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ABSTRACT
Purpose: This study investigates the levels and determinants of awareness, use, and intensity of use of certified common bean seed among smallholder farmers in Mbozi and Momba districts, Tanzania. It addresses the persistent challenge of low productivity due to the limited awareness and continued use of uncertified seeds.
Design/Methodology/Approach: The study employed the Triple Hurdle Model to capture the sequential nature of farmers’ decisions—from awareness through to intensity of certified seed use. The theoretical foundation is based on the Diffusion of Innovation Theory. Primary data were collected through structured questionnaires from 340 smallholder farmers, and econometric analysis was used to examine the influencing factors at each decision stage.
Findings: Despite the development of over 40 improved common bean varieties since 1977, the use of certified common bean seeds remains low due to limited awareness and access. The results show that extension services, household size, gender, farming experience, education level, yield farm size, and membership to farmers’ groups variables significantly affect awareness, use, and usage intensity.
Practical Implications: The findings highlight the need for targeted awareness campaigns, improved extension service delivery, and supportive seed distribution policies. These measures can significantly enhance the uptake of certified common bean seeds, thereby improving yields and contributing to income and food security in rural areas.
Originality/Value: This study uniquely applies the Triple Hurdle Model to disentangle the stages of awareness, use and intensity of use of certified common bean seeds. It contributes to the existing literature by offering context-specific evidence and actionable insights for improving formal seed system effectiveness in sub-Saharan Africa.
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1. Introduction 
The continued reliance on local seeds by smallholder farmers is a significant constraint to agricultural productivity in Tanzania. The persistent use of recycled seed, which often results in diminishing yields, traps many farmers in cycles of poverty and food insecurity. Use of quality seed of improved varieties is widely recognized as a fundamental input for sustainable agriculture and improved farm profitability (Sindhuja et al., 2024; IFAD, 2018). The adoption of certified seeds of improved varieties plays a crucial role in achieving higher crop yields by facilitating varietal replacement and enhancing resistance to diseases and climate-related stress (IFAD, 2018). 
In this context, the importance of common beans (Phaseolus vulgaris L.) in Tanzania cannot be overstated. Common beans are the second most important crop after maize, which account to 78% of the total area under legume cultivation, with an annual production of 1.2 million metric tons (Kidudu et al., 2019; Urassa et al., 2023). They serve as a vital source of protein and income for smallholder farmers and are a staple food for approximately 80% of the urban and rural poor in Tanzania (Didinger et al., 2022; Mark et al., 2022).
In addition to their nutritional value—being rich in iron, zinc, and other micronutrients—common beans contribute to soil fertility through their symbiotic nitrogen fixation relationship with Rhizobium bacteria. Despite these benefits, the productivity of common beans in Tanzania remains low, ranging between 0.72 and 1.10 tons per hectare, compared to potential yields of 1.5 to 3.5 tons per hectare achievable with certified seed of improved varieties (Lugamara, 2021; FAOSTAT, 2022).
The productivity gap is largely attributed to low usage of certified seeds among smallholder farmers (Kiriba et al., 2020; Amara et al., 2023; Spillane et al., 2024). In response, the Tanzanian government through the Tanzania Agricultural Research Institute (TARI), Tanzania Official Seed Certification Institute (TOSCI), and Agricultural Seed Agency (ASA) in collaboration with stakeholders such as the International Centre for Tropical Agriculture (CIAT), Sokoine University of Agriculture (SUA), and private seed companies, has invested in the development and release of over 40 improved bean varieties between 1977 and 2024.
While the development of improved varieties is commendable, it is insufficient on its own. Awareness of these varieties among farmers is essential to promote their adoption (Watengena et al., 2023). Currently, over 97% of smallholder farmers in Tanzania rely on recycled seed or low-quality grain from local markets intended for food, not planting. Although common bean is a self-pollinating crop, repeated recycling leads to genetic degeneration, varietal mixing, and increased susceptibility to disease and climate shocks. Moreover, informal seeds are not subjected to any quality control measures, further compromising their performance (Sperling et al., 2020; IFAD, 2018; Win et al., 2022).
Thus, increasing farmers' awareness and use of certified seed of improved common bean varieties is a critical pathway to enhancing productivity and income. Against this background, the present study assesses the levels of awareness, use and intensity of use of certified common bean seed among smallholder farmers in Mbozi and Momba Districts. A Triple Hurdle Model was applied to examine the determinants influencing each stage of the adoption process. Additionally, this study is grounded in the Diffusion of Innovation Theory, which explains how, why, and at what rate of new agricultural technologies spread among farmers, providing a theoretical lens for understanding the adoption behaviour. Hence, the Triple Hurdle Model complements this theory by empirically unpacking the sequential nature of awareness, use, and usage intensity.
2. Theoretical perspective
This study is grounded in the Diffusion of Innovation (DOI) Theory, developed by Everett M. Rogers in 1962 and revised in 1995, which provides a comprehensive framework for understanding how new agricultural technologies, such as certified common bean seed are communicated, adopted, and used among farming communities (Rogers, 1995). Diffusion, in this context, refers to the process by which an innovation is shared through specific communication channels over time within a social system (Duniya 2018). Additionally, Rogers identifies five stages through which individuals progress when adopting an innovation: awareness, interest, evaluation, trial, and adoption. In this study, these stages explain the behavioural process by which smallholder farmers in Mbozi and Momba districts move from initial awareness of certified common bean seed to its consistent use in production. Awareness begins when a farmer is first exposed to the innovation through sources such as extension officers or peers. This may trigger interest, where the farmer forms an attitude—positive or negative—based on observed outcomes and social influence. Evaluation follows, involving a decision to accept or reject the seed. A trial typically involves a limited-scale use to assess benefits and risks. If the perceived utility is high—relative to local or saved seeds—adoption occurs and may lead to continued use. Moreover, this theory also aligns with the study's sequential hurdle framework, where the decision to use certified seeds, and the extent of their use, are influenced by socio-economic, institutional, and farm-level factors (Zamisa & Taruvinga, 2022; Nguyen et al., 2019). By applying this theory, the study accounts for heterogeneous farmer behaviour and provides insight into the factors affecting awareness, use, and intensity of use, thereby guiding both analysis and policy implications.
3. Materials and methods
3.1  Study area
The study was conducted in Mbozi and Momba districts, located in the Songwe Region of south-western Tanzania, where farming—particularly the cultivation of maize, common beans, and groundnuts—constitutes the primary source of livelihood. Mbozi district lies in the south-western part of the former Mbeya Region, between latitudes 8°00′ and 9°12′ South of the Equator and longitudes 32°07′30″ and 33°02′00″ East of the Greenwich Meridian. Momba district is situated in the north-western part of the Songwe Region, between latitudes 8°10′ and 9°15′ South and longitudes 32°05′ and 32°45′ East. According to the most recent census data, the population of Mbozi district is 510,599, while Momba has 259,781 people (URT, 2022). These districts were purposively selected based on three key justifications. Firstly, Mbozi and Momba are considered among the most productive common bean-growing areas in the region, together accounting for over 15.6% of the total national production of common beans. This makes them highly relevant for investigating farmers’ awareness and use of certified common bean seeds. Secondly, these districts have a long history of agricultural research interventions, particularly the establishment of field demonstration plots for improved common bean varieties for more than a decade. This past exposure provided an opportunity to collect rich, informed data on certified seed awareness and usage. Lastly, both districts are strategically located near the Tunduma One-Stop Border Post (OSBP) and host a key international agricultural produce market. This geographical positioning promotes regional trade in agricultural commodities, including common beans, between Tanzania, Zambia, and the Democratic Republic of Congo. Consequently, the study areas offer a unique blend of high agricultural potential, research relevance, and market accessibility, making them ideal for examining the diffusion and use of certified common bean seeds. (see Fig. 1)
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Figure 1: The Map of the Study Area
3.2 Research design and approach
This study adopted a cross-sectional research design, which involves collecting data at a single point in time to explore the current status of a phenomenon and determine relationships among variables. The choice of this design was based on its effectiveness in generating both descriptive and analytical insights, particularly when examining multiple variables simultaneously. As Kothari (2009) notes, cross-sectional designs are suitable for capturing data that reflect the state of affairs as they exist, without manipulating the environment, thus making them appropriate for socio-economic and behavioural studies such as this. Moreover, to enhance the robustness of the findings, the study further employed a mixed research approach, combining both quantitative and qualitative methods. This methodological choice is grounded in the argument by Mwonge and Naho (2021, 2022) that no single approach is sufficient on its own; rather, the weaknesses inherent in one method can be compensated by the strengths of the other (Mwonge & Naho, 2024). The quantitative aspect of the study enabled statistical analysis of variables such as farmers’ awareness levels, usage rates, and socio-economic characteristics, while the qualitative component provided deeper insights into perceptions, attitudes, and institutional dynamics that influence the use of certified common bean seed.
3.3 Sample size determination and sampling procedures
The sample size was determined using Cochran's (1977) formula, suitable for large populations and yielding statistically reliable results. The formula is expressed as:
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where:
 sample size
 1.96 (critical value at 95% confidence level)
 0.50 estimated proportion of the population
 acceptable margin of error

                               (2)

                                                                         

                                                 (3)    

Accordingly, a sample size of approximately 384 smallholder farmers was deemed sufficient for the study.
To ensure adequate representation and practical implementation, a multi-stage sampling technique was employed. In the first stage, Mbozi and Momba districts were purposively selected due to their strategic significance in agricultural production, contributing over 15.6% of total output in the Songwe Region. In the second stage, three wards were purposively selected from each district based on agricultural intensity and logistical accessibility. As a result, Insansa, Kilimapimbi, and Ruanda were selected from Mbozi District, while Kapele, Msangano, and Myunga were selected from Momba District. In the third stage, two villages were randomly selected from each ward, resulting in a total of twelve villages: Ikomela, Insansa, Kilimapimbi, Lumbila, Mpito, Myovizi, Kasinde, Lwasho, Msangano, Msungwe, Mpui, and Myuzi. From each village, 32 smallholder farmers were randomly selected, culminating in a total of 384 smallholder farmers.
3.4 Type of data, sources and collection methods 
This study used both primary and secondary data to ensure comprehensive and reliable findings. Primary data were collected through a structured questionnaire administered to common bean farmers. To enrich the survey data and capture diverse perspectives, focus group discussions (FGDs) comprising 5 to 10 farmers were conducted at the village level. Each FGD lasted approximately 30 to 45 minutes and followed a semi-structured guide designed to promote interactive and insightful dialogue. In addition, key informant interviews were carried out with a range of stakeholders to supplement the data obtained from household surveys. These included extension officers, representatives from two seed companies, two bean researchers from the Tanzania Agricultural Research Institute (TARI), and two agro-dealers. These interviews provided expert opinions and institutional insights relevant to the study. Besides primary data, the study also relied on secondary sources, including published and unpublished materials. These comprised academic books, peer-reviewed journals, district socio-economic profiles, statistical data from the National Bureau of Statistics (NBS), and credible electronic and internet-based resources.
3.5 Data analysis
Quantitative data collected through Kobo Toolbox were exported to IBM SPSS Statistics (version 25) for data cleaning and descriptive statistical analysis. Descriptive statistics such as means, frequencies, percentages, minimum, maximum, and standard deviations were used to summarize the socio-economic and demographic characteristics of the respondents. Following data cleaning, the dataset was transferred to STATA version 17 for econometric modelling and further inferential analysis. While qualitative data derived from key informant interviews, focus group discussions (FGDs), and document reviews were analysed using content analysis, enabling the identification of key themes and patterns relevant to the study objective.
3.5.1 Analytical modelling 
To achieve the study’s core objective—assessing the determinants of awareness, use, and intensity of use of certified common bean seeds—the Triple Hurdle Model was employed. This econometric framework allows for the sequential and conditional modelling of three interrelated decisions: (a) whether a farmer is aware of certified common bean seed, (b) whether the farmer uses certified seed, and (c) the extent (intensity) of its use. Additionally, this approach acknowledges that each decision must be passed sequentially—awareness precedes use, and use precedes intensity of usage—and that different factors may influence each stage.
First Hurdle: Awareness of certified common bean seed
A Probit model was used to examine the determinants of farmers’ awareness of certified common bean seed. The binary outcome variable takes the value of 1 if the farmer is aware, and 0 otherwise. The latent regression model is specified as:
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where:
is latent variable representing farmers’ awareness.
 is the vector of explanatory variables.
is the error term. 

Second Hurdle: Use of Certified Common Bean Seed
For those aware of certified common bean seeds, a second Probit model was applied to examine whether they decided to use it. The model is specified as:

                                                     (6)

                                           (7)

Where is the latent decision to use certified common bean seed, and all other notations are as previously defined. 
Third Hurdle: Intensity of Use 
Among users, a truncated regression model was employed to analyze the intensity of certified seed use, measured by the size of land (in acres) allocated to certified common bean seed. The model is expressed as:
                                                 (8)

                                           (9)

Where ​ is the latent variable representing intensity of use, and  is the vector of explanatory variables relevant to this decision.
Table 1: Description of Independent Variables Used in the Model
	Code
	Independent Variable
	Type of Variable
	Expected Sign

	X1
	Gender
	Dummy (1 = Male; 0 = Female)
	+/-

	X2
	Age
	Continuous (in years)
	+

	X3
	Years of Schooling
	Continuous (years of schooling)
	+/-

	X4
	Household Size
	Continuous (exact number)
	+/-

	X5
	Farming Experience
	Continuous (in years)
	+

	X6
	Training on Bean Production
	Dummy (1 = Yes; 0 = No)
	+

	X7
	Membership in Farmers' Groups
	Dummy (1 = Yes; 0 = No)
	+

	X8
	Access to Credit
	Dummy (1 = Yes; 0 = No)
	+

	X9
	Access to Extension Services
	Dummy (1 = Yes; 0 = No)
	+

	X10
	Seed Cost
	Continuous (in TZS)
	-

	X11
	Productivity
	Continuous (yield/acre.)
	+

	X12
	Income from Beans
	Continuous (in TZS)
	+


 Source: Authors' prior expectation 2024

4. Results and Discussion
4.1 Response rate 
Out of the 384 household interviewed across the study area, 340 were fully completed, resulting in a high response rate of 88.54%. The remaining 44 questionnaires (11.46%) were excluded from the final analysis due to substantial missing data, in line with established methodological protocols (Schutt, 2019; Msambali & Mwonge, 2024). Such a high response rate significantly enhances the statistical power of the study and mitigates the potential for non-response bias, which is often a key concern in survey-based research. Consequently, the findings drawn from the remaining responses are deemed to be more reliable, representative, and generalizable to the wider population of interest (Msambali & Mwonge, 2025). This level of engagement from participants also reflects the relevance of the research topic to the target population, further reinforcing the robustness of the empirical evidence.
4.2 Demographic and Socio-economic characteristics of respondents
The study results in Table 2 present the demographic and socio-economic characteristics of the respondents. The analysis reveals a statistically significant difference in the gender distribution of common bean farmers between Mbozi and Momba districts (χ² = 18.78, p < 0.01). Overall, 60.9% of the respondents were male (36.2% from Momba and 24.7% from Mbozi), while females constituted 39.1% (13.8% from Momba and 25.3% from Mbozi). This gender imbalance may be attributed to cultural norms in Tanzania, where men are more likely to be household heads and, therefore, more involved in decision-making and accessible for survey participation. This is consistent with findings by Zamisa and Taruviga (2022), and confirmed in the current study, which showed that 73.2% of the respondents were household heads.
The mean age of respondents was 44 years, with a minimum of 21 and a maximum of 80 years. This age range indicates the involvement of both younger and older individuals in common bean farming, suggesting a potential for sustainable planning and knowledge transfer across generations. Respondents had an average of 7.28 years of schooling (ranging from 0 to 16 years), implying that many had attained at least primary education. This level of education is sufficient to enable farmers to read, write, and make informed decisions about the use of quality seeds.
With respect to marital status, although there was no statistically significant difference between the two districts (p > 0.05), common bean farming was predominantly practiced by married individuals (85.9%), followed by divorced (4.7%), widowed (4.4%), single (2.9%), widowers (1.8%), and separated (0.3%) respondents.
Regarding the main occupation, no significant difference was observed between districts (p > 0.05). However, the vast majority (97.1%) of respondents reported crop farming as their primary livelihood. The remainder engaged in casual labour (1.8%), salaried employment (0.9%), and business (0.3%). This finding reaffirms the dominance of agriculture as the principal economic activity in rural Tanzania, where over 65% of the population resides (Mwidege, 2022). Enhancing income from common bean production is therefore essential for poverty reduction in rural communities.
Farming experience is a crucial factor in the adoption of improved agricultural practices. The study found that farmers had between 1 and 43 years of experience in common bean production, with a mean of 9.8 years. This aligns with findings by Ullah et al. (2022), who observed that increased farming experience enhances farmers' awareness and use of improved agricultural technologies.
The average household size among respondents was five members, ranging from 1 to 32. However, the study found that a large household size does not necessarily translate to increased awareness or use of recommended practices such as the use of certified common bean seeds.
In terms of training, only 21.2% of the respondents had received training on common bean production, while 78.8% had not. Those who received training cited sources such as the Tanzania Agricultural Research Institute (TARI), NGOs, and agricultural extension officers. Training topics included planting techniques, use of improved seeds, pest and disease management, and marketing strategies. These results align with findings by Mangole et al. (2022) in Botswana, where only 12.9% of farmers had received training in common bean production.
There was a statistically significant difference in farmers’ group membership between Mbozi and Momba districts (χ² = 24.73, p < 0.01). Overall, 32.6% of respondents were members of farmers’ groups (22.6% in Mbozi and 10% in Momba). These groups included VICOBA, women’s groups, One Acre Fund, irrigation scheme groups, MARTI Igurusi group, and various Agricultural Marketing and Cooperative Societies (AMCOS), such as Ruanda AMCOS, Iganda AMCOS, Mpito AMCOS, Insansa AMCOS, and Senjele AMCOS. These organisations generally fell into two categories: savings and credit groups (e.g., merry-go-round schemes), and crop production and marketing groups.
Access to credit also differed significantly between districts (χ² = 36.5, p < 0.01). Overall, only 21.8% of respondents reported having access to credit, with 17.6% in Mbozi and just 4.1% in Momba. The majority (78.2%) lacked credit access. Credit was primarily accessed through informal groups, input suppliers, AMCOS, One Acre Fund, government support, relatives, and friends. The higher access rate in Mbozi is likely due to the concentration of active AMCOS in the district. These findings suggest that access to credit enhances farmers’ ability to use certified common bean seeds and adopt improved farming practices.
Table 2: Distribution of respondents by socioeconomic characteristics
	Categorical Variable 
	Mbozi
	Momba
	Overall
	Chi-square (χ² )
	Sign.

	Gender 

	Female
	86 (25.3)
	47(13.8)
	133(39.1)
	18.78
	0.000

	Male 
	84 (24.7)
	123(36.2)
	207 (60.9)
	
	

	Household head

	No
	59(17.4)
	32(9.4)
	91(26.8)
	10.93
	0.001

	Yes
	111(32.6)
	138(40.6)
	249(73.2)
	
	

	Marital status

	Married
	140(41.2)
	152(44.7)
	292(85.9)
	8.21
	0.145

	Single
	6(1.8)
	4(1.2)
	10(2.9)
	
	

	Widowed
	12(3.5)
	3(0.9)
	15(4.4)
	
	

	Separated
	1(0.3)
	0(0)
	1(0.3)
	
	

	Divorced
	7(2.1)
	9(2.6)
	16(4.7)
	
	

	Widower 
	4(1.2)
	2(0.6)
	6(1.8)
	
	

	Main occupation 

	Business 
	1(0.3)
	0(0)
	1(0.3)
	4.72
	0.194

	Crop farming
	167(49.1)
	163(47.9)
	330(97.1)
	
	

	Salaries employment 
	0(0)
	3(0.9)
	3(0.9)
	
	

	Casual labour and off-farm
	2(0.6)
	4(2.4)
	6(1.8)
	
	

	Received training on bean production 

	No
	129(37.9)
	139(40.9)
	268(78.8)
	1.7
	0.184

	Yes 
	41(12.1)
	31(9.1)
	72(21.2)
	
	

	Membership to farmers' groups

	No 
	93(27.4)
	136(40)
	229(67.4)
	24.73
	0.000

	Yes 
	77(22.6)
	34(10)
	111(32.6)
	
	

	Access to credit 
	
	
	
	
	

	No 
	110(32.4)
	156(45.9)
	268(78.2)
	36.5
	0.000

	Yes 
	60(17.6)
	14(4.1)
	74(21.8)
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	Mean
	Std. deviation
	Minimum
	Maximum
	

	Age of HH
	44
	13
	21
	80
	

	[bookmark: _Hlk187662978]Years of schooling
	7.28
	2.8
	0
	16
	

	Household size
	5
	3
	1
	32
	

	Years of experience in growing beans
	9.8

	10.1

	1

	43
	



4.3 Awareness and Use of Certified Common Bean Seeds
The results presented in Table 3 reveal that 174 farmers (51.2%) were not aware of the existence of certified common bean seeds, whereas 166 farmers (48.8%) were aware, indicating a moderately low level of awareness overall. A statistically significant difference in awareness was observed between the Mbozi and Momba districts at the 5% significance level (χ² = 12.05, p < 0.05). Specifically, 20.9% of respondents in Mbozi and 19.7% in Momba reported being aware of certified common bean seeds. In fact, these results contrast with those reported by Lugamara et al. (2021), who found a higher level of awareness (78%) regarding improved common bean seed varieties. This discrepancy may possibly be attributed to the broader scope of Lugamara’s study, which considered improved varieties in general, whereas the current study focused exclusively on certified seed, a specific class of improved seed.
In terms of usage, the results show that the majority of respondents (82.6%) had never used certified common bean seeds, while only 17.4% reported having used them. A significant difference in usage between Mbozi and Momba districts was also found at the 1% significance level (χ² = 14.95, p < 0.01). However, among those who were aware of certified seeds, only 34.9% reported using it, whereas 65.1% had not. This suggests that awareness alone is not sufficient to drive the use; rather, other factors—such as demographic, socio-economic, institutional, market-related, and farm-specific characteristics, may also influence farmers' decisions. Nevertheless, awareness remains a necessary precursor to the use of certified common bean seeds.
Regarding the sources from which certified seeds were obtained, the most frequently reported source was Tanzania agricultural research institute-Uyole centre (57.6%), followed by NGOs (15.3%), agro-input dealers (13.5%), and AMCOS (8.4%). Moreover, the least reported sources were seed companies (3.4%) and Nane Nane exhibitions (1.6%). Also, during data collection, one of the key informants attested that:
"…some of the AMCOS and a few NGOs approach TARI Uyole directly to obtain certified bean seeds for their farmers." (KF 02)
This observation supports the argument that institutional intermediaries play a significant role in facilitating the use of certified seeds, especially in areas where direct access is limited. These findings are consistent with Ncube et al. (2023) and Muhizi et al. (2024), who observed that a very small proportion of farmers obtain certified seeds directly from seed companies or agro input dealers. One possible reason is the widespread practice among farmers of recycling bean seeds over years, rather than purchasing certified seeds. 
Table 3: Awareness on existence of Certified seeds among common bean farmers
	
Response
	District
	Pearson

	
	Mbozi
	Momba
	Overall
	Chi square
	Sig.

	Are you aware of the existence of certified common beans seed?
· Yes 
· No
	

71(20.9)
99(29.1)
	

67(19.7) 103(30.3)
	

166(48.8) 174(51.2)

	

12.05
	

0.001

	Have you ever used certified common bean seed? 
· Yes
· No
	

43(12.6)
43(12.6) 127(37.4)

	

16(4.7)
16(4.7) 154(43.5)
	

59(17.4)
281(82.6)

	

14.95
	

0.000

	Source of certified common bean seeds

	Agro input dealer shop
	7(11.8)
	1(1.6)
	8(13.5)
	18.33
	0.005

	AMCOS 
	5(8.4)
	0(0)
	5(8.4)
	
	

	Nane nane exhibition
	1(1.6)
	0(0)
	1(1.6)
	
	

	NGO’s organisation
	6(10.2)
	3(5.1)
	9(15.3)
	
	

	Research institute 
	23(38.9)
	11(18.6)
	34(57.6)
	
	

	Seed company
	1(1.6)
	1(1.6)
	2(3.4)
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4.4 Reasons for Not Using Certified Common Bean Seeds
The study results in Table 4 show the reasons for not using certified common bean seeds among smallholder farmers. Results show that 281 farmers reported not using certified common bean seeds, indicating several reasons. It is important to note that respondents were allowed to select more than one reason; thus, the findings represent multiple responses. The major reason reported was the unavailability of the seeds, as indicated by 61.6% of bean farmers. This scarcity discouraged farmers from making further efforts to obtain the certified common bean seeds from other areas. Similarly, lack of awareness of the existence of certified common bean seeds was reported by 41.3% of farmers, which in turn hindered any motivation to seek or purchase them.
Moreover, limited accessibility was highlighted by 39.1% of the farmers, largely attributed to an inadequate distribution of certified seeds through village centres, agro-input dealers, seed companies, and research institutes. The high price of seeds was another notable constraint, with 19.9% of farmers indicating that the cost was prohibitive. These perceptions suggest that market prices may not accurately reflect the value or benefits associated with certified seed varieties, a concern previously raised by Boughton et al. (2020). Further insights gathered through focus group discussions revealed that TARI Uyole Centre sells certified common bean seeds at TZS 4,000 per kilogram, while seed companies price them at TZS 5,000 per kilogram. Consequently, the cost of seed required to cultivate one acre (30–40 kg) ranges between TZS 120,000 and TZS 200,000—an amount considered unaffordable for many smallholder farmers.
Other factors reported include the lack of availability of certified seeds in agro-input shops (17.4%) and the perception that there is no yield advantage between certified seeds and farmers’ own saved seeds (1.4%). These findings underscore not only structural barriers such as supply chain limitations and pricing issues but also perceptual barriers that influence use decisions. 
The view expressed by one agro-input dealer during a key informant interview reflects the sentiments shared above:
"Since farmers are unaware of certified common bean seeds and are not accustomed to purchasing bean seeds, I do not stock them. I believe that farmers have not yet been sufficiently informed about the benefits of using certified common bean seeds." (KF 04)
These results collectively suggest that increasing awareness, improving accessibility, and reviewing pricing strategies are crucial interventions to enhance the use of certified common bean seeds in the study areas.
Table 4: Reasons for not using certified seeds of common bean (n=281)
	
Response
	Districts
	

	
	Mbozi
	Momba
	Total

	Not sold in agro-inputs shops
	15(5.3)
	34(12.1)
	49(17.4)

	Not available
	66(23.5)
	107(38.1)
	173(61.6)

	High price of the seeds
	33(11.7)
	23(8.2)
	56(19.9)

	Not aware
	60(21.3)
	56(19.9)
	116(41.3)

	Not easily accessible 
	25(8.9)
	85(30.3)
	110(39.1)

	No difference in yield between certified seeds and own saved seed
	1(0.3)
	3(1.0)
	4(1.4)
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Table 5 presents a comparison of land allocation and productivity between farmers who used certified common bean seeds and those who did not. The results show that farmers who use certified seeds allocated, on average, 1.94 acres to common bean cultivation, with a minimum of 0.25 acres and a maximum of 9 acres. In contrast, those using uncertified seeds allocated a smaller average land size of 1.48 acres, with the same minimum (0.25 acres) but a higher maximum of 17 acres.
In terms of productivity, a substantial difference is observed. Smallholder farmers using certified seeds achieved an average yield of 619.98 kg per acre, with yields ranging from 480 kg to 1,000 kg. Conversely, smallholder farmers relying on uncertified seeds recorded a much lower average yield of 276.27 kg per acre, with a minimum yield of 10 kg and a maximum of 960 kg. The data thus highlight a stark difference in productivity associated with seed quality.
Furthermore, a statistically significant difference in productivity was found between users and non-users of certified seeds (F = 178.51, p < 0.01), underscoring the positive impact of certified seed use on common bean yield. However, the difference in land allocation between the two groups was not statistically significant at the 5% level (F = 3.52, p = 0.061), suggesting that while certified seed users may tend to allocate more land to bean production, the observed difference could be due to chance. These results support one of the central tenets of the Diffusion of Innovation (DOI) Theory: that adoption of innovation—in this case, certified common bean seeds—yields tangible benefits (relative advantage) in terms of productivity. This perceived advantage is a critical factor influencing use decisions. Furthermore, the productivity gap may help shift more farmers along the innovation-decision process, from awareness to interest and eventual trial and use.
Table 5: Land Allocation and Productivity among Smallholder Farmers 
	
	Mean
	St. Deviation
	Minimum
	Maximum
	F-value
	Sign

	Land size under certified bean seeds (acres)
	1.94
	1.69
	0.25
	9
	3.52
	0.061

	Land size under uncertified bean seeds (acres)
	1.48
	1.76
	0.25
	17
	
	

	Overall
	1.56
	1.75
	0.25
	17
	
	

	Productivity for users of certified bean seeds (kg)
	619.98
	112.17
	480
	1000
	178.51
	0.000

	Productivity for non-users of certified bean seeds (kg)
	276.27
	190.65
	10
	960
	
	

	Overall 
	335.92
	221.74
	10
	1000
	
	



4.6 Regression Results
This section presents econometric estimates of the determinants influencing farmers’ awareness, use, and the intensity of use of certified common bean seeds during the 2023/2024 production year. The analysis utilizes the Triple Hurdle Model, comprising three stages. The first two decisions—awareness and use—are modelled using probit regressions, while the third stage, which captures the intensity of use (measured as the amount of land allocated to certified seeds), employs a truncated regression model.
4.6.1 Determinants of Awareness of Certified Common Bean Seeds
The results presented in Table 6 indicate that farming experience, years of schooling, common bean yield, farm size, training on bean production, and membership in farmers’ groups significantly influence the awareness of certified common bean seeds.
Farming experience was positively and significantly associated with awareness at the 1% significance level. The marginal effect shows that each additional year of farming experience increases the likelihood of being aware of certified seeds by 0.9%, holding all other variables constant. This suggests that experienced farmers are more likely to be exposed to various seed types, including certified varieties. This finding is consistent with Asule et al. (2024) from Kenya and Alhassan et al. (2018) from Ghana, who reported a positive link between farming experience and awareness of climate-resilient practices.
Education, measured by years of schooling, also demonstrated a positive and statistically significant influence on awareness at the 5% level. An additional year of education increases the probability of being aware of certified seeds by 8.4%. Educated farmers are more receptive to new ideas, understand the benefits of improved agricultural technologies, and are more likely to access agricultural information. This aligns with Zamisa and Taruvinga (2022), who found education significantly increased awareness of genetically modified maize in South Africa.
Furthermore, an increase in common bean yield was associated with greater awareness of certified seeds. A unit increase in yield enhances the likelihood of awareness by 0.05%. This implies that farmers who observe higher productivity from their fields may attribute it to the use of superior inputs, such as certified seeds, thereby reinforcing their awareness.
Additionally, farm size was positively related to awareness at the 5% level of significance. The marginal effect indicates that a unit increase in farm size raises the likelihood of certified seed awareness by 35.6%, suggesting that farmers with larger landholdings may be more exposed to diverse seed types through commercial or institutional interactions.
Training on bean production emerged as a significant determinant, with trained farmers being 28.2% more likely to be aware of certified seeds. This reflects the importance of capacity-building efforts in disseminating knowledge about improved seed varieties. Similar conclusions were drawn by Joshi et al. (2019), who reported a strong link between training and awareness of good agricultural practices among banana growers in Nepal.
Lastly, membership in farmers’ groups significantly influenced awareness at the 1% level. The marginal effect suggests that shifting from non-membership to membership increases the likelihood of awareness by 27.4%. This highlights the role of social networks and peer learning in disseminating information about agricultural innovations.
Table 6: Results of Triple Hurdle Estimation 
	
Variables 
	1st hurdle
Dep: Awareness
	2st hurdle
Dep: Use
	3st hurdle
Dep: intensity of use

	
	Probit
regression
	Marginal
effects
	Probit
regression
	Marginal
effects
	Truncated
regression
	Marginal
effects

	Age 
	-0.007
(0.351)
	-0.002
(0.350)
	-0.017
(0.541)
	-0.001
(0.536)
	0.415
(0.444)
	0.415
(0.444)

	Household size
	-0.164
(0.371)
	-0.044 (0.368)
	-1.701
(0.007)**
	-0.131
(0.001)
	1.220
(0.018)**
	1.220
(0.018)

	Gender (male-headed)
	0.804
(0.776)
	0.022
(0.776)
	-0.791
(0.007)**
	-0.061
(0.584)
	1.303
(0.207)
	1.303
(0.207)

	Income from bean
	-0.0000001
(0.150)
	-0.0000
(0.146)
	0.0000015
(0.227)
	-0.000
(0.205)
	0.000001
(0.250)
	0.000001
(0.250)

	Farming experience
	0.0348
(0.000)***
	0.009
(0.000)
	0.038
(0.306)
	0.002
(0.288)
	-0.569
(0.050)*
	-0.569
(0.050)

	Years of schooling
	0.084
(0.014)**
	0.023
(0.011)
	-0.080
(0.485)
	-0.006
(0.481)
	-0.004
(0.966)
	-0.004
(0.966)

	Yields 
	0.002
(0.057)*
	0.0005
(0.054)
	0.013
(0.000)***
	0.0009
(0.000)
	-0.001
(0.513)
	-0.001
(0.513)

	Farm size
	0.132
(0.008)**
	0.356
(0.006)
	0.519
(0.000)***
	0.039
(0.000)
	---
	---

	Access to extension
	-0.222
(0.205)
	-0.059
(0.203)
	1.879
(0.043)**
	0.144
(0.024)
	---
	---

	Training on bean production 
	1.046
(0.000)***
	0.282
(0.000)
	2.299
(0.002)**
	0.176
(0.000)
	-0.869
(0.237)
	-0.869
(0.237)

	Membership to farmers group
	0.917
(0.000)***
	0.247
(0.000)
	0.960
(0.052)*
	0.738
(0.033)
	0.415
(0.444)
	0.415
(0.444)

	Seed cost
	---
	---
	---
	---
	0.000005
(0.446)
	0.000005
(0.446)

	 Constant
	-1.412
(0.006)
	-7.879
(0.005)
	
	1.234
(0.594)
	

	Model Statistics:

	
	Pseudo R2 = 0.3040
Wald chi2(11) =143.21
Pro>chi2 = 0.000
No. of Obs. =340
	Pseudo R2 = 0.7855
Wald chi2(11) =168.74
Pro>chi2 = 0.000
No. of Obs. =166
	Wald chi2(11) = 21.59
Pro>chi2 = 0.0277
Log pseudo likelihood = -116.76
No. of Obs. = 59


Note that: *** Significance at p<0.01, ** Significance at p <0.05, * significance at p <0.1

4.6.2 Determinants of Use of Certified Common Bean Seeds
Conditional upon being aware of certified seeds, the second stage of analysis examined the factors influencing their actual use. The results in Table 6 show that household size, gender, yield expectations, access to extension services, training, and membership in farmers' groups are key determinants.
Household size had a statistically significant negative influence on the use of certified common bean seeds. Specifically, each additional household member reduces the likelihood of using certified common bean seeds by 13.1%. This finding supports Kassa et al. (2021), who found a negative relationship between family size and the adoption of improved faba bean cultivars in Ethiopia. Larger households may face greater resource constraints or allocate labour and finances differently, limiting their ability to adopt improved inputs. However, this contrasts with Chete (2021), who reported a positive effect of family labour on the adoption of improved maize seed, highlighting the context-specific nature of this relationship.
Gender also influenced certified seed use. The analysis shows that changing from a male-headed to a female-headed household increases the probability of use by 6.1%. This suggests that female-headed households are more likely to use certified seeds, potentially due to their direct responsibility for household food security. In many communities, common beans are regarded as a ‘women's crop’, prioritized for their nutritional value rather than market sales, further encouraging women to use quality seed varieties.
Moreover, expected yield had a positive and significant effect on seed use. A one-unit increase in expected yield raises the probability of certified seed use by 0.09%. This indicates that farmers who associate certified seeds with higher productivity are more likely to use them. The result is consistent with Majuva et al. (2025), who found a similar relationship in certified maize seed choices.
In addition, access to extension services significantly increased the likelihood of using certified seeds, with each unit increase raising the probability by 14.4%. Extension agents serve as vital sources of information, bridging the gap between research and farmers. They play a crucial role in promoting awareness and use of certified seeds by providing technical guidance and recommendations.
Similarly, training on bean production and group membership was positively associated with seed use. The marginal effects show that membership increases the likelihood of use by 73.8%, while each unit increase in training boosts it by 17.6%, all else being equal. These findings reinforce the significance of institutional and social support in facilitating the use of agricultural innovations. Okeke et al. (2020) also underscored the importance of government-led training initiatives in promoting improved sweet potato technologies.
4.6.3 Determinants of Intensity of Use of Certified Common Bean Seeds
The third hurdle examines the extent of certified seed use among farmers who are both aware and already using it. Notably, the determinants of intensity differ from those influencing awareness and use. Results in Table 6 show that only household size and farming experience were statistically significant in determining the intensity of use. Interestingly, household size had a positive and significant effect, with each additional household member increasing the land area devoted to use certified common bean seed production by 1.22 acres. This suggests that larger households, while potentially less likely to adopt in the first instance, may have greater labour capacity to scale up once adoption occurs. Labour-intensive practices such as planting common bean in row require adequate manpower, which larger households may be better to provide. 
Conversely, farming experience was negatively associated with the intensity of certified seed use. The marginal effect indicates that an additional year of experience reduces the land allocated to certified common bean seeds, possibly due to a preference for traditional seed sources or established practices. Experienced farmers may rely on their own saved seeds or local networks, perceiving less need to intensify certified common bean seeds use. This finding echoes that of Izuogu et al. (2023), who observed that farmers with more years in rice cultivation were less inclined to use certified rice seeds.
5. Policy Implications
The findings of this study have several significant policy implications for enhancing awareness and effective use of certified common bean seeds among smallholder farmers in Tanzania. 
Firstly, the low levels of awareness observed underscore the need for more robust and coordinated extension services. Government agencies, in collaboration with non-governmental organizations (NGOs) and the private sector, should intensify awareness campaigns through farmer field schools, radio programs, demonstration plots, and other locally relevant platforms. Special emphasis should be placed on reaching women farmers and those with limited access to formal education, as these groups were less likely to be aware of certified common bean seeds.
Secondly, addressing the affordability and accessibility constraints is critical. The government and development partners should consider subsidizing certified common bean seeds or offering targeted input vouchers. Additionally, strengthening rural agro input dealer networks and promoting certified seed multiplication initiatives can help reduce transaction costs and bring certified common bean seed closer to farming communities.
Thirdly, institutional support mechanisms—such as strengthening farmer groups and cooperatives—can play a pivotal role in enhancing farmers’ bargaining power and facilitating bulk purchases of certified common bean seeds. Policymakers should also consider supporting contract farming arrangements and public-private partnerships to enhance certified common bean seed availability and use.
Finally, the role of education and training should not be underestimated. Investments in adult literacy and farmer training programs can empower farmers to make more informed decisions regarding seed choice and agricultural practices. This, in turn, can help close the productivity gap and contribute to national goals on food security and rural development.
6. Conclusion

This study examined the factors influencing farmers’ awareness, use, and intensity of use of certified common bean seeds in Mbozi and Momba Districts, Tanzania, using a triple hurdle model. The findings revealed that awareness is a necessary but not sufficient condition for adoption and optimal use of certified seed. Key determinants of awareness included farming experience, education level, farm size, and training on bean production. Meanwhile, actual use was significantly influenced by household size, gender, yield, access to extension services, membership to farmers’ groups and participation in training programs. The intensity of use was driven largely by household size and farming experience. These results suggest that policies aiming to improve agricultural productivity through improved seed technologies must go beyond mere availability. Awareness creation, institutional support, targeted training, and inclusive extension services are crucial for promoting informed decision-making and increasing usage rates among smallholder farmers. Moreover, addressing gender disparities and improving access to certified common bean seeds for larger households and less experienced farmers could enhance overall agricultural outcomes. Moreover, the study highlights the importance of context-specific interventions that address the multi-dimensional barriers faced by smallholder farmers. Enhancing the uptake of certified common bean seed requires an integrated approach that considers socio-economic, institutional, and informational factors. Such efforts are vital for achieving sustainable agricultural development and improving food security in rural Tanzania.
7. Limitations and Future Research Directions
While this study offers valuable insights into the factors influencing awareness, use and intensity of use of certified common beans seed in Mbozi and Momba Districts, it is subject to several limitations. Firstly, the reliance on cross sectional data restricts the ability to infer casual relationships, suggesting that longitudinal studies would be more effective in capturing the dynamics use of certified common bean seeds over time. Secondly, the focus on certified common bean seeds alone may overlook the complexity of seed system interactions between formal and informal seed system mechanism. Thirdly, the study geographic scope, limited to two districts, may affect the generalizability of the findings to other regions with differing agro-ecological and socioeconomic conditions. Additionally, while triple hurdle model adequately captures sequential decision making process, it may not fully address unobserved heterogeneity among farmers. Employing qualitative or mixed method approaches in future research could help uncover deeper social cultural and behavioral determinants. Future research should also be investigating impact of extension programs, farmers’ organization and institutional arrangements on smallholder farmers’ seed awareness and use decision, thereby informing more adaptive and inclusive agricultural policies.
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