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Adopting processing technologies and innovative food preservation is crucial for improving the food security and nutritional status of rural populations in Tanzania and other countries in the Global South. However, low adoption rates among smallholders highlight the need for a better understanding of farmers’ decision-making processes. The aim of this study is to examine extrinsic and intrinsic factors influencing smallholders’ decision-making processes in the adoption of innovative food processing and preservation techniques (specifically, pigeon pea flour-based products, threshers, dehullers) in Mitumbati and Mibure in the Lindi Region in Tanzania. Primary data on 555 farm households were collected using a standardized survey. Extrinsic influential factors were analyzed using binary logistic regression analysis. The results on internal decision-making are based on an analysis of barriers and motivations identified by farmers in relation to the uptake of the different innovations. Training and awareness emerged as the most significant factors positively associated with the adoption of all innovative processing and preservation techniques. Moreover, the results show that the primary drivers for smallholders in the study region to adopt innovative technologies were the potential health benefits and time savings they offered. The main challenge they faced was a lack of knowledge about the innovations. The results indicate that disseminating knowledge is crucial for the successful adoption of innovative processing technology in the study region. Improving and expanding training programs to be more inclusive can help to create incentives and overcome barriers, leading to increased adoption.
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1 Introduction

The adoption of new processes and technology can play a crucial role in supporting sustainable agriculture and promoting economic growth in African countries. By increasing yields and productivity, improving access to markets, and improving better risk management, the adoption of new technologies can bring many benefits to smallholder farmers and contribute to food security in the region. Agricultural productivity and related food and nutrition security are limited by poor harvest and processing practices, limited storage and food preservation techniques, as well as a lack of dietary knowledge (Okoedo-Okojie and Onemolease, 2009; Affognon et al., 2015; Adeyeye, 2017; Ambuko, 2017).

There are various factors influencing the adoption of agricultural innovations, which can be categorized into extrinsic and intrinsic factors. Extrinsic factors include personal, physical, institutional, and socio-economic characteristics of adopters and their environment (Feder et al., 1985; Sheikh et al., 2003). Farmers’ knowledge, perception and attitudes towards an agricultural innovation can be classified as intrinsic factors (Adesina, 1995; Meijer et al., 2015; Jha, 2021). The extent to which the different factors impact adoption is highly context-dependent, including, among others, on the type of innovation, on the cultural context, and on the geographic conditions (Feder and Umali, 1993; Ruzzante et al., 2021). Studies tend to focus on the influence of extrinsic factors, whereas the impacts of intrinsic factors are still understudied (Adesina, 1993, 1995; Meijer et al., 2015; Bisheko and Rejikumar, 2023). Existing literature on agricultural innovation adoption primarily examines practices and cultivation methods aiming to increase agricultural production (Awotide et al., 2012; Mottaleb, 2018; Zegeye et al., 2022). There is comparatively little existing research on the adoption variables of agricultural practices at the post-harvest level (Okoedo-Okojie and Onemolease, 2009; Arslan, 2020). The study of Bisheko and Rejikumar (2023) highlights a notable scarcity of research dedicated to the adoption of processing technology among smallholder farmers in sub-Saharan Africa and South Asia.

In Sub-Saharan Africa (SSA), post-harvest losses are estimated to range between 30 and 50%, exceeding the global average (Deloitte South Africa, 2017). The impact on small-scale farmers is particularly harsh, as their livelihoods are heavily dependent on food production (Sheahan and Barrett, 2017). While food losses can occur throughout the entire value chain, in smallholder farming systems these primarily originate from poor harvest and processing practices, alongside limited storage and food preservation techniques (Adeyeye, 2017; Ambuko, 2017). Enhancement of existing techniques through innovative processing and preservation methods bears the great potential of not just preserving agricultural goods and their nutritional quality but also further ensuring year around availability (Adeyeye, 2017). Further, farmers’ livelihoods and income levels can be significantly impacted through the uptake of post-harvest value addition technologies (Agor et al., 2020). However, despite these potentials, the actual adoption of innovative practices by smallholders is relatively slow (Meijer et al., 2015; Dhehibi et al., 2019). Understanding farmers’ decision-making processes alongside the determinants and barriers of agricultural innovation adoption can pave the way to more successful implementation (Dhehibi et al., 2019; Arslan, 2020).

Pigeon peas (Cajanus cajan L.) (PP) are legumes that are widely cultivated in semi-arid regions (Sharma et al., 2011; Sarkar et al., 2018). They are rich in fiber, vitamins (niacin and riboflavin), minerals (phosphorus, iron, and magnesium), and essential amino acids (lysine, methionine, and tryptophan) (Saxena et al., 2002; Karri and Nalluri, 2017). Due to their nutritional properties, they can contribute significantly to food and nutrition security. Tanzania (5.16 kg/year) holds the third highest per capita consumption rate of pigeon peas in SSA after Malawi (22.35 kg/year), and Kenya (6.72 kg/year) (Indexbox, 2018). In the agricultural season 2019 to 2020, the total harvested area of pigeon peas in Tanzania was 97,092 ha. After the Mtwara region, and the Manyara region, the Lindi region has the third largest production area for pigeon peas (16,540 ha, 17.2%) (URT, 2021). The Lindi region is a high production area accounting for almost half of the national pigeon pea production in Tanzania (Mponda et al., 2014). They are primarily cultivated for domestic consumption and as a source of revenue (Mergeai et al., 2001; Shiferaw et al., 2007). However, in Tanzania legumes, including pigeon peas, are still not widely consumed (Mfikwa and Kilima, 2014; Majili et al., 2020, 2022). Consumption is particularly low during the lean season due to high post-harvest losses and a lack of diversified and shelf-stable pigeon pea products (Majili et al., 2020, 2022). Due to the high nutritional value and the wide cultivation in the Lindi region, pigeon peas were selected as a core crop for processing technologies and products in the Vegi-Leg project, which seeks to improve the food and nutrition security situation of pigeon pea farmers in the Lindi region. This study is embedded in the final phase of the Vegi-Leg project after the identification, development, and implementation of pigeon pea processing technologies and products using co-design to assess the adoption of improved technologies and processing for reducing post-harvest loss and improving the nutritional value, thus enhancing food and nutrition security.

Pigeon pea farmers in the study region rely heavily on traditional processing and preservation methods, leading to time-consuming practices and significant post-harvest losses. To address this, threshers and dehullers were selected, developed, and implemented in a participatory approach, aiming to provide innovative techniques to meet the needs for improved processing options of target groups. Additionally, the introduction of pigeon pea flour-based products aimed to diversify diets and offer shelf-stable, nutritious options during the lean season. Threshers were petrol-driven and able to process up to 800 kgs of produce per hour, while dehullers were electric and could treat a maximal quantity of 300 kgs per hour. As part of the project, farmers were trained in machinery usage, with selected individuals forming “processing groups” in order to train others (train-the-trainer concept). Maintenance and coordination of machinery were assigned to specific individuals or groups in each village. A fee was charged based on grain weight to cover fuel expenses. The project’s selection process of pigeon pea flour-based products involved a participatory approach, incorporating input from the local population (Majili et al., 2022). The production process involves pre-treatment, milling, and sieving to obtain pigeon pea flour, which can then act as a substitute for, or added to, wheat flour. Farmers were familiarized with simple recipes to create a range of food items based on PP flour. Training sessions were conducted to facilitate the adoption and dissemination of the production process among farmers. Underlying this study’s main objective, there are two research questions. (i) What is the adoption rate of newly introduced post-harvest technologies and pigeon pea flour-based products by farmers in the Lindi region (Tanzania) and (ii) How do extrinsic and intrinsic factors impact farmers’ adoption? The study was conducted in the frame of a research project focusing on the development of processing technologies to improve the nutrient quality of products and the perennial availability of pigeon peas. Using co-design, two different pigeon pea processing technologies, namely pigeon pea threshers, and dehullers, alongside innovative pigeon pea flour-based products (instant porridge, noodles, Maandazi, Bhajia, Chapati, bread, and biscuits) were selected, developed, and implemented in the project setting.

By assessing the adoption rate and drivers for adoption, the study results contribute to the improvement of implementation processes of innovative processing technologies and products to sustainably transform elements of the pigeon pea value chain, addressing food and nutrition insecurity on the ground.



2 Methods


2.1 Research framework

The empirical literature on agricultural technology uptake in the Global South identifies a variety of extrinsic factors impacting adoption, including the socio-economic characteristics of adopters (e.g., age, gender, education) (Doss, 2001b; Abdulai and Huffman, 2014; Jha, 2021), farm specific determinants (land size, labor availability) (Feder et al., 1985; Okoedo-Okojie and Onemolease, 2009; Raghu et al., 2014), and extension effects (e.g., training, familiarity) (Yaron et al., 1992; Imaita, 2013; Pignatti et al., 2015). There is relatively little research that emphasizes the significance of farmers’ internal attitudes and perceptions when it comes to adopting technology (Adesina, 1995; Meijer et al., 2015; Jha, 2021), but some find an impact of these factors in multiple settings (Kulshreshtha and Brown, 1993; Ammann et al., 2022). Additionally, a multitude of concepts strive to explain the interrelations of these variables within farmer decision making regarding the uptake of innovations [e.g., Rogers (2003), Fishbein and Ajzen (1975), Meijer et al. (2015)]. Rogers (2003) finds five distinct elements that impact the rate at which an idea is adopted: relative advantage, compatibility, complexity, trialability, and observability. The theory of reasoned action (TRA), by Fishbein and Ajzen (1975), highlights the importance of an individual’s attitude and subjective norms toward a behavior as being significant factors for decision-making. Yet, the importance of their influence depends on the agricultural innovation in consideration, geographical location, and other context specific aspects (Feder and Umali, 1993; Ruzzante et al., 2021).

In this study, to investigate the drivers for agricultural technology adoption, it is important to not only consider extrinsic factors, such as the farmers’ socioeconomic characteristics and farm environment but also intrinsic factors based on their perceptions of pigeon pea innovative produce and processing technology. Further additional factors for communication and extension should be incorporated. Therefore, to assess adoption behavior and those underlying drivers impacting its degree, a simplified version of the analytical framework proposed by Meijer et al. (2015) is applied. This framework fits well as it understands farmers’ decision-making as a complex nonlinear process and distinguishes between extrinsic and intrinsic influential factors. The intrinsic factors, namely farmers’ knowledge, perceptions, and attitudes, build the basis, directly influencing farmers’ adoption decisions, which are influenced by a range of extrinsic factors, such as farmers’ characteristics, environmental characteristics, as well as intervening factors communication, and extension. Thus, the chosen framework helps to analyze the complex adoption process in a systematic approach while structuring different impact factors. Meijer et al. (2015) include another group of influential extrinsic factors, referring to the characteristics of the agricultural technology, more precisely its costs and benefits. For the purpose of this study, the framework was simplified, omitting these characteristics due to the co-design approach of this research. The development of innovations was carried out in a participatory approach with all relevant stakeholders. As potential adopters were included in this process, costs and benefits were considered to be aligned with their needs.



2.2 Study area

This study was conducted in two villages of the Ruangwa (Mibure) and the Nachingwea (Mitumbati) districts of the Lindi Region in Tanzania (Figure 1). Target households are mainly engaged in subsistence farming or small-scale farming to create income and provide food for household consumption. The prevalence of malnutrition in the Lindi region is particularly severe with the prevalence of high stunting in children under the age of five (54%) (URT, 2016; Indili et al., 2018). The region is semi-arid and districts were purposefully selected due to market accessibility and for being the main pigeon pea producers in the region. The villages were chosen based on their high production volume of pigeon peas, which are cultivated during the rainy season (December–March) and intercropped with maize [compare Majili et al. (2020, 2022)].
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FIGURE 1
 Geographic location of the study region Lindi Region in southeast Tanzania (green) and study villages (red) (Resource: Geo dataset: Humanitarian Data Exchange (2022)).




2.3 Data collection and sample

This study was embedded in the final phase of the Vegi-Leg project, which emphasized to select, develop and implement nutrition-sensitive post-harvest pigeon pea technologies and products for improved nutrition security using co-design. Within the entire project framing, a baseline and endpoint survey were conducted using a random sampling procedure to analyse the impact of innovations. Co-design was applied for the problem definition, selection, development, and implementation of post-harvest interventions by all relevant stakeholders such as pigeon pea farmers, local policymakers, extension services, and academia. To address the fostering and hindering factors for adoption, this study was enclosed in the endpoint survey of the Vegi-Leg project (random selection procedure).

The study population comprises female and male pigeon pea farmers (n = 555) who were randomly selected. Survey participants were part of a research project aiming at the development of processing technologies and preservation techniques to improve the nutrient quality of products and the perennial availability of pigeon peas. The key inclusion criterion for participation in the project is that the farmer had grown pigeon peas in the last 3 years prior to the project’s start. As part of the endline survey of the project in August 2021, a quantitative household survey was used to collect information on farmers’ adoption behavior and related extrinsic and intrinsic influential factors. The survey consisted of several sets of structured questionnaires, with data collected by 15 project enumerators. Interviews were approximately 90 min long and carried out in Swahili.

One part of the survey focused on the collection of extrinsic factors, such as information on household demographics, PP production, processing, consumption, extension, and experience with technologies. The variables examined within this study are listed in Table 1 below and were chosen based on extensive literature research, as they are already linked to adoption in a variety of studies [e.g., Feder et al. (1985), Okoedo-Okojie and Onemolease (2009), Raghu et al. (2014)]. Adoption was determined as a binary categorical variable referring to whether the farmer is using an innovative practice or not. Apart from the questionnaire on socio-economic information, intrinsic factors are assessed as farmers’ perceptions and attitudes toward adoption. Survey participants received an additional questionnaire asking for 1) drivers and 2) barriers related to the use of processing and preservation innovations. This section included predefined response options that are aligned with the conceptual and theoretical background of this study (Leite et al., 2014; Meijer et al., 2015; Antwi-Agyei et al., 2021). The entire survey was carried out according to the guidelines laid down in the ‘Declaration of Helsinki’ and approved by the National Institute for Medical Research, Dar es Salaam, and the Ministry of Health, Community Development, Gender, Elderly and Children in Dodoma, Tanzania (NIMR/HQ/R.8a/Vol.IX/3040). Written informed consent was obtained from all farmers.



TABLE 1 Description of explanatory variables.
[image: Table1]


2.3.1 Descriptive statistics

Descriptive statistics are used to describe the characteristics of the households and analyze the adoption rates. Continuous variables, like age, household size, and farm size, are analyzed using averages and standard deviations, whereas, for categorical variables (education, literacy, gender, off-farm income, and awareness of technology), frequencies and percentages are calculated. Likewise, to identify the key intrinsic factors driving technology adoption, the information from farmers’ interviews on motivation and barriers to innovation uptake was analyzed using frequency analysis.



2.3.2 Binary logistic regression

A logistic regression model was constructed for each innovation (threshers, dehullers, and PP flour-based products) to determine those key factors that influence farmer adoption in the region. The use of qualitative response models is necessary to model the connection between a farmer’s decision to adopt or not adopt innovative technology and the independent variables (Ntshangase et al., 2018). In this research, a logit model is used. Logit models are widely applied in adoption technology studies because they are well-suited for analyzing binary outcomes and due to their simplicity in application (Sheikh et al., 2003; Mlenga and Maseko, 2015; Ntshangase et al., 2018). The model allows researchers to estimate the probability of adoption from a set of independent variables, such as demographics, socioeconomic status, and attitudes toward the innovation. Logit models are also able to account for non-linear relationships between these factors and adoption, making them a useful tool for identifying the key drivers of technology adoption in different contexts.

From the input explanatory variables, the binary logistic regression model builds a logistic probability function for the dependent variable of innovation adoption. In line with Baltagi (2021), Gujarati and Porter (2009), and Laduber et al. (2016), the general logistic distribution equation for the adoption of agricultural technologies is expressed as follows in Equation 1:
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Where, [image: image]= is the dichotomous dependent variable that refers to whether the farmer is using a technology/product (innovation adoption = 1, and 0 = otherwise); P = Probability of adopting; 1-P = Probability farmer of not adopting; [image: image]= Constant term (intercept); [image: image]… [image: image]= coefficients of the explanatory variables; X1…Xn = explanatory variables; and [image: image]= error term of the model.

In this study, the extrinsic explanatory variables of importance are those that are assumed to influence the adoption of the respective innovative processing practices. Table 1 presents the explanatory variables and factors hypothesized to impact adoption.

The logistic regression model for the Adoption of the different innovative technologies is specified in Equation 2 as:

[image: image]

Within the scope of this study, three regression models were designed to calculate farmers’ likelihood of Adoption for each innovation. The explanatory variables were tested to ensure compliance with technical requirements for the data, set such as a lack of significantly influential outliers, the linearity of the logit for continuous variables, the absence of multicollinearity, and the independence of errors (Stoltzfus, 2011; Laduber et al., 2016; Fernandes et al., 2020). In line with Baltagi (2021), Laduber et al. (2016), and Okoedo-Okojie and Onemolease (2009), the models were assessed for their goodness of fit using the Omnibus test (likelihood-ratio χ2 test), the overall model correct prediction, and the Hosmer-Lemeshow test. The statistical software package SPSS version 27.0 was used for the econometric analysis.





3 Results


3.1 Socioeconomic characteristics of the respondents

Information on the socioeconomic characteristics of the respondents is listed in Table 2. The age of the household head ranged from 21 to 99 years, with an average of 51 years (±17.88 years SD). At 79.5%, most households are headed by men; the remaining fifth are led by women. The average respondent’s household consisted of three persons, with a maximum of twelve persons (±1.43 SD). More than 80% of the respondents had a primary school degree or at least received some primary education, whereas one-eight had no formal schooling. At 55.7%, the majority of respondents are able to read and write, another fourth at least to some extent, and one-fifth of the respondents are illiterate. Household farm size from 0.1 to a maximum of 18.41 ha with an average of 1.9 ha (±1,69 SD). For the majority of survey respondents (79.6%), farming is the only source of income for the household. The remaining 20.4% of respondents generated additional income through other activities. Two-thirds of the households had no prior experience in the use of machinery for farming or processing purposes. Results show that 33.9% were experienced in agricultural technology use prior to the implementation of processing machinery.



TABLE 2 Socioeconomic information on the study population.
[image: Table2]



3.2 Adoption rates

Figure 2 presents the adoption rate of innovation technologies in both villages. According to the results, the highest adoption rate was recorded for PP dehullers at 78%. Further, it is shown that more than two-thirds of households adopted PP threshers. The lowest adoption rate is found for the PP flour-based products: only 47.4% of the respondents have adopted it. Moreover, as shown in Figure 2, the adoption rates for all technologies are generally higher in Mibure than in Mitumbati.

[image: Figure 2]

FIGURE 2
 Adoption rates in the study villages.




3.3 Extrinsic factors influencing farmers’ adoption of processing technology

In order to identify the key extrinsic factors driving technology adoption, explanatory variables were analyzed using binary logistic regression analysis. The results of all binary logistic regression models for the adoption of PP flour products and processing technologies are summarized in Table 3, presenting odds ratios of regression coefficients (Exp (B)) and variable significance. All models were statistically significant (PP flour-based products production, χ2 (15) =181.632, p < 0.001; PP threshers, χ2 (15) =143.069 p < 0.001 and PP dehullers, χ2 (15) =76.056 p < 0.001). The overall percentages of model correct predictions were 73.7% for PP threshers, 74.4% for PP flour-based products, and 79.1% for PP dehullers. Thus, for all regression models, more than two-thirds of the sample data are correctly classified into the respective groups of adopters and non-adopters.



TABLE 3 Parameter estimates of the binary logistic regression models.
[image: Table3]

As presented in Table 3, it was found that regardless of the practice implemented, training (p ≤ 0.1) and awareness (p < 0.01) of the technology tended to be the most important factors for their uptake. Households that attend training sessions are shown to be more likely to adopt the use of innovative processing technologies. As indicated through the odds ratios of coefficients, farmers who receive training in the production of PP flour-based products are 2.1 times more likely to adopt production than non-trained farmers. For the adoption of PP threshers (3.8 times) and dehullers (3.3 times), training impacts the likelihood of adoption even more. Awareness about an innovation further increased the likelihood of technology adoption by 6.7 times for PP flour-based products, 6.8 times for threshers, and 3.7 for dehullers.

Generally, the largest number of significant extrinsic influential factors were predicted by the logit model for PP flour products. It is found that the literacy level of respondents significantly influences (p < 0.05) their decision to produce PP flour-based products. Further, the likelihood of adopting the production of PP flour-based products increases by approximately two times (p < 0.01) if a respondent is literate compared to those who are only somewhat literate (Exp (B) = 0.494). An increase in farm size (p < 0.1) negatively affects farmers’ decision to produce PP flour-based products. The odds ratio of the coefficient (0.88) indicates that for every additional hectare of agricultural land, the probability of adoption is reduced by 12%. Households that generate off-farm income (p < 0.05) are about 1.9 times more likely to produce PP flour products than those that are exclusively occupied with agricultural production. By possessing prior knowledge of machinery, households increase their probability of adopting PP flour production by 1.6 times compared to households without technical knowledge.

Further extrinsic influential factors were estimated through the logit model for the adoption of PP threshers. The odds for the variable age (p < 0.1) are 0.978, indicating that with every additional year of the farmers’ age, the probability of adopting the use of threshers decreases by 1.3%. Additionally, female-headed households are 36.5% less likely to adopt PP threshers (Exp (B) = 0.635) than those led by male farmers.



3.4 Intrinsic factors influencing farmers’ adoption of processing technology

A variety of different intrinsic drivers (Figure 3) and barriers (Figure 4) to the adoption of the different PP processing technologies were identified, each contributing to adoption with varying degrees. As shown in Figure 3, more than one-fourth of the respondents stated that the health benefits were the most motivating factor to produce PP flour-based products. Another 21.1% of the respondents named the generation of additional income through selling the product as an incentive. The main motivating factor for the adoption of threshers and dehullers (66.8%) was the time savings they offer compared to traditional PP processing methods. Other households (16%) preferred the improved sensory attributes of machine processed PP. Further, with similar percentages for PP processing technologies (8.6%) and PP flour-based products (7.9%), the longer shelf life of processed goods motivated households’ adoption decision.
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FIGURE 3
 Motivating factors influencing the adoption of innovative pigeon pea processing technology and products.


[image: Figure 4]

FIGURE 4
 Hindering factors influencing the adoption of innovative pigeon pea processing technology and products.


The largest factor that prevented the households from producing PP flour-based products (46.3%) and PP processing technology (18.0%) was a lack of knowledge. Further, households faced problems with the handling of machinery for PP flour products production (6.1%) or perceived the production of these products as too time-consuming. Other barriers to the use of processing machinery were their unavailability (12.8%) and input prices for fuel (4.1%).




4 Discussion

This study aims, first, at assessing the adoption rates of innovative PP flour-based products and processing technologies in two villages (Mitumbati and Mibure) in the Lindi Region of Tanzania and, secondly, understanding the extrinsic and intrinsic drivers of their adoption. The examined processing technologies – PP threshers and dehullers – were well received by the study population, whereas the adoption of innovative PP processing, like flour-based products, was significantly lower. Overall, the most significant extrinsic factors influencing the adoption of innovative processing technologies and products were training and awareness of the technology, irrespective of the agricultural post-harvest innovation examined. The use of processing machinery was influenced by fewer external factors than the uptake of the new production processes for PP products. A deeper insight into farmers’ perceptions, knowledge, and attitudes shows that technology adoption is mainly driven by health benefits assigned to the products and time savings of machinery use; simultaneously it is hindered by a lack of knowledge about the innovations as well as their unavailability. Farmers considered these factors as more important in relation to their adoption decision than financial incentives and barriers.

It is found that extension measures, like training and awareness building, are critical measures for adoption. Despite an implemented training program for the target households, it is found that the most important factor hindering the adoption of technologies is a lack of knowledge about the innovations. These findings are in line with the results of Singh and Yadav (2014) and Kragt et al. (2017), both finding that a knowledge gap impedes adoption, especially in relation to risks and uncertainties in farmers’ production outcomes. Rogers (2003) states that most people refrain from innovation adoption due to a fear of unknown future risks. This further implies that farmers in the study region may perceive that they require more knowledge and skills for technology adoption, for instance in order to reduce risks related to the input of goods or capital (Lalani et al., 2016). The knowledge gap also leads to other assumptions that farmers expressed as barriers to the use of technology, such as problems in handling the machinery for PP flour products production. Another misconception is that farmers perceived the production of PP flour products as too time consuming, although the production time of PP flour products is almost equal compared to traditionally used practices. Thus, misinformation and insufficient knowledge underlie farmers’ subjective interpretation of reality, negatively affecting farmers’ adoption decisions. This is consistent with a broad range of evidence; in particular, suggesting farmers’ attitudes and their negative perceptions are major constraints to technology adoption (Adesina, 1993; Kulshreshtha and Brown, 1993; Mottaleb, 2018). In line with this finding are the results of this study, which identified training and awareness as most significant extrinsic factors, directly influencing farmers’ intrinsic perceptions, knowledge, and attitudes towards innovation. These findings are in line with the results of Parwada et al. (2010), who find that the adoption of agroforestry technology is significantly higher for trained farmers. Okoedo-Okojie and Onemolease (2009) find that contact with extension agents increases the adoption of Yam storage technologies by 79%. Training in the use of agricultural innovation plays an important role in capacity building and strengthens the farmer’s knowledge (Maguire, 2012). As it can be seen as a prerequisite for awareness that farmers are exposed to the use of an innovation through training, users, or another source of information, the variable integrates the impact of informal information dissemination on adoption (Halloran et al., 2021). The project implemented one thresher and one dehuller per village. Therefore, these machines were shared at the village level and individual use was limited in time. Due to high demand of farmers, threshers and dehullers were often occupied and thus not equally available to every individual farmer (unavailability).

In line with the findings of Voh (1982) and Weir and Knight (2004), this study finds that the likelihood of adopting the production of PP flour products is higher for literate farmers than for only somewhat or illiterate farmers. Since recipes involve multiple steps, it is important to remember them accurately. Literate farmers are at an advantage, as they have the possibility to write down recipes and new production processes, such as making PP flour noodles, where it might be important to keep a record of the process until it is internalized. Moreover, this study finds that farmers generating additional income besides farming are more likely to adopt the production of PP flour-based products, which is consistent with the findings of Fernandez-Cornejo et al. (2007) who find that the adoption of improved soybean varieties is positively impacted by the generation of off-farm income. Feder et al. (1985) argue that off-farm income may help finance initial fixed costs. As for value added products, like Maandazi, Bhajia, Chapati, or biscuits, farmers must purchase additional ingredients (oil, wheat, sugar), all of which must be financed by their own resources. Farm size negatively affects the adoption of PP flour-based products. Although a variety of studies find that farm size positively affects technology adoption (Okoedo-Okojie and Onemolease, 2009; Raghu et al., 2014; Hu et al., 2022), the literature review of Feder et al. (1985) arrives at mixed results: size can act in both directions. Ntshangase et al. (2018) argue that larger farms also have higher labor requirements, which may discourage farmers from adopting no-till conservation agriculture as it takes additional time and labor resources. Farmers’ technology skills positively affect the production of PP flour-based products. Several studies find that the farming experience of farmers positively impacts technology adoption (Adetunji, 2009; Okoedo-Okojie and Onemolease, 2009; Ajibesin et al., 2019). Pignatti et al. (2015) report that an individual’s skillset is a crucial factor for technology adoption. Agor et al. (2020) find that the probability of uptake for value adding sweet potato processing technology is higher for individuals with prior experience in processing. As PP flour production requires the use of a miller, farmers who are already familiar with technical equipment may be more likely to have the confidence to use the machine. The results of this study indicate that older age negatively affected farmers’ probability of adopting the use of threshers. Therefore, older farmers at the study sites are less likely to use threshers than younger farmers. Based on our field observations, the reasons for this phenomenon may be attributed to heightened risk aversion among elderly farmers in the study region, possibly influenced by concerns about potential failures or losses associated with the adoption of threshers. Moreover, they might prefer the traditional farming methods they have used throughout their long farming careers. Additionally, a lack of training and education in modern farming techniques might hinder their ability to use these tools effectively. Kinyangi (2012) argues that older farmers may be hesitant to try a completely new practice since they have invested several years in perfecting the traditional method. These findings are consistent with the results of Okoedo-Okojie and Onemolease (2009), which find that older farmers tend to be less willing to take risks than younger farmers. Another reason might be that old age is often connected to poor health conditions. Abdulai and Huffman (2014) state that households may lose valuable labor due to illness and, therefore, poor health acts as a barrier, leading to low adoption rates. However, as the use of threshing machines in this study is less time and labor intensive than the traditional processing method, a lack of knowledge of elderly farmers might also have contributed to low adoption rates. For the use of threshers, the results show that households that have a male household head are 1.6 times more likely to use the threshers for PP processing than those led by female farmers. These findings are in line with studies from Doss (2001a) and Kumar (1994). Doss (2001b) report that adoption decisions are not solely connected to gender, but can rather be related to other gender-linked factors, like restrained access to resources (e.g., extension contacts, education, land size, labor force).

In this study, health benefits were one of the major enabling intrinsic factors for adoption. Improving someone’s health turns out to be a motivating factor to produce PP flour products. The same applies to the factor of a longer shelf life, which is also mentioned as a motivating factor for all innovations. These findings are consistent with the results of Mellon-Bedi et al. (2020), who find that improvements in household dietary diversity are an enabler for the adoption of sustainable intensification practices in Ghana. Further, Greiner and Gregg (2011) report that farmers’ decisions are motivated by the active pursuit of personal and family well-being. This underlines that knowledge building through training measures and /or information dissemination surrounding the use of processing innovations is a crucial element for adoption. As nutrition education is an important part of the training curriculum, a large proportion of the farmers had knowledge about the health benefits processed goods provide. Sensory attributes of processed pigeon pea products are motivating factors for the adoption of processing machinery. This finding supports Mellon-Bedi et al. (2020), who find that fulfillment of farmers’ personal satisfaction is an enabler for adoption. As farmers were able to taste the products produced with innovative processing technologies, they were directly rewarded with their benefits in terms of sensory attributes. This is in line with Rogers (2003), who states that the degree to which an innovation provides tangible results is an important factor in its adoption. Moreover, as perceptions about taste can be different for every farmer, these findings highlight the importance of subjective opinions within the adoption process. For PP processing machinery, farmers considered time savings through reduced labor as a main motivating factor for adoption. This is in line with the concept of the “relative advantage” of innovation according to Rogers (2003), which the author determines as one of the elements impacting the rate of adoption. Thus, farmers are more likely to adopt new agricultural technology if they perceive that it offers more advantages than the current method while also saving them time and effort.

The results indicate that knowledge about the general use, the benefits, the risks, and related uncertainties are among the most important intrinsic factors shaping adoption decisions. This implies that well-adapted training interventions that sufficiently educate farmers have the potential to increase adoption rates. Farmers in the study region were also mainly motivated, among other factors, by the health benefits the processed goods provide. As nutrition education about the health benefits of PP products was part of the training curriculum, scaling up nutrition education could provide further incentives to adopt the improved technologies. To overcome the knowledge gap, it remains important to promote knowledge transfer on agricultural innovations and to explicitly communicate their benefits through training sessions. Based on the findings of this study, it is important to strengthen inclusivity within the training measures, especially regarding the integration of illiterate farmers, but also in terms of measures that explicitly target women or older farmers. Moreover, further incorporating other actors throughout the value chain, such as supermarkets and local media outlets, will increase accessibility to information, thus raising knowledge and awareness levels; this bears great potential to improve adoption on the ground. Further research on extrinsic and intrinsic adoption relevant factors can help to identify opportunities and challenges along the adoption process, thus providing an important basis to tackle existing problems and design future implementation processes for agricultural innovations in a sustainable and context-specific manner to address food and nutrition security.
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