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Introduction: Lack of sufficient agricultural information has led smallholders’ to rely on traditional agricultural farming technologies in Sub-Saharan African countries, resulting in low adoption of modern inputs and low yield. Understanding the effect of information dissemination is essential for smallholder farmers in rural areas. Therefore, this study aimed to examine the effect of a randomized agricultural information provision on technology adoption and yield of cassava producers in Sodo Zuria, Offa, and Kindo Koysha Woredas in Wolaita Zone, South Ethiopia Regional Sate.

Methods: The study utilized panel data collected in two rounds from 1040 farmers in 2021 and 2023. A Randomized control trial (RCT) design was applied to evaluate the effect agricultural information provision on technology adoption and yields, comparing the results between treatment and control groups. The study employed three related information interventions for beneficiaries of the Ethiopian Rural Productive Safety Net Program: (i) agronomic technical information, (ii) productivity and profitability information, and (iii) pooled information on both treatments.

Results and discussion: The study found that agricultural information provision increases the adoption of modern agricultural technologies, land allocated to cassava, and yield. The provision of agricultural information is negatively related to access to media exposure, access to cell phones, and access to infrastructure while positively associated with participation in social groups, farm size, and farm income. Further policy research and evaluation are needed to assess the effectiveness of information intervention in different contexts and settings and factors that influence the improved cassava adoption and yield.
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1 Introduction

In Sub-Saharan African countries, smallholder farmers face significant challenges due to limited access to and timely agricultural information delivery systems (Freeman and Qin, 2020; Gao et al., 2020; Veettil et al., 2021). Accurate and timely agricultural information on improved seed varieties, fertilizers, and best agricultural practices is essential to make cognizant decisions and improve their productivity. Yet, due to limited infrastructure, inadequate extension services, imperfect information and its utilization, and innovative farming techniques, many smallholder farmers struggle to maximize the yields and improve their income and livelihoods (Nwankwo et al., 2009; Maredia et al., 2018; Mugonya et al., 2021). These factors, in addition to the information gap, constrained smallholders’ adoption of the latest farming techniques and technologies, forcing smallholders to rely on traditional methods of production, which are less productive and result in lower yields and reduced income for the farmers in the region.

Policymakers, government-owned research centers, non-governmental organizations (NGOs), private seed dealers, and seed traders play a role in agricultural information dissemination (Mugonya et al., 2021; Ndimbwa et al., 2021).

However, smallholders did not obtain accurate information because of lack of access to information. In most cases, their information was often delivered after the farming season had already begun, creating missed opportunities for cassava growers to benefit from the latest agricultural information. This delay in information provision hampered the potential effectiveness of efforts to promote the adoption of modern agriculture inputs and technologies (Purnomo and Kusnandar, 2019; Olawuyi and Mushunje, 2020). Yet, evidence on the provision of agricultural information and its contribution to the adoption of improved varieties, yield, and production is scarce in Sub-Saharan African countries.

Several studies focused on agricultural technology adoption and information provision relations. One such area of research centered on text message-based information delivered through cell phones. For example, Cole and Fernando (2021), Dzanku et al. (2021), Krell et al. (2021), Larochelle et al. (2019), and Nakasone and Torero (2016) conducted research on the connected and interrelated ideas adoption, knowledge transfer, and farm outputs. These studies explore the utilization of information delivered through text messages on mobile phones. Other studies have utilized video-based experiments to explore the adoption of information, for example, studies by Abate et al. (2023), Lecoutere et al. (2023), Maredia et al. (2018), and Van Campenhout et al. (2021). These studies have employed video as a medium to evaluate how farmers respond to and adopt technology through information. Moreover, other pieces of literature applied the training approach only to disseminate information and analyze the adoption of new technology innovations (Shikuku et al., 2019; Pratiwi and Suzuki, 2020; Arouna et al., 2021; Barrett et al., 2022; Wonde et al., 2022). The outputs of these studies have practical implications for implementing effective communication strategies and interventions to promote the adoption of new technologies. Our study contributes to the current literature by incorporating a comprehensive approach that applies various information interventions, such as agronomic technical information, productivity and profitability information, and a combination of both agronomic technical and productivity and profitability information, to treatment group farmers. The effects of these interventions were then compared to a control group. This multifaceted approach confirms that farmers receive a diverse range of knowledge regarding the adoption of improved cassava varieties (ICVs) by comparing the treatment and control groups.

In Ethiopia, there is an insufficient agricultural information-delivering system. This is due to the fact that there are few institutions or datasets that deliver the latest agricultural information to rural farmers. In addition to this, most farmers lack cell phones, radio, and television to obtain the latest agricultural information (Haile et al., 2019). They use social networks, including connections with neighbors, friends, and relatives, as sources of information (Chikuni and Kilima, 2019).

In this study, we provided information to cassava-producing farmers by employing three complementary modes. These are (i) agronomic technical information from the field visit at the farm site, (ii) productivity and profitability information using a video-based approach about improved cassava varieties, and (iii) pooled information (combining both agronomic technical information and productivity and profitability information) via traditional extension information in the classroom in the farmers training centers (FTCs). We conducted a randomized control trial (RCT) among 1,040 cassava-producing households in South Ethiopia Regional State to establish causal relationships between the interventions and their outcomes, providing an understanding of their effectiveness (Duflo et al., 2007; White, 2013; Shikuku et al., 2019).

The current paper contributes to the existing literature in four ways. First, we contribute to the existing literature by relaxing the effect of agronomic technical information on adoption and yield via field visits at the farm site. Previous studies have focused more on extension approaches. For example, Dhehibi et al. (2022) conducted research on the impact of improved agricultural extension approaches by utilizing RCT in rural Tunisia. They found that intensive agricultural training can significantly improve the adoption of Kounouz. Ayalew et al. (2022) examined the targeted extension, which leads farmers to align with recommended levels of fertilizer and impacts productivity in Ethiopia. This study focused on agronomic technical information specifically, the agronomic practices information such as improved cassava varieties selection, stem cutting and spacing, row planting, and use of fertilizer on the farm field on the treatment groups, and compared the impact of the information with both treatment and control groups.

Second, we provided the productivity and profitability information to the treatment group and compared the effect of information on adoption and yield with control groups. The productivity and profitability information was provided using mobile-based educational videos to farmers in the treatment group. The most recent works of literature in this area encompass a study by Naika et al. (2021) focusing on digital extension services; Van Campenhout et al. (2021) explored ICT-based agricultural advice, and Maredia et al. (2018) compared video-based information delivery and traditional information delivery methods for farmers. Our study aimed to analyze how agronomic technical, productivity, and profitability information affect the adoption decisions and yield of ICVs.

Third, we pooled agronomic technical information with productivity and profitability information through the traditional extension approach in the classroom. The provision of information by the traditional extension method is straightforward and one of the most familiar extension methods in the area. We assumed that this treatment could easily increase farmers’ knowledge of adoption and yield. Wonde et al. (2022) analyzed the impact of training on productivity and income by using propensity score matching in Ethiopia. The study found training increased the wheat yield by 26.6%, whereas maize yield increased by 10.10%. Dhehibi et al. (2022) examined the impact of improved agricultural approaches on technology adoption. They applied the randomized trial control method focusing on training plus other related variables in Tunisia. The current study compares the effect of dissemination of agricultural information between treatment group and the control group.



2 Theoretical framework

Various theories have been applied to understand the adoption concepts of agricultural technology in the field of agriculture since the pioneering study of Ryan and Gross (1943) and Rogers (1983). These theories are categorized into three paradigms. The first paradigm involves diffusion theories such as diffusion of innovation theory (DIT) and technology lifecycle theory (Rogers, 1983). The theories focus on the relationships among technology, the environment, and organizations (Dissanayake et al., 2022). The opponents of this model, such as Feder (Feder et al., 1985), criticize the applicability of Rogers’s categorization of adoption as “adoption” or “non-adoption” because it occurs on the continuum.

The second paradigm is the theory of user acceptance. The user acceptance theory includes the theory of reasoned action (TRA) developed by Fishbein and Ajzen in 1975 (Ajzen, 1991), the theory of planned behavior (TPB), the technology acceptance model (TAM), and its extensions such as TAM1, TAM2, and TAM3 (Taherdoost, 2018). This paradigm focuses on intrinsic factors such as knowledge, attitudes, and perceptions, along with extrinsic factors such as household characteristics and technological and environmental factors that can impact farmers’ decisions regarding technology adoption. The user acceptance paradigm also focuses on the utility maximization of a household; however, compared to the decision-making paradigm, the utility level may expand beyond only focusing on financial aspects.

The third paradigm involves decision-making theories, such as decision-making under uncertainty and risk management theories, which focus on rational organizational and management interests (Hillmer, 2009). This paradigm also focuses on the economic constraints that farmers propose for utility maximization when adopting technologies. However, this paradigm fails to capture the effects of the cultural aspect of an innovation (Ruzzante et al., 2021). The technology adoption theories explained above can provide some insights to practitioners and researchers on the factors affecting technology adoption dynamics in agriculture. In this study, we employed adoption theories to analyze the effect of agricultural information provision on improved cassava adoption and yield in rural Ethiopia by interpreting the intervention predictors and adoption and yield outcomes.



3 Agricultural information, technology adoption, and production

Access to basic agricultural inputs and technology are central to today’s changing agricultural system. In the context of rural farmers in developing countries, information access plays a central role in empowering rural farmers to make informed decisions on improved input and agricultural technologies (Adegbola and Gardebroek, 2007; Van Campenhout et al., 2021). To keep farmers with the most recent information, access to accurate and updated information is important to help them obtain the latest information on the availability of inputs (seeds, fertilizers, and pesticides). The information on inputs is also essential for optimizing crop yield and farm productivity (Olawuyi and Mushunje, 2020; Balew et al., 2023).

Several pieces of literature focus on the provision of information on adoption and yield. For example, Arouna et al. (2021) examined the effectiveness of mobile personalized advisory services in Nigeria and found that personalized advice increased farmers’ yield by 7% and profit by 10%. Dzanku et al. (2021) investigated the impact of mobile phone reminders on agricultural outcomes and found that mobile phone reminders reduced on-farm cereal losses and increased the adoption of improved grain storage technology. Maredia et al. (2018) analyzed the effect of mobile-based animated videos on adoption and learning in mobile in Burkina Faso and found that video-based training was as effective as the traditional method in inducing learning and understanding. Gao et al. (2020) evaluated the impact of new agricultural technologies extension mode improved the technology adoption level of farmers in China. Moreover, Yitayew et al. (2021) found a positive effect of improved agricultural extension service on wheat yield in Ethiopia.

The effect of information delivery on technology adoption has been studied widely in literature (Liu et al., 2004; Adegbola and Gardebroek, 2007; Nwankwo et al., 2009; Haile et al., 2019; Freeman and Qin, 2020). Another group of studies (Mugonya et al., 2021; Veettil et al., 2021) identified qualities, sharing, and utilization of information. Some of the literature (Nwankwo et al., 2009; Haile et al., 2019) studied the effect of information access on the welfare of smallholders by using mobile phones and social connectivity as information tools of smallholders. However, to our knowledge, few research outputs have examined the effect of information provision intervention on the adoption of improved cassava varieties and yield in the study area. In this study, we add to the literature a new approach by conceptualizing an alternative hypothesis of information delivery through farmer-targeted modes.


3.1 Theory of change

We formulate the assumption that agricultural information provision is a very important factor in enhancing the adoption decision and yield of rural smallholder farmers. We derived the following basic assumptions. First, we assumed that providing agronomic technical information at the farm site can significantly increase farmers’ understanding and knowledge of ICVs. This assumption, in turn, helps farmers by equipping them with comprehensive technical information about the characteristics, benefits, and utilization of ICVs. Second, we assumed that providing productivity and profitability information by showing mobile-based educational videos enhances the likelihood of adopting ICVs. By providing this information, it is expected that farmers are more likely to have a clearer understanding of the productivity and profitability of adopting improved cassava varieties (ICVs). Third, the study assumed that agronomic technical information plus productivity and profitability information via traditional extension medium in farmer training center (FTC) classrooms can better understand the adoption of ICVs. This intervention has long been recognized as an effective means of knowledge provision among farmers and can lead farmers to acquire the necessary knowledge and confidence in adopting ICVs.

Finally, we assumed that farmers who receive agricultural information will have a better understanding and knowledge of the adoption and its ability to increase adoption knowledge and yield than farmers who do not receive the interventions. In formulating these assumptions, we aimed to address the knowledge gap of the information delivery approach, it is possible to empower rural smallholder farmers and derive positive change in the adoption of ICVs in the study area (Figure 1).
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FIGURE 1
 Theory of change.





4 Methods


4.1 The study area and context


4.1.1 The study area

Wolaita Zone is situated at a central position in the South Ethiopia region. It shares its boundaries with Kembata Tambaro and Hadiya to the north, Sidama Region to the east, Dawro Zone to the West, Gamo, and Gofa Zones to the south, and Oromia Region to the northwest. The total population of the Wolaita Zone was 2,142,063 and a population density of 520.8 km2 (WZPDD, 2020). It encompasses 16 rural woredas and 7 urban town administrations and is characterized by three distinct agroecological zones: “Dega” (9%), “Woina Dega” (56%), and “Kola” (35%), each contributing unique characteristics to the zone’s agricultural potential.

In general, the rural households in the study areas depend on mixed agriculture (crop- and livestock-based) to sustain their livelihoods (see Table 1). The farming system is mainly dominated by cassava crops for food consumption and the market. Crops such as maize, teff and red bean, sweet potatoes, and taro are highly produced in the study areas in addition to cassava. This study was carried out in Sodo Zuria, Offa, and Kindo Koysha woredas in Wolaita Zone, South Ethiopia (Cochrane and Gecho, 2018).



TABLE 1 Basic socioeconomic information of the study area.
[image: Table1]



4.1.2 The context of the study

The study was conducted in South Ethiopia Regional State where Cassava is majorly produced (Figure 2). Cassava (Manihot esculenta Crantiz) is a type of tuber and root crop known for its versatility and environmental friendliness. It has unique characteristics that allow it to adapt to climate change. The crop thrives in agroecological areas and seasons where other cereal crops fail. This makes the product preferable for cassava farmers who value year-round availability and its ability to tolerate low soil fertility (Kondo et al., 2020; Legg et al., 2022). Moreover, cassava plays a significant role in the food system providing a starchy and carbohydrate-rich source of calories, ranking third after rice and maize in Sub-Saharan African countries.

[image: Figure 2]

FIGURE 2
 Map of the study area.


Cassava serves as a vital food source for nearly 800 million people across Africa, Asia, and Latin America. The total global cassava production reached 302 million tons covering approximately 28 million hectares in 2020, Africa led the way, contributing 193 million tons, followed by Asia with 81 million tons, and South America with 26 million (FAO, 2022). Cassava production benefits farmers in terms of adaptation, nutrition, and economic significance (Kassa et al., 2021; Masamba et al., 2022). Currently, cassava is cultivated in 40 African countries where approximately 70% of content’s cassava output is harvested in Nigeria, the Democratic Republic of Congo, and Tanzania. This concentration of production indicates its pivotal role in ensuring food security and economic stability and its potential to achieve the SDGs, particularly Goals 1 and 2, to end hunger and extreme poverty (Legg et al., 2022; Mihretie et al., 2022). However, the adoption of new agricultural technologies in Sub-Saharan African countries remains low. It is harder to increase agricultural productivity and achieve economic sustainability without the adoption of cutting-edge agricultural technologies, such as improved seed technology application, increased agricultural mechanization, and the use of chemical fertilizers, pesticides, and herbicides (Olayide et al., 2021; Zegeye et al., 2022).

Ethiopia is endowed with various crops, including cereals, fruits, vegetables, root crops, pulses, and oil seeds. However, limited outreach and adoption of agricultural technology along with the absence of mechanized agricultural systems lead many smallholder farmers to rely on local varieties of crops, rather than improved variety. This preference for local crops over improved seeds is marked by a significant difference among farmers in Ethiopia. For instance, according to the Central Statistical Agency’s annual report from 2022, the local seed used by farmers is estimated to be 13,379,273 hectares and 10,435,162 quintals, whereas improved seed used was unitized at 2,228,608 hectares and 1,169,508 quintals in the production year of 2020/21 (CSA, 2021).

The cassava crop is largely produced in South Ethiopia (Tafesse et al., 2021), and the Wolaita Zone is one of the areas with the highest potential for cassava production (see Figure 2). For example, according to Wolaita Zone Agricultural Development Office report, the total area coverage of cassava is 5,882.62 hectares; production is 2,964,630 quintals, and the average yield is 270 quintals per hectare in 2021/2022 production year (WZADDO, 2022).




4.2 Sampling, experiment design, and interventions


4.2.1 Sampling techniques

A three-stage sampling technique was applied to select farmers in the study area. In stage 1, Sodo Zuria, Offa, and Kindo Koysha districts were randomly selected out of six districts that have high potential in cassava production in the Wolaita Zone1 in South Ethiopia Regional State. In stage 2, we found a list of all farm households’ data from each Woreda Agricultural Office, and we randomly selected two kebeles from each district (see Appendix).

In the third stage, we selected a total of 32 villages2 and randomly assigned them into two groups: the treatment group and the control group (see Figure 1). The basic reason we employed random assignment is that it helps us to ensure the unbiased allocation of villages to each group. As a result of this random assignment, the study achieved its balanced distribution, with an equal number of households in each group, that is, 520 in the treatment group and 520 in the control group. By doing this, we aimed to increase the validity and reliability that enabled us to come up with more accurate conclusions about our impact interventions (see Figures 1, 2). Moreover, the treatment villages were randomly assigned to three treatment arms. Within villages, we randomly assigned 208 households to receive agronomic technical information (T1), 156 households to receive productivity and profitability information (T2), and 156 households to have productivity, profitability, and agronomic technical information (T3).

We performed power calculation taking the cassava yield as the outcome variable and a minimum effect size of 20% increase in yield, which is equivalent to a standardized minimum detectable effect of 0.3 based on the mean 287 quintals per hectare (28,000Kg/ha) and standard deviation of 26.56 for cassava yields in the study area (the data derived from WZADDO, 2022) (WZPDD, 2020). At a power of 90% and a 5% significant level of 0.5 intra-class correlation, we reached 32 sample villages and 1,040 sample households using STATA software version 17.



4.2.2 The experiment design

We employed information experiments in the field in our study (Janvry et al., 2017; Dzanku et al., 2021; Van Campenhout et al., 2021). Our experiment mainly focused on the Ethiopian Rural Safety Net Program phase five (RPSNP5)3 list to select our participants. The study identified the beneficiaries of this program as the target group for this study. It is important to note that the program is currently actively operating in the study area, which encompasses the three selected districts: Sodo Zuria, Ofa, and Kindo Koysha in Wolaita Zone South Ethiopia (see Figure 1). Concentrating on these districts, we aimed to obtain potential data for our experiment from farmers. To do this, we collaborated with the local government of the Wolaita Zonal Administration, NGOs, Wolaita Sodo University (WSU), and other stakeholders. The eligibility criteria of households were being RPSNP members. However, for the sake of impact analysis we measured the eligibility as (i) farm landholding between 0.125 and 0.25 hectares of cassava and (ii) highly interested and able to produce improved cassava new varieties. This study employed a randomized control trial (RCT) approach (Duflo et al., 2007; Barrett et al., 2022). Household-level clustered randomized control trial method was implemented in three woredas (Figure 1).



4.2.3 The information interventions and indicators

In the study area, a large portion of farmers, approximately 80% of the farmers rely on local cassava varieties (LCVs). However, only a small fraction, 19.8% of cassava farmers utilized improved cassava varieties (ICVs) (WZADDO, 2022). This significant gap in the adoption of improved cassava varieties can be due to a lack of knowledge and access to up-to-date information on cassava technology packages. To bridge this gap, we implemented three cassava farmer-targeted interventions aimed at providing vital information to cassava–producing farmers. The content of information and the delivery mechanism of that information are different in each intervention, as described below.


4.2.3.1 Intervention 1

The first intervention (T1) was information on agronomic technical activities aimed at building the technical knowledge of cassava-producing farmers in the field at the farm site. The agronomic technical information of ICVs is associated with agronomic activities, such as ICV selection, stem cutting and spacing, and row planting. Participants received information about ICVs by observing the agronomic activities physically on the field visit day at the FTC at the kebele level.



4.2.3.2 Intervention 2

The second intervention was information on the productivity and profitability of improved cassava through an educational video (T2), which was designed precisely and to the point, farmer-friendly, taking 5 to 7 min. The videos were methodically crafted to offer detailed information on improved cassava varieties’ expected productivity and profitability. The video-induced intervention was loaded on a Samsung smartphone and screened by DAs for each farmer.



4.2.3.3 Intervention 3

The third intervention (T3) was a combination of T1 and T2 designed to provide information to participants through the traditional information provision approach. In this intervention, the information content includes technical knowledge and skills (agronomic practices information) and productivity and profitability (video-based information) about ICVs. This intervention was presented by development agents (DAs) manually in the classroom of Farmers Training Centers (FTCs) following an adult learning approach. This intervention aims to educate (inform) farmers about ICVs and allow us to organize and structure the delivery of information locally and contextually. This intervention took place at the kebele level; the farmers in local communities can easily access and benefit from the information provided that helps effectively educate them about ICVs.





4.3 Control group

The control groups were designed with no information about improved cassava varieties. The group received other information such as nutritional and post-harvest information on cassava supported by local music (Wolaitigna), which made our participants interested. The local music was not related to our objectives during the study.

The information provision mechanisms were held at the village level by gathering the participants to the nearest (FTC)4 to ensure efficient access to information. The information provision process is managed by development agents (DAs),5 who are part government structure, have crop-based specialties, and have been working with the nearby local kebele communities. DAs received refresher training before getting engaged in the experiment.



4.4 Data collection

The baseline data were collected by using a household survey questionnaire, which included household and agricultural, socioeconomic, and institutional characteristics; following these questions, we asked farmers about how much information they have about ICVs, their level of understanding and knowledge on adoption, production, and yield rate of ICVs. The information provision commenced in February 2021 and concluded in April 2021, occurring biweekly basis (Figure 3). In addition to the baseline data, we collected the end-line data in two rounds. The first round of the end-line data (Panel A) was collected in April 2021. The second round of data (Panel B) was collected from March to May 2023 (see Figure 3).

[image: Figure 3]

FIGURE 3
 Timeline of the research.


In both rounds, the questionnaire was administered face-to-face in the field. The content of the questionnaire includes three components: household and farm characteristics (gender, age, family size, farm size, education, experience, production, and yield); institutional variables (credit access, access to training, extension, cooperative membership, and market access), economic variables (TLU, ownership of cellphone, farm income, and off-farm income), and psychological and social variables (participation in social network and perception on ICVs) indicators. In addition to this, the study compared the before and after data by asking the households about the adoption knowledge indicators of ICVs (such as variety selection, spacing, row planting, and fertilizer utilization). We also asked the farmers about their understanding of the usage level of improved cassava seeds and fertilizers (inorganic and organic). We finally collected the data about how much the intervention changed farmers’ adoption intensity, measured by the share of cassava land from total farmland, amount of cassava production, yield, and cassava income.



4.5 Empirical specification

This study aimed to estimate the effect of information on the adoption and yield by employing three information interventions: agronomic technical information at the site; productivity and profitability information via videos; and pooled information of both treatments through a traditional extension approach in the classroom. By delivering the agronomic technical information through (site) field visits, their understanding of agronomic characteristics of ICVs and other necessary technical knowledge for adopting the crop is increased. Additionally, by providing productivity and profitability information, household knowledge of the productivity and profitability of ICVs will be expected to increase.

If a farmer gains agronomic technical knowledge from a field visit, their understanding will be enhanced, leading to increased knowledge of agronomic characteristics and other technical aspects necessary for adopting the cassava crop. Similarly, if a farmer receives information through both approaches via a traditional extension system, the farmer is expected to cultivate and use improved cassava varieties on their farm. By delivering information, it is anticipated that there would be a change (impact) in the adoption decision and yield. We start estimating the adoption decision estimation using the basic model in Equation 1

[image: image]

where [image: image] is the probability of adoption of improved cassava varieties for a household i: [image: image] is the variable that indicates the value of 1 if the farmer [image: image] is in the treatment group and 0 otherwise.

To estimate the average treatment effect of each intervention on farmers’ adoption, Equation 2 was used to estimate the effects of the interventions.

[image: image]

where Yi represents the observed outcome variable which is the adoption of ICVs of household head i in year t.[image: image], [image: image], and [image: image] are treatment dummies; [image: image] refers to agronomic technical information and it equals 1 if the farmer is assigned for this intervention; 0 otherwise; [image: image] refers to productivity and profitability information via video, which equals 1 if the household was assigned to see the video and 0 otherwise. Similarly, [image: image] i denotes the pooled information through the traditional extension approach and is equal to 1 if the household is assigned to take the pooled information (T1 and T2) and 0 otherwise. [image: image] is an average outcome in the control group.

In this regression (Equation 2), we used a probit regression model to estimate binary outcome variables and ordinary least squares (OLS) to estimate continuous outcome variables at fixed effects. 𝛽1 estimates the average treatment effect of information by site-specific technical information, 𝛽2 estimates the average treatment effect of information through video, and 𝛽3 estimates the average treatment effect of traditional extension information. [image: image] is a year dummy for the 2021 fixed effect.[image: image] is a random error term clustered at the household group level at year t. Given our focus on studying the impact of information provision on the adoption of ICVs through three information delivery experiments, we controlled household characteristics, socioeconomic, and institutional compositions of independent variables from our main model.




5 Results and discussions


5.1 Sources and types of information for cassava producers

The baseline data collected in 2020 provide an overview of the sources and types of information available to cassava growers as depicted in Figures 4, 5. Figure 4 focuses on the primary source of information for cassava producing farmers. It is interesting to note that local meetings emerge as the primary source of information, which accounts for 25.15% of cassava growers relying on this channel. This finding underlines the importance of face-to-face interactions and community engagement in disseminating information among cassava-producing farmers. Development agents also play a vital role, with 21.15% relying on their guidance and expertise from these professionals at the kebele level. Moreover, mass media platforms such as local radios and televisions prove to be influential information sources, capturing cassava producers’ attention with 15.77%. On the other hand, training programs; agricultural demonstrations and shows; and social media (particularly cell phones), research institutions, and NGOs are reported as the least-used sources of cassava information by growers in South Ethiopia (Figure 4).

[image: Figure 4]

FIGURE 4
 Sources of information.
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FIGURE 5
 Types of information.


Similarly, the data presented in Figure 5 reveal the dominant type of information cassava growers prefer and utilize to adopt improved cassava variety. Production information emerged as the most preferred and utilized type of information with 45.82% of the sampled households. This indicates the importance of accessing knowledge and resources related to the production of improved cassava variety. Market information was the next focus of cassava producers with 33.3% of the sampled respondents understanding the dynamics of the market, prices, and demands of consumers’ information. Piabuo et al. (2020) analyzed the effect of information on market price and profit in Cameroon. Similarly, 12.21% of sampled households utilized post-harvest information, and only 8.67% of respondents sought health and nutrition information to adopt and produce improved cassava varieties.



5.2 Determining factors of agricultural information provision

In Table 2, the results of the binary probit model and its marginal effect analysis are reported in columns 1 and 2. The outcome of this analysis shows that four variables, namely, media exposure and access to cell phones, access to infrastructure and perception of farmers to ICVs, and extension support have negatively influenced the information delivery of ICVs and farmers’ adoption decisions. On the other hand, variables such as participation in the social groups, farm size, and the logarithm of farm income positively affect the provision of an agricultural information approach.



TABLE 2 Determining factors of agricultural information provision.
[image: Table2]

The negative sign of the variable media exposure indicates that there is a lack of access to media exposure to cassava growers, and this circumstance could negatively affect the likelihood of information being provided to farmers. The average marginal effect output indicates that all things remain constant; a unit percentage of lack of media exposure caused a 15.8% decrease in the agricultural information delivery process, and this finally affected the adoption of improved cassava variety in the study area. Due to the lack of exposure to media such as local radio and television, cassava producers may face challenges in accessing information for the most productive and high-yield varieties of cassava to grow. Similarly, the lack of access to cell phones negatively affected the provision of information to farmers. Cell phone ownership and access to it form the base for rural farmers to obtain information on agricultural inputs, advisory services, and market prices. Hence, lack of access to cell phones may lead to a lack of information about new and improved cassava varieties that are relevant to producers. The study result is similar to Babu et al. (2019).

In addition, our findings reveal that access to infrastructure affected the information provision with a marginal effect of 7.1%. This shows that limited access to necessary infrastructure impedes the effective delivery of information to farmers. Moreover, the perception of cassava growers on the use of information for ICVs also played a negative role in receiving information from farmers, showing a significant average marginal effect of 5%. Our finding highlights the importance of addressing infrastructure-related factors and increasing farmers’ perception of the value of information. In doing so, it is possible to improve the information provision methods to farmers.

The study also provides some insights into the factors that positively influence the provision of information. It was found that farm size was the highest determinant, with a significant marginal effect of 12%. This shows that larger farm sizes led farmers to be more likely to adopt new technologies and practices (Musara and Musemwa, 2020). Active participation in social network issues also appeared as a significant factor, with a marginal effect of 6%, showing the importance of participation in social networks in equipping farmers with the necessary information knowledge, and skills to implement the adoption of ICVs are crucial. The result matches with (Ikuemonisan et al., 2020). Finally, annual income from cassava production was found to have a considerable marginal effect of 19.1%, highlighting the role of financial capacity in promoting information delivery interventions (Table 2).



5.3 Balance of randomization and comparisons

In Table 3, the study provides a balance of randomization among the three information interventions. Column 1 reports the mean of the control group; columns 2 to 4 report the mean differences between the control and the treatment groups. Columns 5 to 7 report the p-values of the treatment groups.



TABLE 3 Balancing and comparison of control and treatment groups of RCT.
[image: Table3]

To check the success of randomization and statistical independence among the covariates, we report the balance of randomization by balancing the test using the two-sample t-test with equal variance. The households who planted the improved cassava variety and shared their land with ICV between placebo and treatment groups are balanced. In addition to this, agricultural outcomes covariates such as TLU, production, yield, and yearly income from cassava production are statistically independent and are balanced in all three treatments.

On average, each household farm size stands at 0.651 hectares, referring to relatively small households holding share of 0.243 hectares in the previous year (2021). Additionally, our study found that 48.1% of the sampled households used extension support in the last cropping season. Our study observed that 45.3% of households have access to a mobile phone and a few households (approximately 23.9%) of sampled households used an improved variety of cassava. In addition to these findings, cassava growers produce 294.11 quintals of cassava on average and yield 264.63 quintals per hectare in the cropping year of 2021, which is slightly lower than the National Agricultural Ministry report of 2020 in control groups.

Table 3 provides a detailed summary of the mean values of each intervention at the household level, allowing us to a comprehensive measurement of the impact of information on the adoption, and yield of both treatment and control groups. The result reveals significant progress in the adoption of ICVs among households that received the information interventions. Specifically, households that received the agronomic technical information showed a 23.9% progress on the adoption of ICVs compared to control groups. This shows that providing technical information can play a central role in encouraging the adoption of improved cassava varieties.

Similarly, households who received productivity and profit information showed progress with a 13.9% increase in the adoption of ICVs compared to control groups. Moreover, households that received information on both agronomic and productivity received a change of 6.4% in the adoption of ICVs compared to the control groups. These findings underscore the significance of providing targeted information through site visits, video education, and traditional extension approaches can contribute to enhancing agricultural productivity, improving food security, and promoting sustainable agricultural practices.

Our observation also revealed noteworthy progress in cassava yield for the treatment groups compared to the control groups. Specifically, households obtained agronomic information experienced an increase in the yield of cassava crops by 53.5 quintals per hectare. Similarly, cassava growers who received productivity and profitability information significantly increased by 151.5 quintals per hectare compared to non-adopters. In addition to this, households that received both treatments of information observed a rise of 78.3 quintals per hectare. The finding underscores information provision interventions have a positive impact on cassava yield for treatment groups compared to control groups.

In addition to the cassava yield improvement, the annual income households in treatment groups have shown significant growth. The households who received agronomic technical information showed a remarkable increase of ETB 119,929.3 in their annual income compared to the control groups. Similarly, cassava producers who obtained productivity and profit information saw a rise in ETB 186,532.5 and 137,604.5, respectively. This finding highlights the effectiveness of the information delivery positively impacting the financial wellbeing of the treated groups compared to placebo groups. A significant increase in income for cassava growers refers to the potential of these interventions to contribute to economic empowerment within the community.



5.4 The effect of information treatments on recommended technologies knowledge

We shifted our focus to information treatment effect analysis. Table 4 reports the effect of information treatments on farmers’ knowledge of recommended technologies of ICV adoption using panel A (2021) and panel B (2023) in comparison between treatment and control groups. We specifically highlight the effect of agronomic technical information (T1) on adoption knowledge of ICV use, stem cutting and spacing, use of raw planting, and application of fertilizers.



TABLE 4 The effect of information treatment on recommended technologies knowledge.
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The results in Table 4 show that treatments 1 and 2 had positive effects on cassava growers’ knowledge of improved cassava variety use. The data report that farmers’ knowledge of using ICVs increased by 8.6% due to T1 and 8.3% due to T2 in panel A. However, we found that the p-values of other recommended cassava technologies such as stem cutting, row planting, and inorganic fertilizer use in the year 2021 (panel A) were insignificant. This indicates that our treatments did not immediately affect the knowledge of cassava growers within 1 year of intervention, while increasing the knowledge of new technology among farmers may take longer.

The output in panel B indicates that the agronomic technical information at the field (T1) has significantly improved the know-how of treated cassava growers’, regarding the selection of improved cassava varieties by 16.5% compared to control groups. Compared to the data in Panel A, column 1, this intervention has resulted in a double increase in farmers’ knowledge. Specifically, in column 1 of Panel A, the farmers’ knowledge rate was 8.6% for the treatment groups. However, after 2 years (in 2023) in panel B, farmers’ knowledge of the selection of improved cassava variety increased to 16.5%, indicating that intervention T1 led to a 50% increase in farmers’ knowledge of adoption. In addition, this intervention caused a significant effect of 12.9% improvement in organic fertilizer use knowledge of treatment groups in Panel B compared to control groups at a 1% level of significance. This study is consistent with research conducted by Ayalew et al. (2022) who found the effect of site-specific agronomic information on adoption in Ethiopia.

The productivity and profitability information (T2) also positively impacted farmers’ knowledge of improved cassava variety adoption. It increased the estimated knowledge of treatment groups by 16.4% in the use of cassava variety, 10.9% in stem cutting and spacing, and 16.5% in fertilizer use of treatment groups compared to controlled groups. Similarly, the third intervention (T3) had a significant impact on the understanding of recommended technologies. Treatment groups that took both agronomic and productivity and profitability showed an estimated increase in the likelihood of adoption of ICV by 10.4% and an understanding of fertilizer use by 15.8% compared to control groups. In general, our analysis indicates that rather than short-term information interventions, long-term panels may increase rural farmers’ understanding and knowledge level in the use of recommended technologies (Maredia et al., 2018; Van Campenhout et al., 2021).



5.5 The effect of information treatment on improved cassava seeds use

Table 5 presents the information provision treatments on the utilization of improved cassava seeds in panels A and B. Our study found a heterogeneous effect of interventions on the usage of ICV across different treatment groups in panel A. We observed that the agronomic information (T1) resulted in a modest increase of less than 10% in the utilization of improved seed among farmers, specifically concerning the use of Hawassa-04 ICV (see Table 5). Oppositely, we found a negative effect of our interventions in T2 and T3. This indicates that the productivity and profitability information did not change the usage of ICV among farmers. It becomes evident that the farmers in panel A were not willing to apply (use) ICVs despite the interventions.



TABLE 5 The effect of information treatment on improved cassava seed use.
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However, in panel B, after 2 years (in 2023), our information interventions resulted in a positive and significant impact on the use of improved cassava seeds (Table 5). Providing agronomic technical information in the field (T1) positively affects the use of improved cassava seeds. The output indicates a substantial increase in the utilization of Hawassa-04 seed by 23.9%, Chichu seed by 12.2%, and Qulle/Kello seed by 12.8%.

Similarly, the productivity and profitability information positively impacted cassava growers’ adoption of improved cassava seeds. This intervention showed a change or improvement in the utilization of Hawassa-04 by 13.9%, Chichu seed by 11.1% and Qulle/Kello seed by 11.7%.

Furthermore, pooled information had a lesser effect on farmers to the use of improved cassava seeds. The intervention created an impact on farmers to use Hawassa-04 seed by 6.4%, Chichu by 1.4%, and Qulle/Kello by 2.1%. This indicates that farmers tended more to agronomic information and profitability information, rather than pooled interventions. In summary, our findings indicate that agronomic information had a higher effect than productivity and profitability information provision. These findings provide insights for agricultural organizations and policymakers to understand the role of utilizing innovative information provision approaches to enhance the adoption of improved cassava seeds among cassava-growing farmers.



5.6 The effect of information interventions on recommended fertilizer use

Moving forward, we directed our attention to analyzing the effect of our information provision interventions on recommended fertilizer use, as presented in Table 6. In panel A, the data we gathered revealed that our interventions did not significantly change the utilization of recommended fertilizers such as DAP and UREA. However, in examining Table 6, column 3, we find that our interventions had a substantial effect only on compost utilization. This was witnessed by an increase in compost usage of 22.4, 17.1, and 15.4% for T1, T2, and T3, respectively, compared to control groups for panel A (Table 6).



TABLE 6 The effect of information intervention on recommended fertilizer use.
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In panel B, we found that treatment one significantly increased the utilization of DAP and compost among cassava growers. Compared to placebo groups, farmers who received agronomic information increased their utilization of DAP by 10.7% and compost by 37% at a 1% level of significance. This result is in line with Balew et al. (2023) who studied incentivizing and nudging approaches to diffuse integrated pest management knowledge to farmers in Ethiopia.

Productivity and profitability information treatment (T2) have shown varying levels of significance for improved fertilizer usage. DAP utilization has increased by 6.9% at a 5% significance level, while UREA utilization increased by 5.4% at a 10% significance level. In addition, compost utilization has increased by 30.6% at a 1% level of significance compared to control groups.

Similarly, both agronomic and productivity and profitability interventions had a greater effect on compost use. Farmers who received these interventions increased their compost utilization by 30.3% at a 1% significance level. Then, the treatment had an impact on the use of DAP, increasing it by 9.3% at a 10% significance level.

When examining the effectiveness of our treatments in encouraging the use of improved fertilizers in cassava production, we observed that the treated groups typically relied on compost compared to untreated groups in Panels A and B. The reason for the preference for applying compost can be attributed to the ease of compost preparation using locally available animal–plant-based materials that were accessible around their home garden. In addition, compost has proven to be an economical choice compared to other organic fertilizers (Omotilewa et al., 2019; Adong et al., 2020; Barrett et al., 2022; Balew et al., 2023).



5.7 The effect of information treatments on production outcomes

Table 7 presents the effect of information treatments on production outcomes and practices, focusing on the area planted per hectare, production per household, and the yield per quintal of cassava among treatment groups in comparison to placebo groups in panel A (year 2021) and panel B (year 2023).



TABLE 7 The effect of information treatments on production outcomes.
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In panel A, the provision of agricultural information treatments had a significant impact on the share of land, the production, and the yield of cassava producers. By providing the agronomic technical information, the cassava area harvested increased by 5.5%, the production by 104.35 quintals per household, and the yield by 122.70 quintals per hectare compared to the control groups (Table 7). Similarly, the productivity and profitability information increased by 2.5% in harvested cassava area, 72.64 quintals per household in production, and the yield by 61.35 quintals per hectare compared to the control groups. Moreover, the pooled information helped farmers increase the area planted by 3.5% compared to untreated groups. It also increased the production farmers’ ability by 72.64 quintals per household and the yield by 50.73 quintals per hectare compared to control groups.

In pane B, the agronomic technical information at the field visit significantly impacted the share of land to cassava, production, and yield at a 1% level of significance. The data indicated that those farmers who received this intervention increased their share of land to cultivate improved cassava variety by 0.107 hectares. In addition, the treated farmers produced a surplus of 126.58 quintals of cassava over the control groups in the given cropping year. Moreover, the yield of cassava in the treatment group exceeded the control group by 151.56 quintals per hectare. This result is supported by Arouna et al. (2021) who studied the digital delivery of personalized extension advice in Nigeria.

Similarly, productivity and profitability information by video-show intervention also had a significant impact on the area covered by improved cassava varieties (ICVs). The intervention had resulted in an increase of 0.055 hectares compared to control arms. Over the 2 years (2021–2023), there was a difference of 80.41 quintals between the treatment and control groups. Yield output indicates that 78.32 quintals per hectare difference was recorded among the treatment arms. This indicates that our intervention affected the production outcomes. This confirms the finding of (Abate et al., 2023) who identified a video-mediated extension approach to accelerate the technical performance of farmers through ICT in Ethiopia.

On the other hand, pooled information provision had a significant effect only on production and yield outcomes at a 1% level of significance. In this intervention, households who received the treatment increased the production of cassava by 79.37 quintals compared to control groups. Similarly, the yield increased by 53.50 quintals per hectare compared to untreated groups. The findings resonate with Barrett et al. (2022) who found that training positively and significantly affected households’ rice yield, profit, and wellbeing in Madagascar.




6 Conclusion and policy recommendations

We employed information intervention to study the adoption of improved cassava varieties using two-round panel data in Ethiopia. We provided agronomic technical information, productivity and profitability information, and pooled information to treated farmers and compared them with farmers who did not receive any information using a randomized control trial (RCT) approach in 32 villages. We found that information provision interventions positively affected the understanding and knowledge of improved cassava varieties adoption among farmers. We also found a heterogeneous effect of our interventions on the use of ICVs across different treatment groups in our panels. Our interventions did not have a significant impact on the adoption of recommended fertilizers such as DAP and UREA, but they resulted in a positive effect on compost utilization among treatment groups in a short time (in panel A). However, we found a positive effect after the second intervention. Information provision interventions have had a significant effect on increasing the share of land allocated to cassava, production, and yield.

Media exposure, access to cell phones, access to infrastructure, perception of farmers to ICVs, and extension support were factors that negatively influenced the information delivery of ICVs and farmers’ adoption decisions. On the other hand, variables such as participation in social groups, farm size, and the logarithm of farm income positively affect the provision of agricultural information. Further policy research and evaluations are needed to assess the effectiveness of information intervention in different contexts and settings and factors that influence the improved cassava adoption and yield. Additional farmer-targeted information and education provision programs are needed on the benefit and proper utilization of improved seeds and fertilizers to enhance cassava growers’ yield.
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Footnotes

1   Zone is the third hierarchical administration level next to woredas and kebeles.

2   Villages are the fourth hierarchical level next to kebeles.

3   Rural Productive Safety Net Program Phase Five (RPSNP-5) is Ethiopia’s largest social protection program that supports around 8 million poor food insecure households (FAO, 2020). The program was launched to sustain social protection and risk management systems to minimize food insecurity challenges in the country.

4   FTCs are farmers training centers in which agricultural demonstrations are held as school for farmers in rural Ethiopia.

5   In the Ethiopian context, DAs serve as agricultural extension (Development) agents. The DAs are categorized into crop-based, livestock-based, and natural resource-based specializations in Ethiopia. For this study, we used a crop-based specialization type of development agent for our experiment.
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Appendix



TABLE A1 Stratification (clustering) of sample sizes by each woreda (district) and kebeles.
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