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Chapter 1
General Introduction
Sarah Wairimu Kariuki
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1.1. Food safety and economic development
Unsafe food has significant implications for economic development. First, unsafe food may make
people ill and, in extreme cases, result in death. In 2010 alone, thirty-one food safety hazards were
associated with 600 million illnesses and 420,000 deaths worldwide, translating to an estimated
disease burden of 33 million Disability-Adjusted Years (DALYs) (WHO 2015). This disease
burden translates to high economic costs to both individuals and governments in lost productivity,
prevention costs, and other medical costs (Jaffee et al. 2018). Second, unsafe food may affect
people’s nutritional outcomes, either directly through effects such as stunting (Checkley et al.
2008; Gong et al. 2002; Häsler et al. 2017; McMillan et al. 2018; Turner et al. 2005) or indirectly
through avoidance of nutritious food due to safety concerns (Hoffmann, Moser, and Saak 2019).
Lastly, unsafe food may result in significant trade-related losses (Jaffee et al. 2018). These losses
can be in the form of rejection of consignments or lost trading opportunities (Bovay 2016; Otsuki,
Wilson, and Sewadeh 2001; UNIDO 2015). At the micro-level, resource-poor farmers may be
excluded from high-value export or domestic markets, resulting in lost income opportunities
(Hoffmann et al. 2019; Unnevehr 2015).
Food safety management is thus an essential part of economic development as it contributes
towards the general health and well-being of people, improved nutrition, and reduced poverty, as
envisioned in the Sustainable Development Goals (SDGs) 3, 2, and 1.
Until recently, there has been limited policy attention to the safety of foods consumed in
the Lower and Middle-Income Countries (LMICs). Most of the previous efforts by the
governments, donors, and the research community has been towards meeting the food safety
requirements in the export markets (GFSP 2019). While compliance to international food safety
standards has generally resulted in better livelihood outcomes for the producers in LMICs
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(Hoffmann et al. 2019; Unnevehr 2015), there have been limited spillovers in terms of improved
safety of the foods consumed locally (Donovan, Caswell, and Salay 2001) 1.
A major factor that has led to the low prioritization of the safety of foods consumed in the
LMICs is limited evidence on the health burden and economic costs due to Food-Borne Diseases
(FBD). To address this gap, the World Health Organization (WHO), in 2006, launched an initiative
to estimate the global FBD burden. At the time, most High-Income Countries (HICs) had national
studies on the FBD burden (Flint et al. 2005; Havelaar et al. 2000; Mead et al. 1999). However,
such studies were non-existent in most of the LMICs (WHO 2006).
Ten years later, the WHO assessment results showed that in 2010 (base year), 31 hazards
were responsible for a disease burden comparable to that of tuberculosis and malaria (Havelaar et
al. 2015). More importantly, the estimates pointed to a stark difference in the FBD burden across
the regions of the world. Most of the global food-borne disease burden was borne by the LMICs
in Sub-Saharan Africa and Asia, accounting for about 72% of the total FBD in 2010 (Jaffee et al.
2018). The public health burden due to FBD in these countries translates to economic costs of
approximately USD 110.2 billion per year (Jaffee et al. 2018).
The disproportionate burden of FBD is a reflection of the difference in food safety
management in the LMICs and the HICs. While the food safety management systems are relatively
developed in the HICs, the same remains under-developed in most of the LMICs (Jaffee et al.
2018). Most of the LMICs are characterized by low public sector capacity (in terms of
infrastructure and human capacity) and a lack of comprehensive food safety policies (Jaffee et al.
2018). Besides, most of the countries in the lower-middle-income category are undergoing rapid
1

Some studies found improved health benefits for farmers due to use of protective gear during

pestcide application, which was part of the requirement for in the export market
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transformation and urbanization that has increased the consumption of a wider variety of foods,
increased consumption of processed food, led to longer food value chains, and intensified the
production systems (Jaffee et al. 2018; McDermott and De Brauw 2020). These transformations
expose consumers to a broader range of hazards. Thus, if the current management system in the
LMICs is unchanged, the FBD burden is likely to be higher than it was in 2010.
The WHO report has stimulated action by the research community, donors, and
governments in the LMICs towards improving the safety of the foods consumed in the LIMCs.
Examples include the Consultative Group for International Agricultural Research (CGIAR)
research program on Agriculture for Nutrition and Health (A4NH), the WHO through its
Foodborne Disease Burden Epidemiology Reference Group (FERG), the World Bank (WB), and
several initiatives from other donors.
Part of the effort has been to develop new food safety technologies and to test the potential
of the existing technologies to improve the safety of food consumed in these settings
(Bandyopadhyay et al. 2016; Hell et al. 2000; Kassam and Barat 2008; Wild, Miller, and
Groopman 2015; Williams, Baributsa, and Woloshuk 2014). This thesis aims to provide some
evidence on this subject. The thesis's main contribution is to test the impact of market-based
solutions and rural institutions on the adoption of food safety technology to facilitate production
and supply of safe food.

1.2. Market-based solutions
A major problem of food safety is imperfect information during market transactions. As an
attribute of food, safety is mostly not observed during purchase. Specialized tests can be done to
detect the presence of specific hazards. However, these are expensive relative to the value of the
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food purchased, thus may not be feasible in every transaction. Consumers, therefore, may have
incomplete information about the quality and safety of food during purchase. Sellers may have
private information on the quality and safety of the supplied food since, in most cases, they are
knowledgeable about how the food was produced or processed. This creates an information
asymmetry between the buyer and the seller in the market. In some cases, the seller may not have
information on the quality and safety of the supplied foods, creating imperfect information for both
the buyers and the sellers.
Under certain conditions, market forces can resolve the problem of information asymmetry.
First, firms that want to protect their brand equity can invest in providing safer foods and charge a
higher price as a signal for higher quality (safety) (Hoffmann and Moser 2017). Second, product
labeling and certification can be used to provide information on food quality and safety to the
consumers, thus resolving the information asymmetry (Antle 1996). Both reputation and labeling
mechanisms are conditional on having a sufficient number of knowledgeable consumers (Antle
1996), so that the firm can incur the cost of supplying higher quality products and communicating
this information to the consumers.
In the case of inadequate or absence of certification, reputation, and consumer knowledge,
public regulation is recommended to ensure the supply of safe foods (Antle 1996). Public
regulation may include product liability laws, performance standards (for example, stating the
allowable levels of a hazard in a final product), design standards (outlining how a product should
be produced), or prohibition laws (banning of specific products or processes) (Antle 1996; Garcia
Martinez et al. 2007).
Given the weak public regulation capacity in the LMICs, the low consumer demand for
food safety, lack of credible product certification, and the dominance of informal market
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conditions (Hoffmann et al. 2019; Jaffee et al. 2018), food safety is mostly undersupplied in these
contexts (Grace 2017). However, the rapid transformation, urbanization, and rising incomes in the
lower-middle-income countries provide an opportunity that can be used to harness the market
forces to improve food safety. Market-based solutions have been proposed as one of the
approaches to improving food safety in the LMICs (ANH 2017; GFSP 2019; Hoffmann et al. 2019;
Jaffee et al. 2018).
In this thesis, I define market-based solutions as “policy tools that encourage behavioral
change through market signals by providing economic incentives rather than through traditional
regulations” (Aramyan et al. 2016). This definition implies a deliberate effort by the public sector
to create an enabling environment for the private sector's involvement in food safety management.

1.3. Impact of market-based solutions to food safety in lower and middle-income countries
Some evidence exists on the impact of market-based solutions in lower-middle-income settings.
The International Livestock Research Institute (ILRI) and other partners have been working on a
market-based institutional innovation that involves training, certification, and branding of informal
milk vendors and butchers in Kenya, India, and Nigeria. These interventions have resulted in
improved knowledge and skills of the trainees, higher quality and safer products, and increased
economic benefits for the chain actors (Johnson et al. 2015; Kaitibie et al. 2010; Lapar et al. 2014;
Omore and Baker 2009). The intervention in Kenya also led to a policy change that resulted in a
shift in the regulators’ approach from that of policing and harassment to ensuring and facilitating
compliance by the vendors (Kaitibie et al. 2008). However, in all cases, the vendors were not able
to charge a premium price for their products (Jaffee et al. 2018). Other motivations like getting a
license, thus reducing harassment by the local authorities (this lowered the vendors’ transaction
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costs), or increased public recognition, acted as incentives for the traders to participate in the
program.
One of the limitations of the above studies is the lack of credible counterfactuals needed to
attribute the observed outcomes to the interventions. Without rigorous evaluations, we are not
confident that the observed changes were solely due to the interventions and not other confounding
factors. Also, the main incentives for behavior change were training and certification (that reduced
harassment or increased recognition). This thesis adds to these studies by using field experiments
to test the potential for price based incentives (driven by consumer demand, thus likely to be more
efficient and sustainable) to improve food safety and livelihoods.
Lastly, the intervention in this thesis targets a different value chain actor - the small-scale
producers 2. First, the food safety hazard studied occurs at the farm level, thus best managed at the
farm. Second, as agri-food value chains evolve and markets for safe food arise, there is a risk of
exclusion of small scale farmers from these chains (Hoffmann et al. 2019; Reardon et al. 2009;
Unnevehr 2015). Their small scale nature of production implies high training, monitoring and
product testing costs that may discourage the private sector from working with such farmers.

1.3.1. Impact of efforts to stimulate consumer demand for food safety
Consumer awareness and willingness to pay for food safety were the primary drivers of markets
for safer foods in the HICs (Jaffee and Henson 2004). However, most consumers in the LMICs are
not willing or able to pay for food safety (Hoffmann, Moser, & Saak 2019; Jaffee et al. 2018).

2

Some field experiments have examined the role of price incentives in stimulating supply of safe

food by small-scale farmers. I discuss these studies later in the text
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Whether consumer demand in these countries can be stimulated to drive food safety is still an open
question.
Some studies have examined the Willingness To Pay (WTP) for food safety claims by
consumers in LMICs using hypothetical or actual choice experiments. These studies find that
consumers are generally willing to pay more for safety attributes (Hoffmann et al. 2019; Ortega
and Tschirley 2017). However, emerging evidence shows that these studies' methodological
approach may result in an upward bias since WTP is measured immediately after focusing
participants’ attention to food safety (Hoffmann, Moser, and Herrman 2020). In the study by
Hoffmann et al. (2020), the authors tested the effect of marketing efforts on sales of a labeled
certified maize flour brand over time and found no lasting effects after the week of active
marketing. When combined with a price discount, the effect of marketing lasted longer, but also
eventually faded. Since consumers’ willingness to pay for food safety may vary depending on the
source of information (Hoffmann et al. 2019; Jaffee et al. 2018), more studies are needed to
complement the study by Hoffmann et al. (2020). These include studies in which the information
provided to consumers is from an independent source and not a marketing claim made by a specific
firm; and in which consumers’ behavior is observed in their natural setting.
Studies on the role of information in stimulating demand for preventive health and water
treatment technologies have shown that the effect of information may depend on the type of
information supplied. Providing risk information is more effective than general information
(Dupas 2011; Dupas and Miguel 2017). The role of different types of information, and especially
risk information, in stimulating demand for safer foods has not been examined.
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1.3.2. Impact of price incentives on the adoption of food safety technology
Over the years, significant effort has been put into developing new food safety technologies as
well as testing the potential of the existing technologies to manage food safety risks at the farm
level (Bandyopadhyay et al. 2019; Hell et al. 2000; Kaaya and Kyamuhangi 2010; Kassam and
Barat 2008; Pretari, Hoffmann, and Tian 2019; Wild et al. 2015; Williams et al. 2014). However,
as with other agricultural technologies, the adoption of promising technologies by small-scale
producers in developing countries is constrained by market inefficiencies 3, information and
learning constraints, and behavioral biases (Ashraf, Giné, and Karlan 2009; Duflo, Kremer, and
Robinson 2011; Hanna, Mullainathan, and Schwartzstein 2017; Jack 2013). Adoption may also be
low due to low returns to technologies in farmers’ conditions (Foster and Rosenzweig 2010). This
thesis examines the role of output market inefficiencies and potential returns on the adoption
(potential adoption) of a food safety technology.
Most small scale farmers market their produce in the informal markets where produce from
numerous farmers is aggregated by the traders, limiting traceability. The prices in these markets
do not reflect the unobservable attributes of the product, including food safety (Hoffmann, Mutiga,
et al. 2020). Due to the weak regulatory environment, especially in these informal markets, there
is no testing and thus no reward for quality. Therefore, most producers do not invest in quality
(including food safety) enhancing technologies for their marketed produce (Hoffmann and Jones
2018; Kadjo et al. 2019).
Some studies have shown that providing market incentives can stimulate the adoption of
quality or safety-enhancing technologies by small-scale farmers (Bernard et al. 2017; Hoffmann,
3

Include inefficiencies in output and input markets, financial services markets, risk markets, land

markets (Jack 2013).
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Magnan, et al. 2018; Hoffmann and Jones 2018; Saenger et al. 2013; Treurniet 2019b). Existing
studies are mainly on produce grown mostly for the market (Bernard et al. 2017; Saenger et al.
2013; Treurniet 2019b) or involve an unrealistic high price premium (Hoffmann and Jones 2018),
or a modest premium to incentivize the adoption of a non-divisible technology (Hoffmann,
Magnan, et al. 2018). The role of small incentives on the adoption of a divisible technology by
subsistence farmers who mainly produce for home consumption but sell some surplus has not been
studied. Additionally, there is scant evidence on the effectiveness of food safety technologies
under farmers’ conditions and practice, and the role of farmer training on this efficacy.

1.4. Objective and research questions
The overarching objective of this thesis is to examine the potential of technological innovation to
improve i) the livelihood of farmers and ii) the safety of food consumed by consumers in lowermiddle-income countries. Specifically, the thesis aims at assessing the impact of market-based
solutions and rural institutions on the production and supply of safe food through the adoption of
food safety technology. These objectives are evaluated through the following research questions:
1. What is the impact of food safety information on consumer demand for safe food? What
type of information is more effective in stimulating consumer demand for safe food?
(Chapter 2)
2. What is the impact of a market-based instrument-a premium price for safe food- on the
adoption of a food safety technology by small-scale farmers? (Chapter 3)
3. Does the effectiveness (and thus returns) of a new food safety technology in farmers’ fields
depend on the level of farmer training and support? (Chapter 5)

10

CHAPTER 1

4. What characteristics of producer organizations are correlated with individual member’s
adoption of a food safety technology? (Chapter 4)

1.5. Study context
The research in all the four core chapters was conducted in Kenya, a country ranked as a lowermiddle-income country. This section provides some background information on the food safety
hazard studied in this thesis and the available technologies to manage the hazard.
The main focus of this thesis is aflatoxin contamination, a naturally occurring toxin
common in the tropics. Aflatoxin mostly affects maize, peanuts, cottonseed, and tree nuts (Klich
2007). The toxin can also be present in livestock products like milk, eggs, meat if livestock
consumes contaminated feed. Much of the exposure in Kenya is through maize due to high levels
of the toxin in maize and high consumption of maize (Johnson and Grace 2015). Although typically
lower compared to contamination levels in maize, aflatoxin contamination in milk is also of great
public health concern due to the high consumption of milk by young children.
Chronic exposure to moderate levels of aflatoxin is known to cause liver cancer, suspected
of causing about 25-155 thousand cases of liver cancer worldwide each year (Liu and Wu 2010).
Chronic exposure is also associated with stunting in children (Gong et al. 2002; McMillan et al.
2018; Turner et al. 2007) and the inhibition of the immune system (Wild et al. 2015). Ingestion of
high levels of aflatoxin can result in acute poisoning and death, of which hundreds of cases have
been reported in Kenya (Azziz-baumgartner et al. 2005).
In addition to the adverse health effects, aflatoxin contamination has other economic costs.
First, once present in food, it is almost impossible to eliminate. Disposal of contaminated products,
which occasionally occurs in Kenya (Bandyopadhyay et al. 2016; EAC 2017), is costly and
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reduces food availability among food insecure populations. Second, failure to produce aflatoxin
safe maize may lock out farmers from high-value chains that demand aflatoxin safe maize. In
Kenya, some premium exists for safe maize among some formal millers (Hoffmann and Moser
2017). However, these millers avoid sourcing maize from aflatoxin prone regions.
Aflatoxin is only detectable via tests. Consumers cannot differentiate aflatoxin safe
products from unsafe products by just looking at the products. The Kenyan government has a
regulation on the amount of aflatoxin that is acceptable in grains sold for human consumption.
While there is no continuous monitoring of the prevalence of aflatoxin in foods in Kenya, several
studies have found food products with levels above the regulatory limit in both the formal and
informal markets (Hoffmann and Moser 2017; Lewis et al. 2005; Mutegi, Cotty, and
Bandyopadhyay 2018; Mutiga et al. 2014). Unsafe levels have also been found in farmers maize
before harvest and during storage (Mahuku et al. 2019; Pretari et al. 2019). These studies highlight
the weak enforcement of the existing regulation and inadequate management of the hazard at the
farm level.
Technological solutions for aflatoxin management exists at all stages of crop production;
pre and post-harvest. Some of the pre-harvest technologies include biocontrol, Good Agricultural
Practices (GAP), and resistant varieties. Post-harvest technologies include drying technologies,
sorting, and storage technologies. These technologies differ in cost (monetary, labor, and effort)
and efficacy in reducing contamination.
This thesis focuses on biocontrol technology. Biocontrol for aflatoxin contamination
involves the use of naturally occurring atoxigenic fungal strains to competitively displace aflatoxin
producers in the soil, thus reducing aflatoxin levels in the treated crop. Biocontrol is highly
effective in reducing aflatoxin contamination (up to 100% effective) in field trials and farmers'
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fields (Atehnkeng et al. 2014; Bandyopadhyay et al. 2019; Senghor et al. 2020). Besides, it protects
crops in the field and after harvest. However, this technology has significant cost implications,
both monetary and effort costs. The technology also requires precise application in terms of timing
and dosage to achieve the desired results (Weaver et al. 2015).
Biocontrol for use in Africa, under the brand name AflasafeTM, has been under
development since 2003 by scientists from the International Institute of Tropical Agriculture
(IITA), one of the CGIAR centers, in collaboration with other partners, among them the
Agricultural Research Service of the United States Department of Agriculture. In Kenya, the
biocontrol product was registered in 2015 (Bandyopadhyay et al. 2016). A local manufacturing
factory has been set-up in one of the national research centers, Kenya Agricultural and Livestock
Research Organization (KALRO). The Kenyan government has so far been the primary buyer of
the biocontrol from the KALRO factory, mainly for use in target areas. Plans to engage the private
sector in the manufacturing and distribution of the biocontrol are underway (Konlambigue et al.
2019).

1.6. Methodology
Three field experiments were conducted to evaluate the potential for market-based solutions and
institutions to improve food safety and livelihoods through technology adoption. The main data
sources were household surveys, PO surveys, administrative records, laboratory tests of aflatoxin
contamination in maize.
A randomized trial was conducted among consumers in a county capital in the Eastern
region of Kenya to examine the role of different types of information in stimulating demand for
safer foods. Households were randomly assigned to receive one of the three types of information
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offered, namely general information, brand-specific recommendations, or brand-specific plus test
result showing a person’s exposure to the hazard. The random assignment of households to various
treatments allowed us to test the causal effect of information on consumer behavior. The impact
of information was assessed nine weeks after information was provided to avoid any potential bias
of measuring consumers' willingness to pay for safety immediately after focusing their attention
on food safety.
To test the role of market incentives on subsistence farmers' adoption of the aflatoxin
biocontrol, a Randomized Cotroled Trial (RCT) was conducted in Kenya's Eastern region. The
project worked with farmers who are members of existing POs in the region. Half of the POs were
randomly assigned to receive a price premium for maize treated with the biocontrol and aggregated
at the PO level. Again, the random assignment of the treatment allows us to causally isolate the
effect of the price premium on farmers' adoption decisions in our setting. Chapter 4 uses data
collected in this project to examine how the POs’ structural characteristics are correlated with the
individual member’s adoption decisions. The PO characteristics studied include the PO's size,
member heterogeneity, linkage to larger organizations, leadership training, groups’ main activities,
and gender composition of the PO.
Lastly, an experiment varying the level of training and support offered to farmers was used
to test the effectiveness of the biocontrol under these varied levels of training.

1.7. Outline
The rest of the thesis is organized as follows. Chapter 2, which is based on joint work with Vivian
Hoffmann, examines the role of information in stimulating demand for safer foods in Kenya.
Chapter 3 is based on joint work with Vivian Hoffmann, Janneke Pieters, and Mark Treurniet. We
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test the impact of price premiums for safe maize on the adoption of the aflatoxin biocontrol by
subsistence farmers in Kenya. In Chapter 4, I examine whether a producer group’s structural
characteristics are correlated with members’ adoption of the biocontrol. Chapter 5 is joint work
with Vivian Hoffmann and scientists from IITA and examines the effectiveness of the biocontrol
under varied levels of farmer training and support. Lastly, Chapter 6 provides a synthesis of the
available evidence, provides policy recommendations, and offers suggestions for further research.
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Chapter 2
Can Information Drive Demand for Safe Food? Impact of Brand-Specific
Recommendations and Test Results on Product Choice
Sarah Wairimu Kariuki and Vivian Hoffmann
As a mostly unobservable attribute, food safety is likely to be under-provided by markets
in LMICs where regulatory enforcement is weak. In these settings, stimulating consumer
demand for safer food can potentially encourage market actors to invest in food safety.
We test the impact of informing consumers about which maize flour brands are most
likely to comply with the Kenyan regulatory standard for aflatoxin, a carcinogenic fungal
byproduct. Providing information on safer brands alone does not significantly affect
consumption behavior. However, when the same information is combined with a test
performed on the maize flour currently stocked by the household, both the likelihood that
a safer brand is consumed and per-unit expenditures on maize flour are higher two
months later, relative to a comparison group. Our findings show that providing salient
information on hazard exposure can increase the effectiveness of efforts to promote safer
food.

17

2.1. Introduction
Foodborne illness is a major health problem globally, responsible for a burden of disease on par
with tuberculosis and higher than maternal mortality (WHO 2015). Consumer demand for food
safety is typically weak in low-income settings, resulting in low prioritization of this issue by both
the market and governments (Hoffmann, Moser, & Saak 2019; Jaffee et al. 2018). Middle-income
countries thus bear a disproportionate share of the global food safety burden, as adherence to and
enforcement of food safety standards lags behind rapidly transforming food systems ( Jaffee et al.
2018). Stimulating consumer demand for safer food has the potential to catalyze action within the
food industry and by policymakers. In this chapter, we study the impact of providing consumers
in a mid-sized Kenyan city with information about relatively safe brands within a product class,
and about their personal hazard exposure, on subsequent product choice.
Since food safety is a mostly unobservable attribute that is not easily evaluated by consumers,
it tends to be undersupplied especially in poorly regulated markets. Previous research conducted
in the same region of Kenya as the present study has found high rates of contamination with the
carcinogenic fungal byproduct aflatoxin in formally marketed maize flour (Hoffmann & Moser
2017). In this study, the rate of non-compliance varied dramatically across brands, from 5% to
85%, and negatively with price, suggesting that quality differentiation can lead to heterogeneity in
terms of food safety.
Despite this variation, firms with better food safety track records do not generally use this
information to market their products, citing challenges in achieving 100% compliance, and the risk
that food safety claims could result in heightened regulatory scrutiny. A recent experimental study
showed no lasting impact on sales of a maize flour marketing campaign focused on food safety,
indicating little upside of making food safety claims (Hoffmann, Moser, et al. 2020). On the other
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hand, media exposés of contamination and government food safety recalls are met with widespread
concern and, according to news reports, dampened consumer demand (BBC News 2019; The Star
2019), suggesting that consumers may respond differently to negative vs. positive food safety
information.
The wide variation in food safety across brands in this setting, together with lack of public
awareness of this variation and consumer concern about aflatoxin contamination suggests a
potential opportunity to both reduce exposure to this hazard, and increase the pressure on firms to
invest in the safety of their products through the provision of information by a credible third party.
We test the impact of providing information on aflatoxin safety on consumer product choice
through an experiment conducted in a mid-sized town in Eastern Kenya. A comparison group was
read a general statement about aflatoxin and the effects of consuming contaminated food. One
treatment group (T1) was in addition informed about the relationship between aflatoxin
contamination and maize flour price and given the names of two brands previously found to be
most likely to comply with the regulatory aflatoxin standard. A second treatment group (T2) was
given the same information as T1 households, and in addition was offered the opportunity to have
the maize flour in their home tested for aflatoxin.
Results show positive effects of both treatments on people’s awareness about heterogeneity
in aflatoxin contamination across maize flour brands and the likelihood that a respondent recalled
the safer brands' names. However, the effect of information on consumption of one of the safer
brands mentioned and on the price of the brand consumed at follow-up nine weeks later was
significant only for the group that received information plus a test result (T2). Testing maize flour
increased the likelihood that aflatoxin safety was a factor in people’s choice of maize flour, relative
to those who only received information on safer brands alone. Thus, while providing information

CAN INFORMATION DRIVE DEMAND FOR SAFE FOOD?

19

2

on safer brands alone did affect people’s knowledge, we conclude that information on the
contamination status of maize they were themselves consuming appeared to help translate
knowledge into action.
In the following section, we review related literature on the impact of information on health
behavior and demand for safe food in low and middle-income countries. We then describe the
study context, the study design, the empirical strategy, and the findings. The final section
concludes.

2.2. Related literature
Our study relates to an extensive literature on the role of information in preventive health behavior.
A substantial body of work, summarized by Dupas and Miguel (2017), demonstrates that
information can lead to health-improving changes in behavior, including the selection of safer
water sources, treatment of drinking water, and reduced sexual risk-taking. Providing specific
information on relative risk or personal risk exposure tends to be more effective than general
recommendations. For example, informing Kenyan schoolgirls about the age-disaggregated HIV
rates of potential male partners reduced the overall incidence of childbearing, a proxy for
unprotected sex, with the effect driven by a reduction in unprotected sex with older, higher-risk,
men (Dupas 2011). In contrast, a program conducted within the same schools a year earlier that
provided information only on average risk and encouraged abstinence had no impact on this
outcome. An earlier systematic review of the effectiveness of risk communication interventions in
health care settings primarily within the context of high-income countries found that providing
individualized risk estimates generally had stronger effects than general risk information (Edwards
et al. 2000).
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A group of papers closely related to the present study in terms of methodology measure the
impact of providing households with the results of water safety tests. Four experiments in which
participants were given the results of fecal contamination tests all found that this intervention
increased water treatment behavior (Jalan and Somanathan 2008; Luoto, Levine and Albert 2011;
Brown 2017; Trent et al. 2018), either compared to no information or general recommendations
about water treatment. The three of these papers that reported the impact of providing test results
to households whose water was safe did not find a significant change in treatment behavior for this
sub-group, indicating no downside to providing this information.
Also in the context of water safety, Bennear et al. (2013) tested the effectiveness of different
messages communicating the arsenic contamination status of well water. The authors find that
providing continuous information on arsenic levels does not increase the probability of switching
to a safer source relative to binary safety information, and may even reduce switching behavior.
We contribute directly to the smaller body of research on consumer demand for safe food.
Hoffmann, Moser, and Saak (2019), reviewing the literature in this field, find that while studies
eliciting willingness to pay (WTP) for certified safe food often show that consumers are willing to
pay a large premium for safety, WTP is almost always measured immediately after focusing
participants’ attention on this attribute. One exception is a recent study that evaluated the impact
of a randomized marketing intervention emphasizing food safety on sales of safety-labeled maize
flour (Hoffmann, Moser, et al. 2020). While the marketing intervention initially had a positive
impact on sales of the target flour brand, this was not sustained beyond six weeks. Unlike most of
the existing studies that measure the effect of food safety claims immediately after focusing
consumers' attention to food safety, this chapter measures the effect of information nine weeks
after the information was delivered.
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In contrast to the study by Hoffmann, Moser, and Herrman, which evaluated the effect of a
marketing campaign that drew consumers’ attention to a firm’s aflatoxin testing claim, we consider
the impact of information on the relative safety of particular brands provided by a third party. This
information was based on results from previously published research and was not associated with
any firm’s marketing efforts. Further, we test the impact of consumer-specific information: the
results of a rapid aflatoxin test conducted on the maize flour currently stocked by the household.
Further, our design allows us to evaluate the effect of information on individual consumer
behavior, which implies greater statistical power compared to the study by Hoffmann, Moser, and
Herrman that measure the effect at the shop level.
Previous work in Kenya indicates that consumers may be willing to pay for aflatoxin-safe
foods. Two framed field experiments show a high willingness to pay for safe maize among rural
consumers in disparate regions of the country (Hoffmann and Gatobu 2014; De Groote et al. 2016).
However, in both of these studies, the context surrounding consumers’ choices were highly
artificial: cash and information about food safety were provided immediately before the elicitation
of bids for aflatoxin-safe and unlabeled maize. The current study examines the impact of food
safety information on consumer choice in a natural setting, nine weeks after the information was
provided. Also, our study is the first to our knowledge that estimates the effect of information on
households’ hazard exposure on food choice.

2.3. Study context
2.3.1. Aflatoxin in Kenya
The food safety hazard on which we provided information is contamination with the fungal toxin
aflatoxin. Aflatoxin contaminates a variety of agricultural products and is most prevalent in maize
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and groundnut. Consumption of foods with very high levels of aflatoxin can result in acute and
sometimes fatal poisoning, multiple outbreaks of which have occurred in the study region (Lewis
et al. 2005). Chronic exposure is known to cause liver cancer (Wu et al. 2013) and is suspected of
inhibiting immune system function (Wild & Gong 2009). Further, exposure to aflatoxin in utero
and during early childhood has been associated with low birth weight (Shuaib et al. 2010) and
childhood stunting (Turner et al. 2007; Shirima et al. 2015; Hoffmann et al. 2018).
Like many food safety hazards, aflatoxin contamination can only be detected through a
specialized test. The Government of Kenya has set a regulatory limit for aflatoxin of 10 parts per
billion (ppb) in grains. A study based on data collected in 2013 found that 26% of branded maize
flour samples collected in Eastern Kenya had aflatoxin levels higher than this limit (Hoffmann &
Moser 2017). The proportion of samples testing above 10 ppb varied by brand and was
significantly negatively associated with the mean price of the brand, with the lowest-priced brand
25 percentage points more likely to contain aflatoxin above the limit than the highest priced brand
in the sample. In a separate study for which data was collected in the same region in 2010, 37% of
samples of flour from local hammer mills (to which consumers typically bring maize grain they
have grown themselves or purchased) were found to contain levels above the regulatory limit
(Mutiga et al. 2014).

2.3.2. The Kenyan maize flour market
Maize is the primary staple food in Kenya, accounting for 42% of dietary energy intake (Kilimo
Trust 2017), and is consumed either as grain or flour. Grain may be produced by consumers or
purchased from the informal market and is especially popular among rural consumers. Flour is of
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two types: more refined sifted flour processed in larger-scale roller mills, and less refined or wholegrain flour processed from whole grain in micro-scale hammer mills.
There are over 100 large-scale roller millers in Kenya; relatively few of these dominate the
Nairobi market, and as of 2011 four firms accounted for 80% of sifted flour sales there (Kirimi et
al. 2011). However, market concentration tends to be lower in rural areas, where regional millers
offering maize at relatively low price points command significant market share. Prices vary widely
across brands: in 2013 the difference between the highest and the lowest priced brand in various
towns of Central and Eastern Kenya was 27 KES per kg, slightly more than half the price of the
lowest-priced brand (Hoffmann & Moser 2017).
Hammer mills (“posho mills”) produce two types of flour, semi-refined (de-hulled) flour and
whole-grain (non-refined) flour. Most of these mills only provide the milling service and therefore
do not purchase any grain. Consumers take maize they have produced or purchased as grain from
the informal grain market to be milled. This flour is unbranded, and the source of maize may not
be easy to trace, except for the case of own produced maize. As a result, this type of flour is much
cheaper than the sifted flour and is popular among rural consumers and the urban poor (Muyanga
et al. 2005).

2.4. Study design
2.4.1. Population and sample
The study was carried out in Meru town, a county capital located in eastern Kenya, a global hotspot
of aflatoxin contamination. A list of all adjoining urban locations, sublocations, and villages – the
lowest administrative unit in Kenya – was generated with the help of an officer from the Kenya
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National Bureau of Statistics based in Meru County. 4

Four locations, with a total of 10

sublocations and 64 villages (neighborhoods within the town), were identified. Villages are
divided into clusters of houses or apartment buildings, from which a maximum of one household
was randomly selected. In this way, a total of 1,000 households were selected to form the study
sample.

2.4.2. Experimental design
Study participants were recruited during household visits conducted in August and September
2018. Assignment to one of three possible treatment groups, general information (C, 16.7% of
those approached), safer brands (T1, 16.7%), or safer brands plus testing (T2, 66%), was
determined using the Stata software package prior to recruitment. A larger number of households
were included in the final group as testing was only expected to have an impact when the result
showed contamination above the regulatory limit. Based on a previous study of branded maize
flour in the region, a quarter of samples were expected to exceed the limit, implying that 16.7% of
households were expected to receive information that would affect their behavior.
To ensure that, if indicated by treatment assignment, it would be possible to test households’
flour, only those with maize flour in the home at the time of the baseline interview are included in
the sample analyzed below.
The baseline interview was conducted during the recruitment visit, and covered household
characteristics, maize flour consumption, and aflatoxin knowledge and risk awareness. After the
survey was completed, a script containing general information about aflatoxin and the negative
4

A location is the third-level administrative unit in Kenya, below the county and sub county.

Locations are subdivided into sublocations, which are in turn subdivided into villages.
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health consequences of dietary exposure was read to all participants. In addition to this general
information, households assigned to the safer brands information treatment (T1) were told about
two brands previously found to be relatively unlikely to exceed the Kenyan limit for allowable
aflatoxin contamination, and about the negative correlation between price and contamination
(Hoffmann and Moser 2017). Scripts for both treatments are included in Appendix 2.1. To avoid
affecting consent or survey responses, recruitment and survey protocols were identical across
groups until the end of the interview.
For those households further assigned to be offered aflatoxin testing of the maize flour they
had in their home (T2), a binary test, the Romer AgraStrip Total Aflatoxin Test, was used to test
for aflatoxin. This test takes 10-15 minutes, and the results can easily be read visually. Study
participants were invited to observe as the test was conducted, and its result and interpretation were
shared immediately upon completion. In case the test showed a positive result, the participant was
advised to bury the contaminated flour and cover it in lime or dispose of it in a pit latrine. The
participant was further given KES 150 5 (approximately USD 1.40) to replace the contaminated
flour.
Follow up data was collected in November 2018, nine weeks after baseline data collection and
the information intervention. The primary outcomes analyzed are the consumption of one of the
safer brands mentioned in the scripts read to participants assigned to T1 and T2, and the price of
maize flour consumed.

5

This is worth 2 kg of the premium brand (one of the expensive safer brands).
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2.4.3. Data
Of 1,000 households approached to participate in the study, 21 declined, and of the remaining 979,
819 currently had maize flour in their homes which could be tested. We restrict our analysis to
this group, for whom testing was feasible in case this was required based on the experimental
treatment assignment. Of the 819 households in the sample, 132 were randomly assigned to the
comparison group, 137 to T1 (safer brands information), and 550 to T2 (safer brands plus testing
information).
All of the households assigned to the comparison and safe brands information treatment group
(T1) were included in the sample for follow-up. However, only a subset of households in the safer
brands plus testing group (T2) were followed up. This included all of the households whose flour
had tested above the regulatory threshold for aflatoxin contamination (54 households) and a
randomly selected subsample of the households whose flour had tested below this (215
households). The latter accounted for 44% of the 484 households that received a negative test
result. Other households with a negative test result were excluded from the follow-up sample due
to budgetary constraints, and because adding households with a negative test result did not offer
significant benefits in terms of power. To account for this sampling design, we weight observations
by the inverse probability of assignment to being followed up in the analysis below (1/0.44 for T2
households with a negative test result and 1 for all other households). Twelve households who
refused to have their flour tested at baseline were not followed up for a second interview. We test
for the robustness of our results to any bias arising from this oversight through a Manski bounds
approach (Horowitz and Manski 2000). The number of observations by treatment group and test
result is shown in Table 2.1.
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Table 2.1. Study Sample
Approached at baseline 1000
Declined to participate 21
No maize flour 160
Baseline sample 819
Reached at follow-up
Baseline sample

Attempted follow-up

(main analysis
sample)

C: comparison

132

132

123

T1: safer brands info

137

137

126

T2: safer brands + test

550

269

257

negative result

484

215

206

positive result

54

54

51

refused test

12

0

Total

819

538

6

506

2.4.4. Descriptive statistics and balance checks
In this section, we briefly describe key features of the choice environment and sample, and test for
balance on baseline characteristics across treatment groups.
Table 2.2 presents descriptive statistics on the proportion of study households consuming each
type of flour at baseline, median prices per KG, and the proportion of samples of each type found

6

The proportion that tested above the limit (positive result) is less than what was expected (25%

as reported in Hoffmann and Moser study). This discrepancy could be explained by the fact that
aflatoxin contamination varies by season.
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to contain aflatoxin above the regulatory limit of 10 ppb. As shown in column 1 of the table, most
households (83%) were consuming sifted (packaged) flour at baseline. Of these, only 9% were
consuming either of the two safer brands. Six percent consumed Brand 1, for which the median
price of 52 KSh was close to the overall median price of sifted flour (51 KSh) (column 3), while
3% consumed Brand 2, a premium brand with a median price of 73 KSh per KG.
Nineteen percent of study households were consuming flour processed by small-scale hammer
(“posho”) mills. This included maize the consumers had produced themselves (15%) or purchased
as whole grains and brought to the mill (3.8%), and that which had been pre-milled at the posho
mill and then purchased (0.4%). Posho-milled flour made from purchased grain was far less
expensive than sifted flour, at a median price of 31 KES per kg including the cost of milling. We
do not report prices for own-produced posho-milled since we do not have data on maize sales
prices or production costs.
Column 5 of Table 2.2 shows the proportion of samples of each type of flour tested that were
found to contain aflatoxin above the 10 ppb Kenyan regulatory limit. None of the samples of either
safer brands had aflatoxin levels higher than 10 ppb, and 7% of other packaged brands had levels
higher than 10 ppb. Among flour samples that had been ground at a posho mill, 28% tested above
the aflatoxin standard, with the rate equal between home-produced and purchased maize. The
higher level of contamination in posho flour may be due to the fact that the study was conducted
in one of the highest aflatoxin risk counties in Kenya, whereas much of commercially milled maize
is grown elsewhere in the country where maize yields are higher and aflatoxin is lower. Further,
as aflatoxin tends to be concentrated in the hull of the grain, sifted flour is partially decontaminated
through the removal of the maize hull.
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Table 2.2. Baseline Consumption, Median Price, and Aflatoxin Contamination, by Flour Type
1

2

3

4

5

Proportion

Median

of initial

price per

sample

flour

Number

with

observed to

type/brand

of

aflatoxin

consume

(KES per

Proportion

samples level higher

Type of flour

flour type

N

kg)

tested

than 10 ppb

Safer brand 1

0.06

52

52

27

0.00

Safer brand 2

0.03

26

73

17

0.00

Other sifted brands

0.74

604

51

394

0.07

Own produced grain, posho-milled

0.15

125

n/a

71

0.28

Purchased, posho-milled

0.04

34

31

29

0.28

538

0.10

Total

841

Notes: Some households had more than one brand hence the total value in column 2 exceeds
the number of households (819). The price of own produced maize is omitted since we do not
have sufficient data to calculate the value of own produced maize.
Next, we present descriptive statistics for the households in the sample. Column 1 of Table
2.3 presents means for the entire sample for which follow-up was attempted plus the 12 households
that refused to have the test and were not followed up 7. Means for each treatment group are
presented in columns 2, 3, and 4. Variable definitions are included in Appendix 2.2.
Responses to two statements are used to assess participants’ awareness about variation in
aflatoxin safety across brands at baseline: (a) any packaged maize flour available at the shop must
be safe (which is false), and (b) some brands of packaged flour have higher levels of aflatoxin
7

We address the issue of the 12 households that were not followed up in the attrition section
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contamination than others (which is true). Thirty-nine percent of participants stated that any
packaged maize flour is safe, while just over half (54%) knew that some brands are safer than
others. The knowledge that the two brands mentioned in the script are relatively low in aflatoxin
was also tested; 14% of respondents identified one of these brands as less likely than other brands
to be contaminated.
The average age of participants was 43 years, with an average of 10 years of formal education.
In just under half of the cases, the study participant was the head of the household.
Indices of aflatoxin knowledge, household wealth level, respondents’ general and institutional
trust, and impatience were constructed; details of these are provided in Appendix 2.2. The aflatoxin
knowledge index was constructed based on a set of questions about the definition of the
contaminant and the health effects associated with it. Awareness of aflatoxin was high: 70% of
participants said they had previously heard of aflatoxin, 59% were able to define it correctly, and
75%, including those who initially said they had not heard of the toxin, could name at least one
health effect of exposure. 8
Respondents had low levels of both general trust, with an average of 0.32 out of a maximum
score of 2 based on their assessment of the statement “most people can be trusted”. Institutional
trust related to food safety practices by food processors and enforcement by the government was
an average of 1.65 out of a maximum of 4.
We report p-values of tests of equality of means for each treatment group versus the
comparison group and between the two treatment groups. Three out of 45 tests (3 comparisons for
8

Respondents who had not heard of aflatoxin were read the following statement before being

asked to describe the health effects of exposure: “Aflatoxin is a poison that is produced by mold
on maize and other crops”.
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each of 15 respondent and household characteristics) show a difference significant at the p<0.05
level. In addition to the tests of each baseline covariate, we test for the joint significance of all the
covariates. We follow a non-parametric approach described in (Hansen and Bowers 2008), which
assesses balance on all the covariates jointly including all linear combinations of the covariates.
The result is a single test statistic with a chi-square distribution. The comparison between each of
the treatment groups (T1 and T2) with the comparison group, and with each other, yield p-values
of 0.324, 0.206, and 0.459 respectively. Both approaches indicate that randomization was
effective.
Households assigned to T2 can further be divided into two groups depending on the test result.
While the test result is not random, and we do not expect balance on baseline variables for these
two subgroups, we find it interesting to compare each of these groups with one another and with
the comparison group. Results are shown in the Appendix Table A2.1 and show that households
with a negative test result were on average wealthier, more educated, had higher levels of aflatoxin
knowledge, and were less likely to be represented in the survey by the household head, compared
to those whose maize was found to be contaminated. Relative to comparison group households,
those with maize above the allowable aflatoxin level differed in terms of the type of maize
consumed, while heads of households with negative test results were less likely to have been
interviewed.
In addition to the respondent and household characteristics discussed above, Table 2.3
includes balance tests for the proportion of households that were randomly selected to be
administered an additional qualitative interview to assess the respondents’ perceptions of the
attributes of flour they normally consume. Previous work has shown that baseline interviews may
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influence subsequent behavior (Zwane et al. 2014). As all participants were interviewed at
baseline, we are only able to control for the effect of this additional qualitative interview

2
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Mean
0.09
50.5
0.15
0.39
0.54
0.14
43.1
10
0.21
0.49
0.16
0.03
0.32
1.65
5.74
0.08
550

SD
0.3
7.7
0.37
0.52
0.54
0.37
15.9
4.1
0.44
0.54
1.09
0.91
0.72
1.63
3.97
0.3

Mean
0.1
49.9
0.15
0.36
0.48
0.14
43.5
9.7
0.24
0.58
0.1
0.04
0.27
1.81
5.85
0.05
132

SD
0.3
5.3
0.36
0.48
0.5
0.35
16.1
3.9
0.43
0.49
0.95
0.85
0.65
1.49
3.64
0.22

Comparison group

All

3
Safe brands
information only
treatment (T1)
Mean
SD
0.09
0.29
50.2
6.6
0.15
0.35
0.45
0.5
0.53
0.5
0.14
0.35
41.3
15.4
9.7
3.9
0.2
0.4
0.42
0.49
-0.07
0.89
-0.04
0.85
0.31
0.69
1.77
1.54
5.91
3.66
0.07
0.25
137

4
Safe brands plus
test information
treatment (T2)
Mean
SD
0.08
0.29
50.7
7.6
0.15
0.35
0.38
0.5
0.56
0.51
0.14
0.36
43.5
15
10.2
3.95
0.2
0.42
0.48
0.52
0.22
1.06
0.05
0.87
0.33
0.69
1.58
1.56
5.67
3.81
0.09
0.29
281
(4-2)
P
0.462
0.224
0.961
0.736
0.167
0.876
0.982
0.211
0.317
0.024
0.231
0.908
0.338
0.196
0.528
0.139

P
0.911
0.742
0.902
0.158
0.386
0.915
0.243
0.95
0.447
0.001
0.09
0.479
0.497
0.808
0.9
0.621

6

(3-2)

5

P
0.65
0.552
0.932
0.107
0.65
0.97
0.102
0.284
0.919
0.127
0.006
0.231
0.834
0.272
0.517
0.454

(3-4)

7

Notes: Means for T2 are weighted by probability of inclusion in the sample. The standard errors used in the calculation of the P-value are clustered at the village level. The median
price per KG at baseline is not defined for maize produced by the respondent, therefore this variable is missing for the 83 households consuming own maize. This analysis includes the
12 households who refused testing, and were not followed-up for this reason.

Consumption of a safer brand at baseline
Median price per KG of flour (KES)
Consumption of flour from own maize
Any flour in the shop must be safe
Some brands have higher levels of aflatoxin than others
Identifies brands mentioned as safer
Age of the respondent (complete years)
Education level of the respondent (complete years)
Respondent is male
Respondent is household head
Wealth index
Aflatoxin knowledge index
General trust level
Institutional trust level
Impatience level
Qualitative interview
Observations

2

1

Table 2.3. Pre-intervention Household and Individual Characteristics of the Analysis Sample and Balance Tests Across Treatment Groups

2.4.5. Attrition
The overall attrition rate between enrollment and follow-up two months later was 8%. This is
driven primarily by the survey team failing to find respondents in their homes during the followup survey. Attrition was lowest in the safer brands plus test information group at 6.4%, and highest
in the safer brands information only group (T1), at 8.0%. As shown in Appendix Table A2.2,
differences in attrition across treatment groups are not statistically significant. However, exclusion
of the 12 respondents who refused to have their maize tested at baseline from follow-up data
collection implies that attrition within T2 was non-random. Further, attritors differ from nonattritors on other observables characteristics, namely age, aflatoxin knowledge, and beliefs
regarding the heterogeneity of aflatoxin contamination in branded flour. We include in the
appendix Manski bounds on the experimental treatment effects to account for the excluded
participants. In the estimated bounds, we address other aspects of non-random attrition by
weighting observations by the inverse probability of being observed at follow-up.

2.5. Empirical strategy
2.5.1. Main outcomes
Data collected during the follow-up survey was used to generate the two primary outcome
variables: consumption of a safer 9 brand at follow-up and the price of flour consumed at followup. Consumption of a safer brand is measured as a binary variable indicating whether the flour
consumed by the household at follow-up was one of the two brands described as relatively safer
in the information script. This is based on direct observation of the flour held by the household if
possible, but if there was no flour in the house, as was the case for 23% of households, respondents
9

We refer to the two brands as “safer” to denote that they are safer relative to other brands
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were asked about the type of flour they had purchased most recently. We include in our analysis a
specification in which the sample is restricted to those who had flour in their homes at follow-up,
and whose flour choice was thus directly observed.
For the price of flour consumed at follow-up, we use the median price per kg of that brand or
type as reported by households in the follow-up sample due to significant measurement error
observed in the price data. The accuracy of the reported price may depend on whether the
respondent is normally the one responsible for maize flour purchases.
To estimate treatment effects on each outcome of interest, we estimate Equation (2.1),
𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼1 + 𝛽𝛽𝛽𝛽2 ∙ 𝑇𝑇𝑇𝑇1𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽3 ∙ 𝑇𝑇𝑇𝑇2𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽4 ⋅ 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽5 ∙ 𝑄𝑄𝑄𝑄𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽6 ⋅ 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖

(2.1)

where 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖 is the outcome variable for household i at follow-up, 𝑇𝑇𝑇𝑇1𝑖𝑖𝑖𝑖 is an indicator of assignment

to the safer brands information treatment, 𝑇𝑇𝑇𝑇2𝑖𝑖𝑖𝑖 is an indicator of assignment to the safer brands

information plus test treatment, 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖 is the outcome variable at baseline, 𝑄𝑄𝑄𝑄𝑖𝑖𝑖𝑖 indicates that the
respondent participated in the qualitative interview, 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖 is the set of baseline controls for household

i, and 𝜀𝜀𝜀𝜀1𝑖𝑖𝑖𝑖 is the error term. Standard errors are clustered at the village level to account for potential
spatial correlation in outcomes.

As randomization was successful, we present as our primary specification the version of
Equation (2.1) that omits baseline respondent household characteristics. Treatment effects from
equations in the variables shown in Table 2.3 are included are shown in Appendix Table A2.3. 10
Additionally, we provide descriptive results on how outcomes differ depending on the result
of the aflatoxin test result. These differences are estimated using Equation (2.2),

10

For the baseline price control, we replace the missing observations (for those consuming flour

from own maize) with the median price and add a dummy equal to 1 for the missing observations.
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𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼2 + 𝛽𝛽𝛽𝛽7 ∙ 𝑇𝑇𝑇𝑇1𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽8 ∙ 𝑇𝑇𝑇𝑇2𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽9 ∙ 𝑇𝑇𝑇𝑇2𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽10 ⋅ 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽11 ∙ 𝑄𝑄𝑄𝑄𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛽𝛽12 ∙ 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖 + 𝜀𝜀𝜀𝜀2𝑖𝑖𝑖𝑖

(2.2)

in which 𝑇𝑇𝑇𝑇2𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 indicates that the household’s flour tested above the Kenyan aflatoxin standard,

𝑇𝑇𝑇𝑇2𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖 indicates a test result showing contamination below this threshold, and other variables are as
defined above. Test results are not random, and as noted above, the households that received a
positive test result differed significantly at baseline both from control households and from those
who received a negative test result. Therefore, we only estimate Equation (2.2) with the full set of

baseline controls included, and caution that 𝛽𝛽𝛽𝛽8 and 𝛽𝛽𝛽𝛽9 capture the influence of any unobserved

differences across sub-groups in addition to the impact of receiving a positive or negative test
result, respectively.

2.5.2. Mechanisms
Information on the safest brands and on personal exposure to risk is expected to affect consumers’
choice of maize flour and spending per unit of flour through two complementary mechanisms:
first, awareness that aflatoxin safety systematically varies across brands and knowledge of which
brands are safer than others, and second, the importance assigned to aflatoxin safety when
choosing among alternative flours.
To test whether our information treatments affect consumer behavior through these
mechanisms, we estimate Equations (2.1) and (2.2) using three outcomes: awareness regarding the
variation of safety across brands (which we refer to as risk awareness), a dummy variable
indicating whether the respondent can identify either of the two safer brands mentioned in the
information script and an indicator of whether aflatoxin safety is considered in the choice of flour
consumed at follow-up.
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The risk awareness index is constructed from respondents’ reactions to the following three
statements: (a) any packaged maize flour available at the shop must be safe (false), (b) some brands
of packaged flour have higher levels of aflatoxin contamination than others (true), and (c) more
expensive brands have a lower chance of being contaminated with aflatoxin compared to cheaper
brands. Each answer is assigned a value ranging from 0 to 4, based on a five-point Likert response
ranging from strongly agree to strongly disagree. A response of strongly agree in the accurate
answer is assigned a value of 4, while the same response in the incorrect answer is assigned a value
of 0. The index, therefore, ranges from 0 to 12, where 12 indicates the highest awareness level and
0 indicates the lowest awareness level.
Lastly, we note that the safer brands plus testing treatment can also influence consumers'
behavior (flour choice and expenditure) through the extra salience due to the act of carrying out
the test at the consumer’s house and not through the additional information provided by the test.
While our design 11 does not allow us to explicitly test the channel through which this treatment
affects consumer behavior, our results on these mechanism variables may shed some light on this
issue.

2.6. Results
2.6.1. Flour type consumed by treatment group and test result
We begin the presentation of results with a graphical depiction of flour consumption at baseline
and follow-up. As shown in figure 2.1, we do not observe any apparent changes among households
11

To test this, we needed to conduct aflatoxin test to all the households in the treatments but

share the results of the test during follow-up. Doing so may raise ethical concerns especially for
households whose flour test positive.

38

CHAPTER 2

in the comparison group relative to their baseline levels. Similarly, we note only a slight increase
(not statistically significant) in the proportion consuming a safer brand among households assigned
to the safer brands information treatment (T1). A larger increase in the proportion consuming a
safer brand is apparent for households in the safer brands plus testing treatment (T2).

Figure 2.1. The proportion of households consuming each type of flour before and after the
intervention, by treatment group (weighted by the probability of inclusion)
Disaggregating households in the testing group by test result, we see in figure 2.2 that the
increase in consumption of a safer brand between baseline and follow-up is greater for households
that received a positive test result (above 10 ppb) compared to those that received a negative result
(10 ppb or below). This increase corresponds to a dramatic decline in the proportion of households
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who consumed posho flour, the category most likely to be contaminated above the regulatory limit,
after receiving a positive result.

Figure 2.2. The proportion of households consuming each type of flour before and after the
intervention, by test result

2.6.2. Impact of information on product choice
Turning to the formal analysis of treatment effects on flour choice, Table 2.4 shows the impact of
information on the two primary outcomes: consumption of a safer brand and the price of the brand
consumed at follow-up. In panel A, we show treatment effects as estimated through Equation (2.1).
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Panel B shows results of Equation (2.2), in which outcomes for T2 households are split by the test
result.
Columns 1 and 2 within Panel A show treatment effects on the likelihood of consuming a
safer brand at follow-up. The safer brands information only treatment, T1 on the likelihood of
consuming a safer brand is not statistically distinguishable from zero. However, households whose
flour was tested (T2) were 8.5 percentage points more likely than comparison group households
to be consuming a safer brand at follow-up, an 87% increase relative to the comparison mean. The
estimated effect is similar in the sample restricted to households whose flour could be observed.
For this sub-group, which avoids potential reporting bias introduced through the implicit
recommendation to consume a safer brand, the difference between T1 and T2 treatment effects is
marginally significant at p=0.075.
Households that received a positive test result were especially likely to be consuming a safer
brand at follow-up, at 22 percentage points, or over three times, above comparison households
(columns 1 and 2, Table 2.4, Panel B). Consumption of safer flour at follow-up among these
households is also significantly higher than both those assigned to receive only safer brands
information (T1), and those who received a negative test result. While these differences cannot be
interpreted as experimental effects, it is worth noting that at baseline, households with positive test
results were far less likely to be consuming one of the safer brands. Consumption of a safer flour
brand is also slightly higher than comparison households (at p<0.1) among those who received a
negative test result, though this may be a result of pre-existing differences across these groups.
Treatment effects on the median price of the brand consumed at follow-up are shown in Panel
A of column 3 in Table 2.4. For households given information alone (T1) this is positive but not
statistically different from 0. The effect on those provided information plus testing (T2) is positive
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and weakly statistically significant (p=0.070): households in this treatment group were consuming
maize flour that cost an average of 1.23 KSh (2.5%) more per KG than those in the comparison
group. Treatment effects on the median price paid for maize flour are not statistically
distinguishable between T1 and T2.
Disaggregating T2 by test result, the greatest difference in expenditure on maize flour per KG
is between comparison households and those with a positive test result, though this is imprecisely
estimated due to the smaller number of households in this group. The difference against
comparison households is smaller, but still statistically significant at p<0.1, for the larger group of
households whose flour tested below the aflatoxin standard at baseline. Similar to the difference
in consumption of safer flour discussed above, this could be a result of pre-existing preferences
for higher-priced flour among those whose flour tested negative.
Treatment effects from specifications in which all baseline controls described in Table 2.3 are
included are presented in Appendix Table A2.3; these are very similar to those shown here.
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Table 2.4. Impact of Information Treatment on the Consumption of a Safer Brand and the
Price per KG of Maize Flour

Panel A
Safe brands information only
(T1)
Safe brands info plus testing
(T2)
T1=T2: P-value
Observations
Panel B
Negative test result group (T2N)

2

1

2

3

Consumes a
safer brand

Consumes a safer
brand

Median price per kg
of flour consumed

0.036
(0.036)

0.033
(0.041)

0.925
(0.745)

0.085**
(0.035)

0.101**
(0.045)

1.228*
(0.665)

0.114
503

0.075
389

0.654
432

0.056*
(0.033)
0.216***
(0.065)
0.690
0.005
0.014
503

0.072*
1.148*
(0.042)
(0.659)
Positive test result group (T2P)
0.218**
2.124
(0.090)
(1.455)
T1=T2N: P-value
0.548
0.993
T1=T2P: P-value
0.038
0.452
T2N=T2P: P-value
0.114
0.473
Observations
389
432
Had flour at
Additional sample restrictions
follow-up
Comparison group mean
0.098
0.117
48.24
Notes: Standard errors clustered at the village level in parentheses. * p<0.10, ** p<0.05, ***
p<0.01. Panel A shows results from a regression of each of the outcome variables on indicators of
assignment to the two experimental treatments. In Panel B, T2 is divided into two groups based
on the test result, a negative test result group whose flour tested below 10 ppb, and a positive test
result group for the households whose flour tested above 10 ppb. Observations are weighted by
the inverse probability of randomly determined inclusion in the follow-up sample. All
specifications include the outcome variable measured at baseline and an indicator for whether the
baseline respondent participated in a qualitative interview. Estimations shown in Panel B also
include respondent and household characteristics described in Table 2.3, and the T1 treatment
indicator.
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2.6.3. Mechanisms
To shed light on the mechanisms behind the treatment effects on product choice described in the
previous section, we next turn to three intermediate outcomes. These are the risk awareness index,
identification of either of the two brands described in the experimental scripts as relatively safe,
and whether aflatoxin safety is among the reasons for selecting the most commonly consumed
brand.
Results in column 1 of Table 2.5 show that information has a significant effect on people’s
awareness of the heterogeneity of aflatoxin safety across maize flour brands. Households assigned
to both T1 and T2 showed a higher level of awareness than those in the comparison group (Table
2.5, Panel A, column 1). The difference in the effect size of the two treatments on this outcome is
small and not statistically significant.
Results in Panel B show that risk awareness was higher among households that received a
positive test result (T2P) relative to those in the comparison group, those who had received
information on safer brands without a test (T1), and those who had received a negative test result
(T2N). While this result cannot be interpreted as strictly causal, it stands to reason that information
about the relative aflatoxin safety of different maize flour brands would be more salient to
households who were at the same time told the flour they are consuming is contaminated. It also
suggests that the effects of T2 could be driven by the information on risk and not the extra salience
due to the ‘act of carrying out a test at the household’.
Households assigned to both T1 and T2 were more likely than comparison group households
to correctly identify one of the two brands described as safer in the information script as less risky
(Table 2.5, Panel A, column 2). As for the treatment effects on risk awareness, effects of T1 and
T2 are statistically indistinguishable.
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Also similar to the awareness index, the proportion of households able to name one of these
brands was higher among those who received positive test result (Table 2.5, Panel B, column 2),
relative to both those with a negative test result, or assigned to either of the other experimental
groups.
Finally, we see no impact of the safer brands information alone (T1) on the likelihood that
aflatoxin safety was stated as a reason for selecting the brand most commonly consumed at followup. The testing treatment, however, had a significant impact on this outcome, and the effect is
statistically distinguishable from that of T1 at p=0.055. This result appears to be driven by the
effect on those who received a positive test result, who are more likely than those in the comparison
group, T1, or T2N, to cite aflatoxin safety as a reason for their choice of flour.
Overall, these results indicate that while information alone is effective at increasing awareness
about food safety risks and increasing knowledge of safer options, providing specific information
on hazard exposure is critical for turning awareness and knowledge into action.
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Table 2.5. Impact of Information on Risk Awareness and Stated Reasons for the Preferred
Flour Type at Follow-up
1

2

3

Risk

Correctly names a

Awareness

safer brand

0.488*

0.195***

0.032

(0.254)

(0.052)

(0.025)

0.588***

0.266***

0.097***

(0.188)

(0.045)

(0.026)

0.927

0.232

0.055

506

506

506

0.493**

0.243***

0.068***

(0.189)

(0.045)

(0.024)

1.179***

0.486***

0.224***

(0.330)

(0.086)

(0.059)

T1=T2N: P-value

0.773

0.485

0.161

T1=T2P: P-value

0.054

0.003

0.001

T2N=T2P: P-value

0.023

0.006

0.009

506

506

506

7.374

0.171

0.024

Aflatoxin safety
considered in
flour choice

Panel A
Safe brands information only (T1)
Safe brands info plus testing (T2)
T1=T2: P-value
Observations
Panel B
Negative test result group (T2N)
Positive test result group (T2P)

Observations
Mean of the comparison group

Notes: Standard errors clustered at the village level in parentheses. * p<0.10, ** p<0.05, ***
p<0.01. Panel A shows results from a regression of each of the intermediate outcome variables on
indicators of assignment to the two experimental treatments. In Panel B, T2 is divided into two
groups based on the test result, a negative test result group whose flour tested below 10 ppb and a
positive test result group for the households whose flour tested above 10 ppb. Observations are
weighted by the inverse probability of randomly determined inclusion in the follow-up sample.
All specifications include the outcome variable measured at baseline, and an indicator for whether
the baseline respondent participated in a qualitative interview. Estimations shown in Panel B in
addition include respondent and household characteristics described in Table 2.3 and the T1
treatment indicator.
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2.6.4. Robustness to attrition
In Appendix Table A2.4, we present Manski bounds on the effect of T2 to account for the 12
participants excluded from follow-up. These estimated bounds, as well as the T1 treatment effects
shown in the same table, are estimated through regressions in which we weight the observations
by the inverse probability of being observed at follow-up to account for other non-random drivers
of attrition. Except for the effect on the amount spent per KG of maize flour, bounds on the T2
treatment effects are close to the point estimates shown above, and lower bounds remain
statistically different from zero at p<0.05. T1 treatment effects using the inverse probability
weights are likewise similar to those reported above.

2.6.5. Multiple hypotheses testing
We test the role of two experimental treatments, T1 and T2, on five outcomes and test for the
equality of effects of these two treatments. This implies a total of 15 hypothesis tests (considering
only the specifications reported in Tables 2.4 & Table 2.5 for all observations). Following
Omotilewa et al. (2018) and Ksoll et al. (2016), we control for False Discovery Rate (FDR) using
the two-step procedure proposed by Benjamini, Krieger, and Yekutieli (2006). Anderson (2008)
describes an empirical application of the procedure and provides a Stata code, which we utilize.
This method controls for the expected proportion of all rejections that are due to chance and
provides q-values that are used to determine which tests remain significant after adjusting for
multiple hypothesis tests. Results, presented in Appendix Table A2.5, indicate that the results
remain significant at the same thresholds reported above after adjusting for the number of
hypotheses tested.
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2.6.6. Spillover effects
Since randomization was conducted at the household level, it is possible that information was
shared between households in different treatment groups, potentially leading to underestimation
of treatment effects. To minimize such spillovers, only one household per cluster of houses (plot)
or apartment building was selected. However, in the urban setting of our sample, plots and
apartment buildings are quite close to one another. The average minimum distance between a
comparison household and a treated household was 0.076 km.
To determine the extent of spillover effects, we re-estimate Equation (2.1) for each outcome,
but include a variable indicating the proportion of study households within a distance radius d of
50, 75, or 100 meters, which were assigned to either T1 or T2. 12 For cases in which there were no
study households within this range, we include a dummy indicating this, and set the variable to
zero otherwise. This proportion is interacted with an indicator of assignment to either T1 or T2.
This enables estimation of spillover effects on control households specifically, while also allowing
for directly treated households to be affected by the treatment of their neighbors.
As shown in Table 2.6., we do not find evidence of spillover effects on either of the primary
outcomes. Including additional controls to account for potential spillovers results in a smaller
estimated treatment effect of T2 on the median flour price, which is no longer significant for two
of the three distance radii, but the effect size and significance of this treatment on the consumption
of a safer brand is generally unaffected aside from a slight reduction in precision for d = 75 m.

12

These distances are close to the 25th percentile (43 m), mean (76 m) and 75th percentile (92 m)

of the minimum distance between comparison households and the nearest treated household.
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Table 2.6. Test for Potential Information Spillover Effects
1
Distance radius (d)

2
50 Meters

3

4
75 Meters

Median

5

6

2

100 Meters

Median

Median

price per

price per

Consumes

price per

Consumes

kg of

Consumes

kg of

a safer

kg of flour

a safer

flour

a safer

flour

brand

consumed

brand

consumed

brand

consumed

0.030

0.351

0.020

0.444

0.033

0.634

(0.035)

(0.768)

(0.037)

(0.747)

(0.036)

(0.711)

0.075**

0.490

0.067*

0.718

0.084**

0.995*

(0.031)

(0.696)

(0.035)

(0.608)

(0.036)

(0.591)

0.017

0.233

0.095

-0.103

0.088

-0.039

(0.102)

(1.293)

(0.090)

(1.021)

(0.120)

(1.125)

0.030

1.894

0.078

2.419

0.034

2.086

(0.077)

(1.171)

(0.108)

(1.792)

(0.147)

(2.117)

0.152

0.829

0.138

0.665

0.109

0.573

503

432

503

432

503

432

Safe brands
information only
(T1)
Safe brands info
plus testing (T2)
Proportion of HH
within d assigned
to either T1 or T2,
PT
Proportion PT x
Treatment
T1=T2: P-value
Observations

Notes: Standard errors in parentheses clustered at the village level. *p<0.10, ** p<0.05, ***
p<0.01. Observations are weighted by the inverse probability of inclusion in the follow-up sample.
All specifications include the outcome variable measured at baseline, and an indicator for whether
the baseline respondent participated in a qualitative interview.
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While we do not find significant geographical spillovers for the primary outcomes, it is
possible for spillovers to occur through social connections that may not be correlated with the
geographical spillovers. Unfortunately, we do not have data to test for these. Existence of such
social spillovers biases our results toward zero. However, given that we do not see evidence of
geographical spillovers, the likelihood of other social spillovers does not seem high.

2.7. Discussions and conclusions
This chapter tests the role of information in stimulating demand for maize flour products less likely
to contain unsafe levels of the common fungal contaminant, aflatoxin. Maize consumers in a
county capital in Eastern Kenya were visited in their homes and given general information about
aflatoxin, and the names of the two brands with the highest probability of meeting the Kenyan
regulatory limit for aflatoxin in a previous study. A rapid test of maize flour stored in the home
during this visit was conducted for a subset of households.
Providing information about the identity of safer brands led to an increase in both the
awareness of the differences in aflatoxin safety across maize flour brands and in the proportion of
consumers who identified these brands as safe. However, only households that were also provided
with a test result showing the contamination of their flour were more likely to be consuming one
of these brands, or spending more per KG on maize flour, relative to comparison households nine
weeks later. We interpret these results as arising due to the greater significance of information
about how to avoid a food safety hazard when one’s exposure to the hazard is known.
Our results suggest that simply providing consumers information about which foods are safest
is insufficient to substantially shift the demand for safer maize in Kenya. Providing additional
information on an individual’s personal exposure to risk appears to result in a behavioral change
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for a subset of consumers, approximately doubling the proportion who select a safer brand two
months later. While this study provided individualized test results, providing brand- or vendorspecific information on the relative levels of contamination would be far less costly than the
individual testing. However, whether the brand or vendor-specific risk information will have a
similar effect with the individualized risk information studied in this Chapter is an open question
that warrants further attention. However, evidence on the effect of providing household vs. sourcelevel information on water quality suggests that the effects of the two may be similar (Luoto,
Levine and Albert 2011).
One potential challenge to giving consumers information about the relative riskiness of
different products is that governments may be reluctant to communicate the true rate of noncompliance with food safety standards, as this exposes their failure to enforce these standards. A
recent recall of several brands of maize flour elicited outrage among Kenyan consumers that the
government had failed to ensure the safety of marketed (BBC News 2019). However, in the study
context, the rate of non-compliance with Kenya’s aflatoxin standard is far higher in unregulated,
informally marketed flour than among the various brands of sifted flour produced by formal sector
millers. Thus, the most important difference in contamination rates does not implicate the
regulator. The government could also limit its communication about high-risk products to those
for which the rate of non-compliance, or for which the level of a hazard observed is higher than
the regulatory standard by a large margin. Mandatory product recalls could accompany the
provision of information about high-risk brands.
We also note two risks inherent in this approach. The first is that consumers over-interpret the
seriousness of the problem, and that this leads to widespread psychological stress. To mitigate
undue alarm among consumers, it would be important to put the hazards observed into context.
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Due to the high share of maize in the diet, Kenya’s aflatoxin standard is relatively strict, by global
standards. Pointing out that much of the noncompliant maize would be acceptable for consumption
in many developed countries, including the United States, Canada, and Australia, could ease
consumer concerns, as could drawing attention to the relative impact of aflatoxin exposure on
health compared to other commonly experienced health hazards such as diarrheal pathogens,
malaria, and air pollution. This concern could also be mitigated by the strategy noted above, of
limiting the declaration of ‘high risk’ to products that are well outside the compliant range.
A second risk of providing information on food safety in this market is distributional. Even
without access to information on relative contamination levels, price is inversely correlated with
aflatoxin contamination (Hoffmann and Moser 2017), and Kenyans of lower socio-economic
status have higher dietary exposure to aflatoxin (Leroy, Wang, and Jones 2015). Providing
information on which types of flour are most and least safe could strengthen the relationship
between price and aflatoxin contamination, pushing safer food further out of reach of the most
vulnerable. For this reason, any intervention to make food safety information available should be
accompanied by efforts to improve food safety overall.
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Appendices
Appendix 2.1. Information script

2

Instructions:
This script shall be read to the different groups as follows:
1. Comparison: Section A and B
2. Treatment 1: Section A, B, & C
3. Treatment 2: Section A, B, C & D (ALL the sections)
A. Introduction (read to ALL households)
Hello, my name is {

}. I am here on behalf of a project that is being implemented by Wageningen

University (in Netherlands) and International Food Policy and Research Institute (a research
Organization based in the US). This is a research project, and its aim is to understand people’s
knowledge and perception of the issue of Aflatoxin contamination and help us understand how
consumers can reduce their exposure to contaminated foods. So, I am going to explain to you what
aflatoxin contamination is and the possible effects of consuming contaminated foods. Please feel
free to ask a question at any point if you do not understand.
[Please pause and ask if there is a question]
B. Information on aflatoxin and its prevention (read to ALL households)
Aflatoxin is a poison produced by certain types of fungus that live in the soil and on dead decaying
matter. It affects many crops, especially maize and groundnut. This includes maize products like
maize flour, the grain itself, muthokoi etc. It is not possible to see from the outside whether a crop
or a product is contaminated. Aflatoxin is harmful and affects human health when consumed. Some
of the health effects associated with consumption of contaminated foods are:
i. It increases the risk of liver cancer
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ii. It may suppress the immune system, making you more vulnerable to infectious
diseases
iii. Is suspected of causing stunting in young children
iv. It may also affect an unborn baby through the pregnant mother. This may result in
low birth weight or poor growth of the child during the early years of life
v. It can result in death if taken in high concentrations.
[Please pause and ask if there is a question]
C. Information on safer brands (read to TREATMENT 1 and TREATMENT 2 only)
Maize products made from aflatoxin contaminated maize will also be contaminated. Therefore,
maize flour from contaminated maize will be contaminated and consumption of such flours might
lead to the effects described previously. Scientific research has shown that maize grown from this
region is contaminated. In addition, some of the brands available in the market are also
contaminated. Further research has shown that the level of contamination is correlated with the
price of the brand; the more expensive the brand is, the lower the chance that the flour is
contaminated. This research has also shown that Hostess and Jogoo flour is relatively safe in terms
of Aflatoxin contamination. This could be attributed to the fact that the millers who produce these
brands are keen on the maize they buy, and they test the maze for aflatoxin contamination and the
level of moisture before buying the maize
[Please pause and ask if there is a question]
D. Test of maize flour samples and sharing of the results (read to TREATMENT 2 ONLY)
As stated earlier, aflatoxin contamination can only be detected by a test (cannot be seen by the
naked eye). Now, we are going to collect a sample from the flour that you are currently consuming
in the household and test it for the contamination levels.
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In case more than one brand is available, ask for the most important brand for the household
in terms of the amount consumed and the frequency of consumption/purchase relative to other

2

brands.
We are going to use a rapid test designed for quick and simple tests in the field. The test will
only take a few minutes (approximately 10-15 minutes). The results of the test will be shared with
you and you will be present during the whole procedure. The test will show us whether the maize
flour you are consuming is below or above 10 ppb. 10ppb is the maximum level of aflatoxin
allowed in maize and maize products meant for human consumption in Kenya. Any sample below
10 ppb is considered aflatoxin safe while any sample above 10 ppb is considered unsafe for
consumption. I am going to use a strip for the test. We are going to assess the results by looking at
this strip (show a sample of the test strip and explain the next two points).
How to interpret the results
For test results less than 10ppb: 2 red lines will appear on the test strip. This indicates the flour
sample contains total aflatoxin less than 10ppb (negative sample). For test results greater than
10ppb or equal to 10ppb: only 1 red line will be visible. This indicates the sample contains total
aflatoxin greater than or equal to 10ppb (Positive sample). Now we are going to proceed with the
test. I am going to take 10 grams of flour from the packet or batch (in case of flour from posho
mill) that is being consumed by the household now. If the flour turns out to have contamination
levels above 10 ppb (positive test result), you should avoid consuming the floor as it is harmful to
your health (remember the effects of consuming contaminated foods?). In this case, you should
burry the contaminated flour and cover it in lime or dispose it in a pit latrine. Please do not feed
the contaminated flour to any domestic animals. I am going to give you 150 KES which is worth
one packet (2 KG) of hostess flour as a compensation for the contaminated flour. Please also note
that exposure to aflatoxin at the levels typically observed in Kenya does not constitute an immediate
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risk to health. While consuming contaminated maize over many years does increase the risk of
cancer, eating a few packets of maize flour over the standard will not give you cancer now. Acute
aflatoxin poisoning (resulting in immediate sickness) generally only occurs when people eat maize
that they know is not good.
NOTE: If the household does not have flour at the time of visit, please ask them to give you
an appointment to come back after they have purchased the flour. Advise them to purchase the
flour they normally purchase.
[Please pause and ask if there is a question]
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Appendix 2.2. Definition of Baseline Covariates
Constructed from 2 questions: a) any packaged maize flour available at the
shop must be safe and (b) some brands of packaged flour have higher levels of
Baseline beliefs

aflatoxin contamination than others.
In both cases, a response of agree is assigned 1, while the rest (neither agree
nor disagree and disagree) a value of 2.

Consumption of

Dummy variable with a value of 1 if the most recently purchased flour is one

a safer brand at

of the brands described as relatively safe in the intervention script.

baseline
Price per KG at

Price per KG of the most recently purchased flour

baseline (KES)
Consumption of

Dummy variable with a value of 1 if the most recently purchased flour is from

flour from own

own produced maize

produced maize
Age of the

Age of the respondents in years

respondent
(complete years)
Education level

Number of years of formal education

of the
respondent
(complete years)
Respondent is

Dummy variable with a value of 1 if the respondent is the household head

household head
Respondent is

Dummy variable with a value of 1 if the respondent is male

female
Flour available

Dummy variable with a value of 1 if there was some flour available in the

at the time of

house at the time of visit

visit
Aflatoxin

An index constructed as follows:

knowledge

0.75 times the z-score of the sum of dummy variables indicating correct or

index

affirmative answers to these three questions a) do you know of any
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problem/situation whereby eating maize or maize flour can make you sick? b)
Have you ever heard of aflatoxin before today? c) can you please tell me what
aflatoxin is? Plus 0.25 times the z-score of the number of correct responses to
this question e) do you know any health effects that come from eating aflatoxin
contaminated foods
created as 0.9 times the z score of the sum of dummies indicating ownership
status of a list of household assets, a dummy indicating ownership status of the
Wealth index

house, (1 own, 0 otherwise) and the dummies indicating whether the bathroom,
kitchen, piped water and kitchen are within the house; plus 0.1 times the z
score of a continuous variable indicating the number of independent bedrooms
owned by the household.
A continuous variable created from the response to the question; ‘Most people

General trust

can be trusted’ where a response of disagree is assigned 0, not sure or neither

level

agree/disagree assigned a value of 1 and agree a value of 2.
The values range from 0 to 2, with 2 indicating highest level of general trust.
A continuous variable created as the sum of the response to 2 questions: a)
food processors/ millers can be trusted to supply safe food to the consumers b)

Institutional
trust level

the government can be trusted to protect the consumers; a response of disagree
is assigned 0, not sure or neither agree/disagree assigned a value of 1 and agree
a value of 2.
The values range from 0 to 4, with 4 indicating highest level of institutional
trust.

Participated in

A dummy variable with a value of 1 if a respondent participated in additional

the qualitative

qualitative survey

survey
A continuous variable measured by asking five questions that involve a choice
between a certain amount of maize flour today or a certain amount in one
Impatience level month. The time preference of an individual is indicated by the question
number where an individual switch from preferring certain amount of flour in
one month to preferring a certain amount today
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Appendix 2.3. Additional Tables
Appendix Table A.2.1 Comparison of the Means of the Pre-Intervention Household and
Individual Characteristics for the Comparison Group, the Positive Test Results Group and
the Negative Test Result Group
(1)

Consumption of a safer
brand at baseline
Median price per KG of
stocked flour (KES)
Consumption of flour
from own produced
maize
Any flour in the shop
must be safe
Some brands have higher
levels of aflatoxin than
others
Identifies brands
mentioned in script as
safer
Age of the respondent
(complete years)
Education level of the
respondent (complete
years)
Respondent is male
Respondent is household
head
Wealth index
Aflatoxin knowledge
index
General trust level

(2)
(3)
Positive test Negative test
Comparison
results
result group
group
group (T2P)
(T2N)
Mean SD Mean SD Mean SD

(4)

(5)

(6)

(2-1)
p

(3-1)
p

0.10

0.30

0.00

0.00

0.09

0.28

0.000 0.711

0.000

49.9

5.3

48.3

9.3

50.8

7.3

0.131 0.169

0.022

0.15

0.36

0.39

0.49

0.12

0.32

0.003 0.376

0.000

0.36

0.48

0.46

0.50

0.37

0.48

0.167 0.853

0.179

0.48

0.50

0.54

0.50

0.57

0.50

0.463 0.167

0.748

0.14

0.35

0.15

0.36

0.14

0.35

0.941 0.922

0.888

43.5

16.1

45.5

17.1

43.4

14.3

0.443 0.944

0.369

9.7
0.24

3.9
0.43

9.1
0.20

4.5
0.41

10.3
0.20

3.8
0.40

0.368 0.148
0.549 0.349

0.041
0.954

0.58
0.10

0.49 0.65 0.48
0.95 -0.15 0.89

0.46
0.27

0.50
1.02

0.418 0.013
0.061 0.117

0.019
0.000

0.04
0.27

0.85 -0.19 0.87
0.65 0.48 0.79

0.09
0.32

0.83
0.66

0.107 0.622
0.075 0.430

0.027
0.089

(3-2)
p

Institutional trust level
1.81 1.49 1.78 1.61 1.55 1.50 0.903 0.147 0.302
Impatience level
5.85 3.64 5.02 3.80 5.74 3.68 0.154 0.725 0.274
Observations
132
54
215
Notes: Means for T2 are weighted by probability of inclusion in the sample. The standard errors
used in the calculation of the P value are clustered at the village level.
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Appendix Table A2.2 Determinants of Attrition
1

Safe brands information only (T1)
Safe brands plus testing info (T2)
Positive test result group (T2P)
Negative test result group (T2N)
Safe brands plus no test category
Consumption of a safer brand at baseline
Median price per KG of stocked flour (KES)
Consumption of flour from own produced maize
Any flour in the shop must be safe
Some brands have higher levels of aflatoxin
Identifies brands mentioned in script as safer
Age of the respondent (complete years)
Education level of the respondent (years)
Respondent is male
Household head
Wealth index
Aflatoxin knowledge index
General trust level
Institutional trust level
Impatience level
Qualitative interview
Observations
Attrition rate for the control group

2
3
4
Panel A
Panel B
Attrition Attrition Attrition Attrition
0.012
0.012
0.012
0.011
-0.032
-0.035 -0.033 -0.034
-0.004
0.002
-0.03
-0.03
-0.013 -0.001
-0.038 -0.043
-0.026 -0.023
-0.029 -0.029
0.932*** 0.921***
-0.026 -0.033
0.063
0.064
-0.044
-0.042
0.001
0
-0.002
-0.002
0.026
-0.011
-0.026
-0.018
-0.013
-0.01
-0.019
-0.018
-0.043**
-0.034*
-0.021
-0.019
-0.015
0
-0.025
-0.024
-0.002***
-0.002***
-0.001
-0.001
0.003
0.002
-0.003
-0.003
0.02
0.026
-0.032
-0.03
0.019
0.014
-0.027
-0.026
0.002
0.004
-0.015
-0.014
-0.034**
-0.026*
-0.015
-0.016
0.01
0.017
-0.02
-0.019
-0.002
-0.004
-0.009
-0.009
0.004
0.004
-0.003
-0.003
-0.01
0.004
-0.042
-0.043
550
550
550
550
0.068
0.068
0.068
0.068

Notes: *p<0.10, ** p<0.05, *** p<0.01. Standard errors in parentheses clustered at the
village level. Observations are weighted by the inverse probability of inclusion in the followup sample.
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Appendix Table A2.3 Treatment Effects Including All Baseline Controls
1

2

3

4

Median
Consumes Consumes

price per

a safer

a safer

kg of

brand

brand

flour

5
Correctly

Risk

names a

awareness

safer
brand

consumed

6
Aflatoxin
safety
considered
in flour
choice

Panel A
Safe brands
information only

0.042

0.039

1.07

0.572**

0.209***

0.026

(0.034)

(0.040)

(0.809)

(0.267)

(0.051)

(0.027)

0.091***

0.096**

1.40**

0.662***

0.296***

0.103***

(0.032)

(0.040)

(0.676)

(0.193)

(0.044)

(0.027)

0.110

0.155

0.619

0.627

0.091

0.025

503

389

432

506

503

506

(T1)

Safe brands info
plus testing (T2)

T1=T2: P-value
Observations

Notes: Standard errors clustered at the village level in parentheses. * p<0.10, ** p<0.05, ***
p<0.01. Observations are weighted by the inverse probability of randomly determined inclusion in
the follow-up sample. All specifications include the outcome variable measured at baseline, an
indicator for whether the baseline respondent participated in a qualitative interview, and other
baseline respondent and household characteristics as shown in Table 2.3.
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0.081**

(0.035)

0.146

515

Safe brands info

plus testing (T2)

T1=T2: P-value

Observations
0.105

515

0.026

(0.035)

0.104***

(0.036)

0.036

48.381

444

0.886

(0.673)

0.816

(0.748)

0.911

bound

Lower

48.381

444

0.034

(0.769)

2.745***

(0.739)

0.964

bound

Upper

6

7.372

518

0.712

(0.180)

0.418**

(0.255)

0.479*

bound

Lower

7.372

518

0.262

(0.196)

0.690***

(0.254)

0.493*

bound

Upper

Risk awareness

5

8

0.173

518

0.216

(0.046)

0.256***

(0.053)

0.195***

bound

Lower

0.173

518

0.093

(0.044)

0.280***

(0.052)

0.195***

bound

Upper

safer brand

Correctly names a

7

10

0.028

518

0.047

(0.026)

0.094***

(0.025)

0.032

bound

Lower

0.032

bound

Upper

0.028

518

0.009

(0.028)

0.117***

(0.025)

choice

considered in flour

Aflatoxin safety

9

Notes: Standard errors clustered at the village level in parentheses. * p<0.10, ** p<0.05, *** p<0.01. Observations are weighted by the
inverse probability of randomly determined inclusion in the follow-up sample times the inverse probability of being available at followup. All specifications include the outcome variable measured at baseline and an indicator for whether the baseline respondent participated
in a qualitative interview.

comparison group

0.105

(0.036)

only (T1)

Mean of the

0.036

bound

bound

Safe brands info

Upper

Lower

flour consumed

4

brand

3
Median price per kg of

2

Consumes a safer

1

Appendix Table A2.4. Impact of Information Treatment on all the Outcomes: Manski Bounds with Inverse Probability Weights

Appendix Table A2.5. Unadjusted P-Values and Q-Values Taking into Account the Number
of Hypotheses Tested

Outcome

2

Safe brands info plus

Safe brands
information only (T1)

testing information

T1=T2

(T2)

Unadjusted

q-

Unadjusted

q-

Unadjusted

q-

p-values

values

p-values

values

p-values

values

0.319

0.208

0.019

0.044

0.114

0.129

consumed

0.219

0.152

0.070

0.096

0.654

0.306

Risk awareness

0.060

0.094

0.003

0.010

0.550

0.306

0.000

0.001

0.000

0.001

0.156

0.148

0.207

0.152

0.001

0.005

0.041

0.074

Consumes a safer brand
Median price per kg of flour

Correctly names a safer
brand
Aflatoxin safety considered
in flour choice

Note: FDR q-values can be less than the corresponding unadjusted p-values if many hypotheses
are rejected. This typically occurs for relatively large p-values, for which the corresponding qvalues remain above significance thresholds.
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Chapter 3
Safe Food For Me – and Maybe for You: Upside Risk, Premium Market Access, and
Producer Demand for a Food Safety Technology
Vivian Hoffmann, Sarah Wairimu Kariuki, Janneke Pieters and Mark Treurniet
Premium prices conditional on food safety attributes are often proposed as a way to increase food
safety for marketed produce in developing countries where regulatory capacity is weak. However,
domestic markets in these settings may not support premia of sufficient magnitude to affect farmer
behavior. We examine how a quality premium affects the adoption of a food safety technology
among subsistence farmers who value the safety of food they consume themselves. We present a
simple model showing that a modest quality premium that is too low to affect adoption on the
extensive margin can harness upside production risk by providing subsistence farmers a high-value
market for their excess high-quality output. Through a randomized trial among maize farmers in
Kenya, we find, in line with model predictions, that a modest quality premium for food safety
increases subsistence farmers’ adoption of an aflatoxin-reducing technology at the intensive
margin, but not at the extensive margin.
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3.1. Introduction
Foodborne pathogens and toxins exact a significant health toll in developing countries (WHO
2015), particularly among the poorest (Leroy, Wang, and Jones 2015). Further, food safety is an
increasingly important precondition for access to high value markets (Ashraf et al. 2009;
Beuningen and Knorringa 2009). Improving the safety of food produced for subsistence typically
relies on education and subsidies. Regulatory or voluntary standards, the latter combined with
price premia or market access advantages, are employed in the case of marketed food. In this
chapter, we examine how a market-based instrument – a price premium for food safety – affects
the safety of food produced for home consumption in the context of production risk. We show that
when production quantity is stochastic, access to a premium market for safe food reduces expected
exposure to a common food safety hazard among subsistence producers.
We consider the case of aflatoxin, a common mycotoxin, in maize produced by Kenyan
smallholder farmers. Dietary aflatoxin exposure accounts for a large share of the liver cancer
burden in developing countries (Liu and Wu 2010), and evidence is emerging that the toxin plays
a role in childhood stunting (Gong et al. 2002; Hoffmann, Jones, and Leroy 2018; Turner et al.
2007). At high levels of exposure, aflatoxin can cause jaundice, permanent liver damage, and
death. Dozens of cases of acute aflatoxin poisoning have been linked to the consumption of maize
produced and stored by households in eastern Kenya, the setting of our study (Daniel et al. 2011).
Likely because of these poisoning events, which have been covered extensively in Kenyan media,
awareness of aflatoxin is high in the study region (Hoffmann et al., in press), and Kenyan
consumers have demonstrated significant willingness to pay for aflatoxin-safe maize in
experimental studies (De Groote et al. 2016; Hoffmann and Gatobu 2014).
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Beyond its impact on public health, widespread aflatoxin contamination of maize and
groundnut limits opportunities for economic growth through agriculture. African nations’ exports
have often failed to meet the aflatoxin standards of important target markets (Munasib and Roy
2011b), and domestic food processors in Kenya avoid sourcing from aflatoxin-affected regions
(Hoffmann and Moser, 2017). Some processors in Africa go so far as to import aflatoxinsusceptible ingredients from the Americas at considerable cost (personal communication, Carly
Edwards, Project Peanut Butter, March 28, 2018).
Effective technologies to reduce aflatoxin contamination are available but face several
barriers to adoption. First, food safety is a hidden trait, and its observation requires specialized
tests that are costly relative to the value of farm produce. In the case of aflatoxin, a single test costs
on the order of US $10 – almost 20% the cost of the typical value of maize grains sold by
smallholder farmers in a normal harvest season in aflatoxin-prone regions of Kenya. 13 This
information problem, exacerbated by the fact that Kenyan maize supply chains often include
multiple intermediaries, has to date precluded the pass-through of premium prices offered by some
formal sector maize processing companies to farmers (Hoffmann and Moser, 2017).
However, as consumer awareness and regulatory capacity to address food safety increase,
incentives are growing for Kenyan maize processors to secure safer inputs by establishing direct
procurement relationships with farmer groups. Several studies have shown that market incentives
affect production and marketing decisions in general (Bernard et al. 2018; Burchardi et al. 2019;
Casaburi and Macchiavello 2015), and for food quality and safety specifically (Bernard et al. 2017;
13

The median sale volume in a normal harvest in our sample is 270 kg. Beyond the cost of testing

supplies, tests should be executed by an experienced technician and compared regularly against
results using a reference material to obtain reliable results.
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Hoffmann, Magnan, et al. 2018; Hoffmann and Jones 2018; Saenger et al. 2013; Treurniet 2019b).
However, previous studies of the adoption of food safety and quality technologies have either
focused on marketed produce (Bernard et al. 2017; Saenger et al. 2013; Treurniet 2019b),
considered technologies for which adoption is a binary decision (Hoffmann, Magnan, et al. 2018),
or offered an unrealistically large price premium on a fixed amount of produce, enabling analysis
of adoption only on the extensive margin (Hoffmann and Jones, 2018). In contrast, we study how
a modest market premium affects the adoption of a divisible food safety technology among
smallholder farmers.
Another barrier to adoption is production risk. Like many food safety technologies, one of
the most effective tools for aflatoxin prevention, the biocontrol product AflasafeTM, is applied
during production, before the outcome of this process is observed. In a stochastic agricultural
production function, any costly input increases the variability of farm profit (Just and Pope 1978).
For low-income populations engaged in rainfed agriculture, who lack access to financial
smoothing instruments, this implies increased consumption risk and thus constitutes an important
impediment to technology adoption (Dercon and Christiaensen 2011; Emerick et al. 2016;
Rosenzweig and Binswanger 2016).
While the literature on how downside risk affects adoption of agricultural technologies is
vast, upside production risk has received far less attention. In our setting, upside production risk
constitutes a potential driver of adoption intensity among farmers who value safer food for their
own family’s consumption. When weather conditions are favorable, farmers harvest more safe
grain for a given cultivated area to which a food safety input is applied. If production exceeds
household subsistence needs, and no market reward for quality exists, a portion of the value of the
food safety investment is lost. Below, we present a simple model showing that a modest quality
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premium that is too low to affect adoption on the extensive margin can harness this upside risk by
providing subsistence farmers a high-value market for their excess high-quality output.
We subsequently test the model’s predictions by studying the impact of a market premium
for food safety on subsistence farmers’ adoption of an aflatoxin-reducing technology (Aflasafe
KE01TM) through a randomized trial in which farmers in one of the most aflatoxin-affected regions
in the world were given the opportunity to purchase AflasafeTM under experimentally varied
market conditions. Half of 152 pre-existing producer groups were assigned to a market linkage
treatment and offered a premium price for the maize they aggregated if it conformed to the East
African aflatoxin standard. 14
We find that the price premium, which was set to a modest 5% of the value of maize, did
not affect the extensive margin of adoption, suggesting that farmers who purchased the product
used it first on maize produced for their own consumption. We do, however, see a strong positive
impact of the premium on the intensive margin of adoption. Farmers who were offered the food
safety premium purchased nearly twice as much AflasafeTM as those not given this opportunity.

14

The market linkage treatment was cross-cut with a bundled insurance treatment, in which

AflasafeTM could only be purchased together with an actuarially fair rainfall index insurance
product designed to insure against maize losses due to unfavorable weather conditions during the
growing period. Farmers not assigned to the bundled insurance treatment who purchased
AflasafeTM were able to purchase the same insurance separately. The bundled insurance treatment
is described in Hoffmann, Kariuki et al. (2018). As farmers not assigned to the bundled insurance
treatment also had the option of buying insurance, and 75% did so, bundling AflasafeTM with
insurance had no impact on adoption.
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We begin by presenting a simple model of the food safety investment decision faced by a
subsistence farmer in the context of production risk in Section 3.2. In Section 3.3, we describe the
market context, technology offered, and study population. Section 3.4 describes the study design
and data, and Section 3.5 outlines the empirical strategy. Results are presented in Section 3.6, and
Section 3.7 offers concluding remarks.

3.2. Model
In this section we formally derive conditions under which a price premium increases adoption of
food safety technology among subsistence farmers at the extensive and intensive margin. We start
by defining farmers’ utility as a function of food safety investments, and distinguish between
farmers with a low versus high valuation of safe home consumption. We first discuss the baseline
situation without a price premium, in which the low type will not and the high type will adopt the
food safety technology. We then show that a high price premium increases adoption at both the
extensive and intensive margin. We finally show how a modest price premium that is insufficient
to induce low type farmers to adopt can increase the level of adoption by the high type. Intuitively,
a modest price premium increases the value of safe maize produced in excess of home consumption
needs. This causes a marginal increase in the expected benefit of investing in safe food, leading
the high type to invest more.

3.2.1. Set-up
Assume that farmers maximize their utility:
max 𝐸𝐸𝐸𝐸[𝑈𝑈𝑈𝑈] = 𝐸𝐸𝐸𝐸[𝑉𝑉𝑉𝑉] + 𝐸𝐸𝐸𝐸[𝑅𝑅𝑅𝑅] − 𝐶𝐶𝐶𝐶 ,
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where 𝑉𝑉𝑉𝑉 is the total value of home consumption, 𝑅𝑅𝑅𝑅 is total revenue of produce delivered to the

market, and 𝐶𝐶𝐶𝐶 is the total cost of investment in food safety.

Let 𝐼𝐼𝐼𝐼 𝐼 [0,1] denote the proportion of land to which the food safety technology is applied.

Let 𝑐𝑐𝑐𝑐 > 0 denote the cost of investment to cover the entire cultivated area. Then, the cost of
investment is:

𝐶𝐶𝐶𝐶 = 𝑐𝑐𝑐𝑐𝐼𝐼𝐼𝐼,

(3.2)

So that the marginal cost of investment equals 𝑐𝑐𝑐𝑐. We assume (i) that investment in food

safety directly results in safe produce 𝑠𝑠𝑠𝑠 = 𝐼𝐼𝐼𝐼, where 𝑠𝑠𝑠𝑠 is the proportion of food produced that is
safe, 15 (ii) that the total harvest amount is stochastic and uniformly distributed 𝑞𝑞𝑞𝑞~𝑈𝑈𝑈𝑈(𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿 , 𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻 ), so

that the mean harvest equals 𝜇𝜇𝜇𝜇𝑞𝑞𝑞𝑞 = (𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿 + 𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻 )⁄2, (iii) that home consumption varies with harvest,

but never exceeds a fixed amount 𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = min{𝑞𝑞𝑞𝑞, 𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 }, (iv) that 𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ≤ 𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻 to generate upside
risk, and (v) that the remainder 𝑞𝑞𝑞𝑞𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 = 𝑞𝑞𝑞𝑞 𝑞 𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 is sold.

Safe food produced will either be consumed at home or delivered to the market:
𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 + 𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 𝑞𝑞𝑞𝑞𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 = 𝐼𝐼𝐼𝐼𝑞𝑞𝑞𝑞,

(3.3)

where 𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ∈ [0,1] is the proportion of produce consumed by the household that is safe, and

𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 ∈ [0,1] is the proportion of produce delivered to the market that is safe. The farmer first
chooses the level of investment 𝐼𝐼𝐼𝐼, and then chooses both 𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 and 𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 after the realisation of

𝑞𝑞𝑞𝑞.

The total value of home consumption equals:
𝑉𝑉𝑉𝑉 = (𝛼𝛼𝛼𝛼 + 𝛽𝛽𝛽𝛽𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 )𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ,

15

(3.4)

The remaining produce may still be safe, but can be unsafe, and this is not observable, so that

there are food safety risks.
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3

where 𝛼𝛼𝛼𝛼 is the value of consuming food of the quality produced by the farmer in the absence of
any food safety investment, and 𝛽𝛽𝛽𝛽𝑖𝑖𝑖𝑖 is the value premium for consuming safe food.

Farmers vary in the additional value they derive from consumption of safe food:
𝛽𝛽𝛽𝛽𝑖𝑖𝑖𝑖 ∈ {𝛽𝛽𝛽𝛽𝐿𝐿𝐿𝐿 , 𝛽𝛽𝛽𝛽𝐻𝐻𝐻𝐻 },

where, to make the model interesting, we assume that:
𝛽𝛽𝛽𝛽𝐿𝐿𝐿𝐿 <

(3.5)

𝑐𝑐𝑐𝑐
𝑐𝑐𝑐𝑐
< 𝛽𝛽𝛽𝛽𝐻𝐻𝐻𝐻 < 𝛽𝛽𝛽𝛽� ≡
,
𝜕𝜕𝜕𝜕𝐸𝐸𝐸𝐸[𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ]
𝜇𝜇𝜇𝜇𝑞𝑞𝑞𝑞
�
𝜕𝜕𝜕𝜕𝐼𝐼𝐼𝐼
𝐼𝐼𝐼𝐼𝐼𝐼

(3.6)

The first inequality ensures that the low type will not adopt the technology, and the second
inequality ensures that the high type will adopt in absence of a premium price. The third inequality
ensures that the high type’s motivation to produce safe food for home consumption is by itself
insufficient for full adoption, so that some room is left for market incentives to increase adoption
at the intensive margin. One can later easily see that 𝛽𝛽𝛽𝛽� = ∞ if 𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿 ≥ 𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 .
The total revenue of produce delivered to the market equals:
𝑅𝑅𝑅𝑅 = (𝛾𝛾𝛾𝛾 + 𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 )𝑞𝑞𝑞𝑞𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 ,

(3.7)

where 𝛾𝛾𝛾𝛾 is the standard commodity price, and 𝛿𝛿𝛿𝛿 is the price premium for safe produce delivered to
the market.

The farmers’ utility maximization problem then becomes:
max

𝐼𝐼𝐼𝐼,𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ,𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚

𝐸𝐸𝐸𝐸[𝑈𝑈𝑈𝑈]

= 𝛼𝛼𝛼𝛼𝐸𝐸𝐸𝐸[𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ] + 𝛽𝛽𝛽𝛽𝑖𝑖𝑖𝑖 𝐸𝐸𝐸𝐸[𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ] + 𝛾𝛾𝛾𝛾𝐸𝐸𝐸𝐸[𝑞𝑞𝑞𝑞𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 ] + 𝛿𝛿𝛿𝛿𝐸𝐸𝐸𝐸[𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 𝑞𝑞𝑞𝑞𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 ] − 𝑐𝑐𝑐𝑐𝐼𝐼𝐼𝐼 ,

(3.8)

subject to (3.3), and 𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 , 𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 , 𝐼𝐼𝐼𝐼 𝐼 [0,1].
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3.2.2. Solution
First consider 𝛿𝛿𝛿𝛿 = 0, so that the only incentive to invest in food safety comes from 𝛽𝛽𝛽𝛽𝑖𝑖𝑖𝑖 . The farmer

will select her safe produce for home consumption and deliver the remainder to the market, so that:
𝐼𝐼𝐼𝐼𝑞𝑞𝑞𝑞

𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = min{𝐼𝐼𝐼𝐼𝑞𝑞𝑞𝑞 , 𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 } = min{𝐼𝐼𝐼𝐼𝑞𝑞𝑞𝑞 , 𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 } = �
𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
which in expectation equals:

𝐸𝐸𝐸𝐸[𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ] =
where:
� ⁄𝐼𝐼𝐼𝐼
𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

𝑖𝑖𝑖𝑖(𝐼𝐼𝐼𝐼) = �

𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿

𝐼𝐼𝐼𝐼𝑞𝑞𝑞𝑞

⎧ 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑞𝑞𝑞𝑞
⎪
⎪

𝑖𝑖𝑖𝑖(𝐼𝐼𝐼𝐼)
⎨
⎪
⎪𝑞𝑞𝑞𝑞�
⎩ ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝐼𝐼𝐼𝐼 ,
𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑞𝑞𝑞𝑞 >
𝐼𝐼𝐼𝐼

𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑞𝑞𝑞𝑞 𝑞

𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻
𝑞𝑞𝑞𝑞�
𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
< 𝐼𝐼𝐼𝐼 𝐼
,
𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻
𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿
𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝐼𝐼𝐼𝐼 >
𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝐼𝐼𝐼𝐼 𝐼

𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻
1
1
𝑑𝑑𝑑𝑑𝑞𝑞𝑞𝑞 + �
𝑞𝑞𝑞𝑞�
𝑑𝑑𝑑𝑑𝑞𝑞𝑞𝑞 ,
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻 − 𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿
𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻 − 𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿
� ⁄𝐼𝐼𝐼𝐼
𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

3
(3.9)

(3.10)

(3.11)

Equation (3.10) is differentiable and monotonically increasing in 𝐼𝐼𝐼𝐼, and its first derivative

with respect to 𝐼𝐼𝐼𝐼 equals:

𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻
𝜕𝜕𝜕𝜕𝐸𝐸𝐸𝐸[𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ]
1 (𝑞𝑞𝑞𝑞�
𝑞𝑞𝑞𝑞�
𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ⁄𝐼𝐼𝐼𝐼 − 𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿 )(𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ⁄𝐼𝐼𝐼𝐼 + 𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿 )
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
=
,
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
< 𝐼𝐼𝐼𝐼 𝐼
𝜕𝜕𝜕𝜕𝐼𝐼𝐼𝐼
𝑞𝑞𝑞𝑞
2
𝑞𝑞𝑞𝑞
𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿
−
𝑞𝑞𝑞𝑞
⎨
𝐻𝐻𝐻𝐻
𝐿𝐿𝐿𝐿
𝐻𝐻𝐻𝐻
𝑞𝑞𝑞𝑞�
⎪
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
⎪
0
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝐼𝐼𝐼𝐼 >
𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿
⎩
⎧
⎪
⎪

𝜇𝜇𝜇𝜇𝑞𝑞𝑞𝑞

𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝐼𝐼𝐼𝐼 𝐼

(3.12)

which is continuous and monotonically decreasing in 𝐼𝐼𝐼𝐼. 16

Intuitively, Equation (3.10) says that when investment in food safety is so low that there

is not sufficient safe produce to satisfy home consumption needs even in the case of the best

16

See Appendix 3.1 for mathematical details.
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possible harvest, all safe food is consumed by the household. Beyond this level of investment, the
expected quantity of safe home consumption is increasing with investment in food safety, but at a
decreasing rate, since the greater the share of land to which the technology is applied, the higher
the chance of producing more than is needed for household consumption. Eventually, investment
in the food safety technology reaches a point at which there will always be sufficient safe produce
for home consumption even when the worst possible harvest, 𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿 , is realized. However, this last
point will never be reached if 𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 > 𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿 .

For farmers who place a low value, 𝛽𝛽𝛽𝛽𝐿𝐿𝐿𝐿 , on the safety of home consumption, we have that:
𝛽𝛽𝛽𝛽𝐿𝐿𝐿𝐿

𝜕𝜕𝜕𝜕𝐸𝐸𝐸𝐸[𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ]
≤ 𝛽𝛽𝛽𝛽𝐿𝐿𝐿𝐿 𝜇𝜇𝜇𝜇𝑞𝑞𝑞𝑞 < 𝑐𝑐𝑐𝑐,
𝜕𝜕𝜕𝜕𝐼𝐼𝐼𝐼

(3.13)

which implies that the marginal benefits of investment in food safety are strictly smaller
than the marginal costs of investment. These farmers will not invest in food safety in the absence
of a price premium.
For farmers who place a high value, 𝛽𝛽𝛽𝛽𝐻𝐻𝐻𝐻 , on the safety of home consumption, we have

𝛽𝛽𝛽𝛽𝐻𝐻𝐻𝐻 𝜇𝜇𝜇𝜇𝑞𝑞𝑞𝑞 > 𝑐𝑐𝑐𝑐 > 0 and:

𝛽𝛽𝛽𝛽

𝜕𝜕𝜕𝜕𝐸𝐸𝐸𝐸[𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ]
�
< 𝑐𝑐𝑐𝑐,
𝜕𝜕𝜕𝜕𝐼𝐼𝐼𝐼
𝐼𝐼𝐼𝐼𝐼𝐼

𝛽𝛽𝛽𝛽𝐻𝐻𝐻𝐻

𝜕𝜕𝜕𝜕𝐸𝐸𝐸𝐸[𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ]
�
= 𝑐𝑐𝑐𝑐,
𝜕𝜕𝜕𝜕𝐼𝐼𝐼𝐼
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ∗

(3.14)

so that the optimal investment 𝐼𝐼𝐼𝐼 ∗ is uniquely defined by:

(3.15)

Intuitively, farmers with a high value of safe home consumption invest in food safety until
the probability that additional safe harvest will be consumed at home becomes too low to justify
the cost of investment.
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Now consider the case of a high price premium 𝛿𝛿𝛿𝛿 > 𝑐𝑐𝑐𝑐 ⁄𝑐𝑐𝑐𝑐𝑞𝑞𝑞𝑞 . Since the high premium

outweighs the expected unit-cost of producing safe food, all farmers may now adopt the food safety
technology, so that the market premium increases investment in the food safety technology at the
extensive margin. Farmers with a low valuation for safe home consumption 𝛽𝛽𝛽𝛽𝐿𝐿𝐿𝐿 will not apply the

food safety to their full land, first consume potentially unsafe maize at home, and deliver primarily
safe maize to the market. Farmers with a high valuation for safe home consumption 𝛽𝛽𝛽𝛽𝐻𝐻𝐻𝐻 , will

increase adoption and apply the food safety technology to their full land, so that all their produce
will be safe. This leads to Proposition 1:
Proposition 1: A high price premium increases adoption of food safety technology at both
the extensive and intensive margin.
Now consider 𝑐𝑐𝑐𝑐 ⁄𝑐𝑐𝑐𝑐𝑞𝑞𝑞𝑞 > 𝛿𝛿𝛿𝛿 > 0. As the price premium is insufficient to produce safe food

solely for marketing purposes in expectation, it will not induce farmers who place a low value on
the safety of home consumption 𝛽𝛽𝛽𝛽𝐿𝐿𝐿𝐿 to start investing. This implies that the price premium has no

effect at the extensive margin of investment. This leads to Proposition 2:

Proposition 2: A modest price premium does not increase adoption of food safety
technology at the extensive margin.
Since 𝛽𝛽𝛽𝛽𝐻𝐻𝐻𝐻 > 𝑐𝑐𝑐𝑐 ⁄𝑐𝑐𝑐𝑐𝑞𝑞𝑞𝑞 > 𝛿𝛿𝛿𝛿, farmers with high valuation of safety of home consumption 𝛽𝛽𝛽𝛽𝐻𝐻𝐻𝐻 will

still select their safe produce for home consumption and deliver the remainder to the market, so
that Equations (3.9) to (3.12) still hold, and:

0

𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 𝑞𝑞𝑞𝑞𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 = max{0, 𝐼𝐼𝐼𝐼𝑞𝑞𝑞𝑞 − 𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 } = �
𝐼𝐼𝐼𝐼𝑞𝑞𝑞𝑞 − 𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
which in expectation equals:
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𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝐼𝐼𝐼𝐼 ,
𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑞𝑞𝑞𝑞 >
𝐼𝐼𝐼𝐼

𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑞𝑞𝑞𝑞 𝑞

(3.16)
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3

𝐸𝐸𝐸𝐸[𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 𝑞𝑞𝑞𝑞𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 ] =
where:
𝑔𝑔𝑔𝑔(𝐼𝐼𝐼𝐼) = �

⎧
⎪
⎪

0

𝑔𝑔𝑔𝑔(𝐼𝐼𝐼𝐼)
⎨
⎪
⎪𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 − 𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
⎩ 𝑞𝑞𝑞𝑞

𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻

� ⁄𝐼𝐼𝐼𝐼
𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻
𝑞𝑞𝑞𝑞�
𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
< 𝐼𝐼𝐼𝐼 𝐼
,
𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻
𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿
𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝐼𝐼𝐼𝐼 >
𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿

(𝐼𝐼𝐼𝐼𝑞𝑞𝑞𝑞 − 𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 )

𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝐼𝐼𝐼𝐼 𝐼

1
𝑑𝑑𝑑𝑑𝑞𝑞𝑞𝑞 ,
𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻 − 𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿

(3.17)

(3.18)

Equation (3.17) is differentiable and monotonically increasing in in 𝐼𝐼𝐼𝐼, and its first

derivative with respect to 𝐼𝐼𝐼𝐼 equals:
⎧
⎪
⎪

0

𝜕𝜕𝜕𝜕𝐸𝐸𝐸𝐸[𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 𝑞𝑞𝑞𝑞𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 ]
1 (𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻 − 𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ⁄𝐼𝐼𝐼𝐼 )(𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻 + 𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ⁄𝐼𝐼𝐼𝐼 )
=
𝜕𝜕𝜕𝜕𝐼𝐼𝐼𝐼
−
𝑞𝑞𝑞𝑞
2
𝑞𝑞𝑞𝑞
⎨
𝐻𝐻𝐻𝐻
𝐿𝐿𝐿𝐿
⎪
⎪
𝜇𝜇𝜇𝜇𝑞𝑞𝑞𝑞
⎩
(3.19)

𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻
𝑞𝑞𝑞𝑞�
𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
,
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
< 𝐼𝐼𝐼𝐼 𝐼
𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻
𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿
𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝐼𝐼𝐼𝐼 >
𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝐼𝐼𝐼𝐼 𝐼

and is continuous and monotonically increasing in 𝐼𝐼𝐼𝐼. Note again that the last condition will never

be satisfied if 𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 > 𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿 .

For farmers with a high valuation of safe home consumption 𝛽𝛽𝛽𝛽𝐻𝐻𝐻𝐻 , we have 𝛽𝛽𝛽𝛽𝐻𝐻𝐻𝐻 𝜇𝜇𝜇𝜇𝑞𝑞𝑞𝑞 > 𝑐𝑐𝑐𝑐 > 0,

so that the optimal investment 𝐼𝐼𝐼𝐼 ∗∗ is uniquely defined by:
𝛽𝛽𝛽𝛽𝐻𝐻𝐻𝐻

𝜕𝜕𝜕𝜕𝐸𝐸𝐸𝐸[𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ]
𝜕𝜕𝜕𝜕𝐸𝐸𝐸𝐸[𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 𝑞𝑞𝑞𝑞𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 ]
�
+ 𝛿𝛿𝛿𝛿
�
= 𝑐𝑐𝑐𝑐,
𝜕𝜕𝜕𝜕𝐼𝐼𝐼𝐼
𝜕𝜕𝜕𝜕𝐼𝐼𝐼𝐼
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ∗∗
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ∗∗

which has a solution for 𝐼𝐼𝐼𝐼 𝐼 1, or otherwise 𝐼𝐼𝐼𝐼 = 1 > 𝐼𝐼𝐼𝐼 ∗ .
Equation (3.20) can be reduced to:
(𝛽𝛽𝛽𝛽𝐻𝐻𝐻𝐻 − 𝛿𝛿𝛿𝛿)
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𝜕𝜕𝜕𝜕𝐸𝐸𝐸𝐸[𝑠𝑠𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ]
�
+ 𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝑞𝑞𝑞𝑞 = 𝑐𝑐𝑐𝑐,
𝜕𝜕𝜕𝜕𝐼𝐼𝐼𝐼
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ∗∗

(3.20)

(3.21)

CHAPTER 3

The LHS of Equation (3.21) is decreasing in 𝐼𝐼𝐼𝐼 ∗∗ and, by Equations (3.15) and (3.20), this

exceeds 𝑐𝑐𝑐𝑐 for 𝐼𝐼𝐼𝐼 ∗∗ ≤ 𝐼𝐼𝐼𝐼 ∗ . We therefore conclude that 𝐼𝐼𝐼𝐼 ∗∗ > 𝐼𝐼𝐼𝐼 ∗ , meaning that the modest price
premium has a positive effect at the intensive margin of investment. Intuitively, the value of safe

harvest in excess of home consumption increases, which causes a marginal increase in the benefits
of investments in safe food, leading the farmer to invest more. In this way, the introduction of a
modest market premium can increase the investment in food safety and the safety of food
consumed by subsistence farmers. This leads to Proposition 3:
Proposition 3: A modest price premium increases adoption of food safety technology at the
intensive margin.

3.3. Study setting
3.3.1. The market for safe maize
The informal markets to which most maize farmers in Kenya sell do not reward unobservable
quality (Hoffmann, Mutiga, et al. 2020). However, a growing number of maize millers in the
formal sector do test for aflatoxin at purchase (typically from intermediaries who aggregate from
a large number of farmers) and reject maize that does not conform to the regulatory standard. These
millers offer a significant premium above the spot market price of maize in the informal market. 17
To obtain a premium price, several quality characteristics must typically be met: maize must be at
or below 13.5% moisture content; it must conform to grading standards for the proportion of
foreign matter, broken, damaged, and discolored kernels; and it must contain total aflatoxins below

17

On the same day in February 2015, Unga Ltd.’s Eldoret plant was paying 2200 Kenyan

Shillings (KSH) - approximately $22 US - for a 90 kg bag of maize, while the price at the openair market in Eldoret was 1700 KSH.
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the regulatory standard. Farmers can meet most of these criteria through adequate drying and
removal of sub-standard grains and other particles. The exception is aflatoxin, which may be
present without any visible sign of contamination.
The cost of transporting maize from the study region to the Nairobi market, where premium
prices can be obtained, is prohibitive in most years. Local millers within the study counties did not
screen for aflatoxin at the time of the experiment, though one maize wholesaler did report testing
in response to demands by particular buyers, and recently launched a maize flour product. 18 As
disposable incomes and concern over food safety grow, and government enforcement of existing
regulations strengthens, it is reasonable to expect that that a local premium market will emerge.
However, the premium paid by regional millers is likely to be lower than that offered by the miller
referenced above, which produces two of the best-known brands in the country, including the most
expensive. Nairobi-based millers in the next quality tier offer a premium of between 200-250 KSH
per 90 kg bag over the informal market. We propose that a conservative estimate of the premium
farmers in the study region could expect to receive from a regional miller for aflatoxin-safe maize,
accounting for the lower spending power of consumers in this market, and the additional sourcing
and quality control costs to the miller, is 100 KSH per bag. This is the aflatoxin safety premium
we offer to farmers in the market linkage treatment.
Because the cost of testing for aflatoxin (and other food safety hazards) is high relative to
the value of produce sold by the typical smallholder farmer, access to a food safety premium
requires that maize is aggregated prior to testing. This can be done through producer groups, which
18

This product was launched after the conclusion of data collection for the experiment described

here, and the research team was unable to identify local buyers for aflatoxin-safe maize produced
by study farmers.
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are common in Kenya and throughout sub-Saharan Africa. Such groups are sometimes formed by
NGOs or other external actors as a platform for providing agricultural training and extension, or
by farmers themselves to aggregate their demand for inputs or their produce and reduce transaction
costs or obtain better prices. Farmers in such groups who sell to markets with food safety
requirements have a strong incentive to ensure that others in the group treat their fields, analogous
to a joint liability lending model.

3.3.2. The technology
AflasafeTM is a biocontrol product that uses native strains of the Aspergillus fungus that do not
produce toxins to outcompete toxigenic strains. AflasafeTM has been shown in farmer field trials
to reduce aflatoxin contamination by between 80% and 99% (Bandyopadhyay et al., 2016).
Treatment with AflasafeTM protects crops throughout the growing cycle and storage period, with
no impact on the overall level of fungal colonization or crop yields (Cotty et al., 2007). Similar
aflatoxin biocontrol products have been used on food crops in the United States for over 15 years.
The first African country to register an aflatoxin biocontrol product was Nigeria. There,
initial adopters of AflasafeTM have largely been farmers producing maize used by poultry feed
processors, as aflatoxin impedes weight gain and increases mortality among poultry
(Bandyopadhyay et al., 2016). Aflasafe KE01TM was approved by the Kenyan government for
general use in June 2015, and domestic manufacturing began in 2017. The cost to produce one kg
of AflasafeTM at scale ranges between US $0.7 and $1.2 depending on currency exchange rates
and price of materials (Bandyopadhyay et al., 2016). Due to the small volume produced in Kenya,
the current price of Aflasafe KE01TM is US $1.6.
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We set the cost of Aflasafe KE01TM in the study to 80 KSH (US $0.78) per kg; this lies
within the range of production costs and takes into account the Government of Kenya’s expressed
support for a partial subsidy targeted to smallholders. 19

3.3.3. Study setting, population, and sample
The population for this study consists of maize farmers who are members of existing farmer groups
in Meru, Embu and Tharaka Nithi counties, Kenya. The three counties fall in the Eastern region
of Kenya and are known for their high levels of aflatoxin contamination. The mean aflatoxin level
in stored maize sampled from control group villages for a separate trial in the same region in 2015,
when aflatoxin contamination was considered moderate, was 18.5 ppb, 85% higher than the
maximum allowable level in Kenya (Pretari et al. 2019). In 2010, recognized as an aflatoxin
outbreak year, the mean level of contamination was 47 ppb, 4.7 times the legal limit (Mutiga et al.
2014). In both years, results from field trials cited above indicate that treating fields with Aflasafe
KETM would have brought the average level of contamination into the legal range. 20
A list of approximately 250 farmer groups in the study area was acquired through the
Cereal Growers’ Association (CGA), a national member-based farmer organization, and the
19

Together with rainfall insurance, which most farmers purchased when given the choice (and

which those offered the AflasafeTM plus insurance bundle had no choice but to purchase), the
cost per kg was 100 KSH (US $0.97).
20

The mean level of contamination (as opposed to the probability of non-compliance for a

particular farmer) is relevant both from a health and economic perspective, since most of the health
burden of aflatoxin arises though cumulative exposure to moderate levels of the toxin over time,
and because maize is tested by processors in large lots.

80

CHAPTER 3

Ministries of Agriculture in each of the three counties. From April to August 2017, 224 groups
were visited and lists of their members were obtained. 21 From these 224 groups, we selected 152
groups into our experiment. 22

3
3.4. Study design
3.4.1. Farmer training and sale of biocontrol product
All 152 farmer groups in the experiment were given information on the benefits of aflatoxin
biocontrol and instructions on its use. This was done through two rounds of training, delivered
during a half-day meeting to which all group members were invited. The first round of training
took place in September-October 2017, planting time in the study area. During these meetings,
group members were given information about AflasafeTM and how rainfall index insurance could
be used to insure investment in this technology against weather related shocks. In addition, some
of the groups were told they could earn a premium price of 100 KSH per bag of maize grown using
AflasafeTM. They were informed that they could only purchase the biocontrol product through the
project as it was not available in the study area.
A second round of training was conducted in November and early December, a few weeks
after planting and just before the time at which AflasafeTM should be applied. During these
meetings, group members were trained on how to apply AflasafeTM and how to activate the rainfall

21

Some of the groups in the initial list were members of the same Community Based Organization

(CBO). In such cases, only one group per CBO was visited for our study.
22

We selected the 152 groups in a way that minimized the baseline differences in groups

assigned to the two insurance conditions. See Hoffmann, Kariuki et al. (2018) for details.
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insurance offered with the product. A demonstration of AflasafeTM application was conducted on
the farm of one member of each group. At the end of these meetings, those present were given an
opportunity to purchase AflasafeTM and an actuarially fair rainfall index insurance that was
specifically designed to insure the investment in AflasafeTM against weather related shocks. The
biocontrol product was offered in packages of 4 kg, a quantity sufficient to treat one acre of land.
Farmers who wished to purchase less than 4 kg were asked to pair up with another group member
and share a single package. 23 Farmers who wished to purchase AflasafeTM later were given a
chance to do so through a subsequent sales visit by project staff.
Both rounds of training were conducted by extension agents employed by the CGA. CGA
agents had been instructed on the use of AflasafeTM by the International Institute of Tropical
Agriculture (IITA), which also supplied the product.

3.4.2. Experimental design
Half of the participating farmer groups were randomly assigned to receive a premium price for
safe maize (output market linkage). During the initial round of training, groups assigned to the
output market linkage treatment were promised a bonus of 100 KSH per 90-kg bag for maize found
to conform to the regulatory aflatoxin standard. The bonus was to be paid shortly after harvest.
Members who purchased AflasafeTM and wanted to sell their maize through the project would
aggregate their maize at a central place to be identified by the group members. A rapid qualitative

23

Farmers who paired up were recorded separately, as independent entries in our AflasafeTM sales

data sheets, showing their respective amounts depending on the amount of money paid by each
farmer.
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aflatoxin test would be conducted on the aggregated maize to check if the maize had aflatoxin
levels higher than the East African limit (10 ppb). Farmers were informed that any aggregated
maize that contained levels higher than 10 ppb would not qualify for the bonus. They were advised
to record the number of members who purchased AflasafeTM in their group and the amount
purchased by each member, and to ensure that only treated maize was aggregated for testing.
Aggregation of maize and payment of the bonus took place in March-April 2018, at the same time
as endline data collection, and shortly after completion of the maize harvest.

3.4.3. Data
A short survey of all 224 farmer groups on the initial list was conducted during meetings with
these groups in April-August 2017 (henceforth referred to as census meetings) for the purposes of
sample selection, stratification, and balance checks. Data on each group’s geographical location,
as well as their members’ familiarity with weather insurance, awareness of aflatoxin, use of
agricultural inputs, and levels of maize production and marketing were collected. Lists of the
groups’ members, and data on whether each of these was present during the initial meeting, were
also obtained.
After selecting 152 groups into the study, baseline survey data were collected in
September-October 2017. Both household and group-level surveys were administered
immediately prior to the first training meeting, at the site of the meeting. Six farmers per group
were randomly selected to be interviewed from among those present during the census meeting. If
fewer than six farmers were present at the census meeting, additional farmers were selected from
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among those listed as members but not present. 24 Of the 3605 group members listed during the
census, 892 were interviewed at baseline. 25 The baseline group-level questionnaire was
administered to one or more of each group’s leaders.
Administrative data on farmers’ purchases of AflasafeTM were collected during sales visits
in November and early December 2017. For each farmer who purchased the product (including
those who purchased less than 4 kg), name, gender, land area under maize, and the amount of
AflasafeTM purchased were recorded. These data were used to construct the main outcome
variables: adoption (equal to 1 if the farmer purchased any AflasafeTM and 0 if the farmer did not),
and adoption intensity (a continuous variable indicating the amount purchased).
A follow-up survey with the same respondents interviewed at baseline was conducted in
March-April 2018, after the completion of the maize harvest. Three of the baseline respondents
could not be located, resulting in 889 observations at endline.
As the remainder of the paper makes use of different samples, we summarize important
sample sizes in Table 3.1.

In case any of the selected farmers were not available, replacements were selected from a

24

randomly ordered list of six additional farmers, selected in the same fashion as the primary sample
25

In 20 groups, it was not possible to interview six farmers and only five were interviewed.
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Table 3.1. Sample Sizes
Market linkage
All
farmers
Surveyed
at baseline
Not
surveyed
at baseline

No market linkage
Farm
Village
Groups
ers
s

Total

Farmer
s

Groups

Village
s

Farmers

Groups

Villages

1782

76

62

1823

76

62

3605

152

124

449

76

62

443

76

62

892

152

124

1333

76

62

1380

76

62

2713

152

124

3.4.4. Randomization
The 152 farmer groups that participated in the experiment were located in 124 villages. To avoid
within-village spillover effects, assignment to the market linkage treatment was randomized at the
village level. Randomization was stratified by county and by rainfall index insurance treatment.
Table 3.2 provides statistics describing individual and household-level characteristics of baseline
survey respondents, farmer group characteristics and capacity, and agroecological conditions, by
market linkage treatment assignment. As explained in Section 3.5.1, the sample used in the impact
analysis consists of farmers who were listed during the farmer group census but not interviewed
at baseline. Variables from the group census are available for all these farmers, and these values
are similarly weighted as in impact regressions. Variables from the individual baseline surveys are
only available for peers from the same group, and are reweighted such that the weight of each
group equals the weight of the group in the impact regressions. We applied similar reweighting for
group-level variables. The registered Pre-Analysis Plan contains a detailed description of the
construction of the variables from survey data. 26 In addition, we show the mean rainfall index
insurance trigger by treatment group, obtained from the insurance provider, reflect historic rainfall

26

https://www.socialscienceregistry.org/trials/1373
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patterns at the location where the initial group census meeting was held. We find that the market
linkage treatment groups are well-balanced on almost all observables.
Table 3.2. Balance at Baseline Across Market Linkage Treatments
Market linkage

No market linkage

Diff

N
76

Mean
0.535

SD
0.556

N
76

Mean
0.504

SD
0.543

P
0.769

Individual present during the census meeting

1333

0.625

0.469

1380

0.537

0.503

0.375

Respondent is female

1333

0.758

0.438

1380

0.786

0.421

0.339

Age of the farmer (completed years)

449

50.1

15.8

443

50.1

14.3

0.973

Years of education completed by head

449

7.00

4.73

443

7.06

4.17

0.888

Relationship with the head

449

0.593

0.549

443

0.582

0.534

0.838

Asset index

449

5.55

2.52

443

5.79

2.50

0.245

Total land under maize main season previous year (acre)

449

1.49

1.27

443

1.41

1.24

0.541

Maize harvest main season previous year (kg)

449

446

853

443

430

724

0.828

Maize marketing: whether sold any maize last season

449

0.460

0.558

443

0.486

0.543

0.676

Total expenditures on agr. inputs & labour main season previous year (KES)

449

11081 12199

443

10652 12252

0.648

Propensity for social learning dummy

449

0.487

0.561

443

0.475

0.542

0.823

Aflatoxin knowledge index

449

0.012

0.895

443

-0.057

0.885

0.331

Knowledge and experience with insurance

449

1.35

0.93

443

1.30

0.87

0.513

Individual trust index

449

0.014

0.605

443

-0.038

0.589

0.252

Qualitative risk aversion

449

-0.423

2.169

443

-0.648

2.101

0.209

- Meru

76

0.462

0.570

76

0.406

0.543

0.588

- Tharaka Nithi

76

0.175

0.389

76

0.169

0.363

0.938

- Embu

76

0.364

0.520

76

0.425

0.537

0.546

Group capacity index

76

0.094

0.791

76

-0.103

0.526

0.081

Proportion of group members female

76

0.777

0.284

76

0.796

0.249

0.655

Rainfal index insurance trigger for vegetative stage

76

35.6

12.8

76

34.9

14.3

0.782

Rainfal index insurance trigger for flowering stage

76

1.46

0.64

76

1.40

0.71

0.678

Bundled insurance
Measured through the group census

Measured through the baseline individual farmer survey
Group mean of:

Measured through the baseline group level survey
County:

Data provided by ACRE Africa

76
94.3
17.6
76
94.3
17.7 0.996
Rainfal index insurance trigger for ripening stage
Notes: Group statistics are weighted by the number of farmers from each group in our sample; P-values corrected for village level
clustering
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3.4.5. Farmer expectations at baseline
Table 3.3 shows summary statistics based on data collected at baseline, of the land farmers planned
to plant with maize in the coming season and their expectations of the resulting harvest under
normal, poor, and very good conditions. The amount of maize farmers expected to store for
household consumption under a normal harvest, and the amount they expected to sell (assumed to
be any maize not retained for household consumption) are also shown. Note that the mean expected
harvest in a good season is 54% higher than that expected during normal years, and nearly 4 times
above that expected when the harvest is poor, indicating that farmers indeed face considerable
upside risk to food safety investments that are not rewarded in the market.

Table 3.3. Maize Production and Sales Expectations at Baseline
N

Mean

Median

SD

Total land under maize this season (acres)

892

1.68

1.00

1.30

Expected harvest if season is normal (kg)

892

925

500

1150

Expected harvest if season is poor (kg)

892

367

180

609

Expected harvest if season is very good (kg)

891

1431

900

1524

Expected maize harvest this season (kg)

891

1251

900

1338

(kg)

892

283

225

213

Calculated amount sold from a normal harvest (kg)

892

630

270

998

Amount stored for family consumption, normal harvest

Note: Variables are winsorized at the 99th percentile
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Based on the statistics in Table 3.3, we can do a back-of-the-envelope calculation of the return on
investment for AflasafeTM. Suppose an average (median) farmer in terms of land treats her entire
maize plot with AflasafeTM with the intention of selling this maize at a premium of 100 KSH per
90-kg bag above the market price. With a premium of 100 KSH per 90-kg bag, the expected
premium payment earned in a normal season is 1,028 (556) KSH, while the cost of AflasafeTM
(including rainfall insurance) is 773 (460) KSH including the labor cost of application. 27 With our
price premium, the expected profit from investing in AflasafeTM amounts to just 255 KSH
(approximately $2.5 US) at the mean, and less than $1 US for the median farmer. Moreover, risks
associated with the effectiveness of the technology, the unobservable actions of fellow group
members, and the buyer’s delivery of the incentive payment all reduce farmers’ expected return
on investment. Investing in AflasafeTM for the sole purpose of obtaining the market premium is
thus unlikely to make sense for many farmers. We thus conclude that our price premium is modest
relative to the costs of adopting AflasafeTM, so that we can empirically test Propositions 2 and 3
of our theoretical model.
When the price premium is modest, our model predicts that by providing farmers with the
option to sell aflatoxin-safe maize at a premium price, the market linkage treatment should increase
farmers’ investment in the safety of maize for household consumption in the face of an uncertain

27

We include the cost of insurance, since this was offered to all farmers, and most farmers

purchased it, bringing the cost of AflasafeTM to 400 KSH per acre treated. The median of
agricultural labour in the study area is 360/day, and the median time spent on application was 1
hour per acre. We assume that a working day consists of 6 working hours.
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harvest. Treated maize would be used for household consumption first, but in the case of a bumper
crop, the excess could be sold at a premium price.
To illustrate, using the mean (median) values shown in Table 3.3, a farmer would need to
apply AflasafeTM to 0.51 (0.45) acres planted with maize in a normal year to grow a sufficient
volume of treated maize for her family’s consumption. The cost of AflasafeTM in this scenario,
including application, is 236 (207) KSH. But in a bad year, AflasafeTM would have to be applied
to 1.30 (1.25) acres to attain the same volume of treated maize, at a cost of 596 (575) KSH. While
a farmer may wish to ensure safe maize for her family, without access to a premium market for
safe maize, she might be hesitant to spend this much on AflasafeTM, and risk wasting over 350
KSH of this investment if harvest turns out to be normal (and even more in case of an exceptionally
good harvest). But with the incentive, such a farmer could safely purchase enough AflasafeTM to
ensure sufficient treated maize for household consumption even in a bad year, knowing that if the
treated land yields more maize than her household requires, she will reap a premium price for this
maize. In effect, the market linkage treatment thus reduces the expected cost of precautionary
investment in the treatment of maize for home consumption.

SAFE FOOD FOR ME – AND MAYBE FOR YOU

89

3

3.5. Empirical strategy for estimation of treatment effects
3.5.1. Main sample
While new group members were allowed to buy AflasafeTM, we restrict analysis to the farmers
listed during the group census to avoid treatment effects on sample composition. 28 Further, since
being surveyed at baseline may affect later technology adoption behavior and bias treatment effect
estimates in general (Zwane et al. 2014) and in our study specifically (Treurniet 2019a), treatment
impacts on the sub-sample of surveyed farmers are not externally valid. We therefore focus our
main analysis on farmers that were not surveyed at baseline. 29 In the selection of survey
respondents, preference was given to farmers who were present during the group census meeting.
Present farmers are therefore under-represented in this non-surveyed sub-sample. We correct for
this under-representation by re-weighting observations based on the likelihood of inclusion in the
sample, given an individual’s presence at the census meeting.

28

For one group, the group census list was lost and re-taken later. Although the group size had not

changed, this might have affected the sample composition. Excluding this one group from our
analysis, however, does not affect our results.
29

The proportion being surveyed at baseline did not significantly differ across treatment and

control groups (𝑝𝑝𝑝𝑝 = 0.627).
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3.5.2. Treatment effects
To assess the effect of the premium market linkage treatment on farmers’ adoption of AflasafeTM,
we estimate the following equation both with and without controls: 30
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝛼𝛼1 + 𝛽𝛽𝛽𝛽1 ⋅ 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 + (𝛾𝛾𝛾𝛾1 ⋅ 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ) + 𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖1 ,

3

(3.22)

where 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 represents AflasafeTM adoption or amount of adoption by farmer 𝐴𝐴𝐴𝐴 in farmer

group 𝑗𝑗𝑗𝑗 in village 𝑣𝑣𝑣𝑣, and 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 indicates whether the village was assigned to the market linkage
treatment. 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 is the vector of controls, as specified in the Pre-Analysis Plan and listed in Table

3.2. 31 However, in line with our Pre-Analysis Plan, we use group means for variables measured

through the individual baseline survey. 𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖1 is the error term. Standard errors are clustered at the

village level. To test the impact of our market linkage treatment, we test whether 𝛽𝛽𝛽𝛽1 = 0.
3.5.3. Alternative samples

We perform the same analysis on two alternative samples. First, although we randomly selected
the sample to be surveyed, actual participation in the survey may be endogenous. Our primary
sample, which excludes surveyed farmers, may thus be constituted of relatively less engaged
members of participating farmer groups. As a robustness check, we therefore perform the same
analysis as above on the subsample that excludes all twelve farmers who were randomly selected
as primary or replacement survey respondents, while still correcting for the under-representation
of farmers present at the census meeting. Second, we complete the analysis using the full sample,

30

All estimates are intention-to-treat. We cannot estimate the effect of treatment on the treated, as

we do not have information on which farmers were aware of the premium price.
31

The vector 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 includes a dummy indicating assignment to the bundled insurance treatment.
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including the five to six farmers surveyed at baseline, as specified in our Pre-Analysis Plan. As
being surveyed at baseline significantly affects adoption, we additionally control for baseline
survey status in the specifications that include baseline controls.

3.6. Results
In Table 3.4 we report estimates of the impact of the premium market linkage treatment on
adoption. We analyze whether farmers in groups assigned to the market linkage treatment were
more likely to purchase any AflasafeTM and whether the amount of adoption, measured as the
quantity of AflasafeTM purchased (in kg), was higher in these groups. Columns 1 and 2 of Table
3.4 show no significant impact of the market linkage treatment on the extensive margin of
adoption. The point estimates suggest an increase in adoption of around four percentage points
(close to one third of the control group mean), but the estimates are statistically insignificant. In
contrast, the amount of AflasafeTM purchased is significantly higher in groups assigned to the
market linkage treatment. The estimates in columns 3 and 4 show that these farmers purchased
0.26-0.28 kg more AflasafeTM on average, an increase of almost 100% relative to the control group.

Table 3.4. Impact of Market Linkage Treatment
Outcome variables
(1)
(2)
(3)
(4)
Adoption
Adoption
Amount (kg) Amount (kg)
Market linkage
0.036
0.042
0.276***
0.258***
(0.026)
(0.027)
(0.083)
(0.078)
Baseline controls
No
Yes
No
Yes
Villages
124
124
124
124
Observations
2713
2713
2713
2713
Mean of no market linkage
0.128
0.128
0.290
0.290
Notes: Standard errors clustered at village level in parentheses; * p<0.10, ** p<0.05, ***
p<0.01
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In line with our model, these findings suggest that farmers who purchase AflasafeTM use it first on
maize produced for their own consumption. Indeed, endline descriptive statistics in panel A of
Table 3.5 indicate that among farmers who purchased AflasafeTM, 83% (in the market linkage
group) to 89% (in the control group) reported doing so in order to have safe maize for household
consumption. In contrast, the ability to sell maize at a premium price was reported by only 5% of
farmers in the control group and 19.4% in the market linkage group. An index of aflatoxin
knowledge (constructed to have a mean of zero and standard deviation of one at baseline)
increased to the same extent in groups with and without the market linkage, and both groups held
similar beliefs about the efficacy of AflasafeTM. This suggests that the market linkage treatment
did not affect behavior through farmers’ level of knowledge or beliefs, for example by focusing
their attention during the training, or by providing evidence that maize buyers trusted AflasafeTM
to be effective.
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N

Market linkage
mean
sd

No market linkage
N
mean
sd

Diff.
p-value

Panel A:
Aflatoxin knowledge index at endline
448
0.485
0.628
441 0.520 0.579
0.378
Efficacy beliefs:
- No chance of aflatoxin
420
0.576
0.495
408 0.600 0.490
0.564
- Small chance of aflatoxin
420
0.276
0.448
408 0.265 0.442
0.741
- 50/50 chance of aflatoxin
420
0.138
0.345
408 0.132 0.339
0.841
Reasons for purchasing Aflasafe (self-reported):
- To have save maize for home consumption
175
0.829
0.378
176 0.886 0.318
0.156
- To be able to sell my maize at a premium
175
0.194
0.397
176 0.051 0.221
0.000
- To have safe maize for sale
175
0.457
0.500
176 0.438 0.497
0.741
Panel B:
Among all surveyed farmers:
- Proportion with positive actual harvest
448
0.902
0.298
441 0.889 0.315
0.657
- Proportion with expected bad harvest < normal year
consumption
449
0.559
0.497
443 0.551 0.498
0.887
- Proportion with actual harvest < normal year consumption
448
0.679
0.468
441 0.667 0.472
0.817
Among those with actual harvest < normal year consumption:
- Actual harvest
304
81.4
108.1
294 67.6
88.0
0.221
- Expected normal harvest
304
804.7
1020.1 294 675.0 803.5
0.261
- Proportion with zero sales
304
0.819
0.386
294 0.891 0.312
0.040
Among those with actual harvest > normal year consumption:
- Actual harvest
144
573.9
540.7
147 574.5 532.6
0.993
- Expected normal harvest
144
1392.8
1506.4 147 1225.5 1386.9 0.420
- Actual consumption
144
182.5
123.7
147 162.3 110.8
0.200
- Expected normal year consumption
144
247.7
180.6
147 244.4 184.8
0.903
Among those that adopted Aflasafe:
- Maize grown with AflasafeTM is prioritized for household use1
132
0.864
0.344
122 0.984 0.128
0.002
1
Calculated as the percentage of households that either consume only maize grown on AflasafeTM-treated fields (and may sell any
remaining such maize to the market) or consume all their available treated maize (and may also consume some untreated maize).
Note: P-values corrected for village level clustering

Table 3.5. Endline Descriptive Statistics

As the control group means in Table 3.4 indicate, control group adopters purchased 2.27 kg of
AflasafeTM, on average (dividing the mean amount by the proportion adopting). This is sufficient
to treat 0.57 acres of land, very close to the mean value of 0.51 acres required to ensure safe maize
for own consumption in a normal year based on the mean statistics shown in Table 3.3. Adopters
in groups assigned to the market linkage treatment purchased an average of 3.22-3.45 kg, sufficient
to treat 0.81-0.86 acres. Treating this area of land with AflasafeTM means a family would be closer
to producing enough safe maize to cover their own consumption needs even if the harvest is poor
(though still short of the mean poor harvest requirement of 1.3 acres), while in the case of an
exceptionally good harvest would stand to earn a premium payment of over 470 KSH, more than
covering the cost of the investment in biocontrol.
The season we analyze turned out to be an exceptionally bad one. As an illustration of this,
rainfall index insurance payouts were triggered for 98% of farmers who had purchased and
activated a policy sold through the project. While Table 3.3 showed that the average (median)
farmer expected to harvest 367 (180) kg in case of a poor season, the actual amount of maize
harvested was much lower, with a mean of less than 240 kg and a median of 90 kg. This falls short
of the amount stored for home consumption in a normal year (see Table 3.3), which allows us to
assess some features of our theoretical model.
As reported in Panel B of Table 3.5, the actual harvest fell short of normal year home
consumption for two thirds of the farmers in our sample. Among these farmers, the vast majority
did not sell any maize. For farmers whose harvest exceeded normal year home consumption, we
see that the actual harvest was about 40% of the expected normal harvest, while actual
consumption was about 70% of normal year consumption. This shows that the assumption, used
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in our theoretical model, that farmers consume their entire harvest up to some fixed subsistence
need, while not strictly correct, does not deviate too far from reality.
Finally, the bottom row of Table 3.5 shows that most farmers consumed all maize grown
on fields treated with AflasafeTM themselves, and only sold this maize if the amount produced
exceeded household consumption needs. This supports our assumption that farmers first use safe
maize for household consumption.

3.6.1. Robustness checks
As discussed in Section 3.5.1, our main analysis focuses on the sub-sample of non-surveyed
farmers. This approach is driven by the concern that being surveyed at baseline might itself affect
technology adoption, and thus bias treatment effects. However, being surveyed at baseline was not
entirely random. While we account for the probability of selection given presence at the census
meeting through reweighting, we did not always manage to interview the first six sampled farmers.
Whether or not a sampled farmer actually participated in the baseline survey could reflect
unobserved characteristics correlated with the probability of adopting a new technology.
To assess the robustness of our results with respect to the estimation sample, we estimate
treatment effects across two alternative samples. Appendix Table A3.1 in Appendix 3.2 presents
these results. In columns 1 to 4 the sample excludes all farmers selected for the baseline survey
(either within the primary list of six farmers, or in the ordered list back-up list of six additional
farmers, as explained in Section 3.2.4), irrespective of whether or not they participated in the
survey. Columns 5 to 8 present the estimates for the full sample, including all farmers surveyed at
baseline. These results indicate that sample selection does not qualitatively affect our findings: the
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market linkage premium did not significantly affect AflasafeTM adoption in either of these
alternative samples, while it had a positive and significant effect on the amount purchased in both.

3

3.7. Discussion
Many food safety hazards, likely including contamination with fungal toxins, are most effectively
addressed during production. Technologies appropriate for use by small-scale producers are
available, but adoption is a challenge. In settings where the scale of production is small and output
markets informal, incentives to invest in costly to observe attributes such as food safety are absent.
To create the market conditions for pass-through of price rewards for food safety, farmers’ produce
must first be aggregated to a volume at which it can be tested for hazards at reasonable cost.
Another barrier to adoption of food safety technologies is production risk. These
technologies must often be applied before the outcome of a stochastic production process is
realized. Their use thus increases production costs with certainty but has an uncertain impact on
the value of production. This is the case whether farm produce is consumed solely by the household
or sold.
We tested the impact of a price premium for aflatoxin-safe maize on farmer demand for
the new biocontrol product AflasafeTM. The value of the premium offered for safe maize was
modest – approximately 5% of the value of maize in the year it was offered. We find that the
premium offer increased the intensity of AflasafeTM adoption but had no impact on the extensive
margin of adoption.
To explain this finding, we reason that the premium offer reduced the expected cost of
producing a sufficient quality of safe maize for subsistence given the production risk inherent to
this rainfed maize system. Farmers offered the premium were more likely to treat enough land to
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ensure that in the case of a poor harvest, they would still have enough safe maize to meet their
household needs, since in the case of a good harvest, they could sell the excess for a profit. This
explanation is consistent with the observation that at the end of the maize growing season, which
turned out to be a bad one, only 20 of 76 eligible groups actually aggregated any maize for sale at
the premium price.
The finding that a quality premium too low to induce adoption from a purely profitmaximizing standpoint can affect technology adoption among smallholders is relevant to food
safety policy in developing countries in which subsistence production is widespread. If demand
for food safety among higher-income urban consumers can support even a low-value premium,
this can have a significant impact on the amount of safe food produced – with positive health
consequences for both subsistence producers and consumers of the premium product. Our results
further show that members of producer groups are able to overcome potential barriers to collective
action associated with group-level quality testing. As the transmission to farmers of market
incentives for safer food will likely depend on such mechanisms, this is an encouraging finding.
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Appendix
Appendix 3.1. Mathematical details
𝑓𝑓𝑓𝑓(𝐼𝐼𝐼𝐼) = �

𝑞𝑞𝑞𝑞�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ⁄𝐼𝐼𝐼𝐼

𝑞𝑞𝑞𝑞𝐿𝐿𝐿𝐿

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻
1
1
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 + �
𝐼𝐼𝐼𝐼�
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝐼𝐼𝐼𝐼
𝐼𝐼𝐼𝐼𝐻𝐻𝐻𝐻 − 𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿
−
𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿
𝐻𝐻𝐻𝐻
� ⁄𝐼𝐼𝐼𝐼
𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
� ⁄𝐼𝐼𝐼𝐼
𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

1
1
= � 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 2
�
2
𝐼𝐼𝐼𝐼𝐻𝐻𝐻𝐻 − 𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿 𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞

𝐿𝐿𝐿𝐿

+ �𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

3
𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝐻𝐻𝐻𝐻

1
�
𝐼𝐼𝐼𝐼𝐻𝐻𝐻𝐻 − 𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿 𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞�

ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ⁄𝐼𝐼𝐼𝐼

2
1
1
𝐼𝐼𝐼𝐼�
1
𝐼𝐼𝐼𝐼�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
= 𝐼𝐼𝐼𝐼 ��
+ �𝐼𝐼𝐼𝐼𝐻𝐻𝐻𝐻 −
� 𝐼𝐼𝐼𝐼�
� − 𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿2 �
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝐼𝐼𝐼𝐼𝐻𝐻𝐻𝐻 − 𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿
𝐼𝐼𝐼𝐼
𝐼𝐼𝐼𝐼
2
𝐼𝐼𝐼𝐼𝐻𝐻𝐻𝐻 − 𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿

=

2
1
𝐼𝐼𝐼𝐼�
1
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
− 𝑄𝑄𝑄𝑄𝐿𝐿𝐿𝐿 𝐼𝐼𝐼𝐼 + 2𝐼𝐼𝐼𝐼𝐻𝐻𝐻𝐻 𝐼𝐼𝐼𝐼�
�−
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 �
𝐼𝐼𝐼𝐼
2 𝐼𝐼𝐼𝐼𝐻𝐻𝐻𝐻 − 𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿

2
1 (𝐼𝐼𝐼𝐼�
𝐼𝐼𝐼𝐼�
1
𝜕𝜕𝜕𝜕𝑓𝑓𝑓𝑓(𝐼𝐼𝐼𝐼) 1
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ⁄𝐼𝐼𝐼𝐼 − 𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿 )(𝐼𝐼𝐼𝐼�
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 ⁄𝐼𝐼𝐼𝐼 + 𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿 )
=
� 2 − 𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿 � =
2
𝐼𝐼𝐼𝐼𝐻𝐻𝐻𝐻 − 𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿
2 𝐼𝐼𝐼𝐼𝐻𝐻𝐻𝐻 − 𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿
𝐼𝐼𝐼𝐼
𝜕𝜕𝜕𝜕𝐼𝐼𝐼𝐼

Appendix 3.2. Additional table
Appendix Table A3.1. Impact of Market Linkage Treatment Alternative Samples

Market linkage
Baseline controls

Outcome variables
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
Adopti Adopti Amount Amount Adopti Adopti Amount Amount
on
on
(kg)
(kg)
on
on
(kg)
(kg)
0.023 0.035 0.231** 0.227*** 0.021
0.021 0.215** 0.168**
(0.027) (0.027) (0.090)
(0.084) (0.027) (0.026) (0.089) (0.078)
No
Yes
No
Yes
No
Yes
No
Yes
NonNonNonNonlisted listed
listed
listed
Full
Full
Full
Full
118
118
118
118
124
124
124
124
1795
1795
1795
1795
3605
3605
3605
3605

Sample
Villages
Observations
Mean of no market
linkage
0.111 0.111
0.246
0.246
0.174
0.174
0.441
0.441
Notes: Standard errors clustered at village level in parentheses; * p<0.10, ** p<0.05, *** p<0.01
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Chapter 4
The Role of Producer Organizations in the Adoption of a Food Safety Technology
Sarah Wairimu Kariuki
This chapter examines group characteristics that are correlated with individual group member’s
adoption of food safety technology. It also explores the mechanisms behind such correlations.
Results show that the size of the group and member heterogeneity are negatively correlated with
members’ adoption of the technology. Further analysis seems to support the hypothesis of more
social cohesion in smaller groups, that may facilitate information sharing and learning among
members, and the idea that members are more likely to learn from similar members. Despite
liquidity constraints being mentioned by several non-adopters as a major barrier to adoption, I did
not find strong evidence that groups in this context help to relax this constraint. In conclusion, this
chapter finds some evidence that groups may play a role in relaxing members’ informational
constraints to adoption.
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4.1. Introduction
Food safety hazards are responsible for a considerable burden of disease globally, with the Low
and Middle-Income Countries (LMICs) bearing a higher burden than the rest of the world (Jaffee
et al. 2018; WHO 2015). Also, food safety hazards may limit access to high-value markets with
food safety standards (Munasib and Roy 2011a). Effective technologies to improve food safety at
the farm level exist. However, adoption of these technologies by producers in LMICs may be
hindered by several factors, including lack of information on the benefits and correct use of these
technologies, liquidity constraints coupled with inefficient credit markets, and lack of market
incentives for safe food (Ashraf, Giné, and Karlan 2009; Hoffmann, Magnan, et al. 2018;
Hoffmann and Jones 2018; Jack 2013, Chapter 3). In this chapter, I examine whether producer
organizations can affect members’ adoption of food safety technology by relaxing some of these
constraints.
Producer organizations may affect individual members’ adoption of food safety technology
in several ways. First, such organizations may act as sources of financial services, thus helping
members overcome liquidity constraints to adoption. Second, groups may affect individual
members' adoption decisions by facilitating information sharing and learning among the members.
Third, producer organizations can be used to cost-effectively test compliance with food safety
standards by small-scale farmers through the aggregation of produce at the group level. In such
cases, members' adoption of food safety technologies may depend on their belief about the actions
of other group members and the social cohesion among members.
Producer organizations may vary in their capacity to provide these benefits to members.
One of the factors that may affect producer organizations’ capacity to provide benefits to members
is the group’s structural characteristics, for instance, the number of members or member
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homogeneity. Group 32 characteristics may affect the likelihood of achieving collective action in a
group (Ostrom 2010; Shiferaw, Hellin, and Muricho 2011). Empirical studies have found group
characteristics to be correlated with groups’ capacity to provide collective output marketing, input
access, and technical information to the members (Banaszak 2007; Barham and Chitemi 2009;
Bernard and Seyoum 2012; Fischer and Qaim 2014; Ragasa and Golan 2014). These studies find
mixed results that are highly contextual. This chapter examines group characteristics that are
correlated with the member’s adoption of new technology.
Knowledge of the type of groups that can facilitate the adoption of improved technologies
by farmers in the LMICs is important. First, producer organizations are widespread in developing
countries (Bernard et al. 2007), thus providing an opportunity that can be leveraged to increase the
adoption of improved technologies. Second, knowledge of whether producer organizations can
facilitate information sharing and learning among members is important in these contexts that are
characterized by weak capacity in the public extension (Anderson and Feder 2004). Lastly,
knowledge of whether producer organizations can act as a source of cheap credit or savings is also
important given the inefficiencies in the financial markets (Jack 2013).
Several studies have examined the impact of membership to producer organizations on
members’ access to new technologies (Abdul-rahaman and Abdulai 2018; Chagwiza, Muradian,
and Ruben 2016; Fischer and Qaim 2012; Jin and Zhou 2011; Verhofstadt and Maertens 2014). A
general finding is that farmers who belong to producer organizations are more likely to adopt
improved technologies compared to non-members. However, the literature on the type of groups
that are likely to foster or hinder members’ adoption of new technologies is scant. An exception is
a study by Ragasa and Golan (2014) that examined the role of producer organizations' internal and
32

The term ‘group’ is used interchangeably with producer organization
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external characteristics on the performance of the group measured by a groups’ ability to provide
agricultural inputs and technical information to the members. The outcome variables in Ragasa and
Golan's study were measured at the group level based on the group leaders' subjective assessment.
The current study uses administrative data collected on individual group members to examine the
role of group characteristics on individual member’s adoption decisions.
The chapter also contributes to the literature on the role of collective action in improving
food safety in the LMICs. A few case studies have documented the role that groups played in
facilitating small-scale farmers' access to export markets with food safety requirements (Narrod et
al. 2009). A study closely related to this chapter used quantitative methods to assess the role of
structural and institutional characteristics of vegetable organizations in Vietnam on a group's ability
to jointly comply with market requirements of safe pesticide use in vegetables (Naziri et al. 2014).
This study's main outcome was measured as the level of pesticide toxicity in samples collected
from three farmers per group.
The study by Naziri et al. is conceptually similar to the current study in that it explores the
group characteristics that are likely to foster cooperation among members thus reduce free-riding
among the members. In the current study, free riding can occur if some members of the group delay
adoption, so that they learn about the technology from others (avoid bearing the risk of
experimenting with new technology) or if some members believe that other members are likely to
aggregate unsafe maize. The current study also explores other groups' roles, like credit provision
and learning, that may facilitate technology adoption. Lastly, my outcome variable contains
observations from all the group members, thus having a higher variation than the three samples per
group used to construct the main outcome variable in the Naziri et al. study.
Results show a strong negative correlation between the group's size and the members’
adoption of biocontrol. Further analysis shows that members in smaller groups have higher levels
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of trust among themselves. Small groups with high levels of trust among members may affect
adoption through two channels. First, information sharing and learning among members-members
can only learn from others if they trust the information shared by these members (Buck and Alwang
2011). Second, through the requirement to aggregate produce before testing for compliance. The
data in this study does not support the second channel since the effect of group size is similar in
groups that were not expected to aggregate their maize.
Member heterogeneity, measured in terms of age, education, the scale of operation, and
asset ownership, is negatively correlated with members’ adoption of the technology. Again, I do
not find support that this characteristic affects adoption through the requirement to aggregate
produce. I speculate that members are more likely to learn from members who have similar
characteristics (BenYishay and Mobarak 2014); thus, more learning occurs in groups with
homogeneous membership.
I find some weak evidence that groups with more female members are likely to increase
members' probability of adoption. The age of the group, membership to a larger group, education
level of members, and groups involved in rotating credit and savings activities are not correlated
with members' probability of adoption. Thus, I do not find strong evidence that groups affect
members’ adoption by relaxing their liquidity constraints. Overall, these results support the
information sharing hypothesis, an indicator that information is a constraint to the adoption of
technologies in this context.
The rest of the paper proceeds as follows. I describe the study setting, including the project
details in Section 4.2. Section 4.3 outlines the conceptual framework and the hypotheses tested,
while Section 4.4 outlines the study design. I describe the empirical strategy in Section 4.5. Section
4.6 presents the results, and section 4.7 concludes.
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4.2. Study setting
4.2.1. The biocontrol technology
I study the adoption of AflasafeTM , a biocontrol for aflatoxin contamination, by small-scale farmers
who are members of producer organizations in the Eastern region of Kenya. Aflatoxin
contamination in maize is common in the study region. Aflatoxin levels above the Kenyan
regulatory limit 33 have been found in as much as 50% of samples collected from maize stored for
home consumption and maize sold in the market (Daniel et al. 2011; Pretari et al. 2019). Biocontrol
technology has been shown to be effective in reducing aflatoxin contamination in maize
(Atehnkeng et al. 2014; Bandyopadhyay et al. 2019; Senghor et al. 2020; Chapter 5). The
technology is relatively new in Africa. Production in Kenya started in 2017, two years after its
approval by the Kenyan Government.

4.2.2. Project details
The current study consists of 152 producer organizations in Meru, Tharaka Nithi, and Embu
counties in Eastern Kenya. Members were trained on the benefits and use of biocontrol. Extension
agents from the Cereal Growers Association, a national member-based farmer organization,
conducted farmer training. Group members were invited for two half-day trainings. During the
first training, members were taught the dangers of consuming contaminated foods and the role of
the biocontrol in reducing aflatoxin contamination in maize. In the second training, members were
trained on how to apply the biocontrol product. The first training was conducted in September-

33

The current Kenyan limit for food meant for human consumption is 10 ppb. However, the

regulatory limit was previously 20 ppb, and this is what is used in some of the studies cited here.
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October 2017 around the planting time in the study region, while the second was held in NovemberDecember 2017, some weeks after planting.
The biocontrol product was sold to the members during the November-December training,
in packages of four kg, at KES 320 (approximately USD 2.95). This cost is within the range of the
cost of production and consideration for a potential subsidy (about 50%) by the Kenyan
Government (Hoffmann, Kariuki, et al. 2018).
In addition to being offered the technology, we offered some producer organizations a
chance to sell their treated maize through the project at a bonus of KES 100 (approximately USD
0.92) per 90 kg bag. To qualify for the bonus, these farmers were required to aggregate their maize
at the group level. A test was done on the aggregated maize to test if the aflatoxin levels were below
the Kenyan regulatory total aflatoxins limit of 10 ppb. It was made clear during the training that
the bonus would only be paid if the aggregated maize was found to be below the 10 ppb.
Aggregation and payment of the bonus were done in March 2018, at the end of the season.

4.2.3. Constraints to the adoption of the biocontrol
The adoption of biocontrol technology in this context is likely to be constrained by several factors.
First, AflasafeTM is a new technology; thus, its correct use and associated benefits are not fully
known by the farmers. Information on its benefits and correct use was provided to all the groups
in the sample. However, the effect of information on an individual member’s adoption decision
may depend on other factors. For instance, individuals may vary in their ability to decode
information, especially for technologies that are unfamiliar and hard to decipher (Foster and
Rosenzweig 2010). In other cases, farmers may receive the information but later fail to act on it
due to attentional challenges (Larochelle et al. 2019). While most of the existing aflatoxin
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management options for small scale farmers are easy to understand and use 34, understanding how
AflasafeTM works and its correct use is not trivial. AflasafeTM displaces toxigenic fungi from the
soil resulting in less accumulation of these fungi in the crop. Once applied to the maize fields, it
does not affect the yield of the crop, or the nutritional value and taste quality of the harvested crop.
Its ability to displace the toxic fungi depends on correct use in terms of the timing of application
(2 weeks before the crop flowers) and application intensity (4 kg per acre) (Chapter 5).
Attendance during the training was not a hundred percent in some groups. On average,
around 56% of members attended the first meeting 35, while around 50% attended the first training
on aflatoxin and the role of biocontrol in reducing contamination. An individual member’s adoption
of the biocontrol may thus depend on how well individual members share information within a
group.
Second, the biocontrol is applied while the maize is in the field, 2-3 weeks before flowering.
The biocontrol was made available during this time. Given that this is a lean season for a majority
of the farmers and that the technology was offered at a cost, liquidity constraints, and a lack of
well-functioning financial markets may hinder its adoption.
Third, the bonus price – offered to a randomly selected subset of villages – was conditional
on the aggregated maize testing below 10 ppb, the aflatoxin limit in Kenya. Given the volume of
maize produced and sold by individual farmers in the study region, the cost of testing every
individual member’s maize can be very high. This cost is greatly reduced by aggregating maize at
the group level and conducting a single test on the aggregated maize. In this context, an individual’s

34

For example a drying barrier (tarpaulin) or proper storage or manual sorting

35

The names of all the members in all the groups were recorded during this meeting, thus

referred to as the census in the rest of the document
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adoption of the biocontrol is likely to be affected by their belief concerning the strategic actions of
other members in the group and in the ability of the group to coordinate members’ actions to
minimize free-riding and ensure the aggregated maize meets the required standard.
Since the biocontrol was offered through the groups, some group members may have
delayed adoption in the hope that others will adopt, thus allowing them to learn more about the
technology. During the meetings, members were informed that the technology would eventually
be available in the shops after the study. While the outcome associated with the adoption of
biocontrol is not directly observable, some form of learning can take place during its use and
application. For example, sporulation of the biocontrol product a few days after its application is
observed and is an early indicator of its efficacy. The aggregation of maize at harvest and testing
of the aggregated maize offers another learning opportunity for the members on the efficacy of the
biocontrol, on the actualization of the bonus and on the ability of the group members to achieve
collective action.
Table 4.1 shows farmers’ subjective reasons for adoption or non-adoption of the biocontrol,
as reported by a subset of members in every group interviewed during the follow-up survey at the
end of the cropping season. A majority of farmers (87%) stated the desire to have safe maize for
home consumption as one of the reasons for purchasing the biocontrol. The desire to have safe
maize for sale was stated by about half of the adopters. Only 10% of the adopters stated the desire
to earn a bonus as a reason for purchasing the technology. Adoption of the biocontrol in this context
seems to be mainly driven by a desire to have safe maize for home consumption.
Lack of money was stated as one of the reasons for not purchasing the technology by about
half of the non-adopters. Absence during the meeting when the biocontrol was sold or a lack of
opportunity to purchase the biocontrol was stated by almost 40% of the non-adopters. Other reasons
include crop failure due to drought or pest damage reported by 4% of the non-adopters, and failure
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to find a partner in case the farmer wished to purchase less than one packet of AflasafeTM, stated
by 3%. In a few cases (one percent of cases), AflasafeTM was offered when maize was past the
stage when it should be applied. Overall, liquidity constraints and failure to attend the training seem
to be major constraints to the adoption of AflasafeTM for the farmers in our sample. The main aim
of this chapter is to examine group characteristics that are likely to relax these constraints, thus
encouraging members’ adoption of AflasafeTM.
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Table 4.1. Farmers’ Subjective Reasons for Purchasing or Failing to Purchase AflasafeTM
(1)
Proportion of
farmers
Reasons for purchasing the biocontrol (N=300)
To have safe maize for home consumption

0.87

To have safe maize for sale

0.48

To be able to sell my maize at a premium
To experiment with Aflasafe

4

0.12

TM

0.02

Convincing training

0.01

Reasons for not purchasing the biocontrol (N=465)
I did not have money to buy AflasafeTM
I was not available when Aflasafe

TM

0.55

was offered to the group/ I was not

offered AflasafeTM

0.38

My maize was destroyed by the fall armyworm/drought

0.04

I needed less than 4kg and did not get anyone to team up with

0.03

I did not plant maize in the season when Aflasafe
Aflasafe

TM

TM

was offered

0.03

was offered too late when my maize had already passed the

application stage
I did not see/understand the benefits of Aflasafe

0.02
TM

0.01

Author’s compilation from data collected during the follow-up individual-level survey
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4.3. Conceptual framework and hypotheses
This section provides a conceptual framework of how group characteristics may affect the
members' adoption behavior by addressing the constraints to adoption described in Section 4.2.
An individual member’s adoption of the technology depends on their expected benefits and costs
associated with the use of the technology. The main costs associated with the adoption of the
biocontrol are the money required to purchase the technology and the labor requirements during
the application. Its benefits include the health benefits of consuming safer food and, for some
farmers, a bonus from the sale of safer food. An individual’s realization of these benefits is likely
to be influenced by other factors like the risks and uncertainties related to experimentation with
the technology, the behavior of other members during the sales, shocks that may result in crop
failure, and the prevailing market conditions for financial services. Such factors may lower an
individual’s expected benefits from adoption.
Liquidity constraint was the most stated reason for failing to purchase the biocontrol. Lack
of access to affordable credit and other financial services like savings products is thus likely to
constraint the adoption of AflasafeTM. Producer groups can be a source of cheap loans and savings
to the members. I hypothesize that groups that offer credit and savings as one of the group’s
activities increase the likelihood of an individual member’s adoption of the biocontrol.
Slightly over a third of farmers stated absence in training as a reason for failing to purchase
the biocontrol. A farmer who was absent during the training can learn about the technology from
others in the group. In this case, information flow among group members can affect an individual
member’s adoption decision. Besides, farmers with greater human capital skills in a group may
decode information more efficiently, allowing an individual with lesser skills to learn more from
his/her fellow group members. Also, information sharing among members may serve as reminders
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of the information provided during the training. Lastly, information sharing and coordination of
group member’s activities can minimize strategic delays by some members.
I test six group characteristics that may affect members’ adoption through the informationsharing mechanism. First, I test the role of group size. The number of members in a group may
affect the flow of information in a group through various channels. Group size may affect the
intensity of the individual member’s participation in the group, thus affecting the level of
interaction among the members and information flow in the group (Fischer and Qaim 2014). More
members in a group also imply that more information is available to the members. However, a
large group may increase coordination costs, thus reducing the trust levels among group members
(Aflagah, Bernard, and Viceisza 2019; Poteete and Ostrom 2004). Low levels of trust among
members may reduce the effectiveness of information sharing among the members. The direction
of the effect of the group size on adoption is thus difficult to predict a priori.
Second, I test the role of the age of the producer group. Trust and member commitment are
likely to be higher in older groups, stimulating more interactions among the group members
(Tadesse and Kassie 2017). Thus older groups are hypothesized to increase the likelihood of
members’ adoption AflasafeTM.
Third, groups that are members of an umbrella organization 36 can increase the likelihood
of members’ adoption of the biocontrol since these may serve as sources of information on the
biocontrol technology and aflatoxin in general. Such groups also tend to have more linkages with
donors and other partners (Ragasa and Golan 2014). Having more information and knowledge on

36

An umbrella organization in this context is a larger group made of several producer

organizations. While producer organizations are mostly formed at the village level, the umbrella
organizations cover a larger geographical location for example the ward or the county.
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the issue of aflatoxin and benefits associated with reducing consumption of contaminated foods
may increase the salience of the information provided during the training, thus increasing the
likelihood of adoption.
Fourth, women are more likely to cooperate and interact more in a group (Ortmann and
Tichy 1999; Tadesse and Kassie 2017); hence groups with a higher proportion of women are
hypothesized to increase individual members’ adoption of the technology.
Fifth, groups where leaders have gone through management training are expected to
increase the probability of a member’s adoption of the biocontrol. Building the capacity of the
group leaders can improve their ability to provide technical advice to the members and improve
their management skills, thus creating a conducive environment for information sharing among
members. Management training was found to be positively correlated with the probability of a
group providing technical advice to the members (Ragasa and Golan 2014). Also, training leaders,
as well as members, may increase trust among the members and trust in leaders (Bernard et al.
2015), a factor that can facilitate information sharing among the members.
As stated earlier, more educated individuals can process information better than less
educated individuals. A group with more educated members is hypothesized to increase the
probability of a member’s adoption of the biocontrol. Note that education can also affect adoption
through the income effect (Foster and Rosenzweig 2010); that is, more educated people are likely
to earn more. Therefore, groups with more educated members may have higher rates of adoption
if there is some resource sharing among members.
Finally, member heterogeneity has an indeterminate effect on a member’s adoption. On the
one hand, member homogeneity is associated with higher levels of trust and interest in others
(Tadesse and Kassie 2017). Also, learning may only occur among members with similar
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traits/characteristics (BenYishay and Mobarak 2014; Munshi 2004). On the other hand,
heterogeneous individuals may complement each other in terms of skills, information, or resources
(Bernard and Spielman 2009; Poteete and Ostrom 2004).
In groups that were offered a bonus price for safe maize, an individual’s expected benefits
may also depend on his/her belief about the actions of the rest of the members. Testing for aflatoxin
was only done after the members aggregated their maize. Without testing individual member’s
maize before aggregation, some members may want to earn the bonus by bringing untreated maize
for aggregation. Group characteristics that enhance cooperation among members may thus have a
stronger impact on the adoption of the biocontrol in groups offered the bonus. However, I do not
find significant effects on the interaction terms of the bonus price dummy with group
characteristics that are likely to enhance cooperation (size, age, heterogeneity). This may be
because the sample is not large enough to facilitate sub-group analysis along this dimension.
Besides, the opportunity to sell safe maize at a premium price was not the main motivation for the
adoption of the biocontrol (Table 4.1; Chapter 3).

4.4. Study design
4.4.1. Data
This chapter uses data from four sources. First, a short survey was administered to all the groups
from April to August 2017. During this exercise, all the group members were invited to a meeting
that was approximately two hours long. A list of all the members in each group was collected. The
list included an indicator of whether the member was present during this meeting or not. A total
number of 3605 members in all the groups were registered. Data on the groups’ awareness and
knowledge of aflatoxin were collected. Individual members maize production dtata was collected
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from a randomly selected subset of group members. I refer to this round of meetings as the census
in the rest of the paper.
The second source of data is the baseline data collected in September-October 2017, a few
weeks before the delivery of the biocontrol. A group-level survey was administered to a group
representative, in most cases, one of the committee members. Data collected using the group-level
tool include group characteristics like group size, group leadership characteristics, the age of the
group, and the group’s main activity. Besides the group-level survey, an individual-level
questionnaire was administered to six (five in some groups) randomly selected members per group.
A total of 892 individual group members participated in the interviews. The survey asked about
the members’ socioeconomic characteristics, knowledge on aflatoxin contamination and control,
group participation, and their attitude towards group members and leaders.
The third source of data is the AflasafeTM sales records collected during the sale of
AflasafeTM in November and early December 2017. The records consist of a list of members in a
group who purchased the biocontrol plus an indication of the amount purchased.
Lastly, a follow-up survey administered to the same members interviewed at baseline was
used to collect data on the biocontrol use and application.

4.4.2. Group characteristics and descriptive statistics
This section describes the measurement of the group characteristics variables hypothesized to
influence an individual’s adoption of the biocontrol. Group size is a continuous variable indicating
the total number of members in a group. The age of the group is measured as the number of years
the group has been operational. Membership to an umbrella organization is a dummy variable
equal to 1 if a group belongs to a larger umbrella organization (at the district or county level) and
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0 otherwise. The proportion of women in the group is a continuous variable indicating the
proportion of female members in a group. A dummy that takes the value of 1 if the group is
engaged in rotating savings and credit activities is the indicator for group activities related to access
to credit. The strength of leadership is measured as a dummy equal to 1 if the group leadership
received any form of training 12 months before baseline data collection. All these variables are
measured using the group level survey administered at baseline .
37

Group level education is the median of the years of formal schooling of the six members
interviewed in the baseline survey. Member heterogeneity is measured using four indicators,
namely heterogeneity in individual members’ education level, asset ownership (number of assets),
age, and scale of operation proxied by the amount of maize harvested in a normal season. For each
of these, heterogeneity is measured as the coefficient of variation (ratio of the standard deviation
to the mean). A heterogeneity index is calculated as the mean coefficient of variation across these
four variables.
Table 4.2 shows the descriptive statistics of the groups in the sample. The groups have 25
members on average, with a range of 7 to 150 members. The groups are nine years old on average,
with the oldest group being 42 years. Thus, the groups in our sample have existed for some time.
Only 10 percent of the groups belong to an umbrella organization. Most groups had more female
members; on average, 80 percent of the members in all groups were female. The majority of the
groups mention savings and credit as one of the group’s activities. The median number of years
of schooling per group is seven years. Leaders received some form of training 12 months before
the baseline survey in 39 percent of the groups. Leaders training included training on financial
37

The variable on membership of an umbrella organization was generated from the data collected

during the census
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management (20 percent of the groups), training on group marketing in 26% of the groups, and
training on group management in 22 percent of the groups.
There are four measures of heterogeneity of the group members within the groups. The
coefficient of variation that measures education heterogeneity ranges from 0.13 to 1.45, with an
average of 0.59, an indication that the groups are relatively heterogeneous with respect to members'
education. The groups have more heterogeneous members in terms of their scale of operation, with
a 0.61 coefficient of variation. Heterogeneity in terms of age and assets is lower (average values
of the coefficient of variations 0.23 and 0.39, respectively).

118

CHAPTER 4

Table 4.2. Descriptive Statistics
1

2

3

4

Standard
Mean

deviation

Minimum

Maximum

25.36

15.36

7.00

150

operation

8.67

6.47

0.00±

42.00

Group belongs to an umbrella organization

0.10

0.30

0.00

1.00

Proportion of group members female

0.79

0.24

0.00

1.00

0.90

0.30

0.00

1.00

months before data collection

0.39

0.49

0.00

1.00

Median education level

6.90

2.34

0.50

14.00

Heterogeneity index

0.46

0.11

0.21

0.74

Assets heterogeneity

0.39

0.13

0.12

0.74

Scale heterogeneity

0.61

0.27

0.12

1.37

Education heterogeneity

0.59

0.28

0.13

1.45

Age heterogeneity

0.23

0.08

0.07

0.42

Observations

152

Group size
Number of years the group has been in

4

Mentioned rotating credit and savings as one
of the group’s activity
Leaders received any form of training 12

± A 0 value was assigned if a group was less than one year old
4.4.3. Other observable characteristics
This section presents the variables added as controls in the estimations. Group level controls
include indicators for the three counties and an indicator for the bundled insurance treatment (see
details in Hoffmann, Kariuki, et al. 2018). I also include an indicator for the villages assigned to
receive a bonus for the AflasafeTM treated maize.
There are two sets of individual-level control variables, depending on data availability. The
first set of the individual-level variables are the variables for which data is available for the full
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sample (all the group members). These are the gender of the member (coded using names in the
group lists) and an indicator of the member’s presence during the census meeting. Also, I add an
indicator for those surveyed at baseline since being surveyed has been shown to affect an
individual’s adoption of the biocontrol (Treurniet 2019a). I refer to these set of controls as the fullsample individual-level controls in the rest of the paper.
The second set of controls is the individual and household level variables for which data is
available only for a subset of members interviewed at baseline. Individual member characteristics
include age, age squared, education level, relationship to the household head, general trust levels,
risk aversion index, and a measure of member’s propensity to punish. Household characteristics
included as controls are the asset index and maize farming practices in the previous season. They
include the land under maize, the amount of maize harvested, sale of maize, and the value of all
the agricultural inputs, including labor. Both the individual and household characteristics are
measured using the baseline individual-level survey. Appendix Table A4.1 describes how each of
these variables was measured. I refer to these as the surveyed sample individual and household
level controls.
Descriptive statistics of these variables are presented in the appendix, Appendix Table
A4.1.

4.5. Estimation strategy
4.5.1. Main outcomes
An individual member’s adoption is measured using two indicators. The adoption status measured
as a dummy variable that takes the value of 1 if a farmer purchased the biocontrol and 0 otherwise.
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The intensity of adoption is a continuous variable indicating the amount in kg of the biocontrol
purchased. Both variables are measured using the administrative data collected during sales.

4.5.2. Sample
I use as the primary sample the full sample that consists of all the 3605 members registered during
the group census meeting. As a robustness check, I also use the surveyed sample, that is, the 892
members for whom detailed individual and household data were collected during the baseline
survey. While the size of the surveyed sample is considerably smaller than that of the full sample,
the main upside of this sample is that it allows for controlling of more household and individuallevel characteristics, which may increase the precision of the estimates.

4.5.3. Modeling approach
This section describes the estimation strategy for the two primary outcomes, adoption status and
the intensity of adoption. An individual member’s decision to adopt the biocontrol can be modeled
using the random utility framework. A member will adopt the biocontrol if the utility from
adoption is higher than the utility from non-adoption. The utility difference between adoption and
non-adoption depends on the benefits and costs associated with the adoption of AflasafeTM, which
may depend on the characteristics of one’s group and her individual and household characteristics.
The utility difference is unobserved and can be presented by a latent variable denoted 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 as
follows:

𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑋𝑋𝑋𝑋1𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽1 + 𝑋𝑋𝑋𝑋2𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽2 + 𝑋𝑋𝑋𝑋3𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽3 + 𝑋𝑋𝑋𝑋4𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽4 + 𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

(4.1)

where 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 denotes unobserved utility difference between adopting and not adopting for individual

i in group j in village v. 𝑋𝑋𝑋𝑋1𝑖𝑖𝑖𝑖 denotes characteristics of i’s producer group hypothesized to influence
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adoption and include; the group size, age of the group, indicator for membership to a larger group,
the proportion of women in the group, an indicator for the group involvement in rotating credit
and savings activities, an indicator for leadership training, median education of the group members
and member heterogeneity. 𝑋𝑋𝑋𝑋2𝑖𝑖𝑖𝑖 denotes other group characteristics used as controls (county

indicators and an indicator of the assignment the bundled insurance treatment). 𝑋𝑋𝑋𝑋3𝑖𝑖𝑖𝑖 is an indicator
of the villages assigned to the bonus price treatment. 𝑋𝑋𝑋𝑋4𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 denotes individual and household

characteristics for i, included as control variables. 𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖 is the error term.

Individual i’s decision to adopt is observed and can be denoted by 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 . I assume i will

decide to adopt if the utility difference, 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 , is greater than 0. Thus we observe 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =
1 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 > 0 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 0 otherwise. The probability of adoption can be presented as:

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 1 � = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 > 0� = 𝑃𝑃𝑃𝑃 �𝑋𝑋𝑋𝑋1𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽1 + 𝑋𝑋𝑋𝑋2𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽2 + 𝑋𝑋𝑋𝑋3𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽2 + 𝑋𝑋𝑋𝑋4𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽3 + 𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 > 0� =

𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ≤ 𝑋𝑋𝑋𝑋1𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽1 + 𝑋𝑋𝑋𝑋2𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽2 + 𝑋𝑋𝑋𝑋3𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽3 + 𝑋𝑋𝑋𝑋4𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽4 𝑖𝑖𝑖𝑖 � = 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹1𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽1 + 𝑋𝑋𝑋𝑋2𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽2 + 𝑋𝑋𝑋𝑋3𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽3 +
𝑋𝑋𝑋𝑋4𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝛽𝛽𝛽𝛽4 �

(4.2)

Where P denotes probability and F is the distribution function of 𝜀𝜀𝜀𝜀𝑖𝑖𝑖𝑖 . By assuming a standard normal

distribution, I estimate Equation (4.2) using a probit model.

The intensity of adoption is a continuous variable indicating the amount of the biocontrol
purchased by individual i. The variable takes a value 0 for members who did not purchase
AflasafeTM and a positive value for adopters. The amount purchased depends on the marginal costs
and marginal benefits of adoption, which may also depend on the characteristics of one’s group
and her individual and household characteristics.
For this outcome, we observe 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 > 0 and 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 0 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ≤ 0. Thus, a

farmer who is willing to purchase a negative amount 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖∗𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 is observed as purchasing 0 amount.
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Given that most observations have 0 values (82 percent of the full sample), Equation (4.1) is best
estimated using a Tobit model for the adoption intensity outcome.
The Tobit model assumes that the same underlying process affects both the probability of
a positive value for y and the distribution of y given that it is positive (Smith and Brame 2003).
That is, the probability of adoption and the amount adopted conditional on adoption are influenced
by the same group, household, and individual characteristics and with the same sign. I use a
modification of the Tobit model to relax this assumption, the double hurdle model described in
(Cragg 1971), and also used in Xu et al. (2009). This modification allows the two processes to be
estimated in two separate steps. The first step estimates the probability of adoption using a probit
model (same as the adoption dummy model). The second step involves the estimation of a
truncated normal regression involving only those with positive values for y.
Since group characteristics were not exogenously varied through random assignment, their
effect on adoption may be endogenous. Data on these characteristics were collected before the
biocontrol was made available to the farmers, thus reducing the possibility of reverse causality.
However, the effect of these characteristics may suffer from omitted variable bias if an unobserved
variable affects both adoption and the group characteristics. Therefore, I do not claim causality in
the estimated effects of group characteristics.

4.5.4. Potential mechanisms
In this study, group characteristics are expected to affect individual member’s adoption of the
biocontrol through two channels: relaxing the members’ liquidity constraints and information
sharing among the members. As stated earlier, I do not find heterogeneous effects of group
characteristics by bonus price treatment. To test the role of the information-sharing mechanism, I
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regress three other outcomes on the group characteristics: group-level trust among the members,
individual-level trust in other members, and member participation in group meetings. Information
sharing and learning will occur if members trust the source of information, in this case, other
members. Lastly, I test the liquidity access channel through one other outcome, the proportion of
members in a group who have ever acquired a loan.
The information-sharing proxies are constructed using data from the baseline individual
level survey. The trust variable was measured by asking each of the interviewed members the
number of fellow group members he/she can trust with a given task (a responsibility to deliver
some planting seedlings on behalf of the member). A trust variable is generated by calculating the
proportion of members trusted. Participation in group meetings is measured as the proportion of
members regularly attending group meetings, measured by asking each of the members
interviewed at baseline to state the proportion of members who regularly participate in group
meetings. A group-level outcome for the trust and participation variables is constructed by
calculating the group mean of the individual-level variable.
The proportion of members who have ever acquired a loan was measured using data from
the group census. This was measured by asking the number of members who had ever acquired a
loan out of the total members who were present in the census meeting.
To test if group characteristics affect adoption through these channels, I follow the
following steps (Mehmetoglu 2018). First, I test whether these variables are correlated with the
group characteristics. Second, I rerun the main estimation (adoption model) but control for each
of the mechanism variables. If a group characteristic is: i) significant in the main estimation ii) is
significantly correlated with the mechanism variable iii) the mechanism variable is significantly
correlated with adoption decision iv) the effect of the group characteristic is reduced in the
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adoption estimation model that controls for the mechanism variable, then this is taken as evidence
that the given group characteristic affect adoption through that channel. Lastly, for such
mechanism and group characteristic variables, I conduct a Sobel test to test whether the mediation
effect is statistically significant (Mehmetoglu 2018).

4

4.6. Results
4.6.1. Group characteristics and members’ technology adoption
Table 4.3 shows the results of the double-hurdle models. Columns 1 and 2 show the average
marginal effect from the probit model estimated using the full and the surveyed samples. Columns
3 and 4 show the average marginal effects for the amount adopted conditional on adoption. The
specifications using the surveyed sample include more individual level controls, as described in
Section 4.5.2, but the sample is considerably smaller.
Results in column 1 show that the size of a group has a negative effect on an individual
member's probability of adopting the biocontrol. Column 2 shows a similar result for the
specification that uses the surveyed sample. The result supports the hypothesis of increased
coordination costs for larger groups that may lower trust levels among members. Group size is not
correlated with the amount purchased conditional on adoption 38.
The age of the group is not correlated with the probability of adoption. However, this
characteristic is positively correlated with the amount purchased once one decides to adopt.

38

Note that group size may affect adoption through the requirement of aggregation of treated

maize. However, results show that the effect of group size and member heterogeneity are the same
in both the bonus treatment and the control villages.
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However, the coefficient is only significant (marginally) in the specification that uses the full
sample.
Results in column 1 show that being in a group that belongs to an umbrella organization
does not significantly affect an individual member’s probability of adopting the biocontrol.
However, as shown in column 2, the coefficient on this group characteristic is bigger and
significant at 10% in the specification that includes more individual and household level controls
(surveyed sample). These findings suggest increased access to information for the groups that have
a membership to higher tier groups, although the result is not robust across both specifications.
The proportion of women in a group is positively correlated with the members’ probability
of adoption. The effect is significant (at the 10% level) for the full sample only, although higher
in magnitude for the surveyed sample (with a p-value =0.115). The effect of this variable could be
a result of the hypothesis that women are more likely to cooperate in group settings or because
groups with a higher proportion of women are more homogeneous, thus members are more likely
to cooperate. To test whether the positive effect on this variable is due to more cooperation by
women or due to increased homogeneity in groups with a higher proportion of women, I reestimate
the model using a quadratic form of this variable (proportion of women and proportion of women
squared). If an inverted u-shaped effect exists, the correlation between the proportion of women
variable and adoption is a result of homogeneity in the group (Williams and Meân 2004). However,
I do not find evidence of an inverted u-shape effect. This suggests that the positive coefficient on
this variable in Table 4.3 is as a result of more cooperation from groups with more women. The
proportion of women in the group does not affect the amount purchased once the adoption decision
has been made.
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Contrary to the expectation, groups that mentioned rotating credit and savings as one of
the group’s activities are not more likely to increase individual member’s probability of adoption
compared to other groups. However, we find some weak evidence that adopters in such groups
adopt more biocontrol.
Leadership training does not affect members’ adoption of biocontrol. Also, being in a group
with more educated members does not affect the probability of adoption. However, being in a
group with more educated members increases the amount purchased by the adopters. The positive
effect on the amount purchased may reflect an income effect, that is groups with more educated
members may have richer members, and if there is resource sharing among members, this may
increase the amount purchased by those who already decide to adopt.
Member heterogeneity in terms of education, assets, age, and scale of production is
negatively correlated with the probability of adoption. The effects of this variable are comparable
in magnitude across the two samples, although only significant for the specification that uses the
full sample (p-value in the surveyed sample=0.108). The negative impact of member heterogeneity
may be as a result of increased coordination costs in more heterogeneous groups or due to less
learning opportunities among members with dissimilar characteristics. Member heterogeneity does
not affect the amount purchased by the adopters.
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Table 4.3. Effect of Group Characteristics on Individual Member’s Adoption of AflasafeTM
1

2

Adoption status
Group size ±
Number of years the group
has been in operation ±
Group belongs to an
umbrella organization
Proportion of group members
female
Rotating credit and savings
as one of the group’s activity
Leaders received any form of
training
Median education level
Heterogeneity index
Sample
Observations
Mean of the sample

3

4

Intensity of adoption

AME
-0.003***
(0.001)

AME
-0.005**
(0.002)

CAME
0.002
(0.011)

CAME
-0.000
(0.012)

0.001
(0.002)

-0.004
(0.004)

0.041*
(0.021)

0.018
(0.022)

0.033
(0.040)

0.137*
(0.072)

0.415
(0.286)

0.466
(0.346)

0.096*
(0.057)

0.158
(0.101)

0.206
(0.644)

-0.214
(0.520)

-0.037
(0.041)

-0.042
(0.060)

0.376
(0.385)

0.695*
(0.361)

0.011
(0.026)
-0.003
(0.006)
-0.245*
(0.144)
Full
3605
0.184
(0.006)

-0.032
(0.043)
-0.006
(0.010)
-0.329
(0.217)
Surveyed
892
0.335
(0.016)

-0.097
(0.234)
0.123***
(0.047)
0.211
(1.165)
Full
3605
2.967
(0.074)

-0.277
(0.271)
0.084*
(0.050)
0.338
(1.073)
Surveyed
892
3.008
(0.100)

±Winsorized at 0, 95 percentile
Notes: Standard errors in parentheses; clustered at the village level. * p<0.10, ** p<0.05, ***
p<0.01. AME: Average marginal effects. CAME: Average marginal effects conditional on y>0.
Specifications 1 and 3 include the group-level controls (county indicators, bonus price and bundled
insurance treatment indicators) and the full sample individual-level controls (indicators for
presence in the census meeting, sex of the member, and an indicator for being interviewed during
the baseline survey). Specifications 2 and 4 include the group-level controls, two of the full sample
individual-level controls (indicators for presence in the census meeting and sex of the member),
and the surveyed sample individual and household level controls (as described in Section 4.4.3).
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4.6.2. Potential mechanisms
This section describes the results on the additional four outcomes used as proxies for information
sharing and financial support provision, the two main channels through which group characteristics
may influence individual members’ adoption of AflasafeTM. These outcomes are group-level trust
among the members, individual-level trust, the proportion of members who regularly attend group
meetings, and the proportion of members in a group who had ever gotten a loan.
Columns 1,3,5 and 7 of Table 4.4 show the regressions of the four additional outcomes on
each of the group characteristics. Columns 2,4,6 and 8 show the main estimation models described
in section 4.6.1 but includes each of the mechanism variables.
In section 4.6.1, I found strong evidence of a negative correlation between the size of the
group and the probability of adoption. Results in columns 1 and 3 of Table 4.4 shows that group
size is negatively correlated with the trust variables. The trust variables are positively correlated
with adoption. A Sobel test shows that group size affects adoption partly through the trust variables
(z value of -2.273 and -2.938). Group size is not correlated with members’ participation in
meetings or the proportion of members who had ever acquired a loan. Therefore, smaller groups
are likely to have higher levels of social capital that may facilitate learning and information sharing
among members.
Member heterogeneity in terms of education, assets, age, and scale is negatively correlated
with the probability of adoption. The heterogeneity variable is negatively correlated with the trust
variables but only significant for the group-level trust variable. Also, the Sobel test shows that the
mediation effect of trust variables between heterogeneity index and adoption is not statistically
significant. Thus, I find weak evidence that member heterogeneity affects adoption through
increased coordination costs, thus reduced trust. The effect of member heterogeneity on adoption
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may result from the fact that farmers are more likely to learn about new technologies from similar
individuals. Lastly, member heterogeneity is not correlated with member participation in group
meetings and on the proportion of members that have ever acquired a loan.
Next, I look at the variable on the proportion of women in a group. This variable is not
correlated with the measures of trust. Results in columns 5 and 7 shows that groups with more
women are more active and more members are likely to have ever gotten a loan. However, these
two mechanism variables are not correlated with the adoption of biocontrol. The member
participation variable is positively correlated but only marginally significant (p-value 0.149).
Groups involved in rotating savings and credit activities have a higher proportion of
members who have ever acquired a loan. However, the latter is not correlated with the adoption
dummy and the amount adopted conditional on adoption, and thus we cannot confidently conclude
that the loan acquired from these groups was used to purchase the biocontrol.
Lastly, the variables on the members' education level, the age of the group, and membership
to an umbrella organization are not correlated with any of the four mechanism variables.
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0.518
(0.017)
3605
0.233

Mean of the sample

0.544
(0.015)
892
0.096

-0.014
-0.027
0.002
-0.007
-0.178
-0.143

0.031
-0.041

0.085
-0.068

0.028
-0.053

0.002
-0.002

3

-0.031
(0.042)
-0.006
(0.010)
-0.297
(0.211)
0.155***
(0.044)
0.335
(0.023)
892
0.096

-0.046
(0.059)

0.146
(0.103)

0.133*
(0.068)

-0.004
(0.004)

4

0.752
(0.012)
3605
0.189

-0.027
-0.02
0.003
-0.004
0.044
-0.109

0.006
-0.035

0.094**
-0.043

0.012
-0.033

0.003
-0.002

5

0.015
(0.026)
-0.003
(0.006)
-0.245*
(0.140)
0.133
(0.092)
0.184
(0.013)
3605
0.079

-0.038
(0.040)

0.086
(0.057)

0.031
(0.040)

0.001
(0.002)

6

0.033
(0.041)
0.097
(0.059)
-0.036
(0.042)
0.011
(0.026)
-0.003
(0.006)
-0.247*
(0.146)
-0.006
(0.050)
0.184
-0.111
3605
0.077

0.078
-0.096
0.177**
-0.083
0.134**
-0.052
0.031
-0.043
0.004
-0.01
-0.158
-0.191

0.658
-0.163
3605
0.594

0.001
(0.002)

-0.001
-0.003

-0.106
(0.233)
0.123***
(0.047)
0.095
(1.214)
-0.552
(0.529)
2.967
(0.074)
3605

0.472
(0.367)

0.200
(0.639)

0.404
(0.288)

0.041*
(0.021)

Observations
R-squared
±Winsorized at 0, 95 percentile
Notes
Standard errors in parentheses; clustered at the village level. * p<0.10, ** p<0.05, *** p<0.01. All the specifications include the group level
controls (county indicators and the indicator for the assignment to the bonus price and bundled insurance treatments). Columns 2,4,6, & 8 shows the
average marginal effects from probit models. Column 9 shows the conditional average marginal effect.

Mediating variable

Heterogeneity index

Median education level

0.011
(0.026)
-0.004
(0.006)
-0.200
(0.138)
0.165***
(0.062)
0.184
(0.013)
3605
0.082

-0.041
(0.040)

0.027
-0.045
0.003
-0.029
0.005
-0.008
-0.301*
-0.158

0.106*
(0.058)

0.034
(0.039)

-0.014
-0.051
-0.043
-0.062

0.001
(0.002)

0.003
-0.003

2

7
8
9
Proportion
ever gotten
Group
Individual
Participation
a loan
level trust Adoption level trust Adoption in meetings Adoption
Adoption Intensity
-0.005*** -0.002** -0.006*** -0.004*
-0.001
-0.003***
0
-0.003*** 0.002
-0.001
(0.001)
-0.001
(0.002)
-0.001
(0.001)
-0.002
(0.001)
(0.011)

1

Leaders received any form of training

Rotating credit and savings as one of
the group’s activity

Proportion of group members female

Group belongs to an umbrella
organization

Number of years the group has been in
operation ±

Group size ±
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4.7. Conclusions
Lack of information is one of the constraints to the adoption of food safety technologies by farmers
in low and middle-income countries. Additionally, liquidity constraints in the presence of poorly
functioning financial markets can further constrain adoption, even in cases where farmers are
familiar with the technology.
Producer organizations are one avenue through which farmers can access technical
information and financial services. Yet, little is known about the type of producer organizations
that are likely to be most effective in facilitating access to these services by the members. This
study examines the role of one aspect of the producer organizations-structural characteristics- on
members' adoption of a new food safety technology used mainly for the production of safer food
for home consumption and sale in case of surplus.
I find strong evidence that small groups were likely to increase member’s adoption of new
technology. Members in smaller groups had higher trust in other members. I conclude that this
fosters information sharing and learning among the members.
Groups with more homogeneous membership in terms of education, assets, age, and scale
of operation were likely to increase members’ adoption of the technology. I speculate that this
result is because more learning is likely to occur for members who have similar characteristics.
I found some suggestive evidence that groups with a higher proportion of women were
more likely to increase member’s adoption of the technology. Groups with more women were
likely to participate more in group meetings and had more members who acquired a loan. However,
I cannot conclude that the positive effect of the proportion of women on adoption is a result of
increased participation or increased access to financial services.
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Despite liquidity constraints being mentioned by several non-adopters as a major barrier to
adoption, I did not find strong evidence that groups help to relax this constraint. Groups involved
in rotating credit and savings were likely to have more members who had acquired a loan, but this
did not translate to higher adoption rates in these groups. This may suggest that the loan is used
for other purposes.
This chapter finds some evidence that information may be a barrier to the adoption of food
safety technology in this setting. The finding that some producer group characteristics can be used
to increase learning and information sharing among members after a general training is particularly
important in the LMICs where there is limited capacity in the public extension services. While
some studies have found that liquidity constraints act as barriers to the adoption of food safety
technologies in the same context as the current study (Hoffmann and Jones 2018), I do not find
evidence that producer organizations play a role in relaxing these constraints.
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Appendix
Appendix 4.1. Definition of Baseline Sample Individual and Household Level Controls
Name of the variable
Age of the farmer (completed
years)
Age of the farmer squared
Years of education completed by
the respondent
Farmer is the household head
Asset index
The total land under maize
primary season previous year
(acre)
Maize harvest previous season
(90 kg)
Maize marketing:
Total expenditures on agr. inputs
& labor primary season previous
year (KES)
Punishment index

General trust level

Quantitative risk aversion score
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Definition
Age of the member in years
Age of the member squared
Years of formal education completed by the member
Dummy variable with a value of 1 if the member is the
household head
An index computed as the sum of dummy variables indicating
ownership of 14 household and livestock assets
Total land owned under maize in the last season in acres.
The amount of maize harvested in the previous season in 90 kg
bags.
A dummy indicator of participation in the maize market in the
previous season.
The total amount of money in Kenyan shillings spent on
agricultural inputs and labor in the last season.
An individual’s propensity to punish calculated as the
standardized mean to responses (1=completely disagree;
2=disagree; 3=Neither agree nor disagree; 4=agree; 5=
completely agree) to two general statements; i) if treated
unjustly, you will take revenge even if there is a cost of doing so
and ii) if someone treats others unfairly, you are willing to
punish them even if there is a cost of doing so). The higher the
index, the higher the propensity to punish for a given individual.
An indicator of a member’s general trust level measured as the
response (1=completely disagree; 2=disagree 3=neither agree nor
disagree 4=agree 5=completely agree) to the statement: “People
generally have the best intention.”
Members risk aversion level measured through a set of
hypothetical questions involving three interdependent choices
between a lottery and a certain amount. A higher value indicates
a higher level of risk aversion.
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Appendix Table A4.1. Descriptive Statistics of the Variables Used as Control Variables in
the Regressions

Group-level controls
Meru County
Tharaka Nithi County
Embu County
Bonus price
Observations
Full sample individual-level controls
Individual present during the census
meeting
Member is female
Baseline survey sample
Observations
Baseline sample individual &
household level controls
Age of the farmer (completed years)
Years of education completed by the
respondent
Relationship with the head
Asset index
Total land under maize main season
previous year (acre)
Maize harvest previous season (90 kg)
Maize marketing: whether sold any
maize last season
Total expenditures on agr. inputs &
labor main season previous year
(KES)
Punishment index
General trust level
Quantitative risk aversion score
Observations

1
mean

2
sd

3
min

4
max

0.37
0.21
0.42
0.50
152

0.48
0.41
0.50
0.50

0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00

0.58

0.49

0.00

1.00

0.77
0.25
3605

0.42
0.43

0.00
0.00

1.00
1.00

50.16

13.93

20.00

96.00

6.73

3.92

0.00

16.00

0.59
5.69

0.49
2.32

0.00
0.00

1.00
13.00

1.47

1.22

0.00

7.00

4.93

8.41

0.00

50.00

0.47

0.50

0.00

1.00

10959.07

11654.20

0.00

62750.00

0.00
2.93
4.36
892

1.01
1.39
2.86

-0.73
1.00
0.00

4.10
5.00
7.00
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Chapter 5
Efficacy of a Food Safety Technology in Farmers’ Fields Under Varied Levels of
Farmer Training
Sarah Wairimu Kariuki, Asha Bakari, Charity Mutegi, Ranajit Bandyopadhyay and
Vivian Hoffmann
Correct use of technologies by farmers, particularly new technologies that require precise
implementation, is important for realizing the full potential of the technologies. While training
farmers may result in the correct use of these technologies, training numerous small-scale
farmers requires a significant amount of resources. Knowledge of the level of training needed
to ensure the proper use of new technologies can thus be used to allocate scarce resources. In
this chapter, we conduct a field experiment to test the effectiveness of a new food safety
technology-a biocontrol for aflatoxin contamination-under varied levels of farmer training and
support. Our results show that the biocontrol was effective in reducing aflatoxin for farmers
who received a one-off training when compared to farmers who did not use the biocontrol.
However, the application of the biocontrol was more successful, and its effectiveness stronger,
for farmers who were supported beyond the one-off training. These results indicate that the
returns to this technology, and the subsequent adoption, will depend on the level of farmer
training, which will require a significant amount of resources.
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5.1. Introduction
Rates of return to agricultural technologies are typically highly sensitive to variations in the
technology’s application. For example, average rates of return to fertilizer in farmers’ fields in
western Kenya are high when optimally applied, but negative at other rates of application
(Duflo, Kremer, and Robinson 2008). If farmers fail to apply a technology at the correct time
or the right rate or using the correct application method, the technology may be ineffective and
returns from it may be low or even negative. This experience can then depress adoption in
subsequent seasons. Providing farmers with training on technologies – particularly new
technologies – is therefore critical for ensuring early success and widespread adoption in the
longer term. Because such training uses scarce resources, understanding the level of farmer
training and follow-up required to enable the successful use of new technology is important. In
this chapter, we examine the impact on aflatoxin contamination of providing farmers with a
new food safety technology – a biocontrol product for aflatoxin contamination – in combination
with either training alone, or training plus supervision of application.
Aflatoxin biocontrol is highly effective in reducing aflatoxin contamination- a naturally
occurring fungal contaminant- in experimental trials (Atehnkeng, Ojiambo, Cotty, &
Bandyopadhyay, 2014).

However, there is limited evidence on the performance of the

biocontrol product when applied independently by smallholder farmers.
There are three main concerns regarding the performance of the biocontrol product in
farmers’ fields. First, the biocontrol product is new in Kenya, registered for use since 2015, and
thus not familiar to farmers. 39 Second, the product requires precise application in terms of both

39

Biocontrol products for aflatoxin control were first developed in the USA in the early

1990s, and have been used for almost two decades (Cotty, Antilla, and Wakelyn 2007;
Dorner 2009).
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timing and dosage to achieve the desired results (Weaver et al. 2015). Third, to the extent that
the efficacy of biocontrol sometimes depends on environmental conditions after application
(Bandyopadhyay et al., 2016), its effectiveness in farmers’ fields may differ from the efficacy
reported in the experimental trials.
At least two factors can explain why farmers may fail to use a given technology
correctly. First, farmers may lack information on the correct use of technology. In this case,
providing information in a timely manner should result in better outcomes (Casaburi et al.
2014). Second, farmers may receive the information but fail to attend to the information or
some aspects of the information due to psychological distortions like biased beliefs about the
technology and how it works (Handel and Schwartzstein 2018). Additionally, the correct use
of technology may require farmers to remember to execute certain tasks at a specific time or in
a particular way in the future. The ability of farmers to remember such specific information
may be affected by the fact that farmers face several tasks that compete for their attention, which
may result in limited attention to some tasks relative to others (Schilbach, Schofield, and
Mullainathan 2016). Examples where biased beliefs or limited attention may result in the
incorrect use of technology include cases where farmers forget to apply an input on time, overapply hoping for a stronger impact, or under-apply to cover a larger area of land.
The current study contributes to two strands of research. The first contribution is to the
literature on the gap between potential and realized returns to agricultural technologies. A study
by Hanna, Mullainathan, and Schwartzstein (2017) showed that seaweed farmers in Indonesia
failed to attend to some aspects of an existing production technique, resulting in unexploited
potential. The study further showed that farmers' reactions to information on the previously
overlooked aspects depended on how the information was presented. Participating in on-farm
demonstrations did not result in a change in farmer’s practice until summaries of the results of
the trials were made available to the farmers. In a separate study, sending text reminders in
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addition to a one-day training increased farmers’ reported knowledge about the technologies
studied (Larochelle et al. 2019). Lastly, a study comparing the effect of a participatory video
training and the video plus phone-based reminders to farmers reported a higher effect of the
additional phone-based audio messages on farmers’ knowledge levels (Cai and Steinfield
2018). Together, these studies show that the level of training may affect how well farmers learn
about a technology or a particular aspect of technology. A study by Casaburi et al. (2014)
examined the role of providing timely information on agricultural tasks to farmers via a set of
text messages on plot level productivity. While the study did not vary the level of training, the
study showed that such reminders can increase farmers’ yields.
This chapter adds to this literature in three ways. First, we study a new technology that
farmers in our study were using for the first time and thus have limited knowledge of its proper
use. Second, we exogenously vary the level of farmer training on the new technology to test the
intensity of training on the effectiveness of the technology. We do this by providing training to
all the farmers (except those in the control group) and then providing additional support of
monitoring and supervision during field application to a subset of the trained farmers. Lastly,
we measure the impact of training only and training plus support on three outcomes: farmers’
reported knowledge during follow-up, observed farmer practice, and an objective measure of
the effectiveness of the technology-aflatoxin concentration. This helps us to distinguish whether
the additional support led to higher levels of knowledge thus acted as a source of information
(like in the case of Cai and Steinfield 2018; Larochelle et al. 2019) or as a reminder of what
was previously taught (thus no effect on knowledge levels). Knowing the distinction between
these two potential mechanisms has important implications in designing training programs in a
cost-effective way.
Second, our study adds to the few studies testing the effectiveness of the biocontrol for
aflatoxin control. Evidence on the optimal level of training and follow-up needed to ensure the
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correct use of this new technology by farmers will help design farmers’ training programs.
Three previous studies have assessed the efficacy of similar biocontrol products in Africa in
farmers’ fields. A 10-year study in Nigeria and a 5-year study in Senegal both reported
significantly lower levels of aflatoxins in biocontrol treated samples compared to untreated
samples (72-95% lower in Nigeria and 58-100% lower in Senegal) (Bandyopadhyay et al. 2019;
Senghor et al. 2020). A 2-year efficacy study with two biocontrol products in 800 farmers’
fields in Ghana recorded 76-100% (mean 99%) lower aflatoxin than fields that were not treated.
Farmers in these trials received training on the use of the biocontrol product and supervision
from the project staff and extension agents during the application. The current research adds to
these studies by testing the effectiveness of the biocontrol in farmers’ fields when farmers are
provided with a one-time training before application, versus the same training combined with
monitoring before application and supervision during application. While monitoring and direct
supervision of application are expected to lead to higher efficacy than training alone, the cost
of the former in the study setting is high due to the small scale of farms and variation in the
timing of application across farms due to differences in planting dates and crop maturation.
The next section describes the materials and methods used in the study. Section 5.3
presents the results, and Part 5.4 concludes.

5.2. Materials and methods
5.2.1. Population and sample
The study was carried out in six counties in the Eastern region of Kenya: Meru, Tharaka Nithi,
Embu, Machakos, Makueni and Kitui. A list of villages in maize-growing sub-counties within
the study counties was generated using data from the authors’ previous research projects and
the agricultural extension officers. All the villages involved in earlier research projects on the
adoption of the biocontrol were removed from the list, as were villages within two kilometers
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of the prior research villages to avoid the influence of previous training on farmers’ behavior
or previous product application to or near farmers’ fields on fungal populations. 40 The
remaining list of 729 villages was used as the sampling frame, from which 120 villages were
randomly selected for inclusion in the study.
Community leaders from the selected villages were asked to list all the households in
their respective villages that grew between 0.5 and 5 acres of maize. One farmer was then
randomly selected from each of the 120 villages using a predetermined random number and
order (ascending/descending). If the selected farmer grew less than 0.5 or more than 5 acres of
maize or had previously used Aflasafe, the next farmer on the list was selected.

5.2.2. Baseline survey
Each of the selected farmers was visited at their homes and administered an informed consent
procedure to participate in the study at the beginning of the 2019/2020 season (from 12th
September to 18th October 2019). After obtaining consent, a short survey was administered that
included questions on farmers’ knowledge about aflatoxin and the biocontrol product, and
maize practices, including (expected) maize planting date.

5.2.3. Experimental design and farmer training
Random assignment of villages to one of the three treatment groups was conducted using the
Stata software package prior to the selection of farmers. Of the 120 villages, 60 were assigned
to the control group, while 30 were assigned to each of the two treatment groups.
Randomization of the villages in Embu, Tharaka Nithi, and Meru counties was stratified at the

40

Biocontrol spores are prone to air dispersal thus may spread from a treated field to the nearby

fields (Bock, Mackey, and Cotty 2004).
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county level, based on the number of villages in each county in the sampling frame.
Randomization in the rest of the counties (Makueni, Machakos, and Kitui) was stratified at the
sub-county level.
Farmers in villages assigned to the control group did not receive any further intervention
after being surveyed at baseline. Farmers in the villages assigned to the first treatment group
were visited again after the baseline survey in November 2019. During this visit, farmers were
taught about aflatoxin and aflatoxin management strategies. Part of the training included
introducing the biocontrol product to farmers as one of aflatoxin management options and
training them on how to use it correctly. The training was done by staff from the International
Institute of Tropical Agriculture (IITA) and the Ministry of Agriculture. The trainers used the
IITA farmers’ training manual (IITA 2018) and a pictorial flyer that illustrated the method and
timing of application, as well as post-application instructions. After the training, each farmer
was given a sufficient amount of the biocontrol product to treat their maize field at the
recommended rate of 4 kg/acre. Farmers in this group were then left to use the product
according to the instructions provided during the training. We refer to this group as the
biocontrol training and treatment group.
Farmers assigned to the second treatment group received the same training as those in
the biocontrol and training treatment group. Also, these farmers received additional support
from the project staff. First, their crop was monitored to determine the correct stage for
application through follow-up calls by trainers. Once the right time of application was
determined, the farmers were visited again for support and supervision of the application of the
product. We refer to this group as the biocontrol, training, and support treatment group.
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5.2.4. Field monitoring and follow-up survey
Farmers assigned to both treatment groups were revisited in December 2019. Two activities
were conducted during this visit: a follow-up survey and monitoring of the field where the
biocontrol product was applied. The follow-up survey was used to collect data on farmers’
knowledge of the biocontrol and its correct use, as a measure of how well the farmers learned
from the training and the subsequent support offered.
Field monitoring involved observing the field where the product was applied for the
presence of sporulation of the active ingredients of the biocontrol on the formulated product.
Sporulation of the active ingredient of the product occurs a few days after field application and
is an early indicator of its effectiveness. The formation of spores may depend on the prevailing
weather conditions. Too much rainfall after application can wash away the product, while lack
of moisture can result in poor spore formation (Pitt 2019). Also, the presence of the product on
the field and consequently sporulation rate can be reduced if poultry consumes the sorghum
grains used as carriers.
The rate of application of the product and sporulation on the product were assessed
within four quadrants, placed in different areas of each of the biocontrol-treated farms. The total
number of granules of the formulated product and the number of granules that had sporulated
per one square meter quadrant were counted, and these counts were used to calculate the rate
of sporulation per farm.

5.2.5. Aflatoxin samples and quantification
Maize samples from all farmers in the study (120 samples) were collected in January through
March of 2020. From each farmer’s field, 20 to 29 kg of mature maize cobs were harvested in
a zig-zag manner. The cobs were shelled by hand, grains mixed, and subdivided by quartering
method to obtain approximately 1.5 kg samples for aflatoxin analysis. The samples were packed
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in khaki kraft papers and transported to the Kenya Agricultural Research Organization
(KARLO) lab in Katumani for aflatoxin analysis.
In the lab, the samples were oven-dried at 45 o C for 48 hours and sun-dried for three
days to obtain a requisite moisture content of less than 13%. The samples were then ground
using a coffee mill grinder, weighed, and stored at -20 o C prior to aflatoxin analysis. Aflatoxin
analysis was conducted using Neogen Reveal Q+ strips and Accuscan Pro reader.

5

5.3. Results
5.3.1. Farmers’ knowledge and maize practices at baseline
In this section, we provide a brief description of the farmers in our sample. First, we show their
awareness of aflatoxins and the biocontrol product at baseline, followed by some characteristics
of their maize farms during the 2019/2020 season. Column 1 of Table 5.1 shows these
characteristics for all the farmers in the sample, while Columns 2-4 show the characteristics of
farmers per treatment group. Columns 5-7 present p-values for the difference in means for each
variable between each treatment group and the control group, and between the two treatment
groups. Given the limited sample size of each group, we report randomized inference (RI) pvalues that test the sharp null hypothesis of no difference in means across groups. The validity
of the RI p-values does not depend on the sample size and is used in studies with a small sample
size (Fujiwara and Wantchekon 2013). In this method, all observations are reassigned to a
treatment 5000 times, and differences in means between groups are calculated under each
reassignment. The RI p-value is then calculated as the proportion of the re-estimated
coefficients that are larger than the coefficient from the original assignment. If the proportion
is too small (less than 0.10), then the null hypothesis of no difference across treatment groups
is rejected. We generate the RI p-values using the Stata commands described in Heß (2017).
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Awareness of and knowledge about aflatoxin were high among farmers in the study
sample. Ninety-five percent of farmers indicated that they had heard of aflatoxin before. When
asked to describe aflatoxin, 72% described it as poison, 20% described it as a disease, and 8%
did not know how to describe it. Almost all the farmers (95%) identified maize as one of the
crops affected by aflatoxin. Beans were the next most frequently reported crop (mentioned by
34% of farmers), followed by Sorghum (21%). Only 3% of farmers identified groundnuts as
affected by aflatoxin, notable as this is one of the crops most susceptible to contamination,
though not widely grown in the study area. Other crops identified as affected included millet
(7%), green grams (7%), cereals generally (4%), cassava (2%), and vegetables (1%). Four
percent of farmers were not able to identify any crop that is affected by aflatoxin.
Awareness of the biocontrol was low. Fewer than a fifth of farmers (18%) said they had
heard about the biocontrol at baseline. The primary source of information on the biocontrol was
radio, mentioned by 68% of those who had heard about the product. Other sources of
information included extension officers (18%) and other farmers (9%). None of the farmers had
used the product before.
The size of the land under maize in the October 2019- March 2020 season for farmers
in our sample ranged from 0.5 to 5 acres (reflecting the eligibility criteria), with a geometric
mean of 1.38 acres and a median of 1.375 acres. Maize was intercropped with at least one other
crop in 68% of the farms. Over 90% of farmers used fertilizer on their maize.
Farmers’ knowledge and maize practices are generally similar across the three groups.

146

CHAPTER 5

IMPACT OF FARMER TRAINING ON THE EFFICACY OF FOOD SAFETY TECHNOLOGY

All
mean
1.00
0.83
0.17
0.00
1.00
0.53
0.20
0.03
0.30
0.23
0.60
0.17
1.66±
0.57
0.97
30

0.22
0.47
0.42
0.30
0.22
0.43
0.39
0.22
0.36
0.40
0.48
0.34
1.78
0.46
0.25

1.92
0.50
0.18

0.43
0.50
0.38

0.00
0.51
0.41
0.18
0.47

0.38
0.38
0.00

0.00

sd

Biocontrol
and training

(3)

sd

Control

(2)

mean
sd
mean
Aflatoxin & Aflasafe knowledge
Have heard of aflatoxin
0.95
0.22
0.95
Describes aflatoxin as:
Poison
0.72
0.45
0.68
Disease
0.20
0.40
0.22
Does not know
0.08
0.28
0.10
Crops affected by aflatoxin:
Maize
0.95
0.22
0.95
Beans
0.34
0.48
0.23
Sorghum
0.21
0.41
0.18
Groundnuts
0.03
0.18
0.05
Have heard of Aflasafe
0.18
0.39
0.15
Maize practices
Planting dates (Expected)
Late Sept/Early Oct
0.17
0.38
0.20
Mid Oct
0.66
0.48
0.67
Late October
0.17
0.37
0.13
Other practices
Land under maize, Acres
1.38±
1.90
1.19±
Maize intercropped with another crop
0.68
0.47
0.70
Used fertilizer in maize
0.93
0.25
0.93
Number of Observations
120
60
±Geometric mean, + Randomization inference p-values

(1)

1.50±
0.73
0.90
30

0.07
0.70
0.23

0.90
0.37
0.27
0.00
0.13

0.70
0.20
0.13

0.90

mean

4-2
pvalue+

3-2
pvalue+
0.546
0.181
0.770
0.162
0.540
0.011
1.00
1.00
0.170
0.775
0.645
0.748
0.008
0.184
0.647
90

sd
0.31
0.47
0.41
0.35
0.31
0.49
0.45
0.00
0.35
0.25
0.47
0.43
2.02
0.45
0.31

0.117
0.770
0.648
90

0.147
0.801
0.407

0.663
0.220
0.497
0.599
1.00

1.00
1.00
0.731

0.670

(6)

(5)

(4)
Biocontrol,
training, and
support

Table 5.1. Proportion of Farmers with Knowledge of Aflatoxin and Biocontrol, and Farmer’s Maize Practices at Baseline

5

147

0.513
0.258
0.601
60

0.148
0.560
0.710

0.247
0.250
0.738
1.00
0.184

0.364
1.00
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5.3.2. Biocontrol knowledge and correct use indicators during follow-up
This section presents results from the follow-up survey on knowledge about the biocontrol and
the field monitoring exercise carried out among farmers assigned to either of the treatment
groups. Table 5.2 shows the mean and the standard deviation of each outcome by treatment
group.
Seven statements were used to assess farmers’ knowledge about the product at followup. First, farmers were asked to describe the biocontrol product. Second, farmers were asked to
state the stage at which the biocontrol should be applied. All the farmers in both treatments
stated the correct stage of maize development for the application. The third statement asked
about the rate of application. A majority of farmers almost equally in both treatment groups
(80% versus 77%) were able to state the correct rate of the biocontrol use. The next three
statements were related to guarding the formulated product against loss after application. Lastly,
farmers were asked whether the biocontrol product is poisonous to the farmer.
We create a knowledge index from the seven statements by assigning the value of one
to any correct response and adding these values. The index thus ranges from zero to seven, with
an average value of 6.73 and 6.90 in the two groups, and the difference statistically
indistinguishable from zero.
In terms of the timing of application, farmers in the biocontrol and training group
applied the product approximately 52 days on average after planting. Farmers in the biocontrol,
training, and support group used the product about 49 days on average after planting. The
difference is not statistically significant.
When asked about the stage when the biocontrol was applied using pictures of maize at
different stages of growth, all farmers in the biocontrol and training and support group indicated
that they applied at the correct stage. Only 80% of farmers in the biocontrol and training group
showed the right stage, indicating a difference of 20% when compared to the proportion in the
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group that received additional support. The difference is significant at the 5% level. The
remaining 20% of farmers in the biocontrol and training group applied later than the
recommended stage.
Next, we present results from the monitoring exercise. The average number of granules
per meter squared was 7.43 for the biocontrol and training group and 7.47 in the biocontrol,
training, and support treatment group. The difference in the average number of granules is not
statistically different.
The rate of sporulation, however, differs between the two treatment groups. The
sporulation rate is calculated as the number of sporulated granules in a one-meter square
quadrant divided by the total number of granules in the quadrant. The average sporulation rate
in the fields where farmers were supported and supervised during application was 92%, while
the average sporulation rate for the farmers who did not receive additional support and
supervision during application use was much lower, at 34%. The difference in sporulation rates
between the two treatments is significant at a 1% significance level. The proportion of farms
for which 100% of granules sporulated also differed, 80% in the training and support group,
compared to 53% of farms in the group that did not receive additional support. This difference
is statistically significant.
The difference in sporulation rates may have been as a result of the late application,
such that at the time of field monitoring by the project staff, the spores in these fields had not
yet sporulated. This is supported by the fact that the observed average number of granules was
almost similar in the two treatments.
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Table 5.2. Farmers’ Knowledge of Biocontrol Product And the Observed Rate of
Application and Sporulation
1

2

Biocontrol and
training only

3

Biocontrol,
training plus

Difference

support

mean

sd

mean
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0.80

0.41
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1.34
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Biocontrol product knowledge

States the correct reason for guarding biocontrol
product against poultry
The biocontrol should not be applied at the
same time with other inputs like fertilizer
One should not weed field immediately after the
application

Timing of biocontrol application
Numbers of days between planting and
application
Aflasafe applied at the correct stage
Formulated product (FP) in the treated fields
The average number of granules of FP present
in per square meter
100 % sporulation observed on FP, 1=yes;
0=otherwise
Sporulation rate on FP per square meter
Number of observations

30

30

60

±Geometric mean (GM), + Randomization inference p-value, ± Normal p values
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5.3.3. Total aflatoxins level in maize samples
Table 5.3 shows the mean aflatoxin levels in samples collected from the farmers’ fields.
Aflatoxin levels are generally low, indicating that this was a non-outbreak year. Aflatoxin levels
in samples from the control farms ranged from 0.85 to 89.4 ppb, with a geometric mean (GM)
of 2.39 ppb. This average is below the Kenyan regulatory limit of 10 ppb. A previous study
reported aflatoxin levels that ranged from below the limit of detection (LOD) to 2,500 ppb and
a mean (GM) of 1.95 ppb in maize samples collected from Eastern Kenya in 2007, a year
considered as a non-outbreak year in the study (Daniel et al. 2011). The average aflatoxin levels
in the study by Daniel et al. are comparable to the levels in the current study.
Aflatoxin concentration in samples from the biocontrol and training only group ranged
from 0.15-22.60 ppb, with a GM of 1.58 ppb. This mean is 34% lower and significantly less
(randomization inference p-value=0.041) than the mean level in samples from the control
farms.
Aflatoxin levels in samples from the biocontrol, training, and support farmers ranged
from 0.15-42.10 ppb. The GM of contamination was 1.13 ppb, which is 53% lower than that
for samples from control fields. This difference is significant (randomization inference pvalue<0.001). The mean level for this group differed from that of samples from the biocontrol
and training group (randomization inference p-value=0.051).
The reductions in aflatoxin contamination due to the use of the biocontrol observed in
this chapter are lower than those found by most of the trials conducted in Nigeria and Senegal
(Bandyopadhyay et al. 2019; Senghor et al. 2020). These moderate impacts can be attributed to
the fact that the contamination levels in the control farms were generally low. The lowest
reduction rate reported by Bandyopadhyay et al. (2019) was 72% and coincided with the year
when the mean aflatoxin level in untreated maize samples was the lowest at 6.1 ppb (arithmetic
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mean). The smallest reduction rate recorded in Senegal in the case of groundnuts is 58.3% and
is comparable to the rate reported for the training and support group in the current chapter.
Next, we show the distribution of aflatoxin levels in each treatment group. We
categorize maize samples into a) samples with aflatoxin levels below 2 ppb, b) samples with
aflatoxins between 2 and 10 ppb, and c) samples with aflatoxin levels above 10 ppb. The
proportion of samples per category by treatment group are presented in figure 5.1. Based on
Fisher’s exact test, the distribution of aflatoxin across these categories differs by treatment
group (p = 0.012). Comparing the distribution across two treatment groups at a time, we find
that the biocontrol, training, and support group differs from both the control group (p = 0.008)
and the biocontrol and training only group (p = 0.010). The distribution of aflatoxin levels in
the samples from the control group is not statistically different from that of the samples from
the biocontrol and training group (p-value=0.576).
The biocontrol, training, and support treatment group has the highest proportion of
samples with aflatoxin below 2 ppb, which accounted for 90% of all the samples collected
from this treatment group. Sixty percent of samples from the biocontrol and training treatment
group are in this category, which is almost the same as the proportion of samples from control
fields (57%).
The highest proportion of samples in the second category (levels between 2 and 10 ppb)
are from the training only group, accounting for 37% of samples from this treatment. Thirty
percent of samples from the control farms fall in this category. Only 6% of samples in the group
that received additional support had levels between 2 and 10 ppb.
Lastly, samples from the control fields had the highest proportion of samples with
aflatoxin levels above 10 ppb (the Kenyan regulatory limit). However, this only accounts for
10% of all the samples from the control fields. Only 3% of the samples from each treatment
group have levels above 10 ppb.
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Table 5.3. Total aflatoxins in Freshly Harvested Maize Samples
Total aflatoxin levels in ppb
95% Conf.

Aflatoxin

Geometric

Interval of

reduction

the mean

(%)

Samples from:

N

min

max

mean

Control group

60

0.85

89.40

2.39

1.83

3.13

Biocontrol and training

30

0.15

22.60

1.58**

1.17

2.13

34

30

0.15

42.10

1.13***

0.81

1.59

53

Biocontrol, training and
support

** Mean different from the control samples mean at 5% significance level *** Mean different
from the control samples mean at 1% significance level (the test are conducted using p-values
from randomization inference).
Note: Percent reduction is calculated as (1-(mean of treated/mean of untreated))* 100
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Figure 5.1. Proportion of samples in each category based on aflatoxin levels. The vertical
lines are 95% confidence intervals

5.4. Discussions and conclusions
Exposure to aflatoxin, a naturally occurring carcinogenic hazard, is relatively high for
households in SSA. High exposure is a result of high consumption of frequently contaminated
staples that are mostly produced and consumed on the farm. Besides the public health concerns,
aflatoxin contamination may hinder farmers’ access to high-value markets where they can
market their maize surplus at better prices. Effective technologies to reduce contamination at
the farm level are needed to improve the safety of the food consumed at home and increase
farmers’ access to higher-value markets (Hoffmann, Kariuki, et al. 2018).

154

CHAPTER 5

In this chapter, we test the efficacy of a new aflatoxin control technology under
farmers’ conditions and practices. We compare the performance of this technology under two
levels of farmer training and support to determine the level of training required to ensure proper
use of the technology. The technology that we study is Aflasafe KE01, a biocontrol product that
was recently approved for use in Kenya. Aflasafe is used while the crop is still in the field. It
protects the crop throughout the growing season and after harvest (Bandyopadhyay et al., 2019;
Senghor et al., 2020), making it a potentially attractive option for both farmers wishing to sell
to premium markets, and governments aiming to reduce population exposure to aflatoxin.
Our results show that while the use of the biocontrol product by farmers who received
a one-off training did reduce total aflatoxin, the application was more successful, and the effect
of the technology was stronger, for those who were supported beyond the initial training.
Farmers who received a one-off training acquired the necessary knowledge about the
technology but several failed to apply the product at the correct time, an essential determinant
of its efficacy. Providing additional support, including phone calls to remind farmers to assess
the maize growth stage, and supervision during application, improved the timing of application
and the sporulation rate, leading to a stronger impact on aflatoxin contamination.
A limitation of our study is that we are not able to determine which aspect or
aspects of the additional support contributed most to the greater impact observed in the training
plus support treatment group. This is important since it has cost implications. For example, if
phone calls are sufficient to remind farmers to monitor their fields and apply the biocontrol at
the correct stage, then this would be the most economical method after the farmers receive the
one-time training. Individual visits to the farmers to supervise the application imply hefty
budgetary requirements. Future studies could test the impact of less costly approaches to
improving farmers’ use of aflatoxin biocontrol, such as sending text messages or broadcasting
radio announcements to remind farmers of the correct time of application.
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Chapter 6
General Discussion
Sarah Wairimu Kariuki
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6.1. Overview
Most lower-middle-income countries are undergoing rapid transformations in the agri-food
value chains (Reardon et al. 2012, 2015; Tschirley, D., Haggblade, S., Reardon 2014). At the
same time, food safety management systems in these countries, and especially within the public
sector, remain weak (Jaffee et al. 2018). Market-based solutions have been proposed as one of
the options for improving food safety and livelihoods (ANH 2017; GFSP 2019). Such solutions
are desirable in these settings that are characterized by low public regulation capacity but are at
the same time undergoing transformations in the agri-food value chains that can be leveraged
for improved safety.
The potential for market-based approaches to improve safety and livelihoods in lowermiddle-income countries is not fully known. This thesis provides new evidence on the impact
of market-based solutions on the production and supply of safe food through the adoption of
food safety technology. It also provides some additional insights on other drivers of food safety
technology adoption by farmers.
Overall, existing evidence and evidence from this thesis show that there is scope for
market-based solutions to improve food safety for the consumers (including the farmers) and
potentially improve farmers’ livelihoods. However, to achieve these objectives, both the public
and private sectors will play significant roles. Public action is primarily required in the area of
consumer education and risk communication. Public and private partnerships are needed to
enable the production and supply of safe food. A market-based approach, however, is not
sufficient to ensure safe food for all consumers. Therefore, other policy tools will be needed to
ensure food safety for all.
In the next sections, I discuss the specific lessons that we learn from this thesis and
provide some policy recommendations. First, I start with areas that require significant effort
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from public sector-consumer education. I then discuss areas where there is a high potential for
public-private partnerships-incentivizing the production and supply of safe food, farmer
training, and building the capacity of producer organizations. I then discuss the role of farmer
training and credit on the adoption of food safety technology 41. I finalize with the limitations
of this thesis and give some suggestions for further research.

6.2. Potential area for public action
6.2.1. Leveraging consumer demand
Food safety is typically a credence attribute that is mostly not observable during purchase.
Additionally, most of the health effects due to unsafe foods are not experienced immediately
after food consumption and are difficult to attribute to a specific food item. Consumers,
therefore, may not have complete information about the safety of food during purchase. The
private sector (through certification and labeling) or the government can provide food safety
information to the consumers to enable them to make informed choices.
Several studies have assed consumers’ Willingness To Pay (WTP) for food safety
attributes. A general finding is that consumers in LMICs are willing to pay a significant
premium for food safety attributes (De Groote et al. 2016; Hoffmann and Gatobu 2014;
Hoffmann et al. 2019; Ortega and Tschirley 2017). However, emerging evidence is pointing
towards a potential upward bias in the methods applied in these studies (Brown et al. 2017;
Hoffmann, Moser, et al. 2020).
The findings from Hoffmann et al. (2020) provide additional insights to the literature
on consumer demand for safety; that is, there is limited scope for the private sector to stimulate

41

This is not necessarily specific to the role of market-based solutions but relates to food safety

technology adoption in general, either for safe food for home consumption or for sale
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demand for food safety through labeling and certification. Thus, it is unlikely that firms (at least
in the Kenyan context) will invest in the provision of food safety information to consumers.
Chapter 2 provides some new evidence into this literature. In this chapter, the effect of
information on consumers’ product choice was measured nine weeks after information was
provided. The chapter shows that providing independent information (based on a previous
study) on the safest maize flour brands does not lead to a change in consumer behavior, as
measured by the consumption of any of the safest brands and the per-unit expenditure of the
consumed brand. However, providing additional information on exposure to risk in the form of
a test result of the brand consumed by the household increased the probability that a household
consumed any of the safer brands at follow-up. Other studies on the role of information in
stimulating demand for protective health, in general, have found similar results (Dupas and
Miguel 2017). That is, information on relative risk has a higher effect on behavior than general
information.
Results from Chapter 2 can be scaled up by publicizing information on the relative
contamination of the existing brands or compliance by vendors. The public sector can take up
this role. Whether information on the relative riskiness of the existing brands or vendors can
have similar effects with the risk information from the individualized tests is an open question
that may warrant further attention. For example, to the extent that the results in Chapter 2 were
mainly driven by the salience of providing personalized tests (for example, the act of
enumerators conducting a test at an individual’s house) and not due to the actual information
on risk (that is, information indicating the level of contamination), then the effects of the two
may vary. Two studies from the water treatment literature that controlled for the effect of the
‘testing’ in their design (Brown et al. 2017) or compared the effect of household vs. sourcelevel information (Luoto, Levine, and Albert 2011a) suggest that risk information through
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individualized tests may have a similar effect as information on the relative risk of the brands
in the market.
A policy of releasing information on the relative riskiness of existing brands will require
careful planning to determine what and how the information will be communicated (National
Research Council 2011). At the minimum, there is a need to strengthen the capacity of
government staff and the infrastructure required to conduct the tests credibly. The government
can tap the private sector expertise to enhance its testing capacity through quality control
programs like Aflatoxin Proficiency Testing and Control in Africa (Herrman et al. 2020).
Public release of information on relative contamination may cause widespread fear
among consumers, which may result in unintended consequences like consumers avoiding
certain foods altogether. Again this calls for careful planning to decide what information to
disclose. For example, the government can start with firms with the highest level of noncompliance. Also, consumer education should include more details on food hazards and risks
to try and put the results of the tests into perspective.
Another risk of releasing such information is that of pushing small firms out of business.
In some cases, such firms may be willing to comply but may have limited capacity to do so.
Public funds may be required to assist such firms to be compliant, for instance, through the
provision of infrastructure (for example, testing laboratories).

6.3. Potential areas for public-private partnerships
6.3.1. Incentivizing production and supply of safe food
Market incentives have been shown to stimulate farmers to invest in quality-enhancing inputs
in milk and onion production in Indonesia, Senegal, and Vietnam (Bernard et al. 2017; Saenger
et al. 2013; Treurniet 2019b). Three other studies have assessed the impact of price premiums
on the adoption of food safety technologies. A study in Ghana showed positive impacts of a
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modest price premium (15% above the prevailing price in year 1; 8-25% in year 2) on farmers’
adoption of a non-divisible food safety technology – a drying sheet that protects maize against
aflatoxin contamination (Hoffmann, Magnan, et al. 2018). In Kenya, an experiment that tested
the impact of a relatively high premium (approximately 50% above the prevailing price) also
showed a positive effect of the price premium on the use of drying technology for aflatoxin
control (Hoffmann and Jones 2018). In Nigeria, incentives were given to aggregators for maize
treated with a biocontrol product for aflatoxin contamination, and results showed that this
trickled to contracted commercial farmers resulting in increased adoption of biocontrol and
higher prices for the farmers (4% above that of control farmers) (Bell et al. 2018).
Chapter 3 adds to these studies by testing the role of a small price premium (5% the
value of maize) on the adoption of a divisible food safety technology, a biocontrol for aflatoxin
contamination, by small-scale farmers. These farmers mainly produce maize for home
consumption and sell some in case of a surplus. The chapter shows that the price premium did
not affect adoption in the extensive margin, but it increased adoption on the intensive margin.
With a premium price, farmers treated a larger portion of their land. In this context, the primary
motivation for farmer adoption was to have safe produce for home consumption. However, the
premium harnessed upside risk so that farmers were induced to purchase more of the biocontrol
to treat a greater area of land. That is, in the event of a good season, the farmer produces enough
safe maize for her consumption while the surplus high-value produce is sold at a premium price.
In case of a bad season, the farmers produce enough treated maize for home consumption.
Farmer’s concerns about how quality/safety is assessed during produce sale may reduce
the expected benefits from the technology, thus reducing the impact of incentives on adoption
(Abate and Bernard 2017; Saenger, Torero, and Qaim 2012). However, the evidence presented
in the above studies shows that farmers react to incentives when quality is evaluated by a private
buyer (Bell et al. 2018; Treurniet 2019b), or third-party (Bernard et al. 2017; Hoffmann,
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Magnan, et al. 2018; Saenger et al. 2013) or by the project staff (Chapter 3; Hoffmann & Jones,
2018).
We learn a few lessons from these studies. First, in the absence of market incentives,
farmers will not invest in food safety technologies for their marketed produce. However, we
find that even a small premium for safe food can have significant benefits in terms of improved
safety of the marketed surplus, home consumed food, and (potentially) increased incomes.
Chapter 3 shows that a small premium can increase the amount of safe food available for the
farmers’ consumption during a bad season and the safety of marketed surplus in case of a good
season, thus resulting in improved health. Additionally, farmers can earn additional revenue
from the sale of safer maize.
To link farmers to markets that value food safety, public-private partnerships can be
harnessed. An example of such partnerships is the case of AgResults pilot in Nigeria, where
public funds were used to incentivize aggregators to aggregate biocontrol treated maize mainly
for sale to the export market and the poultry feed manufacturers (Bell et al. 2018). The incentive,
which was USD 18.75 per ton on top of any other premium the aggregators were able to get,
was conditional on verification by a third party that the aggregated produce was indeed treated.
The government may initiate such partnerships by carefully selecting the private actors and
explicitly stating the expected outcomes (including the requirement to work with small-scale
farmers), risks, and rewards.
Such partnerships with the private sector may offer additional benefits. The private
sector can provide contracts to the farmers that include the provision of yield-enhancing inputs
and credit at the beginning of the season. For a technology like the biocontrol, the net returns
depend on farmer’s yield. At the current retail price (USD 7.80 per acre) and assuming an
incentive of the same magnitude with the one studied in chapter 3 (approximately USD 0.93
per 90-kilo bag), the net return for an average farmer, given the average yields (from data in
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Chapter 3) in Eastern Kenya is negative. Thus an increase in the yield would make the
investment more attractive. Some cost subsidy from the government may also be needed.
One risk of working with the private sector is the risk of exclusion of small scale farmers
(other risks are mentioned in the farmer training section). Collective action among farmers can
be leveraged to minimize the transaction costs involved in working with small scale farmers. I
come back to the point on the role of collective action in the next section.
In the absence of such partnerships, farmers can be linked directly to millers, to ensure
that the incentives for safe food trickle down to farmers.

6.3.2. Farmer training
While evidence has shown that some farmers adopt food safety technologies when offered
market incentives (Bell et al., 2018; Hoffmann & Jones, 2018; Hoffmann et al., 2018; Chapter
3), widespread adoption may be depressed by low returns due to incorrect use of the technology
(Duflo et al. 2008).
In chapter 5 of this thesis, we show that the effectiveness of the biocontrol product
depends on the timing of application, which in turn depends on the level of farmer training and
support. In our experiment, farmers who received a one-off training acquired the necessary
knowledge about the technology, but some failed to apply the product at the correct time.
Providing additional support, including phone calls to remind farmers to assess the maize
growth stage, and supervision during the application, improved the timing of application,
leading to a stronger impact on the effectiveness of the biocontrol.
Our findings suggest that farmers’ failure to apply the biocontrol at the correct time was
not due to a lack of knowledge on the timing of application, but may have been due to farmers’
failure to remember to apply the biocontrol on time. In this case, sending timely reminders at
around the time of application may be useful (Casaburi et al. 2014). However, whether such
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reminders can achieve the same level of efficacy for the biocontrol without physical supervision
during application, remains an open question.
While the private sector can provide training and support to farmers to ensure
compliance with market standards (Bandyopadhyay et al. 2019), some oversight from the public
sector may be required. The private sector may only provide information that favors their
interests. For instance, they may want the farmer to sell most of the treated produce to them,
thus fail to emphasize the importance of the safe food to the farmer (Bell et al. 2018). While
this may result in higher revenues, it may not result in an overall improvement in health. Thus
public extension will be needed to complement the training by the private sector and to train
farmers on health risks of contaminated food.
Various options can be explored for the public extension. Information and
Communication Technologies (ICT) can be harnessed to send specific and timely information
to farmers (Aker 2011; Casaburi et al. 2014; Cole and Fernando 2012). An example is sending
reminders to farmers at harvest on the importance of consuming safe food. Also, social learning
among farmers can be leveraged (BenYishay and Mobarak 2014).

6.3.3. Building the capacity of local producer organizations
Collective action through POs will be required to reduce training, monitoring and product
certification costs. Other benefits of collective action include information sharing, joint input
purchase, and joint marketing.
While success stories of successful collective action exist mainly for the export market
(Narrod et al. 2009; Roy and Throat 2008), a significant challenge of most of the POs is their
weak capacity. To improve the capacity of the existing farmer groups, the public sector can
again tap into the private sector's innovation. In such partnerships, private entities may partner
with the producer organizations to build the producer organizations' capacity and bargaining
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power. A scalable example of such a public-private partnership initiative is the case of
Mahagrapes in India that partners with farmer cooperatives, thus enabling them to meet the
standards in the export markets (Roy and Throat 2008). Other organizations that can be
harnessed to build producer organizations' capacity are the national-level producer groups
organizations like the Cereal Growers Association (CGA) in Kenya.

6.4. Other drivers of adoption
Lack of information on the benefits and correct use of technologies is one of the constraints to
the adoption of agricultural technologies in developing countries (Jack 2013). For food safety
technologies, the benefits include improved health and increased revenue from the sale of safe
foods. Farmers are not likely to adopt these technologies if they are unaware of these benefits.
Existing studies have shown that information is a constraint to the adoption of
agricultural technologies in general, including food safety technologies (Ashraf et al. 2009;
Cole and Fernando 2012; Hoffmann, Magnan, et al. 2018; Hoffmann and Jones 2018). The
findings in these studies reflect the inefficiencies in the public extension in developing countries
(Anderson and Feder 2004).
Other studies have shown that the level/frequency of information may affect farmer
knowledge and the adoption of technologies. For instance, sending text reminders to farmers
after their attendance to a field day increased the adoption of integrated pest management
practices (Larochelle et al. 2019). Such reminders may serve to focus farmers’ attention to the
content of the training, thus improving their knowledge about the technologies, correct use of
the technology, and their decisions to adopt technologies.
Chapter 4 adds to this evidence by showing some suggestive evidence of the existence
of informational and learning constraints among farmers in the Kenyan context. The chapter
tests the correlation between farmer group characteristics and member’s adoption of
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technology. Results show that group size and member heterogeneity (education, age, assets,
and scale of operation) are negatively correlated with member’s adoption of food safety
technology. A closer look at the data suggests that these characteristics may affect member
adoption through information sharing and learning. Small groups were found to have high levels
of social capital; this may facilitate information sharing and learning among members (Buck
and Alwang 2011). Finally, members are likely to learn from similar members (BenYishay and
Mobarak 2014); thus, more learning may take place in groups with homogeneous membership.
Overall, these studies show that information in these settings is a potential barrier to the
adoption of food safety technologies. Besides, it is likely to constrain adoption further if farmers
are not appropriately trained and supported to realize the full potential of these technologies
(Chapter 5). Significant resources are thus needed to achieve the full potential of these
technologies. However, the training needs may reduce as farmers become more familiar with
the technologies.
Lastly, another barrier to the adoption of technologies in LMICs is liquidity constraints
in an environment of inefficient financial markets (Hoffmann, Magnan, et al. 2018; Hoffmann
and Jones 2018; Jack 2013). Producer organizations may be a source of cheap credit and savings
to members, thus easing their liquidity constraints. However, I do not find evidence that groups
involved in rotating savings and credit activities were more likely to increase the probability of
members’ adoption of the technology. However, a higher proportion of members in such
groups were more likely to have acquired a loan. This may imply that groups act as sources of
financial services, but there is no evidence to support that this money is used to adopt
technologies. This finding suggests that other ways of relaxing the farmer’s liquidity constraints
may be needed. Cost subsidies have been shown to increase the adoption and use of food safety
technologies among farmers (Hoffmann, Magnan, et al. 2018; Hoffmann and Jones 2018).
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6.5. A market-based approach does not ensure safe food for all
The evidence presented in this thesis shows that there is a scope for using market-based
approaches to improve the safety of the food consumed in lower-middle-income countries.
However, this approach is only likely to serve a proportion of consumers. In Chapter 2, we note
that not all consumers changed their behaviour in response to information, even among those
who received a result indicating contamination. In fact, a majority did not change. Similarly,
most farmers did not adopt food safety technology even after receiving information on the
dangers of consuming contaminated foods. Other policies may thus be needed to ensure food
safety for all consumers. One option is to enforce the existing food safety regulations. Since
market-based solutions may concentrate unsafe foods on the poor consumers' markets,
enforcing regulation may avert such undesirable effects.

6.6. Limitations and scope for future research
The role of agriculture in the supply of safe and nutritious food in the LMICs has, in recent
years, received heightened attention from the governments, research community, and donors.
While our understanding of the total health burden and costs of food-related illnesses in these
countries is far from complete, the current level of evidence shows that the burden is high and
is likely to be increasing if the current status of food safety management persists (Jaffee et al.
2018; WHO 2015). Therefore, more evidence on the area of food safety management is almost
warranted.
On the other hand, a vast literature examines the adoption and the impact of improved
technologies in the LMICs. Much of this work is devoted to increasing our understanding of
the barriers to the adoption of improved technologies. Empirical studies have found these
barriers to include information constraints (Ashraf et al. 2009; Hanna et al. 2017; Hoffmann,
Magnan, et al. 2018), inefficient financial markets (Croppenstedt, Demeke, and Meschi 2003;
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Hoffmann and Jones 2018), downside risk (Emerick et al. 2016), behavioral biases (Duflo et al.
2011) and heterogeneity in returns (Suri 2011). A significant development in this work is in the
methodological aspect-use of RCTs-to identify the causal effects of interventions. On the
contrary, only a few studies have used RCTs in the area of food safety management.
This thesis provides some new insights into the above two distinct but related strands of
literature. The specific findings are i) from the consumer side; we learn that information
identifying safe food does not stimulate demand for these foods by consumers. However,
providing information on the risk of exposure translates to a significant change in behavior ii)
from the supply side, we learn that a modest premium (5% above the value of maize at the time
of the study) can increase the amount of safe food produced and consumed by consumers
(including the farmers). However, significant farmer training and support are needed to realize
the full potential of food safety technologies. Lastly, we learn that producer organizations, under
certain conditions, may facilitate members’ adoption of food safety technology.
While Chapter 2 contributes to our understanding of how information can stimulate
demand for safer food (and by extension, nutritious foods), I highlight some aspects of the study
that could be improved in future studies. First, as stated earlier, the risk information treatment
may affect consumer behavior through two channels: the non-informative aspects of the
treatment; for instance, the act of testing at the household or through the risk information.
Separating the effect of these two channels is relevant in studies whose objective is to test the
impact of the risk information. However, knowledge on whether non-informative aspects of
information affect consumer behavior can also be relevant in our setting. Such knowledge can
be used to increase the salience of marketing interventions and information interventions
(DellaVigna and Gentzkow 2009; Just, Mancino, and Wansink 2007).
Such studies can follow a similar design to the one in Chapter 2 but include another
treatment where participants receive the test result but conduct the actual testing in the absence
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of the participants. If the interest is to isolate the effect of the risk information, one could also
maintain the design in Chapter 2, offer tests to households in all the treatments, but vary the
sharing of the results. This last suggestion also allows for testing of the causal effect by test
results by allowing the researcher to compare similar households based on the test result. The
current design in Chapter 2 is limited with this respect, so we only estimate the average effect
of the testing treatment.
Another reflection is on the idea that consumers in the LMICs may differ in their level
of trust in the information source, which in our study was the researchers. Also, while measuring
the effect of information nine weeks after the information was delivered is a significant
improvement in consumer demand literature, one wonders whether similar results would be
obtained a year after the information intervention, or what the effects would look like if such
information is supplied regularly. Therefore, more studies are needed to test the validity of our
results.
Future studies can attempt to improve our understanding of why there is a limited effect
(at least in the context of our study) of positive information (information on safe products)
either through labeling and marketing (Hoffmann, Moser, et al. 2020) or from an independent
source (Chapter 2). Various explanations for this finding include; failure by consumers to
sufficiently value health relative to prices and income, inaccurate beliefs about the likelihood
of being sick, a general belief that food is generally safe, lack of trust in the current food
industry, or psychological biases in information processing that make consumers behave
differently to negative (e.g. risk information) vs. positive information (information on safer
food) (Verbeke et al. 2007).
Information on consumers beliefs and subjective expectations about the safety of the
existing foods, their trust in food players ability and willingness to supply safe food, the
likelihood of getting sick from different food safety hazards, and the likelihood of getting sick
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from consuming a particular food type could increase our understanding on this subject. While
in Chapter 2 we collected some information on risk awareness and knowledge and found this
to be affected by both types of information, there is need for more methods that may stimulate
truthful revelation of consumers’ beliefs (Costanigro, Deselnicu, and Kroll 2015; Delavande,
Giné, and McKenzie 2011; Lusk, Schroeder, and Tonsor 2014). Such information could be
useful in designing future information interventions.
From the supply side, a primary recommendation is for studies to assess the impact of
food safety technology adoption on livelihood outcomes. A premium price for safe food may
not translate into improved livelihoods for rural farmers if there are significant fixed costs
associated with technology access or if adoption results in behavioral changes that may divert
farmers’ attention from other important tasks (Bulte et al. 2014).
Also related to the above point is the finding in Chapter 3 that shows upside risk
(expectation of a good harvest) as a driver of adoption, at least in the intensive margin. Efforts
to help farmers cope with weather-related downside risks (which is increasing due to climate
change) has led to the development of variance reducing technologies like the drought-tolerant
varieties (Arslan, Belotti, and Lipper 2017; Kostandini, La, and Abdoulaye 2013). If such
technologies reduce farmers’ expectation of a good harvest, without increasing the average
yields, then the adoption of food safety technology may be affected. Therefore, more studies
are needed to identify the extent to which the adoption of food safety technology may be
affected by or may affect the adoption of other technologies.
Since producer groups are likely to play a vital role in facilitating small-holders
participation in high-value markets, more work is needed on their role in achieving group
compliance and limit free-riding by members. Studies that test the effect of testing for
compliance at the individual versus group-level on farmers' adoption decisions (Hoffmann et
al. 2019) could provide further insights.
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Besides, more studies may be needed on the role of these groups in information sharing
and learning among members. While it may not be feasible to randomize some of the group
characteristics, testing the correlations between adoption and group characteristics in different
contexts could be used to test the validity of the results in Chapter 4. It may also be informative
to collect more information on information sharing mechanisms among the members. Such
studies could also test if there are information spillovers from members of producer
organizations to other community members.
While producer organizations are one of the recommended institutions to link smallscale farmers to high-value markets (Hoffmann et al. 2019; Jaffee et al. 2018; Unnevehr 2015;
Chapter 3; Chapter 4), one caveat remains. Research on which type of farmers are likely to join
producer organizations have found a “middle-class” effect on the likelihood of joining a
producer organization. That is, the poorest and the relatively well-off farmers are less likely to
join farmer organizations (Bernard and Spielman 2009; Fischer and Qaim 2012). More work is
needed on how the poorest may be incentivized to join such organizations.
My last reflection is on our understanding of the relative efficacy of aflatoxin reducing
technologies. While the main objective in Chapter 5 was to study the effect of different training
levels on the effectiveness of biocontrol products, more work is needed on this topic. Testing
the cost-effectiveness of different options for aflatoxin control is necessary to inform policy on
which technologies to scale up. Some studies have examined the effictiveness of aflatoxin
control technologies in various contexts (Kaaya and Kyamuhangi 2010; Pretari et al. 2019;
Williams et al. 2014). However, our ability to compare benefits among technologies is limited
by the fact that aflatoxin varies by season and space. Studies that compare different technologies
in different seasons and under the same conditions are needed.
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Summary
Food safety plays an important role in economic development, as it contributes towards the
general health and well-being of people, improved nutrition, and reduced poverty. This thesis
examines the role of technological innovation in improving i) the livelihood of farmers and ii)
the safety of food consumed by farmers & urban consumers in low and middle-income
countries.
Chapter 1 highlights the importance of food safety in low and middle-income countries,
provides a general background of the core chapters, and highlights the research questions used
to evaluate the main objective. The chapter also provides an overview of the methods used in
the thesis.
Chapter 2 studies the role of information in stimulating consumer demand for safe food.
Results show that while providing consumers with information about the existing safer brands
results in increased awareness of the existence of these brands, it does not increase the
likelihood of consuming safer brands. Providing additional information on household exposure
to hazard increases both the awareness and the likelihood of consuming safer brands. We learn
that consumer demand, through the provision of relative risk information, can potentially be
leveraged to indirectly incentivize the supply of safe food.
Chapter 3 studies the role of market-based instruments (a premium price) on the
adoption of food safety technology by small-scale farmers. These farmers produce for home
consumption but typically sell their surplus produce. A modest price premium did not affect the
probability of adopting food safety technology. However, the premium increased the amount
of technology adopted. While the main motivation for adopting the technology in this context
was to produce safe food for home consumption, the premium increases the value of excess
produce above home consumption needs, in case the farmer experiences a good harvest. In a
bad season, the farmer has sufficient treated produce for home consumption. Therefore, a
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modest premium can have significant health benefits for the farmers and the consumers of their
surplus. Farmers can also earn additional revenue from the sale of safe produce.
Chapter 4 studies the role of producer organizations in the adoption of food safety
technology. Specifically, the chapter examines the correlation between members’ adoption of
a food safety technology and the structural characteristics of their producer organizations.
Results show that a member’s probability of adoption is negatively correlated with the size of
the group and member heterogeneity in education, age, asset ownership, and scale of operation.
Results suggest that these characteristics affect members' adoption by facilitating information
sharing and learning among the members.
Chapter 5 tests the effectiveness of new technology in farmers’ fields under varying
levels of training and support. Farmers who received a one-time training acquired the necessary
knowledge about the technology, but some failed to use the technology at the correct time.
Farmers who received additional support above the one-off training were more likely to use the
technology at the correct time, and thus the effectiveness of the technology for these farmers
was significantly higher than for the farmers who received a one-time training. These results
indicate that returns to new technologies, and the subsequent adoption, may depend on the level
of farmer training and support. Also, sufficient farmer training and support is needed to realize
the benefit of improved health.
Chapter 6 provides a general discussion of the new evidence generated in the thesis in
the light of existing literature and provides some policy recommendations. The limitations of
the current thesis are also highlighted, including recommendations for future work.
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