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FACTORS INFLUENCING ADOPTION OF SUSTAINABLE ONION SEED PRODUCTION PRACTICES AMONG SMALLHOLDER ONION SEED PRODUCERS IN MANG'OLA WARD KARATU DISTRICT

ABSTRACT

This study investigated the factors influencing adoption of onion seed production practices by smallholder farmers for enhanced sustainable seed production in Mang’ola, Tanzania. The study employed a cross-sectional design, utilizing quantitative and qualitative data collected from 86 onion seed farmers through questionnaires, focus group discussions, and key informant interviews. Findings through Binary Logistic Regression revealed that socio-economic factors such as education level and access to agricultural extension services statistically influenced smallholder farmers’ use of sustainable onion seed production practices. In addition, Kandall's Correlation Coefficient indicated an association of socio-economic characteristics of respondents, such as age, marital status, education level, and farm size, having statistical influence on onion seed production per acre. Notably, married farmers and those with larger landholdings tend to produce higher yields. Gender disparities are evident, with male farmers dominating higher production categories, indicating unequal access to resources. The study recommends, improving access to education opportunities, and strengthening agricultural extension services for enhancing use of sustainable onion seed production practices.

Keywords: Application of onion seed practices, Seed production, Sustainability, Smallholders’ farmers.

1.0. INTRODUCTION  

1.1. Background Information

Onion seed production is crucial for guaranteeing the sustainability and productivity of the onion value chain. The ability of farmers to apply recommended sustainable seed production procedures has a substantial impact on onion output, quality, and marketability (Dhivya. S et al., 2019). Onion production is a significant economic activity in Tanzania, particularly in Mang'ola, Karatu, where the crop provides a primary source of income for many farmers.  Despite its importance, issues regarding seed quality, production methods, and farmers' understanding and application of sustainable practices need further investigation (Mekonnen et al., 2021). This study analyses farmers' application of recommended sustainable onion seed production practices in Mang'ola, Karatu, Tanzania.

Onion seed production in Mang’ola faces unique challenges that are necessary for the application of effective farmers ‘practices. Farmers’ practices are defined as the numerous ways and strategies farmers use to manage their crops and livestock, including traditional and modern agriculture approaches (Smith, 2020). The challenges in applying farmers’ practices include improving seed quality through modern breeding techniques, fostering stakeholder collaboration, and promoting sustainable agricultural practices. Such approaches aim to address issues like limited access to certified seeds, low productivity and underutilization of traditional varieties, which are often better adapted to local conditions. (Almekinders. et al., 2020; McGuire and Sperling, 2016). Moreover, seed sustainability is essential for ensuring long-term benefits to farmers, including promoting socio-economic growth and environment conservation and facilitating wider application of successful seed delivery mechanisms. Hence, various strategies are needed to achieve seed sustainability.
Smallholder farmers, who dominate seed production in Mang’ola, often rely on local seed varieties and informal production systems. While these systems contribute to preserving genetic diversity and adapting to climatic changes, they are frequently constrained by limited resources, technical knowledge and institutional support (David, 2004; Timsina et al., 2016).  These challenges underscore the importance of integrating formal and informal seed systems to enhance productivity and ensure long-term sustainability. In addition, developing robust collaborations among researchers, farmers, and industry stakeholders to boost innovation and knowledge sharing and investing in infrastructure and technology to ensure effective seed processing, storage, and delivery is also critical McGuire & Sperling, (2016). However, the socio-economic factors influencing smallholder farmers' onion seed production practices in Mang’ola, Karatu district, Tanzania, remain largely understudied despite their critical role in enhancing sustainable seed production. This study investigates the socio-economic factors influencing smallholder farmers' onion seed production practices in Mang’ola, Karatu district, Tanzania, to ensure sustainable onion seed production, thereby contributing to agricultural development and resilient food systems. The study provides insights for policymakers and practitioners, yet it highlights a gap in understanding socio-economic conditions specifically affecting production practices, which are essential for developing effective interventions to support farmers and improve seed sustainability.

1.2 Empirical literature review

Age

Age plays a vital role in influencing farmers' practices in onion production. A study by Emmanuel et al. (2024) indicates that younger farmers are more inclined to adopt new technologies and innovative farming methods, owing to their better education and access to information. In contrast, older farmers benefit from their extensive experience and traditional knowledge, which help them manage risks and uncertainties (Zegeye et al.,2024). A study by Yeshiwas et al. (2024) indicated that physical capacity statistically varies with age, with younger farmers better equipped for labour-intensive tasks, while older farmers often resort to mechanisation or hired labour. Additionally, age affects access to resources such as credit, land, and extension services, with younger farmers facing more challenges in these areas. A study in Ethiopia's Raya Kobo district highlights that younger farmers are more likely to adopt improved onion production practices, while older farmers stick to traditional methods (Zegeye et al.,2024).

Sex

Sex plays a significant role in influencing farmers' practices in onion production, with studies showing that male farmers generally have better access to financial resources, land, and extension services, leading to higher application of new technologies (Barnty, 2024). A study by  Zegeye et al. (2024) indicated that Female farmers face barriers such as limited access to credit and socio-cultural norms that restrict their participation in decision-making processes. Gender roles also influence labour distribution, with males often performing more physically demanding tasks and females focusing on tasks aligned with household responsibilities (Jackonian et al., 2012). 

Marital status 

Marital status significantly influences farmers' practices in onion production. A study by Badstue et al. (2020) indicates that married farmers are more likely to adopt new technologies due to better access to financial resources, land, and extension services. In contrast, single farmers, particularly women, face challenges such as limited access to credit and socio-cultural norms that restrict their participation in decision-making (Vincent, 2022). Labour distribution also varies, as married farmers often have more family labour available, while single farmers may rely on hired labour (Nchanji et al., 2023). 

Level of education 

The level of education significantly influences farmers' practices in onion production. A study by Meiguran and Basweti (2016) shows that educated farmers are more likely to adopt new technologies, as education enhances their understanding of advanced agricultural techniques. Higher education levels improve access to information and resources, enabling better decision-making in crop management (Zegeye et al.,2024). Educated farmers also exhibit higher productivity and efficiency, managing resources optimally and reducing waste (Rizzo et al., 2024). Additionally, a study by Paltasingh and Goyari (2018) indicates that learned farmers are more likely to utilise agricultural extension services for support and guidance. 

Household size 

Household size significantly impacts farmers' practices in onion production. A study by Zegeye et al. (2024) shows that larger households tend to have more available labour, which is advantageous for labour-intensive crops like onions, leading to higher productivity and efficiency. The households can also allocate more resources for improved farming practices, such as land and capital (Berhan, 2015). In contrast, smaller households often face constraints in labour and resources, making it challenging to adopt new technologies (Mulatu & Gemechu, 2023). Also, larger households are more likely to utilise agricultural extension services, enhancing their ability to adopt improved onion production technologies (Wwjmrd, 2018). 

Farm size 

Farm size significantly impacts farmers' practices in onion production, as larger farms tend to adopt new technologies more readily due to better access to financial resources, land, and extension services (Zegeye et al.,2024). These farms benefit from economies of scale, leading to higher productivity and profitability. In contrast, smaller farms often face constraints in labour and resources, making it challenging to implement advanced farming practices (Mailumo & Onuwa, 2022). A study by Mulatu and Gemechu (2023) statistically indicated that larger farms are more used to utilising agricultural extension services, enhancing their ability to adopt improved onion production technologies. 

Farming Experience 

Experience significantly impacts farmers' practices in onion production. Zegeye et al. (2024) maintain that experienced farmers are more likely to adopt new technologies and innovative practices due to their familiarity with farming processes and challenges. Similarly, experienced farmers exhibit higher productivity and efficiency by optimising inputs, managing resources, and reducing waste (Mulatu & Gemechu, 2023). 

Access to agricultural extension services

Access to agricultural extension services is critical in influencing farmers' practices in onion production. A study by (Mulatu & Gemechu, 2023) shows that farmers who have access to these services are more likely to adopt new technologies and innovative farming practices due to the valuable information and training they receive. Extension services disseminate knowledge about improved onion varieties, pest management, and efficient irrigation practices, helping farmers make informed decisions and improve productivity (Sebaggala & Matovu, 2020). Additionally, agricultural extension services empower farmers by providing skills and knowledge for better decision-making, leading to higher yields (Taofeek, 2024).

1.3. 
Theoretical framework

This study was guided by both the Sustainability Theory and the Diffusion of Innovations (DOI) Theory to provide a comprehensive understanding of the factors influencing the adoption of sustainable onion seed production practices among smallholder farmers in Mang’ola. Sustainability Theory facilitated the analysis of how current onion seed production practices can meet present needs without compromising the ability of future generations to meet theirs (Harrington, 2016). The theory incorporates economic, ecological, and political dimensions as a framework for assessing sustainability strategies used by onion seed producers. Economically, the theory highlights the importance of financial viability, land access, and long-term profitability, focusing on cost-effective practices that enhance yield and ensure seed availability (Lonescu et al., 2020). Ecologically, it emphasises the need to maintain biodiversity and ecosystem health through practices that preserve genetic diversity and enhance resilience to pests and climate change. Politically, the framework considers the role of policy and institutional support systems in enabling or hindering sustainable practices.

In addition, the study employed Rogers’ (2003) Diffusion of Innovations Theory to understand how smallholder farmers adopt sustainable practices. The theory identifies five factors that influence the rate of adoption: relative advantage, compatibility, complexity, trialability, and observability. For instance, sustainable practices are more likely to be adopted if they demonstrate clear benefits such as increased yield (relative advantage), align with existing farming practices (compatibility), are simple to implement (low complexity), can be tested on a small scale (trialability), and yield visible results that can be observed by others (observability). DOI theory supports the exploration of how socio-demographic factors (e.g., age, education), economic conditions (e.g., farm size, funding sources), and production behaviors (e.g., activities during pre-, during-, and post-production phases) influence the adoption of sustainability practices.

1.3. 
Conceptual framework.

Conceptual framework of factors influencing adoption of sustainable onion seed production practices among smallholder onion seed producers.
Fig 1. Conceptual framework.





2.0
METHODOLOGY:

2.1
Study area

The study was conducted in Mang’ola ward. Mang'ola is distinguished from other onion-producing localities in Tanzania by its reputation as the country's onion capital and its expertise in onion seed production, particularly the Mang'ola Red variety. Mang ‘ola is an administrative ward in Karatu district Arusha Region. The ward has six villages: Jobaji, Mboga Nyekundu, Dumbecha, Gorofani, Matara and Endeshi. It is mainly known for its onion farms and for being the onion capital of Tanzania. According to the 2022 census, the ward had a total population 6,087. However, the Jobaji Village mainly produces onion seed (Mang’ola Red) with a total population of 1200, of which 975 are men, and the remaining 225 are women. The ones engaged in agriculture are 576, while 624 are engaged in livestock keeping. 
The total area for agriculture production, including onion and onion seed, Is 1262 acres, where 70% of the population engaged in agriculture do not own land, while 30% are the ones who own land for agriculture production.

2.2
Research design 

The study adopted a cross-section design, which allows the collection of data in one place and one area at one time. (Kropko et al., 2020). 

2.3
Study population

The study population consists of onion seed farmers 
who have chosen to be used to obtain data at Mang'ola.

2.4.
Sampling procedures and sample size determination

Sampling procedures are the method used to choose a subset of people from a larger population for a research study Casteel et al., (2021). The study population of 576 people was accurately specified
. Yamane’s (1967) formula for the ideal sample size was used: n=N/1+N(e2).

Where: n(sample size), N(population size)=576, (e)2=10%=0.1. n= 576/1+576(0.1)2=85.207 = 86 unit.  The sampling interval was calculated by dividing the total population by the sample size, yielding roughly 6.7 (rounded to the next whole number, 6). Then, random numbers were created between 1 and the sampling interval (6) until 86 numbers were chosen. These random numbers correlated to persons in the population, resulting in an 86 sample size.
 

2.5.
Data and data sources

The data on strategies for onion seed sustainability and data sources used come from the onion seed growers found at Mang’ola ward, who are engaged in onion seed production. 

2.6.
Techniques for data collection 

The choice of data collection method depends on the nature of the research, the type of data needed, and other relevant factors Dawadi et al., (2021). There were different techniques, especially the use of Kobotool
, which has a Questionnaire, Focus Group Discussion Guide and Checklist for key informant interviews to collect data.  

2.7. 
Data analysis procedures

The data analysis employed a combination of methods to comprehensively assess the socio-demographic characteristics of farmers and their application of onion seed production practices. 

(i) Descriptive statistics were used to summarise demographic information, providing a clear overview of factors such as age, sex, marital status, education level, household size, and years of experience. 

(ii) Kendall's correlation coefficient was applied in this analysis to assess the relationship between socioeconomic characteristics and onion seed production per acre. This method is particularly suited for small sample sizes and ordinal data, which can be ranked, as is the case with the socio-economic variables in this study. Additionally, it is more robust against outliers compared to other correlation methods like Pearson’s. The analysis of socio-economic factors, such as age, sex, marital status, and land size, was conducted using Kendall’s Tau to identify significant influences on onion seed yields, with the assumption that the data was ranked and free from major outliers (Kendall, 1938).

(iii) A Binary Logistic Regression Model was used in the analysis in Table 7 to measure the effect of social and economic information on the application of seed onion production practices. This model is appropriate for predicting binary outcomes (e.g., application of recommended seed production practices vs. non-application of recommended seed production practices) and is well-suited for the categorical data. It allows for assessing the influence of multiple independent variables while controlling for confounders, providing a clear understanding of factors affecting application. The model assumes log odds linearity, making it the best tool for this analysis.

The logistic regression model used in this study is expressed as:
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Where:
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 is the probability of adopting recommended onion seed production practices.
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 is the intercept.
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are the regression coefficients of independent variables.
· y1,y2, y3, y4, y5, y6, y7, y8,y9 represent the socio-economic factors such as age, sex, marital status, education level, household size, farming Experience, land Size, cost of managing onion and extension visits.

The goodness of fit test evaluates how well the Binary Logistic Regression model explains the observed outcomes. It typically involves examining the significance of the overall model through statistics such as the Wald test or likelihood ratio test. In this analysis, the Wald statistic and corresponding p-values for each independent variable were assessed, with significant p-values (usually p < 0.05) indicating a meaningful impact on the likelihood of application of seed onion production practices. For example, the Level of Education variable demonstrated a significant p-value of 0.010, suggesting that higher education levels positively influence the application of recommended seed production practices.

Measurement of Variables in the Logistic Regression Model

The table below provides details on the measurement of variables included in the logistic regression model:
Table 1. The logistic regression models
	Variable
	Description
	Measurement

	Dependent Variable
	
	

	Adoption of recommended onion seed production practices
	Whether a farmer applies or does not apply sustainable onion seed production practices
	Binary (1 = Apply, 0 = Not apply)


	Independent Variables
	
	

	Age
	Age of the respondent
	Categorical (Age groupings)


	Sex
	Gender of the respondent
	Dummy (Male = 1, Female = 0)

	Marital Status
	Marital status of the respondent
	Categorical (Not married, Married)


	Level of Education
	The highest education level attained
	Categorical (No formal education, Primary, Secondary, Tertiary)

	Household Size
	Number of people in the household
	Continuous (Number)

	Farming Experience
	Years of farming experience
	Continuous (Years)

	Frequency of Agricultural Extension Visits
	Number of extension visits received

	Dummy (Received = 1, Not received = 0)


	Land Size
	Total land under onion seed production
	Continuous (Acres)

	Cost of Managing Onion Seeds
	The cost incurred in seed management
	Continuous (TZS)


(iv) Themes from qualitative data were identified through a structured approach. First, interviews and focus group discussions were transcribed and organised to facilitate analysis. Key phrases and patterns were then coded, and similar responses were categorised into broader themes. These emerging themes were refined to ensure clarity and alignment with the research objectives. Finally, the qualitative insights were linked with the quantitative findings to better understand the factors influencing productivity and sustainability in the sector.

3.0. RESULTS AND DISCUSSION.

3.1 Demographic information of farmers' responses to onion seed production practices

Age Distribution: The age distribution of farmers engaged in onion seed production reveals that most are aged between 35–64 years (37.2%), followed closely by the 18–34 age group (36%), with the smallest percentage being those aged 64 and above (26.7%). This pattern suggests that onion seed farming primarily attracts individuals in their economically active years, with middle-aged farmers likely possessing the physical capacity, resources, and accumulated knowledge necessary for effective agricultural management. The significant involvement of younger farmers may indicate a growing interest in agribusiness, potentially driven by economic opportunities and targeted agricultural programs. The reduced participation of older farmers could stem from physical limitations or a shift toward advisory roles. These findings align with studies by Mwangi and Kariuki (2015) and Kessy et al. (2021), which suggest that middle-aged farmers often dominate small-scale agricultural activities due to their access to capital and experience. The study by FAO (2024) emphasises the crucial role of youth in agricultural transformation, noting that their involvement fosters the application of technology-driven farming practices. The studies by Odoemenem and Inakwu (2011) contradict this perspective, arguing that youth engagement in agriculture remains low due to limited access to land and financial constraints, which can hinder their full participation in high-investment ventures like onion seed production. It is essential to explore how local policies and support mechanisms influence youth participation in onion seed farming. While younger farmers may bring innovation and adaptability, sustained engagement requires addressing barriers such as land access and credit. Similarly, the role of older farmers in knowledge transfer should not be overlooked, as their experience can be leveraged to mentor younger farmers. Therefore, a balanced policy approach that integrates youth-targeted agricultural incentives with intergenerational knowledge-sharing mechanisms could enhance productivity and sustainability in onion seed production.

Sex Distribution: The data reveals a significant difference in participation between men and women in onion seed farming, with men comprising 84.9% and women only 15.1%, indicating structural barriers that limit women's involvement in the sector. These disparities are often linked to socio-cultural norms that restrict women’s access to essential agricultural resources such as land, finance, and training, reinforcing the perception of men as primary decision-makers, while women assume supportive roles or engage in alternative income-generating activities (Doss et al., 2018). Studies by Anderson et al. (2017) and Doss et al. (2018) support these findings, emphasising that limited access to resources negatively affects women's agricultural productivity and decision-making power. Similarly, a study by FAO (2024) highlights that increasing women's participation in agriculture contributes to improved household food security and community well-being, underscoring the need for targeted interventions. Also, a study by Quisumbing et al. (2019) suggests that in certain contexts, women's engagement in agricultural activities is increasing due to empowerment programs and shifting economic priorities. While male dominance in onion seed farming is evident, addressing this imbalance requires efforts to improve women’s access to agricultural inputs, credit, and training. Implementing inclusive policies and ensuring equitable resource allocation may increase participation and productivity in onion seed farming.

The marital status: The distribution of marital status among farmers shows that a majority are married (68.6%), followed by single farmers who are not married (31.4%). Married farmers likely benefit from shared household responsibilities and pooled resources, which can enhance their farming operations. In contrast, single farmers may face challenges such as limited labour availability and higher individual financial burdens, potentially affecting their productivity. This study aligns with Mwangi and Kariuki (2015), who suggest that married farmers typically have more resources and labour availability, contributing to better productivity. Additionally, farmer cooperatives and community labor-sharing initiatives could benefit married and single farmers by alleviating these challenges. The low percentage of widowed or divorced farmers underscores the importance of ensuring that vulnerable groups are not excluded from accessing agricultural resources or opportunities. The study by Melesse et al. (2018) highlights that inclusive practices can improve community resilience, emphasising that agricultural policies should be designed to support all farmer categories, ensuring equitable access to resources and opportunities for all.

Education Level: The majority of farmers (77.9%) have attained primary education, while 17.4% have secondary education, and only 2.3% have tertiary education or no formal education. This distribution suggests a moderate level of literacy among the farmers, which is sufficient for basic agricultural practices but may limit their capacity to adopt advanced farming techniques. This study aligns with the FAO (2024), which emphasises the need for accessible training and extension programs tailored to individuals with basic education, as the high percentage of farmers with primary education necessitates practical, hands-on learning approaches. Moreover, studies by Anderson et al. (2017) and Kessy et al. (2021) support the view that farmers with higher education levels are often better positioned to implement modern technologies and manage resources efficiently, leading to increased productivity. Bridging the knowledge gap through adult education, technical training, and mentorship programs is essential for fostering innovation and sustainable practices among onion seed farmers, ensuring that all farmers, regardless of education level, can improve their productivity and adopt more effective farming methods.

Household Size: The household size distribution reveals that half of the farmers (50%) have households with 1–5 members, 45.3% have 6–10 members, and only 4.7% have more than 10 members. Household size plays a crucial role in labour availability for onion seed farming, as larger households can provide more workforce for farming activities. However, larger households may also face the challenge of increased resource consumption, which can strain farming operations if resources are insufficient. Small households, though easier to manage, may struggle with labour shortages, requiring the application of labour-saving technologies or community labour-sharing arrangements. This study aligns with Mwangi and Kariuki (2015), who demonstrated that optimising labour allocation within households can improve efficiency and agricultural output. Similarly, Melesse et al. (2018) highlight that efficient labour management in households positively impacts agricultural productivity. FAO (2024) also stresses the importance of labour allocation strategies in improving farm productivity. Policies promoting access to mechanisation and offering support to smaller households could help address these challenges, ultimately enhancing overall productivity in onion seed farming.

Years of Experience: Most farmers have more than 10 years of experience (54.7%), followed by those with 6–10 years of experience (26.7%) and 1–5 years of experience (18.6%). This distribution highlights the critical role of experience in onion seed farming, as experienced farmers are likely to possess valuable knowledge about effective practices, resource management, and problem-solving. The significant representation of experienced farmers underscores the importance of leveraging their expertise to mentor less experienced counterparts, fostering knowledge transfer and improving overall productivity. Younger farmers with limited experience may benefit from extension services, training programs, and exposure to innovative farming practices. This study aligns with the study by Anderson et al. (2017), who suggest that experienced farmers play a key role in promoting sustainable agricultural practices. Additionally, Mwangi and Kariuki (2015) emphasise the importance of mentorship and knowledge exchange for improving farm productivity. Doss et al. (2018) highlight that integrating traditional knowledge with modern techniques can enhance agricultural resilience and sustainability. By fostering an environment where experienced farmers can share their expertise, the overall productivity of onion seed farming can be enhanced, ensuring long-term sustainability.

Table 2. Demographic information of farmers' responses to onion seed production

	Variables
	Categories
	Frequency
	Per cent

	Age
	18-34
	31
	36.00%

	
	35-64
	32
	37.20%

	
	64+
	23
	26.70%

	
	Total
	86
	100.00%

	Sex
	Male
	73
	84.90%

	
	Female
	13
	15.10%

	
	Total
	86
	100.00%

	Marital status
	Not Marriage
	27
	31.4%

	
	Married
	59
	68.60%

	
	Total
	86
	100.00%

	Education level 
	No education
	2
	2.30%

	
	Primary education
	67
	77.90%

	
	Secondary education
	15
	17.40%

	
	Tertiary Education
	2
	2.30%

	
	Total
	86
	100.00%

	Household size
	1-5
	43
	50.00%

	
	6-10
	39
	45.30%

	
	Above 10
	4
	4.70%

	
	Total
	86
	100.00%

	Years of experience
	1-5 years
	16
	18.60%

	
	6-10 years
	23
	26.70%

	
	More than 10 years
	47
	54.70%

	
	Total
	86
	100.00%


3.2 Association between social and economic characteristics of farmers and onion seed production practices Per acre

Table 3 provides insights into the social and economic characteristics of farmers and onion seed production practices; the correlation between age and onion seed production is weak and not statistically significant (r = 0.069, p = 0.516), indicating that age does not have a meaningful impact on production levels. This finding is consistent with previous studies that suggest age may not significantly influence agricultural practices (Kassie et al., 2015; Melesse et al., 2018; Yeshiwas et al., 2024). In contrast, other research indicates that younger farmers are more likely to adopt innovative practices due to their familiarity with technology (Emmanuel et al., 2024)

Sex: Sex shows a negative correlation (r = -0.164, p = 0.124), suggesting that gender may not significantly influence production practices, although the result approaches significance. The study aligns with a study by Barnty (2024), which indicated that male farmers generally have better access to resources, which can affect production outcomes. Moreover, Barnty (2024) discussed how male farmers have better access to land, capital, and technology, contributing to higher productivity. Additionally, a Doss (2018) study highlighted that women’s limited access to agricultural extension services and training significantly hinders their ability to adopt modern farming practices. Furthermore, Zegeye et al. (2024) show that gender inequality in access to resources leads to disparities in farm productivity, with women often being excluded from key agricultural decisions. Supporting this, Melesse et al. (2018) point out that unequal access to extension services further exacerbates these challenges, as women often lack the support needed to implement advanced farming techniques effectively. The results suggest that while gender may not directly influence production practices, underlying factors such as access to extension services and resources are crucial. The study also highlights the importance of inclusive agricultural policies and programs that ensure equal access to extension services, fostering both gender equality and enhanced productivity in farming.

Marital status: The marital status variable demonstrates a weak correlation (r = 0.072, p = 0.482), indicating no substantial relationship with onion production. The result aligns with a study by Badstue et al. (2020), which suggests that married farmers may benefit from shared resources and labour, which can enhance productivity. Moreover, a study by Nchanji et al. (2023) indicated that married farmers can often leverage collective efforts for better productivity outcomes. Vincent (2022) further reinforces this by showing that married farmers typically have access to more stable support systems. In contrast, single farmers, particularly women, may face challenges that hinder their production capabilities. Melesse et al. (2018) explain that single farmers, especially women, often lack access to the same resources and decision-making power as married farmers, limiting their agricultural success.

Despite the weak correlation, the findings emphasise the potential influence of marital status on agricultural outcomes, particularly when considering factors like resource allocation and labour sharing. The variation in how marital status affects farming productivity further underscores the need to account for contextual factors that a simple correlation may not fully capture.

Level of education: The level of education has an insignificant correlation (r = 0.025, p = 0.814), suggesting that educational attainment does not significantly affect production outcomes. However, educated farmers are generally more likely to adopt new technologies and practices. Meiguran and Basweti (2016) argue that education fosters a greater willingness to embrace innovation and modern farming techniques. Similarly, Ogunlela and Mukhtar (2019) highlight that education can enhance farmers' ability to access and use agricultural resources more effectively. Rizzo et al. (2024) further reinforce this by noting that educated farmers are better equipped to integrate new knowledge and practices into their farming activities. Higher education levels improve access to information and resources, enabling better decision-making in crop management, as Zegeye et al. (2024) suggested. Although the correlation in this study is minimal, it is evident that education plays a crucial role in the application of modern farming techniques, which can indirectly contribute to improved productivity in onion seed farming.

Household size: In terms of household size, the correlation is slightly positive (r = 0.174, p = 0.096), which is close to statistical significance, suggesting that larger households may have a marginally positive effect on production, potentially due to increased labour availability. Larger households can allocate more resources toward improved farming practices. This study aligns with Berhan (2015), who indicated that larger households often benefit from increased labour, enabling them to adopt more efficient farming techniques. Similarly, the study by Mulatu and Gemechu (2023) suggested that the availability of additional household members to assist with farming activities can lead to higher productivity. Wwjmrd (2018) further indicated that larger households are better equipped to manage the demands of agriculture, allowing for more resource allocation toward productivity-enhancing practices. In contrast, smaller households often face constraints in labour and resources, making it challenging to adopt new technologies and farming practices. This limitation emphasizes the need for support mechanisms, such as labour-sharing initiatives or access to mechanization, to enhance the productivity of smaller households.

Land size: the land size variable shows a moderate positive correlation (r = 0.226, p = 0.024), which is statistically significant, suggesting that larger land holdings are associated with higher onion production levels. This finding aligns with the study by Ogunlela and Mukhtar (2019), who indicated that larger land holdings provide more space for crop rotation, higher output, and better resource management. Similarly, Mulatu and Gemechu (2023) indicated that farmers with larger land areas are more likely to invest in improved farming techniques and technologies, which can enhance productivity. Moreover, the study by Doss et al. (2018) highlighted that larger farms often have better access to resources, such as labour and capital, contributing to increased production levels. This study supports the notion that land size is crucial in determining the success and scalability of farming operations.

Onion seed market: The onion seed market shows a strong positive correlation (r = 0.304, p = 0.004), indicating that better access to markets significantly enhances production levels. This finding is consistent with literature emphasising the importance of market access in improving agricultural outcomes. The study by Doss et al. (2018) indicated that access to markets enables farmers to sell their produce at better prices, leading to increased profitability and motivation for higher production. Similarly, Anderson et al. (2017) suggested that market access helps farmers secure a stable income, which in turn supports investment in farming practices and technology. FAO (2024) also highlighted that improved market linkages allow farmers to diversify their products, access better input resources, and enhance their overall productivity. This study supports the broader understanding that access to markets plays a key role in enhancing agricultural productivity. Therefore, strengthening market access could significantly contribute to increased production.

Sources of funds: The sources of funds and type of storage facilities show weak positive correlations (r = 0.089, p = 0.399; r = 0.085, p = 0.422), suggesting they have no significant impact on onion seed production. Financial resources are important for adopting improved practices, as highlighted by Munyua (2017), Barrett et al. (2021), and Pingali (2012), who stress the role of funding in enhancing farming operations and increasing productivity. On the other hand, access to extension services shows a negligible negative correlation (r = -0.009, p = 0.932), implying that it does not significantly influence production practices. Similarly, training on sustainable onion seed production practices has a weak positive correlation (r = 0.046, p = 0.667), with no substantial effect on production levels. Studies by Sebaggala and Matovu (2020), Taofeek (2024), and Mulatu and Gemechu (2023) underline the importance of extension services in providing farmers with critical knowledge and skills to improve productivity.

While financial resources and storage facilities may not show a direct, significant effect on production, ensuring access to these elements still plays an important role in supporting overall farming efficiency. The findings on extension services suggest a more complex relationship; while they might not have an immediate impact, their long-term effects in building knowledge and skills could become more evident over time, reinforcing the need for continued support and training programs for farmers.

Table 3. Association of socio-economic characteristics of respondents against onion seed production Per acre (n=86), using Kandall's Correlation Coefficient

	Social, economic characteristics
	Kandall's Correlation Coefficient (r)
	Sign.

	Age 
	0.069
	0.516

	Sex
	-0.164
	0.124

	Marital status
	0.072
	0.482

	Level of education 
	0.025
	0.814

	Experience
	-0.035
	0.731

	Household size 
	0.174
	0.096

	Income 
	0.106
	0.304

	Land size
	.226*
	0.024

	Sources of funds 
	0.089
	0.399

	Onion seed market 
	.304**
	0.004

	Type of storage facilities
	0.085
	0.422

	Access to extension services 
	-0.009
	0.932

	Training on sustainable onion seed production practices 
	0.046
	0.667


Practices that were used by farmers before onion seed production 

Table 4 shows that none of the farmers (100%) conduct soil testing before onion seed production. This suggests a major gap in adherence to recommended sustainable practices, as soil testing is essential for understanding nutrient content and planning proper fertilization (Ali et al., 2022; Kumar et al., 2019). In contrast, 96.5% of farmers engage in seed selection, this aligns with the study by Thornton et al., (2018) demonstrating high awareness of the importance of using quality seeds to ensure better germination and crop performance 

Nursery preparation is practiced by 75.6% of farmers, while 24.4% skip this step, which may affect seedling vigor and survival rates. Nursery preparation is critical for healthy plant development, especially in onion seed production which requires controlled early growth stages (Melesse et al., 2018). Furthermore, all farmers (100%) conduct land preparation, indicating a strong understanding of the foundational need for well-prepared land to support effective seedling transplantation and growth. Despite the fact that farmers engage in nursery preparation and land preparation they use tractors and hand hoes practicing maximum soil disturbance practices, which compromise soil health and contradict with sustainable land management principles. Using minimum soil disturbance tillage practices will ensure sustainable onion seed production.
The findings suggest that while farmers are generally committed to seed selection and land preparation, there is a complete neglect of soil testing, and a quarter of farmers do not prepare nurseries, which may negatively impact overall production quality and yield. These findings point to the need for targeted extension services and training focused on soil testing and nursery management to enhance sustainable onion seed production practices. During key informant interview, the Mang’ola village Chairperson said, “Onion seed farmers use specific methods to prepare sustainable onion seed nurseries by selecting low wind valley areas or places with minimal forest cover to ensure suitable farming conditions. The seed preparation begins with selecting high-quality onions that are pest-free, have a good red colour, and are medium-sized without splits. The onion is then cut at the top, removing about a quarter of its size, while the bottom part is coated with ash and left to dry for 10 to 14 days before being planted in the nursery for five months. The overall production cost of onion seeds ranges between 2,500,000 and 5,000,000 Tanzanian shillings from start to finish; the cost depends on the farm's location. with access to water, the cost increases, while the major challenge in seed production is pests, particularly flies that lay eggs on flowers, leading to seed damage. However, if pest control is effectively managed, farmers can obtain large quantities of high-quality seeds, promoting sustainable production.”(KIIs, chairperson at Mang’ola in Karatu,5/10/2024).

Then, the extension officer added, "In onion seed farming, the focus is on using high-quality seeds and planting during the optimal season to ensure profitability and sustainable farming practices. While we get support from companies like YARA, which provides subsidised fertilisers, they also commit to buying our onion seed harvest. The costs involved in nursery management include monthly water fees, which are distributed through a community group, along with expenses for pesticides, disease control, fertilisers, and labour. These costs are generally not too high relative to the income. However, we often follow traditional farming methods without considering expert advice, which sometimes results in higher costs due to ineffective pest management. We tend to stick to what we know until we see others using different methods that yield better results, encouraging us to try new approaches for more sustainable onion seed production. As for irrigation, it does not always support sustainable production since we water the crops on a weekly rotation, even though the plants need watering every two to three days for optimal growth.” (KIIs, Extension Officer at Mang’ola in Karatu, 7/10/2024). This aligns with the study conducted by David (2004) in Uganda, as farmers strategically select low-wind valley areas or locations with minimal forest cover to create optimal conditions for seed nurseries, ensuring that the seedlings are protected from harsh environmental factors.

	Table 4: Practices that farmers use before onion seed production

	Variables
	categories
	Frequency
	              Percent

	Soil testing 
	No
	86
	100.0

	Seed selection
	Yes
	83
	96.5

	
	No
	3
	3.5

	Nursery preparation for onion production
	Yes
	65
	75.6

	
	No
	21
	24.4

	Land preparationfor onion seed production 
	Yes
	86
	100.0


Practices that are used by farmers during onion seed production 

Table 5 shows farmers' practices during the onion seed production phase. All farmers (100%) engage in planting and transplanting, pest and disease control, fertilizer application, and irrigation during the onion seed production phase. This universal adoption indicates a strong commitment to fundamental agronomic practices essential for achieving healthy crop growth and optimal seed yields. These findings are consistent with previous studies, as Shah et al. (2021), who emphasized that proper transplanting and pest control are crucial for maintaining plant vigor and preventing yield loss. Similarly, Rizzo et al. (2024) highlighted the importance of consistent irrigation and fertilization in supporting seed development and improving output quality. 
However, smallholder onion seed producers  efforts to implement pest and disease control as well as fertilizer application, these practices remain largely unsustainable due to heavy reliance on chemical inputs that are harmful to biodiversity. A good practice could have been adoption of integrated pest management practices. In terms of irrigation, while it is widely practiced, the methods employed are not water-efficient, resulting in water wastage and nutrient leaching, which further undermines sustainability in onion seed production.
94.2% of farmers conduct field monitoring and inspection, while only 5.8% do not. Regular monitoring is a critical component of integrated crop management, allowing farmers to detect and respond to problems such as pest outbreaks, nutrient deficiencies, or water stress in a timely manner (Ogunlela & Mukhtar, 2019). The small percentage of farmers not performing inspections suggests a potential area for improvement, especially given the role of monitoring in enhancing productivity and reducing losses. The findings demonstrate that farmers have adopted key production practices widely, reflecting their knowledge and experience in onion seed cultivation. However, sustained support in the form of training on advanced monitoring techniques, access to quality inputs, and extension services could further strengthen production systems and promote resilience among smallholder farmers.
Table 5. Practices that farmer use during onion seed production

	Variables
	categories
	      Frequency
	            Percent

	Planting and transplanting
	Yes
	86
	100.0

	Pests and diseases control
	Yes
	86
	100.0

	Fertiloizer application
	Yes
	86
	100.0

	Field monitoring and inspection
	Yes
	81
	94.2

	
	No
	5
	5.8

	Irrigation in onion seed production
	Yes
	86
	100.0


Practices that farmers use after onion seed production

Table 6 presents the practices that farmers utilize after onion seed production. All farmers (100%) reported engaging in harvesting, and 91.9% conduct post-harvest practices, reflecting a widespread understanding of the importance of timely and careful handling to preserve seed quality. However, 8.1% of farmers do not follow post-harvest practices, indicating a small gap that may affect seed viability and marketability.

Sorting and grading are practiced by 86.0% of farmers, suggesting that most producers are aware of the need to ensure seed uniformity and quality before marketing. Nevertheless, 14.0% do not sort or grade, which may limit their ability to attract premium buyers or access higher-value markets. These findings are consistent with studies by Kumar et al. (2019) and Melesse et al. (2018), who emphasized the role of proper post-harvest handling in maintaining quality and enhancing profitability.

When it comes to storage, only 7.0% of farmers store their onion seeds in airtight containers, while a vast majority (93.0%) do not, relying likely on traditional or suboptimal methods. This indicates a major gap in post-production management. Barrett et al. (2021) similarly highlighted poor adoption of modern storage solutions in smallholder systems, stressing the risks of seed spoilage, pest infestation, and loss in quality.

Crop rotation is practiced by 69.8% of farmers, suggesting a fairly strong awareness of its role in maintaining soil fertility and reducing disease pressure. Although this is best practice for enhancing sustainable onion seed production practices, only approximately 70% of the farmers practice crop rotation, which contributes significantly to sustainable onion seed production by improving soil fertility and reducing pest and disease buildup. The remaining 30.2% who do not apply crop rotation may be exposing their fields to increased risk of soil depletion and pest build-up. Studies by Ali et al. (2022) and Thornton et al. (2018) have advocated for wider implementation of sustainable approaches like crop rotation to enhance long-term productivity. While farmers show strong engagement in harvesting, post-harvest handling, and to some extent crop rotation, the very low use of modern storage methods and incomplete adoption of best practices point to significant areas for improvement. Enhancing farmer access to training, modern storage technologies, and sustainable agricultural education could help bridge these gaps and improve outcomes in onion seed production systems. During the focus group discussion (FGD) held in Jobaji, Mang’ola participants agreed that securing adequate funding before planting onion seeds was key in the application of recommended practices. They said that financial preparedness is seen as essential not only for land acquisition but also for effective nursery preparation and timely input procurement. While farmers are aware of the recommended agronomic practices, they stress that financial constraints often prevent full implementation. This underscores the need for better access to credit and cooperative support to help farmers adopt sustainable practices and improve productivity.
	Table 6. Practices that farmers use after onion seed production

	Variables
	categories
	Frequency
	Percent

	Harvesting
	Yes
	86
	100.0

	Post-harvest practices
	Yes
	79
	91.9

	
	No
	7
	8.1

	Sorting and grading onion seed after harvested
	Yes
	74
	86.0

	
	No
	12
	14.0

	Storage in Airtight Containers
	Yes
	6
	7.0

	
	No
	80
	93.0

	Crop rotation
	Yes
	60
	69.8

	
	No
	26
	30.2


3.4 Effect 
of socio- economic information 
on the adoption of sustainable onion seed production practices
The results in Table 7 show the impact of socio-economic variables on onion seed production as follows.

Age: The analysis reveals that age has no significant effect on the adoption of seed onion production practices (p = 0.716). However, younger farmers were more engaged in seed onion production. This is similar to studies by Ghimire et al. (2020) and Barah et al. (2019), who noted that older farmers often face challenges in the adoption of new farming practices due to physical limitations, lower adaptability to innovative methods, and reduced access to modern technology.

Sex: This study finds that gender has no significant effect on the adoption of onion seed production practices (β = -0.295, p = 0.749). Both male and female farmers exhibited similar engagement in production. Birner et al. (2010) also noted this, suggesting that gender disparities in agriculture could be reduced with equal access to resources, training, and extension services, leading to more inclusive agricultural activities.

Marital Status: The study finds that marital status does not significantly affect adoption of practices (β = 0.599, p = 0.355), which is consistent with some studies. However, married farmers had higher production output (β = -1.258, p = 0.012), possibly due to shared labor and financial support in marriage. This is in line with Doss (2018), who highlighted that marital partnerships often provide stability and resources that can enhance farming productivity.

Education: Education significantly influenced the adoption of sustainable onion seed production practices (β = 1.627, p = 0.010), with more educated farmers more likely to apply recommended sustainable practices. This aligns with findings from various studies, including this study by Zhang (2024). where education plays a critical role in enhancing farmers' capacity to understand and implement modern farming techniques. Education programs and extension services are key to improving agricultural productivity and sustainability.

Household Size: The analysis indicates that larger household sizes negatively affected the adoption of seed onion production practices (β = -0.858, p = 0.075), with this effect being marginally significant. This finding aligns with the notion proposed by Doss (2018), who suggests that larger households may experience resource constraints that limit their ability to concentrate on advanced agricultural practices. Specifically, the increased labour demands associated with non-agricultural activities can reduce the time and resources available for modern farming techniques, thereby hindering the application of innovative practices.

Farming Experience: Farming experience had no significant effect on adopting onion seed production practices (β = 0.549, p = 0.223). Kassu et al. (2022) also noted this, finding that while experienced farmers possess valuable knowledge, experience alone does not always translate to the application of new practices. Further analysis might be needed to examine how experience and other factors like education and resource availability influence the application of modern farming practices.

Frequency of Agricultural Extension Visits: Frequent agricultural extension visits significantly influenced the adoption of sustainable onion seed production practices (β = -3.412, p = 0.000). This negative influence contradicts the assumption that increased extension contact promotes higher application of recommended practices. However, other studies have reported similar findings, indicating that frequent visits may overwhelm farmers or offer generic advice that does not align with their specific needs and constraints. As highlighted by Tadesse et al. (2023) and Assefa et al. (2022), the effectiveness of extension services largely depends on the relevance and practicality of the information delivered. This study also emphasises that smallholder farmers may disengage from the extension process without actionable and context-specific guidance, reducing their willingness to apply new practices.

Land Size: This study finds that land size did not significantly affect the adoption of practice (β = 0.346, p = 0.276), but it did positively influence production output (β = 0.239, p = 0.035). This is consistent with Ogunlela and Mukhtar (2019), who observed that larger farms often benefit from economies of scale, leading to higher productivity. However, larger farms do not necessarily correlate with the application of modern farming practices.

Cost of Managing Onion Seeds: The study reveals that the cost of managing onion seed production did not significantly affect practice adoption (β = -0.097, p = 0.800), but it had a significant negative effect on production output (β = -4.46E-06, p = 0.001). This is in line with Ogunlela and Mukhtar (2019), who argued that high production costs, especially for smallholder farmers, could limit their ability to implement practices that would enhance production. Reducing these financial barriers through support and affordable resources could foster sustainable onion 
	Table 7: Effect of socioeconomic information on the adoption of sustainable onion seed production practices

	
	β
	S.E.
	Wald
	df
	Sig.
	Exp(B)

	
	
	
	
	
	
	
	

	Age
	
	
	1.356
	3
	0.716
	
	

	Age(1)
	1.515
	1.516
	0.998
	1
	0.318
	4.548
	

	Age(2)
	1.283
	1.365
	0.883
	1
	0.347
	3.608
	

	Age(3)
	0.825
	1.326
	0.387
	1
	0.534
	2.282
	

	Sex(1)
	-0.295
	0.919
	0.103
	1
	0.749
	0.745
	

	Marital Status(1)
	0.599
	0.648
	0.855
	1
	0.355
	1.821
	

	Level of Education(1)
	1.627
	0.632
	6.633
	1
	0.010
	5.091
	

	Household Size
	-0.858
	0.482
	3.163
	1
	0.075
	0.424
	

	Experience
	0.549
	0.450
	1.487
	1
	0.223
	1.731
	

	Frequency of Agricultural Extension Visits(1)
	-3.412
	0.819
	17.368
	1
	0.000
	0.033
	

	Land Size
	0.346
	0.317
	1.185
	1
	0.276
	1.413
	

	Cost of Managing Onion Seeds
	-0.097
	0.383
	0.064
	1
	0.800
	0.907
	

	Constant
	-1.188
	2.160
	0.302
	1
	0.582
	0.305
	


seed production practices.
4.0 CONCLUSION AND RECOMMENDATION OF THE STUDY

4.1 Conclusion

The study on socio-economic factors affecting onion seed production in Mang’ola, Karatu District, Tanzania, highlights the key influences on smallholder farmers. The age distribution indicates a predominance of middle-aged farmers, suggesting that this group possesses the necessary resources and experience for effective farming. However, the significant involvement of younger farmers indicates a growing interest in agribusiness, which could be harnessed through targeted support and training programs. Sex disparities remain pronounced, with men dominating the sector, highlighting the need for interventions that enhance women's access to resources and decision-making power. Marital status appears to influence productivity, with married farmers benefiting from shared resources, while single farmers face challenges that could hinder their success. Education levels are crucial, as more educated farmers are better positioned to apply modern practices, underscoring the importance of accessible training programs. Household size and land size also play significant roles in production capacity, with larger households potentially providing more labour and larger land holdings facilitating better resource management. However, the negative association between frequent agricultural extension visits and the application of recommended onion seed production practices suggests that the quality and relevance of extension services must be improved to better meet smallholder farmers' needs. These findings emphasise the importance of a balanced policy approach that integrates youth engagement, gender equity, education, and effective extension services to enhance productivity and sustainability in onion seed production.

4.2. Recommendations

To enhance sustainable onion seed production in Mang’ola, several key recommendations are proposed. First, training programs tailored to different age groups, especially younger farmers, should be developed to foster innovation and encourage technology application. The equity policies between men and women are also essential, promoting women’s access to resources, training, and decision-making roles, with targeted financial support and capacity-building programs to empower female farmers. Support mechanisms for single farmers, particularly women, should be established to improve their access to resources and labour-sharing opportunities, boosting their productivity. Additionally, educational initiatives should focus on practical, hands-on training for farmers of varying education levels, while the quality of agricultural extension services needs to be improved to ensure the advice provided is relevant and actionable. For larger households, policies should support effective resource management, potentially through labour-sharing or mechanisation, to optimise productivity. Strengthening market access for onion seed farmers by facilitating better linkages with local, regional, and national markets will improve profitability and production levels. Financial support systems, such as microfinance and cooperative funding, are critical to help farmers invest in inputs and technologies that enhance sustainability. 
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. INDEPENDENT VARIABLES





   Socio-Demographic Factors            


Age 


Sex 


Marital Status,


Education Level


 Household Size     


Farming experience


Access to agricultural extension services





DEPENDENT VARIABLE





Adoption of sustainable onion seed production practices





  Economic Factors                    


Farm Size


Sources of Funding       


Production Costs                         





Production Practices   


Pre-Production Practices        


 During Production Practices                    


Post-Production Practices      
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Role of onion farming in Tanzania and in Mang’ola.





 Challenges faced by smallholder seed producers.





Knowledge gap and rationale for the study.
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