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Abstract

:

Limited availability and access to seeds of improved varieties are often blamed for the low adoption of legume-based rotations. In this paper, we use a case study of chickpea and lentil production in Ethiopia and a gendered lens to identify other determinants of farmers’ decisions for the adoption of improved legume varieties. Mixed methods were used to collect sex and age disaggregated data through 360 household surveys, 11 focus group discussions, and 8 key informant interviews. The analysis focused on key adoption parameters, including access to land, labor, improved seed varieties, fertilizers, pesticides, agriculture information, and credit. The main challenges identified include: differential access to timely and adequate seeds of improved varieties, quality fertilizers, and pesticides; availability of credit at an affordable interest rate; and equitable access to information. As compared to men, we found women’s access to these resources to be low and women’s cost production to be relatively high. Farmland remains a main constraint for the youth. Farmers responded to the challenges by recycling seeds and mono-cropping lentils, despite declining soil and crop productivity, and increased occurrence of pests and diseases. In the case of chickpea, we found that cultural norms also discouraged the adoption of the improved variety.
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1. Introduction


The adoption of improved technologies is an outcome of the optimization of costs and benefits. The propensity and speed of adoption, however, varies across individuals and is highly correlated with a farmers’ ability to adopt, including their access and control over essential resources [1,2,3,4]. Among the dominant factors that influence adoption are the proximity to pioneer farmers, size of the farm, availability of labor, education, health, age and gender, compatibility of proposed intervention with farmers’ demands, and farmers’ perception of the relevance of the technologies to meet their needs [5,6,7,8,9,10,11,12]. Institutional frameworks, including extension and input service delivery systems, also facilitate large-scale adoption by creating enabling environments [13]. Many challenges are also experienced throughout the adoption process and could result in the dis-adoption of the technology if appropriate tracking and supporting mechanisms are not in place [6,14].



The literature also identifies specific challenges associated with the diffusion of improved crop varieties, including poor extension systems that fail to raise farmers’ awareness of recommended agronomic practices and the timely delivery of required services and inputs [13,15,16,17]. These studies, however, predominantly assume a homogenous society and fall short of making a distinction among different actors within a society and the differential access and control they have of key resources and production inputs. Though not directly related to the adoption of improved lentil and chickpea varieties, the literature does offer a wide range of explanations for gender-based constraints in technology adoption [18,19,20,21,22,23].



In this study, we used a gendered lens to determine what could be done to enhance large-scale and equitable adoption of improved legume varieties. We used a gender analytical framework to explore the specific roles of women (heads of households and those married and living with their husbands) and men (adult and youth) in agriculture, their differential access to and control over essential productive resources and services, and the cultural and structural factors that influence their adoption of selected legume varieties and associated agronomic practices.



Subsistence agriculture serves as the main pillar of the Ethiopian economy, providing employment and supporting rural livelihoods. The sector generates nearly 34% of the country’s GDP and is dominated by mixed farming systems [24]. As in most developing countries, cereal dominates the production system, while the legume seed sector receives little policy attention [25]. Chickpea and lentil are among the leading grain legumes grown in the country, both in terms of area coverage and the volume of production [15,26]. According to the 2018 national Central Statistics Agency (CSA) report, chickpeas and lentils are grown by about 684,000 and 873,000 households on 243,000 and 119,000 ha and produce an average yield of 2.1 tons per ha for chickpea and 1.5 tons per ha for lentils, respectively [27].



Among all regions in Ethiopia, Oromia and Amhara have the largest area allocated to cereal and pulse production [27]. This is due to the favorable agro-ecology and the economic, nutritional, and environmental benefits it offers. In addition to chickpea and lentil, farmers also grow other legumes, including faba bean, field pea, white and red haricot bean, grass pea, soy bean, fenugreek, mung bean, and ‘gibto’ [28]. Many smallholder farmers rely on legumes as an affordable and important source of protein to improve their household food and nutrition security, to generate income, enhance soil fertility through crop rotation, supplement livestock feed, conserve water, retard soil erosion, and serve as a fuel for cooking [26,27,29,30,31]. However, despite the manifold benefits they offer, the productivity of grain legumes in Ethiopia remains low.



The Alamaya lentil and Kabuli chickpea varieties were introduced to the region in 2012 and have been promoted for large-scale adoption through the regional agricultural extension system. However, the adoption levels are still very low. In this study, we used a gendered lens to determine what could be done to enhance large-scale and equitable adoption of Alamaya lentil and Kabuli chickpea varieties among men, women, and youth in the study area. Our research question is underpinned by the extensive literature that confirmed that agricultural technology adoption is not gender-neutral but context-specific, and the rate of adoption of new agricultural technologies is lower among female farmers than male farmers [18,19,20,21,22,23]. In the next section, we present a brief overview of the study area, followed by the methods used to collect quantitative and qualitative data to generate the required data. We then present our findings and our analysis of the challenges and opportunities for increased adoption of improved lentil and chickpea varieties. The last section presents our conclusion.




2. Study Area


This study focuses on Moretina Jiru Woreda (District), located in the North Shewa Zone of the Amhara Region. The site was randomly selected from among similar cereal and pulse-producing areas in the region. The study site is presented in Figure 1.



According to the Moretina Jiru Office of Agriculture, Moretina Jiru is surrounded by the Jemma river and shares borders with Siyadebirnawayu in the south, Ensaro in the southwest, Merhabete in the northwest, Menz Keya in the northeast, and Bassonawerana in the east. The area has one main rainy season with an average rainfall of 950 mm per annum and has about 93,000 people with 48,000 males and 45,000 females, and has an area of 706.16 km2 and a population density of 139 people per km2, which is higher than the Zone average of 121. It is also home to 56 socially established cooperatives that play a crucial role in input supply, market access, saving and credit services, and capital accumulation.



According to the Woreda Office of Agriculture, livelihoods are based on a crop-livestock production system. The system is rainfed-based with occasional irrigation from small rivers, natural streams, and, on rare occasions, groundwater. Cereals and pulses are mainly grown under rainfed agriculture, while irrigation water is used to grow vegetables to generate income. Farmers also grow other crops, such as sesame, linseed, and fruits. and raise cattle, goats, equines, and poultry. The sources of animal feed in the area include communal grazing, crop residues, tree lucerne (Chamaecytisus palmensis), tree sesbania (Sesbania sesban), and industrial by-products.




3. Methods


Mixed methods were used to collect qualitative and quantitative data based on ethical protocols that were followed throughout the data collection process. The latter followed the Sustainable Livelihood Framework, which identifies five key forms of capital needed to respond to various shocks and remain resilient to support future generations [32]. Quantitative data on a household’s social, financial, physical, human, and natural capital were collected using a survey administered to 360 farming households who grew lentil and/or chickpea in Moretna Jiru Woreda in the 2017 production season. Multi-stage purposive and random sampling techniques were used to select the households as per the following. First, potential Kebeles (villages) growing lentil and chickpea were purposively selected from the Woreda, out of which four sample kebeles—namely Jihur, Kusay, Gerba, and Mangudo—were randomly selected. Then, a list of farmers from all the villages considered was taken from each Kebele administration. An average of 90 households were then randomly selected from each of the four kebeles. The interviews were held with the household heads (93%) or a member of the household who is considered knowledgeable about the farming activities of the household (7%). The culturally sensitive data collection excluded the participation of women farmers, who represented only 5% of the total individuals reached through the survey. Given the potential bias that may have been introduced due to the imbalance between male and female respondents in the sample, qualitative data were collected through FGDs to verify the results of the survey data.



Qualitative data were collected from three of the four kebeles that were randomly selected and included Jihur, Kusay, and Mangudo. A total of 11 focus group discussions (FGDs) were held with 101 farmers and eight key informant interviews (KIIs) were held with experts engaged in the dissemination of agricultural technologies (Table 1). All the experts consulted were men, as not many women in the rural areas are educated and hold such positions. Separate FGDs were held with older male farmers (above age 45), young male farmers (18–30 years old), and female farmers involved in the production of lentil and chickpea. The small number of female farmers available for the FGDs limited our ability to classify them into young, old, household heads, and married. Semi-structured questions were used to guide the FGDs and solicit information related to the production and marketing of chickpea and lentil in the area, including the challenges and opportunities faced by the distinct groups.



The KIIs were used to seek expert opinions from individuals who were directly involved in the delivery of agricultural information and essential inputs. These included the vice head of the Woreda office of agriculture, the Woreda lead agronomist, and the Woreda-level representatives of the bureau of extension, social services, marketing and trade, crop production and management, cooperative promotion, as well as input supply and distribution.



The quantitative and qualitative data collected were analyzed through a gender lens using the Statistical Package for Social Scientists (SPSS) and NVIVO, respectively, and along key parameters for adoption, including essential agricultural inputs, such as access to land, labor, improved seed varieties, fertilizers, and pesticides, and critical enables, such as access to agricultural information and credit. Qualitative data were also organized along these themes and coded for additional areas of interest, including ownership, decision-making, access, membership, knowledge, affordability, etc. The results of the analysis are presented below.



Ethical protocols were followed throughout the data collection process. All the participants involved in the household survey, as well as those involved in the FGDs and KIIs, were voluntary and were informed that all collected information would be kept confidential. They were made aware that they should only answer questions that they are comfortable to address and that they could stop the discussion and/or interview at any time. All the individual answers were recorded as confidential information and were analyzed anonymously to be strictly used for the purpose of the study. All data were collected after verbal consent to these conditions was received from all participating individuals. No specific permissions were required from local authorities, though they were informed of the study’s objectives and the plan to collect required data, and they were given copies of all proposed questions.




4. Results and Discussion


4.1. Characterization of Household Heads


Analysis of the survey data indicated that about 95% of the household heads were adult men who, on average, were about 46 years old with 5 years of formal education and 23 years of farming experience. All household heads considered agriculture as their main source of livelihood, with only 13%, mostly from a Jihur village which was closest to a major market outlet, engaging in non-farming activities.




4.2. Endowment of Productive Inputs


4.2.1. Land


The survey data showed that the average landholding for the typical sample household was 1.35 ha, which was relatively higher than the national average that ranges between 0.5 and 1 ha. However, we found differences in the average cultivated land area by male- and female-headed households, where they, on average, cultivated 1.67 and 1.3 ha., respectively, which are statistically different at the 95% confidence level. To determine the relative value of landholdings, the survey data were further analyzed by key attributes, such as the proximity to the nearest paved road, market, private and public grazing land, and water resources (Table 2). Land owned by men and women shared similar attributes, except the distance between the farmland and the nearest water bodies (lake/pond/river), which was statistically different at the confidence level of 99%.




4.2.2. Labor


The average sample household was comprised of about four members. As the correlation between family size and the availability of agricultural labor can be misleading, we calculated the adult equivalent unit per household to distinguish working members from the dependents. Accordingly, we found that, on average, a household in the study area had about three adult male-equivalent members (Table 3).



A sex-wise comparison of the survey data revealed a statistically significant difference in the composition of male and female-headed households (Table 4). The average adult male-equivalent family size among female-headed households was lower than that of male-headed households, with direct implications on the available human capital that can support agricultural work on the family land.





4.3. Productive Resources


Looking at the intra-household distribution of resources, most of the productive resources, including cattle, small ruminants, farm tools, and cash savings, were owned by men. Women’s possessions were mainly limited to the dairy products they make, poultry, and the small amount of cash gained from selling their products. The power relation and decision-making structure followed this hierarchy in ownership, giving the man autonomy on key decisions, including land ownership and rentals, the purchase or sale of animals, types of crops to grow, choices of agronomic practices, and application of essential agricultural inputs. Women mainly made decisions on the purchase of consumable goods, and marketing of goods, such as firewood, food, and drinks that do not generate substantial income.



Analysis of the survey data showed that, on average, a household owned 3 cattle with a maximum of 12 per household, 4 sheep with a maximum of 31 per household, 2 equines with a maximum of 11, and 4 poultry with a maximum of 100. To make the comparison easier, we also computed the average number of livestock owned to be six tropical livestock units (TLU). While this could be considered good, only 24% of the households had access to grazing land, and most relied on a cut–and–carry system to feed their livestock.




4.4. Gender Roles


The survey results showed that both men and women engaged in agricultural activities, but with a clear division of labor. In 100% of the cases, men were primarily responsible for the overall management of crop lands, including tillage with oxen-drawn implements, broadcast seeding, wheat harvesting, and threshing. Women were responsible for raised bed preparation, fertilizer micro dosing, poultry, grain processing, and gardening for their own consumption and sale. Though at varying levels by household and by activity, both women and men participated in weeding (at least 30% women), harvesting (at least 29% women), livestock management (at least 43% women), diary processing (at least 79% women), and marketing of produce (at least 60% women).




4.5. Adoption of Improved Technologies


4.5.1. Improved Varieties


Lentil is the main legume crop grown in the study area. During the main agricultural season of 2017, lentil was cultivated on 37% of the plots/household, with an average of 0.6232 ha dedicated to its production either as a main or associated crop, and an area share of 37% per household (Table 5). There was no statistically significant difference in the average lentil area among male and female-headed households. The production of lentil in rotation with wheat was widely practiced by 92% of the sample farmers, while only 5% produced it in association with teff.



The survey results showed that 98% of surveyed farmers had used the Alamaya improved variety Alamaya at least in one of their plots. The difference in the use of improved lentil varieties among male and female-headed households was not statistically significant. About 35% of farmers reported that they practiced cereal-legume association by keeping similar cereals and legumes over time, while 65% reported that they changed the cereals associated with legumes. Irrespective of the changes in the association, 98% of the farmers reported an increase in yield when rotation was applied continuously.



All sample farmers (irrespective of age and sex) explained that, though people still preferred the taste of the local variety, Alamaya offered a much greater yield, especially when grown in rotation with other cereals, required less inputs (fertilizer and pesticide), and fetched a much higher price in the market.




4.5.2. Fertilizers, Herbicides, and Pesticides


The analysis of the household survey data indicated that 95% of households used chemical fertilizers, pesticides, insecticides, and herbicides. However, variations in the amount and type of fertilizer applied were noted, with lower use of Urea and NPS (compound Nitrogen–Phosphate–Sulphur fertilizer) among female-headed households. Though the use of crop residue as a natural fertilizer was still practiced in the community, almost 100% of the respondents noted that they increasingly used it as animal feed, with no difference between male and female respondents. While 98% and 100%, respectively, of male and female households used herbicides, 96% and 100%, respectively, of male and female-headed households used pesticides.





4.6. Agricultural Information and Credit


The survey data showed that extension agents were the main source of agricultural information in the study area, mainly targeting household heads (82.2%), and, at times, both the household head and spouses (9.4%). In the remaining 8.4% of the cases, spouses or children were targeted. Unfortunately, only 44.4% of the farmers rated the quality, timeliness, and relevance of the extension information they received as good or very good while 44.1% rated it as moderate, and the remaining 11.5% as poor or very poor.



All eligible male and female members of the household could be members of credit associations. In the case of 59% of our sample households, at least one member of the family was a member in at least one credit association. Our results showed that mostly (in 57.3% of these households) young male and female members of the households were the ones to seek membership in credit associations, with an almost equal share between male and female youth.





5. Discussions


We combined the survey findings with qualitative data collected through FGDs and KIIs to examine if there were gender-based differences in the adoption of improved legume varieties between men, women, and youth, and what could be done to promote large-scale and equitable adoption. We focused our assessment on key determinants of agricultural technology adoption, including farmers’ access and control over essential agricultural inputs, including land and labor; the adoption of improved technologies, including fertilizers and pesticides; access to information and credit; and the combined effect on the adoption of selected legume varieties [18,19,20,21,22,23].



5.1. Gender Roles


Men and women in Ethiopia hold different positions in relation to farming. The concept of a ‘farmer’ is based on a cultural and symbolic construction of a masculine subject, where men do the real farming and women only take part as caretakers [34]. The survey results, though dominated by the male perspective, also reflected this sentiment by categorizing most of their contributions under ‘supporting or joint roles’. Discussions with married women revealed similar conceptualizations, where they referred to the man as the ‘farmer’, a title ascribed to the individual responsible for plowing the land with oxen and planting, tasks that are culturally prescribed to and primarily performed by men. The title also gives the man decision-making authority.



The case was different for women heads of households (widows and wives of migrant laborers), who took on more responsibilities themselves or hired the help they need to get the work done. Even though the male-prescribed activities were still performed by hired men or male relatives, the women were still accepted as ‘farmers’ commensurate to their decision-making role and the responsibilities they carried to manage the farm.




5.2. Asset Ownership


Rural women in the developing world, including Ethiopia, rarely have the same level of access and control over resources as their male counterparts [35,36]. Our results (Table 2) show that ownership of farmland is also male dominated [37]. The same was confirmed both through the survey results and the FDGs, which indicated that most of the household’s productive resources, including livestock, small ruminants, farm tools, and cash savings, were owned by men. Married women’s possessions were mainly limited to the dairy products they made, poultry, and the small amount of cash gained from selling their products.



FGDs with male (young and old) and female farmers showed that the power relation and decision-making structure followed this hierarchy in ownership, giving men autonomy on key decisions, including land ownership and rentals, the purchase or sale of animals, types of crops to grow, and choices of agronomic practices and application of essential agricultural inputs. Women made decisions on the purchase of consumable goods and marketing of goods, such as firewood, food, and drinks, that do not generate substantial income. However, both women and young men had fewer assets compared to adult males, who were more established and had accumulated assets.



5.2.1. Land


Land is an essential, yet very scarce, natural capital in rural Ethiopia. Though women have the legal right to own land—either through inheritance or as a widow—traditional norms dictated that family land should be distributed among sons to keep the property within the family and avoid the loss of land to in-laws. This trend is gradually changing in the region due to the 1991–1996 land redistribution policy and the land registration program of October 2004, which secured women’s right to own land [38]. However, cultural norms continue to influence decisions at the community and household levels.



With the growing population, land fragmentation continues to pose a serious threat to agricultural productivity in Ethiopia [39]. The average land holding per household continues to decline as does the availability of communal grazing areas. Many of the youth in the study area thus rent land located far from their residential area and, at times, of marginal quality, thereby reducing their profit margin. The youth explained that they usually work as daily laborers (construction work), in contract farming, sheep breeding, and selling chicken or eggs to supplement their income.



Despite the scarcity of arable land, the collected data indicated that the total area cultivated as a percentage of total land owned was lower among female farmers than their male counterparts (Table 2). The women explained that this was due to the high cost of production for female farmers, who have greater demand for labor and have relatively lower knowledge and bargaining power to purchase agricultural inputs from the private sector. In line with the customary division of labor, it is considered inappropriate for women to plow land [40].




5.2.2. Labor


Though most of the work is performed by members of the household, hiring additional labor is also a common practice, because, as shown in Table 3 and Table 4, the adult male equivalent per family is only 2.9, which may not be sufficient during the peak-labor-demand seasons. We found that male-headed households mainly hired laborers during land preparation, fertilizer application, spraying chemical inputs, and harvesting. In addition to these, women heads of households explained that they must also hire laborers to help with planting, threshing (for wheat and teff), and storing or loading produce to take to the market.



Hiring daily laborers is, however, very costly. The women explained that, on average, they paid 250–300 birr/day for harvesting, 600 birr/day for land preparation if using his own plow and oxen—if not, about 300 birr/day—and 250–300 birr/day for threshing. Hiring laborers for many tasks substantially increases women’s cost of production; therefore, whenever possible, women negotiate alternative payment mechanisms, such as exchange of labor services or produce. Women could also offer comparable services, such as preparation of raised beds, where they follow behind the farmer and manually pile the soil to create the beds, fertilizer application (micro-dosing), and weeding; or allow the laborer to take the crop residues. The youth explained that working on women’s fields is an important source of income that helps them sustain their livelihoods and support their families.





5.3. Adoption of Improved Technologies


Sustainable and effective adoption of new agricultural technologies and practices is essential to increasing productivity and income. The adoption rate, however, depends on their timely, adequate, and consistent availability and accessibility.



5.3.1. Fertilizers and Pesticides


Fertilizers and pesticides are essential inputs required to increase agricultural productivity, and their use by Ethiopian smallholder farmers is on the rise [41]. This is consistent with the high (95%) level of use of chemical fertilizers, pesticides, insecticides, and herbicides we found in our survey data. In terms of pesticide application, farmers indicated that they heavily rely on its use to remove rampant pests and weeds. Farmers explained that they mainly access these inputs through the agricultural cooperatives that bear the burden of the cost associated with storage, transportation, and administration [42]. The input delivery system also allows the extension system to control prices and the quality of the products, and provide information on their use.



However, all discussants from the FGD (irrespective of age and sex) revealed that the amounts of fertilizers and pesticides that are brought by the cooperatives are neither timely nor enough to meet local demand. Therefore, most farmers are forced to buy their chemical inputs from the private sector. Female heads of households emphasized their preference for cooperatives, as the purchase comes with advisory services, better quality, and lower prices. The cooperatives also facilitate credit, which makes it easier for them. Older and younger men, though they also prefer to purchase their chemical inputs from the cooperatives, they were less apprehensive about direct purchases from the private sector as they have better access and awareness of market conditions, and are more experienced in price negotiation.



The KIIs with Woreda agricultural bureau and extension service representatives indicated that the delivery of fertilizer and pesticides to farmers is a very complex process. We learned that, when cooperatives bring the inputs, the private traders intentionally reduce their prices to be lower than the price offered by the cooperatives to entice the farmers to buy them from them. When the cooperatives bring smaller amounts because farmers are not buying them, then they inflate the price as soon as the cooperatives run out of inputs, making it extremely difficult for farmers to buy and apply enough fertilizers and pesticides to their fields. It was noted from the discussion that the price of chemicals in private shops could go as high as triple the price set by the cooperatives. In such cases, farmers use less than the recommended amounts, which exposes them to further infestation with invasive weeds and pests.



The lack of an advisory service on how to mix and use the fertilizers and pesticides was a serious concern raised by all. We learned that, though the traders might have the knowledge and certificate to sell these inputs, the shop managers often do not and cannot give proper guidance to farmers. We found that the youth had better chances of obtaining the needed information and teaching themselves the chemical application procedure through reading pamphlets, searching the internet, or using mobile call-ins for extension services than the older men and women heads of households.



The comparison of the responses from male, female, and young farmers during the FGDs showed no difference in the access to these inputs from the cooperatives. However, differences were noted in their abilities to access these inputs from the private sector. For women farmers, purchasing the chemical inputs from the market at a higher price, coupled with the lack of guidance on how to use them and the added cost of labor, presented a higher risk and challenge and compromised their profit margin. The youth also faced similar challenges as they already farm on rented land, which further elevates their total cost of production.




5.3.2. Seeds of Improved Varieties


Seed security, which includes adequate availability and accessibility of seeds, is a prerequisite for increasing food production, income, and ensuring food security [43]. Improved varieties that are adapted to context-specific biotic and abiotic stresses are invaluable in boosting agricultural productivity, especially when combined with appropriate agronomic practices. The Ethiopian seed system currently relies on inefficient government-led institutions, as well as formal and informal private businesses [44]. Effective use of seeds also depends on access to fertilizers and knowledge of good agronomic practices.



Lentil and Chickpea Seed Development


Lentil and chickpea are customarily planted in the Ethiopian highlands during the main rainy season of July and August, and are commonly grown in association with wheat and teff (Table 5). However, this creates moisture stress for the plant during their flowering stage, which occurs towards the end of September, thereby reducing the crop’s productivity. There is thus great demand for varieties that are early maturing, disease resistant, and adaptable to local conditions. Studies have also documented the fact that local varieties are low yielding and prone to disease, resulting in low productivity per unit area, and low grain quality with small seeds, undesired color, and low plumpness [15,30].



According to the Woreda office of agriculture, the Alamaya lentil variety was developed and initially introduced to the region some 10 years ago by the Debirezeit agricultural research center. The initial dissemination of the variety was mainly farmer-led, where farmers exchanged the seed amongst themselves. Since then, they have been promoted for large-scale adoption through the agricultural extension system. Similarly, several improved chickpea varieties were introduced to the study area, including Habru’, ‘Arerti’, ‘Mastewal’, and ‘Natoli’. ‘Habru’, and ‘Arerti’, which are Kabuli-type chickpea varieties, and ‘Mastewal’ and ‘Natoli’, which are desi types. Farmers particularly preferred the Kabuli chickpea varieties. The KIIs further revealed that the key challenge lies in the lack of an established seed replacement and supply system that ensures seed standardization, packaging, labeling, and timely distribution.




Alamaya Lentil—Essential Cash Crops


Discussions with male, female, and youth farmers confirmed that the Alamaya variety was introduced to their community by the agricultural extension system, through agricultural cooperatives, Agricultural Research Institutes, and, to a lesser extent, ‘Farmers’ Seed Production Associations. Alamaya was preferred for its pest-resistant trait, the high yield it delivered, and its ability to grow on marginal land. The variety was introduced at a time when the local landrace (black lentil) was severely hit by a disease locally known as wag, which further accelerated the rate of adoption of the new Alamaya variety.



During our FGDs, we found that most farmers grew this lentil variety as a cash crop to generate the funds required to purchase enough fertilizers to grow wheat and teff, which require large quantities of chemical inputs but do not generate sufficient profit to sustain their production. The variety also produces more residue (as compared to wheat) that is soft and salty, and is thus preferred by livestock. Farmers explained that, with annual increases in input prices, it makes economic sense to shift to mono-cropping lentil without rotation. This confirms other findings that also identified the unavailability of seeds of improved varieties as constraints to legume-based rotations [17]. More than three-fourths of the farmers who participated in the FGD reported that they have been growing Alamaya lentil variety consecutively for the past 3–4 years. However, with the lack of adequate and timely access to improved seed varieties, farmers relied on recycled seeds, which, according to them, yield less and less with every additional year of re-use.




Kabuli Chickpea


According to the Woreda representative of agriculture, Kabuli chickpea was introduced to the area in 2008 by the agricultural extension system and through agricultural cooperatives. By 2010, it was widely disseminated in the Woreda and, per the recommendation of the agricultural extension system, it was grown in rotation with teff and wheat. Farmers recalled that the variety was highly appreciated for its high productivity, its larger size as compared to the local variety, its contribution to soil fertility, low demand for agricultural inputs, and the ability of farmers to use the residue as fodder for their animals. However, we found that the share of chickpea grown in the study area decreased over time to an almost negligible amount, with an average of 0.007 (0.437 SD) area of land dedicated to its production either as a main or associated crop, and a total area share of 0.0036 (.0218SD) during the main season [28]. The FGDs revealed that this was mainly due to cultural norms that encouraged passer-by foraging and the low price in the local market.



Cultural norms dictate that passers-by and the hungry should be allowed to consume the green chickpea straight off the fields. However, some take this norm to mean free and unlimited access to the fields and take large quantities, leaving the farmer with little to sell or use for their own consumption. This issue was raised by all discussants in the FGDs, irrespective of age and sex, except for those from Jihur village. who mobilized themselves into clusters (cluster farming) to minimize exposure to plunder and to share the burden of keeping watch over their fields. When asked why the other villages do not do the same, the respondents explained that they did not have the support of the extension agents to mobilize. The youth also explained that it is particularly difficult for them to mobilize in clusters as their fields are scattered in different places.



The second challenge was related to marketing. Farmers explained that many people still preferred the taste of the local variety. Farmers were thus unable to secure a high price for their produce, especially as compared to lentil. As subsistence farmers who are risk-avert and intent on generating as much income off their land as they can, farmers choose to grow lentil over chickpea.




Seed Delivery System


Farmers identified inefficient agricultural cooperatives as the main bottleneck in the current seed delivery system, as they fail to collect and collate farmers’ demand for seed variety and timely communicate the same to Woreda-level administrations. Farmers of all ages and sexes complained that the seeds rarely arrived in time for the planting season, and rarely in a sufficient quantity. Farmers thus resorted to either reusing their own seeds or bartering other commodities with those who have them. However, recycling seeds repeatedly reduces their germination and potency, stunts growth, makes them vulnerable to pests and diseases, decreases their productivity, and even entails adverse health effects on consumers [45,46]. These were also observed in the field and confirmed by the farmers, who reported that the harvest during the 2017/2018 season was very low due to the increased occurrence of crop diseases, jeopardizing their livelihoods.






5.4. Agricultural Information and Credit


5.4.1. Agricultural Information


Extension Services


Adequate and timely access to information is an essential first step to the effective and sustainable adoption of technologies. In Ethiopia, the extension service plays a prominent role in information dissemination and improving the adoption of agricultural technologies [47]. Analysis of the household surveys also indicated that extension agents were the main source of agricultural information in the study area. According to the KII held with the Woreda representative of the Bureau Agricultural Extension, information was relayed through field demonstration, targeted training, agricultural cooperatives, distribution of posters and pamphlets, media broadcasts (e.g., television and radio programs), peer-to-peer learning facilitated through the organization of farmers into development groups locally known as ‘limat budin’, information sharing between neighbors and friends, and through the private sector—particularly input traders. The limat budin are claimed to be economical and effective to deal with the increasing demand for extension agents.



Another strategy devised by the extension system was to divide the population into early adopters, mid-adopters, and laggards, and to address the specific needs of each group accordingly [48]. However, there were not enough extension agents to provide such a level of targeted service. Hence, the focus continued to be on ‘early adopters’, effectively leaving the laggards and other marginalized groups behind. Interviews held with Woreda-level extension representatives indicated that women tended to adopt recommended packages better than men. The administration had thus instituted a quota system to encourage women’s participation in all of their extension efforts. According to the quota, 30% of the participants in training should be women. However, this has been a difficult goal to reach, as participation in such events is customarily assigned as a man’s role. Training is also organized at the Woreda and kebele levels and requires a lot of time to attend.




Gender-based differences in access to information


During the FGD, comparison across the sexes revealed that men had greater access to information than women. Men have greater opportunities to attend field demonstrations, targeted training/workshops that can take several hours or even days, depending on the topic covered, represent their household in a ‘limat buden’ and community meetings, and have greater opportunities to see posters or receive pamphlets as they go to town more frequently than women. The youth also attested that they were less likely to attend field demonstrations, targeted training/workshops, or be a part of the ‘limat buden’ and community meetings because they grow their crops on rented land that is often located far from the center of the village where the gatherings and training occur, and they rarely represent the household in community gatherings. However, we found that they were the greatest consumers of information shared through posters and pamphlets, as they were better educated than the older men and women.



We learned that the youth also accessed information through fast dial #884—a ‘calling service’ established to obtain agricultural advisory services. This service was also used by a few of the older men. However, the women complained that they had little access to such information, as most did not own cell phones. This was confirmed by the household survey, where 91% of the male heads of household reported that they owned a mobile phone compared to less than 15% ownership among women.



Discussions with women groups revealed distinct differences between married women and women heads of households. While married women expressed difficulty accessing information through the traditional extension system, women heads of households were proud to report that they attended as much training as they could and rarely missed any opportunity to learn about new technologies and improved farming practices because they could not afford to lose their crops.





5.4.2. Credit


Credit is an essential service that facilitates the adoption of improved agricultural practices, especially for subsistence farmers who have limited access to income before harvest [49]. According to the KIIs held with the Woreda Administration, the most common criteria for credit in rural areas is land ownership. The main credit provider was identified as the Amhara Credit and Saving Institution (ACSI)—a state-owned financial intermediary, which offers farmers credit at a very high interest rate of 17–20%. ACSI is available for all and makes no distinction between male and female farmers. Farmers (irrespective of age and sex) explained that they mainly borrowed money to purchase fertilizers that were either supplied through the agricultural cooperatives or through the private sector.






6. Conclusions


Sustainable adoption of improved technologies is a process and requires the establishment of systems that ensure its continued availability, accessibility, and adaptability to fit evolving local conditions and equitably meet the needs of all actors in a community. In this study, we sought to understand the differential challenges to, and opportunities for, large-scale adoption of Alamaya lentil and Kabuli chickpea varieties in the study area by considering key parameters that collectively influence one’s access to essential agricultural technologies.



We learned that, in addition to its contribution to soil fertility, all farmers (irrespective of sex and age) were especially interested in growing Alamaya lentil as a cash crop to generate sufficient income to support cereal (wheat and teff) production, secure household food security, and sustain their livelihoods. Annual increases in input prices have made cereal production—which requires large quantities of chemical inputs—an unprofitable undertaking. Farmers are thus forced to subsidize its production from other sources to sustain household food security.



We found that the main challenge lies in the seed supply system, which has failed to sufficiently and timely meet the demand. The study also identifies many other challenges within the agricultural system that currently seem less influential, but are detrimental to the large-scale and equitable adoption of the legume varieties. This study demonstrates that equal availability of opportunities does not mean equal accessibility and that these factors are not gender neutral, but present differential challenges to men, women, and youth farmers in the area who have differential access to land, labor, farm implements, agricultural information, credit, and operate within cultural biases that limit their effective participation in the sector. Unabated, these challenges will continue to reinforce existing gender-based constraints and unfairly limit the youth and especially female heads of households from accessing essential agricultural information, and credit that is mainly used to purchase the essential fertilizers and pesticides required to adopt seeds of improved varieties. The increased cost of inputs will also limit their ability to hire additional labor. As it stands, the percentage of cultivated land owned by women is lower than men, and they have less livestock and other farming implements and assets.



We also showed intra-gender differences, where female heads of household were able to take advantage of the extended detailed training as they were in control of their own time, while married women could not. Cultural norms and marketing challenges were also identified as specific additional barriers to the adoption of Kabuli chickpea varieties in the study area.



The study also reveals that, in the absence of a well-structured system that ensures timely and equitable access to key services and essential inputs, farmers, as profit maximizers, will adapt their ways to maximize profit. However, in so doing, they abandon good agronomic practices, such as crop rotation and application of the recommended doses of fertilizers and pesticides. This was evident in the farmers’ acknowledgment of recycling seeds, using less chemical inputs than the recommended amount to keep it affordable, applying fertilizers and pesticides of questionable quality to address short-term challenges posed by growing pests and diseases, and, in some cases, resorting to growing older local varieties. These in turn reduce the overall productivity and household income and nutrition, with potential implications on land degradation, depending on the type and quantity of the chemical inputs used.



Our findings support previous studies that emphasized the role of gender in influencing the propensity to adopt agricultural technologies, and highlights the importance of a systemic approach to comprehensively address the identified gender-based challenges and establish an efficient gender and age-sensitive seed system that: (i) sufficiently links research to development by delivering research outputs both in the form of improved seeds and related agronomic practices through a gender-sensitive and multi-faceted extension advisory system, (ii) establishes a sustainable seed replacement and supply system complete with standardization and geared for timely, adequate, and equitable distribution, (iii) avails credit opportunities at affordable interest rates and alternative collateral requirements to accommodate the different socio-economic groups represented in society, and (iv) encourages the engagement of the private sector under clear guidelines that ensure strict monitoring of the quality of chemical inputs supplied to the market, protects consumers from price extortion, and offers sufficient information for their use.
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Figure 1. Study site of Moretina Jiru Woreda. 
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Table 1. Number of farmers consulted.
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Kebele

	
Jihur

	
Kusay

	
Mandugo

	
Gerba

	
Total




	

	
Male (Older)

	
Female

	
Youth (Male)

	
Male (Older)

	
Female

	
Youth (Male)

	
Male (Older)

	
Female

	
Youth (Male)

	
Male (Older)

	
Female

	
Youth (Male)

	






	
Farmers consulted (survey)

	
76

	
2

	
14

	
74

	
1

	
12

	
74

	
7

	
8

	
80

	
6

	
6

	
360




	
Farmers consulted (FGDs)

	
16

	
10

	
11

	
10

	
9

	
11

	
16

	
8

	
10

	
0

	
0

	
0

	
101




	
Total # of farmers consulted

	
92

	
12

	
25

	
84

	
10

	
23

	
90

	
15

	
18

	
80

	
6

	
6

	
461




	
# of FGDs held

	
2

	
1

	
1

	
1

	
1

	
1

	
2

	
1

	
1

	
0

	
0

	
0

	
11
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Table 2. Summary of natural capital variables against the gender of the household head.
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	Natural Capital Variables
	Mean of Male Household

Heads (SD)
	Mean of Female

Household Heads (SD)
	Mean Difference

between Female and Male Household Heads

(SE with t-Test Result in Confidence Level)





	Distance from farmland to the nearest market (km)
	5.2329

(0.2013)
	6.1895

(0.8027)
	0.9565

(0.8738)



	Distance from farmland to the nearest paved road (km)
	0.8979

(0.0629)
	0.7863

(0.2934)
	−0.1116

(0.2754)



	Distance from farmland to the nearest water bodies (lake/pond/river) (km)
	0.6832

(0.0476)
	0.8958

(0.1472)
	0.2126 ***

(0.0458)



	Have access to livestock grazing land (No = 0, Yes = 1)
	0.2287

(0.4206)
	0.3684

(0.4956)
	



	Have access to cropping land (0/1)
	0.9912

(0.0935)
	1.000

(0.000)
	



	Size of total land holding (ha)
	1.358

(0.0385)
	1.2153

(0.1258)
	−0.1427

(0.1661)



	Size of private grazing land (ha)
	0.0342

(0.0048)
	0.0421

(0.0190)
	0.0079

(0.0211)



	Size of communal grazing land (ha)
	0.2229

(0.0509)
	0.3684

(0.2672)
	0.1455

(0.2245)



	Size of cropping land (ha)
	1.5682

(0.0406)
	1.2947

(0.1118)
	−0.2735

(0.1745)



	Total land area cultivated during the main season (ha)
	1.6668

(0.7254)
	1.3284

(0.5244)
	0.3435 **

(0.1689)



	Observations
	341
	19
	







Note: ** and *** indicate statistical significances at confidence levels of 95% and 99%, respectively.
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Table 3. Analysis of human capital at the household level.
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	Human Capital Variables: Demography
	Mean (SD)





	Sex of the household (HH) head
	



	Male
	341 (95%)



	Female
	19 (5%)



	Age of the HH head (years)
	45.525 (12.2315)



	Education level of the respondent (years)
	4.5871 (4.0637)



	Household size (persons)
	3.4872 (1.5415)



	No. of dependent members (persons)
	1.5128 (1.2279)



	No. of working members (persons)
	2.0323 (1.0497)



	Adult male equivalent unit a
	2.903 (1.3635)



	Observations
	360







Note: a We followed the conversion rates used by [33] to calculate the adult-male equivalents for members of the household who are above 15 years old.













[image: Table] 





Table 4. Comparison of human capital between male and female heads of households.
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	Human Capital Variables
	Mean of Male Household

Head (SD)
	Mean of Female

Household Head (SD)
	Mean Difference

Between Female and Male Household Head

(SE with t-Test Result in Confidence Level)





	Age of the household head (years old)
	45.5484

(3.203)
	45.1053

(0.6579)
	−0.4431

(2.8871)



	Education level of the respondent (years)
	4.5816
	4.6842
	0.1026



	Household size (persons)
	(2.1967)

3.5482
	(1.0789)

2.4211
	(0.9595)

−1.1271 ***



	No of dependent members (persons)
	(0.0840)

1.5422
	(0.3089)

1
	(0.3591)

−0.5421 *



	No of working members (persons)
	(0.0670)

2.0492
	(0.2861)

1.6875
	(0.2886)

−0.3617



	Adult male equivalent unit
	(0.0587)

2.9552
	(0.1983)

1.9905
	(0.2684)

−0.9646 ***



	Observations
	(1.3534)

341
	(1.2403)

19
	(0.3179)







Note: * and *** indicate statistical significances at confidence levels of 90%, 95%, and 99%, respectively.
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Table 5. Cereal legume association.
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	Crop for Cereal–Legume
	Freq.
	Percent
	Valid
	Cum.





	Teff–lentil
	18
	5.00
	5.00
	5.00



	Wheat–lentil
	332
	92.22
	92.22
	97.22



	Sorghum–lentil
	1
	0.28
	0.28
	97.50



	Wheat–Faba bean
	7
	1.94
	1.94
	99.44



	Wheat–field pea
	1
	0.28
	0.28
	99.72



	Teff–Haricot bean
	1
	0.28
	0.28
	100.00



	Total
	360
	100.00
	100.00
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