to 20 years, and 

2% with 21 to 25 years - suggest that few 

practitioners can mentor less experienced farmers in 

adopting sustainable methods. 

This experience gap concerns the promotion of 

CSAPs, which often requires a clear understanding of 

local environmental conditions, pest management, 

and crop diversification strategies. With the guidance 

of experienced farmers, more experienced farmers 

may adopt these innovative practices essential for 

enhancing resilience against climate variability. The 

corroboration of these findings with Haryanto (2022) 

reinforces that both regions face similar challenges in 

cultivating experienced farming communities. 

3.1.6. Household size, farm size and harvest 

The data from Table 2 show variability in household 

sizes, farm sizes, and harvest yields among farming 

households, with household sizes ranging from one to 

nine members, farm sizes from one to five acres 

(average 1.9 acres), and harvest yields from 200 kg to 

10,000 kg (average 1,300 kg). This diversity reflects 

the varying scales of farming operations, which likely 

influence livelihood strategies and resource 

management. As observed by Caulfield et al. (2021) 

in rural Andean households, such variability often 

correlates with differences in farm management 

approaches and adaptive strategies, which may have 

implications for adopting climate-smart practices and 

farm productivity. 

3.1.7. Access to support services (training, extension 

services, and input) 

The data from Table 2 reveal that access to 

agricultural support services varied among 

respondents. 81 respondents reported having 

accessed training opportunities, while 39 had not. 

Input availability was relatively high, with 93 

respondents confirming access, though 27 reported 

challenges in obtaining farm inputs. Similarly, 83 

respondents had access to extension services, while 

37 did not. These disparities highlight potential 

inequalities in access to resources and knowledge, 

which may influence the adoption of climate-smart 

agricultural practices and farm productivity. These 

findings highlight the need to strengthen agricultural 

support systems, ensuring access to training, inputs, 

and extension services necessary to improve 

productivity and adopt sustainable practices. This 

aligns with Raji et al. (2024), who accentuates the 

importance of extension services and innovative 

training in enhancing agricultural productivity. 

Similarly, Abegunde and Obi (2022) emphasize that 

strengthening these systems is critical for promoting 

climate-smart practices in Africa. 

3.2. Adoption rates  

Table 3 shows farmers' adoption landscape of the 

CSAPs in the study area. It shows the percentage of 

farmers who have adopted each practice, highlighting 

variations in adoption rates. 

3.2.1. Crop diversification 

The adoption rate of crop diversification among 

respondents is 42%, with 50 farmers implementing 

this practice while 70 farmers do not. The 42% 

adoption rate reflects a cautious approach that 

contrasts with the potential benefits of diversified 

farming. Farmers concentrate on grape production, 

likely because of a single well-known crop's 

perceived profitability and manageability. However, 

this reliance on one crop makes it vulnerable to 

market volatility and environmental risks, especially 

as climate conditions shift. In contrast, as Kemboi et 

al. (2020) note, crop diversification offers higher 

gross margins, promoting greater financial stability. 

Despite these advantages, diversification remains 

underutilized because of barriers such as age, 

education, and limited access to necessary inputs. 

This contrast shows that overcoming these barriers 

unlocks diversification’s financial and risk-reduction 

benefits, promoting resilience despite economic and 

environmental uncertainties. 
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3.2.2. Crop rotation 

A substantial 71% of the respondents in the current 

study have adopted crop rotation practices. This rate 

reflects a growing awareness among grape farmers of 

the benefits of crop rotation to sustainability and 

productivity. Using crop rotation contributes to 

sustainable farming systems by maintaining soil 

fertility and reducing reliance on chemical inputs. In 

contrast, Sahu et al. (2019) reported low adoption 

rates of crop rotation practices among farmers, 

attributing this to a lack of knowledge and various 

constraints. However, 82% of respondents knew 

about crop rotation practices, implying that access to 

training may not be the sole factor affecting adoption. 

The availability of educational resources and 

agricultural support programs influences adoption 

rates by encouraging implementation. 

3.2.3. Intercropping 

The results reveal that 73% of grape farmers practice 

inter-cropping, compared to 27% of farmers who do 

not use it. This trend reflects a substantial shift 

towards diversification in agricultural practices. It 

highlights an increasing adoption of strategies that 

enable farmers to grow multiple crops 

simultaneously, enhancing resource efficiency, 

improving pest management, and stabilizing yields, 

all of which are benefits that are valuable in the face 

of climate variability and market risks. This adoption 

rate aligns with the findings of Boora et al. (2023) in 

Haryana, India, where intercropping has got 

attention. This alignment suggests that farmers in 

different regions recognize the practical benefits of 

intercropping as an essential tool for adapting to 

climate variability and mitigating economic risks. 

Table 3: Adoption landscape of Climate-smart agricultural practices in the study area 

SN CSAP Adopted Not Adopted Total 

1 Crop diversification 50 (42%) 70 (58%) 120 (100%) 

2 Crop rotation 85 (71%) 35 (29%) 120 (100%) 

3 Intercropping 87 (73%) 33 (27%) 120 (100%) 

4 Water and nutrient management  79 (66%) 41 (34%) 120 (100%) 

5 Pest and Disease Management  97 (81%) 23 (19%) 120 (100%) 

 

3.2.4. Water and nutrient management 

The results show that 66% of respondents have 

adopted water and nutrient management practices. 

Out of these, 79 farmers have implemented these 

strategies, while 41 have not. This trend highlights 

the awareness of how such practices enhance grape 

yield and maintain soil health. However, Ulrich-

Schad et al. (2017) found that the level of adoption 

differs from what was expected. They said the uptake 

of best management practices for nutrients often falls 

short of expectations and varies between practices. 

Similarly, Velasco-Muñoz et al. (2022) highlighted 

that adopting sustainable water management practices 

remains low because of barriers like high costs and a 

lack of research. This implies that although farmers 

recognize the benefits of sustainable practices, 

persistent challenges, including financial constraints 

and insufficient research, can impede their 

implementation. 

3.2.5. Pest and disease management 

The high adoption rate (81%) of pest and disease 

management practices among grape farmers reveals a 

strong commitment to safeguarding crop health, with 

97 farmers actively implementing these strategies 

compared to only 23 who do not. This shows that 

farmers are aware of and prioritize addressing pest 

and disease threats. These threats can harm 

agricultural productivity. This proactive approach 

recognizes the essential role of effective pest and 

disease management in achieving sustainable farming 

practices. The alignment of these findings with 

Kenfaoui et al. (2024), who also reported high 

adoption rates among grape farmers in Morocco, 

reinforces the notion that this trend is not isolated but 

indicative of regional awareness and response among 

grape farmers to the challenges posed by pests and 

diseases. 
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3.3. Factors influencing the adoption of climate 

smart agricultural practices 

The results in Table 4 present the MVP estimates for 

factors influencing the adoption of CSAPs in grape 

farming. The Wald test rejected the null hypothesis, 

showing that at least one regression coefficient 

differs significantly from zero. Factors influencing 

adoption include gender, marital status, access to 

finance, extension services, awareness, input 

availability, training, and harvest. The MVP model fit 

was assessed using two statistics: the Wald chi-

squared statistic (82.15, 45 degrees of freedom), 

significant at the 1% level, confirming the model's 

explanatory power. A likelihood ratio test (chi-

squared = 55.25, 10 degrees of freedom) further 

confirmed significant interdependencies between the 

equations, enhancing the model’s explanatory power. 

The multivariate probit model results reveal that 

access to finance reduces the probability of crop 

diversification by 23.52%, statistically significant at 

the 5% level (p = 0.031). This implies that financial 

resources enable grape farmers to focus on their 

primary agricultural activity-grape production, which 

yields higher returns rather than diversifying into 

other crops. This contrasts with studies such as 

Vekariya et al. (2022), which argue that increased 

income encourages crop diversification. The 

difference may stem from varying financial 

objectives and crop values, as grape farmers may 

view finance as an opportunity to expand within a 

profitable sector. In contrast, other farmers may use 

additional funds to invest in diverse crops. 

On the other hand, access to finance increases the 

likelihood of adopting crop rotation by 24.96%, 

statistically significant at the 5% level (p = 0.026). 

This result shows the positive role of financial 

resources in supporting sustainable agricultural 

practices, allowing farmers to invest in inputs and 

infrastructure needed for effective crop rotation. This 

aligns with Girma (2022), who found that access to 

credit supports adopting agricultural technologies, 

including crop rotation. The results highlight the 

importance of financial initiatives in fostering 

sustainable farming practices. 

The findings also reveal that input availability 

reduces the likelihood of crop diversification by 

28.8%, statistically significant at the 5% level (p = 

0.017). This implies that access to inputs encourages 

grape farmers to focus on grape farming rather than 

diversifying into multiple crops, likely because of the 

efficiency and simplified management of mono-

cropping. However, this focus on a single crop may 

reduce the benefits of diversification, which is crucial 

for risk management and soil health. This observation 

is consistent with Adjimoti et al. (2017), who noted 

that greater input availability could discourage 

diversification by increasing coordination costs. 

While inputs may boost productivity for the primary 

crop, they can limit the advantages of diversified 

farming systems. 

Regarding gender, the MVP analysis shows that 

male-headed households are 24.72% less likely to 

adopt crop rotation, which is statistically significant 

at the 5% level (p = 0.048). This suggests that 

female-headed households are more likely to 

prioritise crop rotations, contrasting with the findings 

of Tanellari et al. (2013), who reported that female-

headed households were less likely to adopt new 

agricultural technologies. The divergence may stem 

from perceptions of crop rotation as a traditional, 

resource-conserving practice rather than a capital-

intensive innovation. The alignment with 

sustainability goals may make crop rotation more 

attractive to female farmers managing household-

level agriculture. 

The results also show that awareness of CSA 

practices increases the likelihood of adopting crop 

rotation by 50.56%, statistically significant at the 1% 

level (p = 0.002). This highlights the critical role of 

education and information in promoting CSA 

practices. Increased awareness of the benefits of crop 

rotation can encourage adoption, leading to improved 

agricultural outcomes. These results support what 

Meshesha et al. (2022) found: Smallholder farmers 

are much more likely to use CSA practices when they 

know more about them. This shows how important 

educational programs are. 
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Table 4: Results of Multivariate Probit Model Analysis 

Variables Crop diversification Crop rotation Inter-cropping Water and nutrient 

management practices 

Pests and diseases 

management 

Coefficient Std. Err Coefficient Std. Err Coefficient Std. Err Coefficient Std. Err Coefficient Std. Err 

Gender .0985364 .263311 -.6176345** .312856 -.1087789 .2812128 .0826791 .2777121 -.2426986 .2727661 

Marital Status - - -.0287282* .4690864 1.073015** .4572791 2.016852*** .6358947 .8272004** .4014732 

Household 

Members 

-.1282783* .0676277 -.0608274 .0662441 .0703505 .0640675 .0239792 .059264 - - 

Farm size .2416827* .1416169 -.2658154* .1442318 .3212883* .1910455 .1146514 .1685127 .2078508 .1742327 

Access to 

finance 

-.5880816** .2727528 .6243439** .2803033 - - - - - - 

Extension -.3630703 .2764513 .4538706 .3196356 .0873166 .2944317 - - .60751** .2562878 

Awareness - - 1.263503*** .4047652 .3881217 .3467418 .1391287 .3736292 .2772492 .3546568 

Input availability -.7197001** .302693 -.682421* .383596 - - -.1506861 .3096022 .4678055 .3033062 

Training .2916297 .2933425 .4979121 .316744 -.902790*** .3396422 -.6609414** .3161761 -.471289 .2947368 

Harvest -.000134* .0000693 -.0000815 .0000685 -.0001701** .0000815 -.0001367* .0000711 -.0000883 .0000773 

Experience - - - - .0071598 .0293791 .0569499* .0326037 .0024752 .0279819 

Observations 120         

rho21 -.1136486 .169596         

rho31 .0310001 .1656734         

rho41 .0928604 .1433634         

rho51 .1057683 .1657584         

rho32 -.1935498 .1518861         

rho42 .3034297* .1567716          

rho52 .3003618** .1388876         

rho43 .5391678*** .1425206         

rho53 .4480108*** .146657          

rho54 .8233746*** .0922032         

Wald chi
2
(45)  82.15***          

Likelihood ratio test of rho21 = rho31 = rho41 = rho51 = rho32 = rho42 = rho52 = rho43 = rho53 = rho54 = 0 

chi
2
(10)  55.2465*** 

Note: *** (P < 0.01); ** (P < 0.05); * (P < 0.10) 
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Marital status is another significant factor influencing 

the adoption of CSAPs. Married farmers are 42.92% 

more likely to adopt intercropping practices (p = 

0.019), reflecting the cooperative dynamics often 

present in marital partnerships that encourage 

resource-enhancing practices. Similarly, married 

farmers are 80.68% more likely to adopt water and 

nutrient management practices (p = 0.002), 

emphasizing the role of family considerations in 

promoting sustainable farming practices. Moreover, 

married farmers were 33.08% more likely to adopt 

pest and disease management practices (p = 0.039), 

demonstrating their proactive approach to ensuring 

food and income security. These findings align with 

those of Iyilade et al. (2020) and Egho and Enujeke 

(2012), who observed that married households adopt 

more sustainable practices, though Acheampong et 

al. (2023) noted that marriage may not always 

encourage practices like crop rotation. 

The study further reveals that an increase in grape 

yield reduces the likelihood of adopting intercropping 

by 0.0068%, statistically significant at the 5% level 

(p = 0.037). This slight reduction shows that as grape 

productivity increases, farmers may feel less inclined 

to adopt intercropping, seeing it as unnecessary for 

optimizing resource use and increasing yields. This 

translates to the context that higher grape yields may 

make farmers more focused on maintaining or 

improving their current productivity rather than 

diversifying through intercropping. This aligns with 

Michler et al. (2018), who observed that yield 

increases alone do not always drive the adoption of 

agricultural innovations, as economic returns and 

perceived benefits play a crucial role in decision-

making. 

The results show that access to training significantly 

reduces the likelihood of adopting intercropping and 

water management practices. Specifically, access to 

training reduces the probability of adopting 

intercropping by 36.12% (p = 0.008), suggesting that 

current training programs may lead grape farmers to 

adopt alternative practices instead. This raises 

concerns about the content and focus of these training 

programs. Similarly, access to training decreases the 

likelihood of adopting water management practices 

by 26.44% (p = 0.037). This indicates that the 

training may focus on other agricultural practices, 

leaving water and nutrient management insufficiently 

addressed. These findings are consistent with Ward et 

al. (2015), who argued that training alone may not 

promote the adoption of intercropping, and Dhehibi 

et al. (2018), who found similar results for soil and 

water conservation practices in Tunisia. These 

findings highlight the limitations of training 

programs that do not prioritise resource management 

practices. 

The findings reveal that access to extension services 

increases the likelihood of adopting pest and disease 

management practices by 24.32%, statistically 

significant at the 5% level (p = 0.018). This 

emphasizes the vital role of extension services in 

educating farmers about effective pest and disease 

management strategies. Extension services enable 

farmers to adopt best practices that enhance grape 

productivity and mitigate risks from pests and 

diseases. These results are in line with those of Ali 

and Rahut (2013), who found that extension services 

make it much easier for farmers to use new 

technologies, and Toepfer et al. (2020), who 

highlighted how important it is to improve extension 

services for long-term pest and disease control.  

4. Conclusion and Recommendations  

4.1. Conclusion 

This study examines the factors influencing the 

adoption of CSAPs by smallholder grape farmers in 

Dodoma, Tanzania. Using a multivariate probit 

model, this study identified significant factors that 

affect the likelihood of adopting specific CSAPs, 

such as crop rotation, intercropping, water and 

nutrient management, and pest and disease 

management. The results reveal that factors such as 

access to finance, farmer awareness of CSAPs, 

gender, and marital status substantially influence the 

adoption of these practices. Access to financial 

services and awareness of CSAPs enhances adoption 

rates, highlighting the importance of resources and 

information in encouraging sustainable practices. 

Gender disparities highlight that female-headed 

households are more likely to adopt crop rotation, 

likely reflecting a commitment to land management 

practices that promote long-term soil health. The 

findings illustrate the need for policies and 

interventions. Programs that improve financial 

accessibility, increase farmer awareness, and address 
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gender-specific challenges could promote CSAP 

adoption. Focusing on family-centered support and 

improving extension services could help these 

practices catch on with more people, ultimately 

making regional agriculture more resilient. 

4.2. Recommendations 

Policymakers should implement family-centered 

agricultural support initiatives that address household 

decision-making dynamics. Agricultural programs 

can design content and resources that emphasize the 

role of CSAPs in enhancing family welfare and food 

security. To increase the adoption of sustainable 

agricultural practices, these initiatives should 

emphasize their contribution to the family's well-

being, thus encouraging household cooperation. 

Financial institutions should introduce incentives to 

encourage crop diversification and reduce the over-

reliance on grape farming. Low-interest loans or 

grants targeted at multi-crop farming can provide 

grape farmers the resources to incorporate diverse 

crops alongside grape production. This approach will 

help mitigate financial risk, improve resilience, and 

promote sustainable farming practices. Farmers can 

benefit from the risk-spreading advantages of 

diversified farming without compromising 

profitability by reducing dependency on a single 

crop. 

Development practitioners should prioritise gender-

sensitive approaches to promoting crop rotation. 

Training and outreach programs should address 

gender-specific perspectives to highlight crop 

rotation's benefits. This approach will ensure the 

inclusivity of CSAPs, contributing to long-term 

agricultural sustainability and empowering women in 

agricultural decision-making. 

Current training programs should be refocused to 

emphasize water and nutrient management practices. 

Integrating custom modules on water efficiency, soil 

health, and nutrient optimization can enhance training 

programs, equipping farmers with practical 

knowledge essential for sustainable resource 

management. This focus will help grape farmers 

increase productivity and enhance resilience to 

climate variability. 

Strengthening extension services to support pest and 

disease management is crucial for improving grape 

farming outcomes. Local governments and 

agricultural organizations should enhance outreach, 

particularly in remote areas, by providing regular, 

practical training on sustainable pest and disease 

management techniques. This approach will enable 

farmers to adopt effective practices that protect crop 

health, increase productivity, and bolster resilience to 

pest and disease threats. 
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