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 Preface  

AgResults is a US$152 million multi-lateral initiative promoting the development and 
dissemination of high-impact agricultural innovations for global food security, health, and 
nutrition through the design and implementation of Pay-for-Results prize competitions, or 
Challenge Projects. It is a partnership between the Australian Government, the Bill & 
Melinda Gates Foundation, the Government of Canada, the United Kingdom’s Foreign, 
Commonwealth, and Development Office (FCDO), the United States Agency for 
International Development (USAID), and the World Bank. AgResults goes beyond traditional 
aid measures to promote the adoption of innovative technologies with high-yield 
development impact using Pay-for-Results prize competitions (i.e., economic incentives to 
private sector actors to develop and spur the uptake of innovative technologies with the 
potential for high development impact). The general goal of AgResults prize competitions is 
to help overcome market failures impeding the establishment of sustainable commercial 
markets for such technologies or goods produced by these technologies. AgResults thereby 
aims to achieve substantial and sustained development impacts including improved food 
security and food safety, increased smallholder incomes, and better health and nutrition. 
AgResults calls upon the ingenuity and drive of the private sector to identify and execute the 
most effective and efficient strategies to achieve development outcomes. 

The AgResults team comprises the Steering Committee, a Secretariat, a Trustee, country-
specific Project Managers (the International Institute of Tropical Agriculture (IITA) in Nigeria), 
and an External Evaluator. The Steering Committee is composed of the five donor agencies 
and the Trustee and is responsible for the strategic oversight of AgResults, including the 
endorsement of key management decisions, approval of concepts and business plans for 
proposed Challenge Projects, and monitoring of projects and the initiative as a whole.  

On behalf of the Steering Committee, FCDO appointed Abt Associates to serve as External 
Evaluator for the AgResults Challenge Projects. Abt uses rigorous scientific tools to 
determine whether the prize competitions achieve their objectives, measuring whether they 
produce private sector behaviours and social outcomes different from, and better than, what 
would have happened in the absence of the AgResults initiative. In our role as the External 
Evaluator, Abt defines the overall evaluation framework for the AgResults initiative and an 
impact evaluation method for each project. Our role is key to the AgResults learning agenda 
and for understanding the potential of private sector involvement in the development and 
spread of agricultural innovation.  

The evaluation team would like to thank our colleagues from the Steering Committee, 
Secretariat, and Project Manager, International Institute for Tropical Agriculture (IITA), for 
supplying project-generated data and for their support and feedback throughout the entire 
evaluation process. We particularly thank Akande Adebowale and Ranajit Bandyopadhyay of 
IITA for their unfailing support to the evaluation, for providing logistical support in the field, 
and for their support in securing competitor collaboration with the evaluation. 

This report presents the final evaluation findings for the first three years of the AgResults 
Aflasafe Challenge Project in Nigeria (2014 through 2016). The Nigeria evaluation was led 
by Tulika Narayan (Agricultural Economist and Research Director). Denise Mainville 
(Agricultural Economist and overall Qualitative Lead) led the qualitative research, and Judy 
Geyer (Evaluation Methodologist) led the quantitative analysis, working with Kate Hausdorff 
(Evaluation Analyst). Marketing Research Consultancy (MRC) conducted the endline survey 
Emily Crawford managed the survey. Nigerian agricultural economist Abdulsamad Isah was 
responsible for much of the qualitative data collection under the supervision of Denise 
Mainville. David Cooley conducted the cost-effectiveness analysis. Diane Ferguson edited 
the document. Two years after the final evaluation report was prepared, the evaluation team 
prepared an addendum to this report, which updates the evaluation’s findings on specific 
research questions to reflect activities in the project’s final years (2017 and 2018).  
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 Executive summary  
 

Nigeria Aflasafe Challenge Project background and objective 

Aflatoxins are naturally occurring toxins that cause liver cancer following chronic exposure 
and are also associated with stunting (Gong et al., 2002, 2003; Williams et al., 2004). 
Aflatoxins are not 
safe at any levels 
and acute exposure 
can lead to liver 
oedema and death 
(Williams et al., 
2004). Groundnuts 
and maize are 
particularly affected 
by aflatoxins, and 
since maize is an 
important food 
security crop, 
controlling 
aflatoxins in maize 
can lead to a large-
scale development 
impact in Africa (Liu 
& Wu, 2010). In 
Nigeria, as in many 
other African 
countries, aflatoxin 
regulations exist; 
however, there is 
little enforcement of these regulations. Furthermore, smallholders typically consume from the 
maize they grow, meaning that much of the maize that is consumed never enters the market, 
where it could be subject to regulation.  

Numerous studies have established the efficacy of Aflasafe—a biocontrol agent that is 
applied to maize fields—in controlling aflatoxins (Bandyopadhyay et al., 2016). However, 
there is little awareness in Nigeria of Aflasafe as a potential means to control aflatoxins, or of 
aflatoxins as a significant public health threat, implying that there is a “missing market” for 
Aflasafe-treated maize. 

The AgResults Aflasafe Challenge Project in Nigeria used a Pay-for-Results prize 
competition, or results-based incentives, to incentivize the private sector to develop the 
supply base of Aflasafe-treated or aflatoxin-compliant (AT/AC) maize.1 Conceptually, the 
project sought to counter the risks of investing in the supply of AT/AC maize by temporarily 
offsetting the underlying conditions—particularly uncertain demand—with guaranteed 

                                                

1  Aflasafe treatment can reduce aflatoxins by more than 80 percent, bringing them below the 
regulated maximum of 2–4 parts per billion (ppb) across Nigeria (Bandyopadhyay et al., 2016). 
Nigerian industrial standard (NIS) codes developed by the Standards Organization of Nigeria 
provide aflatoxin standards for maize: NIS-253:2010 for maize grains stipulates a maximum 4 ppb 
of aflatoxins, and NIS-253-723:2015 stipulates a maximum 2 ppb of total aflatoxins. Maize with 70 
percent Aflasafe concentration is deemed aflatoxin compliant and expected to have acceptable 
levels of aflatoxins (hereafter referred to as AT/AC maize). 

Market The project created a niche market for Aflasafe-treated maize. The 
39,212 metric tonnes (MT) aggregated in year 3 amounted to 0.4% of 
national maize production. This number is likely to go up by the end of 
the project. 

Uptake Competitors’ direct and indirect incentives led smallholders to apply 
Aflasafe on a portion of their maize fields. The project increased 
Aflasafe uptake by 56 percentage points among smallholders in 
AgResults villages. 

Income and 
consumption 

Average smallholder annual net income from maize increased by 
$318 or 16 percent per farmer. Smallholder consumption of Aflasafe-
treated maize increased on average by 0.02 kg per day or 13 percent 
of their daily consumption. 

Cost-
effectiveness 

The total (in-country and out-of-country) program cost was $85 for 
each $100 increase in farmer annual net maize income. When 
considering only in-country costs, the cost was $43. These numbers 
do not include health benefits to consumers of the Aflasafe-treated 
maize. 

Sustainability Sustainability will hinge on competitors and smallholders continuing to 
economically benefit from supplying Aflasafe-treated maize. 
Broadening the market will require raising consumer demand, 
enforcing existing aflatoxin regulations, and increasing aflatoxin 
testing capacity. 

 

Exhibit ES-1. Evaluation’s key findings 
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financial compensation for successfully taking on the supply-side risks of aggregating and 
selling more AT/AC maize.2 Specifically, the prize competition awarded participating maize 
aggregators—referred to throughout this report as competitors—a prize of US$18.75 for 
each metric tonne of AT maize that they procured from smallholder farmers. To qualify for 
the incentive payment, the maize was required to pass tests for Aflasafe content and to be 
procured from smallholder farmers. This payment corresponded to a premium rate of about 
4.7 percent, depending on the current price of maize, which we found to be roughly US$400 
in Spring 2017.   

After three years of full project operation (2014 through 2016), the evaluation examined 
findings related to market impact, smallholder impact, and cost effectiveness. It also 
considered the likelihood that the impact of the project would be sustained. The key 
evaluation findings are presented in Exhibit ES-1 and further elaborated below. Two years 
later and at the conclusion of the project’s final year, the evaluation team added an update to 
this report, which updates the evaluation’s findings on specific research questions regarding 
market involvement, sustainability, and cost-effectiveness. 

Evaluation questions and methods 

The external evaluation assessed whether the project met its objectives to engage the 
private sector in creating a market for the technology and achieve smallholder welfare 
sustainably and cost-effectively. To do so, it used an evaluation framework applying 
qualitative and quantitative methods to answer seven key evaluation questions (see Exhibit 
ES-2). This framework, based on theory related to the behaviour of economic agents in 
agricultural markets and the underlying causes of market failure, is common to all of the 
AgResults technology adoption projects.  

Exhibit ES-2. Evaluation questions and methods  

# Evaluation question Evaluation method 

1 What has been the impact of AgResults on 
private sector involvement in the development 
and uptake of innovations? 

Qualitative: Structure, Conduct, Performance 
(SCP) framework using semi-structured 
interviews with diverse value chain actors and 
subject-matter experts 

2 What has been the impact of AgResults on 
smallholder farmers’ uptake of Aflasafe? 

Quantitative: Impact evaluation using quasi-
experimental design (QED) supplemented by 
semi-structured interviews with smallholders 

3 What has been the impact of AgResults on 
smallholder farmers’ incomes? 

Quantitative: Impact evaluation using QED 
supplemented by semi-structured interviews with 
smallholders 

4 What has been the impact of AgResults on poor 
consumers’ demand for derivative food products 
(i.e., aflatoxin-compliant maize)? 

Farm consumers: Quantitative: Impact 

evaluation using QED, separately for farmers 
and the person responsible for cooking in the 
house, typically a woman 

Non-farm consumers: Qualitative: Semi-
structured interviews using point-of-sale surveys 
at retail outlets 

5 What evidence exists that AgResults is scalable 
and that its effect will be sustainable in the 
medium to long term? 

Combination of qualitative and quantitative 
methods 

6 What is the evidence on the scale of any effect 
on private sector investment and uptake and on 
the cost-effectiveness of AgResults as an 
approach? 

Combination of cost-effectiveness analysis and 
qualitative and quantitative methods. 

                                                

2  There are additional benefits of Aflasafe, which can be seen with its use for groundnuts, for 
instance, that are not explored in this report. Both the project and the evaluation focused on the 
benefits of Aflasafe applied to maize plots.  
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# Evaluation question Evaluation method 

7 What lessons can be learnt about best practices 
in the design and implementation of agricultural 
prize competitions? 

Synthesis of results from Evaluation Questions 
1-6 with reference to project theory of change 
and emerging lessons learnt from the broader 
AgResults initiative  

 
Qualitative methods. The evaluation applied the SCP framework to assess whether the 
market for AT/AC maize changed as a result of the project. The SCP framework links the 
underlying characteristics of a market to the strategic decisions that market players—
including firms, smallholders, and consumers—make about whether and how to engage in 
the market, given each entity’s perspective on the underlying market conditions. The 
aggregate of individual firms’ strategies gives rise to the market’s structure and, along with 
the market structure, influences market performance. This method involved conducting an 
SCP analysis at baseline, formulating hypotheses about expected changes, and conducting 
an SCP analysis at endline to assess whether the hypotheses were supported by results. 
Through these analyses, the evaluation assessed whether the prize competition created a 
smallholder-inclusive market for AT/AC maize. In such a market, smallholders would 
demand Aflasafe as an input, consumers would demand AT/AC maize, and competitors 
would invest to develop the market for AT/AC maize.  

Qualitative data. The qualitative research compared baseline data (with project year 1, or 
2014, as the reference period) and endline data (with project year 3, or 2016, as the 
reference period). It drew on data collected in mid-2014 and late 2017/early 2018, using 
semi-structured questionnaires that were tailored to the respondents’ particular role in the 
maize market. Respondents included project competitors (12 at baseline/15 at endline) and 
sector experts (29/10), including AgResults Advisory Council members, government and 
non-governmental organisation representatives, and industry association representatives. All 
respondents were familiar with the implementation context and/or aflatoxin issues. We also 
interviewed maize value chain actors, which we selected to represent available diversity 
across project implementation zones, gender, scale of operations, and product lines. These 
included agro-input dealers (25/13); maize traders (23/14); firms that added value to maize 
by processing it, preparing it for human consumption, or feeding it to poultry, fish, or 
livestock (23/31); retailers (41/14); consumers (106/76); and smallholder maize farmers 
(89/50) in both treatment and comparison areas.  

Quantitative methods. The evaluation was originally designed as a step-wedge cluster-
randomised control trial (RCT) in which villages were randomly assigned to treatment and 
control with one-year intervals. However, the RCT was not successful because in the 
competitive environment of the AgResults Challenge Projects, the competitors did not 
adhere to their treatment plan; the treatment rate was low in villages assigned to treatment 
and the competitors started implementing in the control villages. Therefore, to assess the 
project’s impact on smallholders, the evaluation assessed the impact on smallholders using 
a quasi-experimental design. Essentially, the method compared outcomes of smallholders 
engaged by the AgResults competitors (the “treatment group”) to smallholders not engaged 
by the AgResults competitors (the “comparison group”): 

• For the treatment group, we identified smallholders using two-stage sampling. In the 
first stage, we selected from villages in Kano and Kaduna, which were identified by 
competitors as villages in which they conducted AgResults activities at some point 
during project years 2 and 3. In the second stage, we selected smallholders from 
those villages that competitors identified as having been reached by AgResults 
activities.  

• For the comparison group, we identified smallholders from villages in Kano and 
Kaduna whom the competitors had identified a priori (in 2014) as villages and 
farmers with whom they planned to engage in AgResults work, but with whom they 
did not work for various reasons. These reasons include a failed attempt to persuade 
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the smallholder to use Aflasafe, previous business relationships, or commitment to 
future Aflasafe use. The remainder of the comparison group was drawn from 
smallholders in an abutting geographic area (Katsina) who would have been eligible 
to participate in AgResults if it had been available to them. 

To maximize the quality of this comparison, we used analysis weights to ensure that the 
comparison group “looked like” the treatment group with respect to observable factors that 
influence harvest outcomes such as household size, land owned, access to irrigation, 
membership in a cooperative, and ownership of farm assets. Insofar as there remain any 
underlying, unobservable differences between villages and smallholders selected for 
AgResults participation and those not selected, there remains a threat to interpreting the 
impacts as causal. This is a standard limitation in any quasi-experimental evaluation. 

We used linear regression models to estimate the average impact of AgResults on the 
following farmer primary outcomes in three distinct domains: adoption of the technology, 
smallholder income, and consumption of AT maize. 

• Uptake of Aflasafe by smallholders (question 2) 
• Net maize income of smallholders (question 3) 
• Consumption of Aflasafe-treated maize by smallholders (question 4) 

We also looked at the following exploratory outcomes to understand the pathways leading to 
the estimated impacts on the primary outcomes. 

• Smallholder uptake (question 2): 
- Farmer’s knowledge of Aflasafe 
- Farmer’s knowledge of Aflasafe’s prescribed application method  
- Farmer’s knowledge of the health risks of Aflatoxins 
- Cook’s knowledge of the health risks of Aflatoxins  
- Cook’s knowledge of how Aflasafe works 

  
• Smallholder income (question 3): 

- Maize yield 
- Maize price received 
- Value and amount of annual maize sales per farmer 
- Input costs  
- Net maize income per hectare (ha) 

The cost-effectiveness analysis involved comparing the cost of the project to measures of its 
impact, including the number of smallholders who adopted Aflasafe, the increase in 
smallholder net maize income, and the increased consumption of Aflasafe-treated maize. 

Exhibit ES-3 presents details of our completed sample for the treatment and comparison 
groups.  

Exhibit ES-3. Evaluation sample 

 Treatment Group 
Treatment Rate in 
Treatment Group Comparison Group Total 

Farmers 944 
57% 

879 1823 

Villages 112 107 219 

 
We estimated impacts for two groups: (i) the “intent to treat” group, which included all 
farmers in the treatment sampling frame, and (ii) the “treatment-on-the-treated” group (see 
Exhibit ES-4). The second “treatment-on-the-treated” group exclusively contains farmers in 
AgResults villages who had used Aflasafe. We calculated the treatment-on-the-treated 
impact as the impact estimate for the whole group divided by the share of treatment 
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smallholders who adopted Aflasafe. While this is a standard approach, it assumes that all 
benefits in the treatment group are captured by those who adopted Aflasafe. Insofar as this 
may not always be true, the treatment-on-the-treated estimates are an upper-bound 
estimate. 

Exhibit ES-4. Impact analysis groups 

 

Quantitative data. The quantitative evaluation draws from structured interviews with 
smallholders in March-May 2017. This was just after smallholders had completed their maize 
harvest and maize sales from the prior season and just before planting began for year 4 of 
the project implementation.  

Results 

The end-of-project update (see the Addendum) supplements our findings for Evaluation 
Questions 1, 5, 6, and 7 based on results at the end of the project in year 5. 

Evaluation Question 1 (private sector involvement and market impact). By the end of 
year 3, the project created a niche market for AT/AC maize (see Exhibit ES-5). It induced the 
involvement of a diverse set of private sector actors who engaged actively in the 
development of a market for AT/AC maize. That market reflected increased demand for 
AT/AC maize, a burgeoning supply base, and the establishment of preconditions for further 
demand expansion through regulatory enforcement and greater awareness creation.  

The evaluation found that compared to the baseline, demand for AT/AC maize expanded 
among many market players that were reached by AgResults. By the end of project year 3, 
the supply of AT/AC maize increased, with more than 13,000 farmers producing 39,212 MT 
of AT/AC maize for sale through 24 competitors that marketed to a variety of multi-national, 
export, and domestic industry buyers. There was a large number of private sector actors that 
engaged smallholders by offering diverse incentives including access to markets, financing, 
and improved inputs.  

The expansion of the AT/AC maize market was not as broad as intended, however. For 
example, the poultry sector did not emerge as the backbone of demand as was 
hypothesised. Overall, market penetration of AT/AC maize was lower than expected at 
approximately 0.4 percent of Nigeria’s maize production and 1.5 percent of maize in Kano 
and Kaduna at the end of year 3, compared to an expected penetration of 3 percent laid out 
in the business plan (Dalberg, 2012). The expansion in supply of AT/AC maize induced by 
the project set the stage for regulatory enforcement and awareness creation to lead to 
further development of demand—and a market—for AT/AC maize. Difficulties accessing 
finance and insecurity in major producing regions present ongoing challenges.  

…smallholders in 
villages reached by 

AgResults competitors 

…smallholder 
farmers who 

adopted Aflasafe 

…smallholders in villages 
not reached by AgResults 

competitors (after 
balancing on baseline 

characteristics) 

by comparing 
outcomes to 

Impact analysis assessed impact on two groups: 
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Exhibit ES-5. The project’s impact on the market for Aflasafe-treated maize 

 

 

Evaluation Questions 2, 3, and 4 (smallholder impacts). The project expected to impact 
smallholder welfare along three key domains that we measured using three primary 
indicators: uptake of Aflasafe, net revenue from maize, and consumption of AT/AC maize. 
The AgResults Challenge Project had a positive and significant impact on all three primary 
outcomes (see Exhibit ES-6).  

The evaluation found that the project had a positive impact on uptake of Aflasafe. 
Fifty-seven percent of smallholders in the treatment group applied Aflasafe on at least one 
plot, compared to only 1 percent in the comparison group. This implies an increase in uptake 
by 56 percentage points as a result of the project.  

The project resulted in increasing smallholder income from maize. The evaluation 
found that smallholders in the treatment group earned US$318 (100,170 Naira) more than 
smallholders in the comparison group when taking into account the value of maize saved for 
consumption and the smallholders’ costs for all inputs for maize production. This is 
equivalent to a 16 percent increase as a proportion of their average annual income from 
maize. Among smallholders who adopted Aflasafe on at least one plot, the impact on net 
income from maize was US$568 (178,920 Naira). Therefore, we conclude that smallholders 
benefitted economically from the project.  

The project had a positive and significant impact on consumption of AT/AC maize. 
The project was expected to increase smallholder farmers’ consumption of AT/AC maize by 
virtue of own consumption. Based on responses from cooks in the household, we found that 
smallholder households in the treatment group reported consuming 0.02 kg more Aflasafe-
treated maize the previous day than the comparison group. For smallholders who adopted 
Aflasafe the impact was 0.04 kg. Given that an average person consumed 0.17 kg of maize 
per day, this implied 13 percent more consumption of AT/AC maize the previous day (see 
Exhibit ES-6).  

Baseline Market for AT Maize Endline Market for AT Maize 
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Exhibit ES-6. Impact on primary outcomes 

Outcome 

Regression-
adjusted 
treatment 

mean  
(A) 

Comparison 
mean 

(B) 

Impact on: 

Significance 
(p-value) 

Smallholders 
in villages 

engaged by 
competitors 

(C = A-B ) 

Smallholders 
in treated 

villages who 
adopted 
Aflasafe  

(D = C / 0.56)1 

Uptake. 

Percentage of 
smallholders who 
applied Aflasafe 
on at least one 
maize plot 

57% 1% 56 *** 100 *** 0.000 

Income. Net 

maize income 
(US$/annum) 

2305 1987 318*** (16%) 568*** 0.007 

Consumption. 

Aflasafe-treated 
maize 
consumption 
yesterday per 
person (kg) 

0.02 0.00 0.02 *** 0.04 *** 0.000 

Notes: 1 This estimate is based on the assumption that all impacts measured in the treatment group were 
generated by smallholders who applied Aflasafe to at least one plot. This is a standard assumption used for 
estimating “treatment-on-the-treated” estimates; in this case the treatment farmers are those who adopted 
Aflasafe.  
Data: AgResults Nigeria smallholder survey, March-May 2017. 
p<0.1 * p<0.05 ** p<0.01 *** 
Sample sizes: Treatment group N = 944, Comparison group N = 879 

To better understand the impacts on primary outcomes, we analysed several exploratory 
outcomes related to each primary outcome. To understand uptake, we explored whether 
smallholders had heard of Aflasafe, knew how it works, and knew about the health risks of 
aflatoxins (see Exhibit ES-7). The evaluation found that as a result of AgResults, small-
holders' awareness of Aflasafe grew by 67 percentage points. However, their knowledge of 
its correct use and aflatoxins’ adverse health impacts was lower, implying that some 
smallholders who adopted Aflasafe were not aware of aflatoxins and many did not know how 
to use Aflasafe correctly (see Exhibit ES-7). The person responsible for cooking—typically a 
female member of the household—had even lower awareness; the project increased cooks’ 
knowledge about aflatoxins and their adverse health impacts by only around 6 percentage 
points and increased their knowledge of how Aflasafe works by 9 percentage points.  

The subset of farmers in the villages reached by AgResults who adopted Aflasafe on at least 
one maize plot had, on average, higher awareness of Aflasafe and aflatoxins. Nearly 40 
percent of farmers and 10 percent of cooks knew about the health risks of aflatoxins and 17 
percent of farmers knew how to use Aflasafe (Exhibit ES-7). These results suggest that while 
many smallholders were introduced to Aflasafe as a product, far fewer understood its health 
benefits, which could have inhibited adoption and consumption. Notably, the project’s theory 
of change does not discuss increasing smallholder awareness about the health risks of 
aflatoxins or health benefits of Aflasafe as an objective. This evaluation argues that without 
raising this awareness, the project would not meet the full potential of its stated objective of 
improving health outcomes among smallholders. This is because smallholders did not apply 
Aflasafe to all of their maize plots, implying that in an environment where AT/AC maize sells 
for a premium, smallholders may prefer to sell rather than consume, therefore reducing the 
project’s health impact.  Further, competitors were the primary vehicle to encourage 
smallholder adoption of Aflasafe. They may have had a countervailing incentive to not 
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highlight the health benefits of Aflasafe or focus more on the economic benefits of accessing 
premium markets. Low awareness among smallholders points to competitors’ limited effort in 
sharing information that is not germane to their business model. Complementary efforts may 
be needed to address the information gaps. 

Exhibit ES-7. Impact of Aflasafe Project on smallholders’ Aflasafe and aflatoxin 
knowledge 

Outcome 

Regression-
adjusted 
treatment 

mean  
(A) 

Comparison 
mean 

(B) 

Impact in percentage points on: 

Significance 
(p-value) 

Smallholders 
in villages 

engaged by 
competitors 

(C = A-B ) 

Smallholders in 
treated villages 
who adopted 

Aflasafe  
(D= C / 0.56)1 

Farmer had 
heard about 
Aflasafe 

73% 6% 67 *** NA 0.000 

Farmer knew 
how to use 
Aflasafe 

10% 1% 9 *** 16 *** 0.000 

Farmer knew 
the health risks 
of aflatoxins  

23% 1% 22 *** 39 *** 0.000 

Cook knew 
about the 
health risks of 
aflatoxins 

6% 0% 6 *** 10*** 0.000 

Cook knew 
how Aflasafe 
works  

10% 0.3% 9 *** 17*** 0.000 

Notes: 1 This estimate is based on the assumption that all impacts measured in the treatment group were 
generated by smallholders who applied Aflasafe to at least one plot. This is a standard assumption used for 
estimating “treatment-on-the-treated” estimates; in this case the treatment farmers are those who adopted 
Aflasafe.  
Data: AgResults Nigeria smallholder survey, March-May 2017. 
p<0.1 * p<0.05 ** p<0.01 *** 
Sample sizes: Treatment group N = 944, Comparison group N = 879. 

The project’s positive impact on smallholders’ net incomes from maize might be explained by 
either an increase in yields through competitor-provided yield-enhancing inputs and advice, 
premium prices for AT/AC maize, an increase in area under maize, or a combination of 
these variables. Exploring these pathways, we found that smallholders’ maize yields 
increased, though the effect was not statistically significant (see Exhibit ES-8). The same is 
true for the area under maize; cultivated area under maize increased, but the effect was not 
statistically significant. Smallholders in the treatment group were able to sell more maize and 
receive higher prices for their maize (an average 5 percent premium). Smallholders in the 
treatment group earned on average US$315 (99,225 Naira) more from maize sales in the 
season (a 31 percentage point increase). For smallholders who adopted Aflasafe on at least 
one plot, the increase in maize sales was US$563 (177,345 Naira). There was a reduction in 
total costs that the farmer incurred for inputs to maize production (input costs) and an 
increase in net farmer income per hectare, but these effects were also not statistically 
significant.  

Looking back, the project business plan expected that farmers using Aflasafe would break 
even at an average maize yield of 2 MT/ha, assuming that smallholders set aside on 
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average 1 MT for their own consumption (Dalberg, 2012).3 In addition, farmers would need a 
price premium of 1-4 percent, depending on their maize yields, to break even 
(Bandyopadhyay et al., 2016). Our results suggest that these conditions for Aflasafe 
adoption were met and even exceeded. Specifically, the smallholder received a price 
premium above the breakeven point and had yields greater than the breakeven point of 2 
MT/ha. 

Exhibit ES-8. Challenge Project’s impact on smallholder maize yield and returns 

Outcome 

Regression-
adjusted 
treatment 

Mean 

(A) 

Comparison 
mean 

(B) 

Impact on: 

Significance 
(P-Value) 

Smallholders 
in villages 

engaged by 
competitors 

(C= A-B ) 

Smallholders 
in treated 

villages who 
adopted 
Aflasafe 

(D= C / 0.56)1 

Maize yield 
(MT/ha) 

2.8 2.7 0.1 (4%) 0.2 0.711 

Cultivated area 
under maize 
(ha) 

3.4 3.1 0.3 (8%) 0.5 0.238 

Maize price 
(US$/MT) 

428 407 22* (5%) 38* 0.090 

Maize sales 
(US$) 

1348 1033 315** (31%) 563 ** 0.018 

Maize sales 
(MT) 

3.7 2.7 0.9*** (35%) 1.7*** 0.001 

Input costs 
(US$) 

521 546 
-25 

(-5%) -45 0.407 

Net maize 
income per 
hectare 
(US$/ha) 

996 854 142* (17%) 254* 0.072 

Notes: 1 This estimate is based on the assumption that all impacts measured in the treatment group were 
generated by smallholders who applied Aflasafe to at least one plot. This is a standard assumption used for 
estimating “treatment-on-the-treated” estimates; in this case the treatment farmers are those who adopted 
Aflasafe.  
Data: AgResults Nigeria smallholder survey, March-May 2017. 

P<0.1 * p<0.05 ** p<0.01 *** 
Sample sizes: Treatment group N = 944, Comparison group N = 879. 

Evaluation Question 5 (sustainability). The evaluation found that the project created a 
niche market for AT/AC maize. Both competitors and smallholders benefitted economically 
from engaging in the market for AT/AC maize by accessing markets such as maize 
exporters, supermarkets, and the poultry feed markets, which paid a premium over average 
maize prices. However, this was sometimes a consequence of better quality rather than 
solely Aflasafe treatment. To the extent that the competitors and smallholders continue to 
access these premium markets, they expect to engage in the AT/AC maize market. The 
competitors also said they are likely to source their maize from smallholders with whom they 
have established relationships through AgResults, although several competitors also 
reported plans to expand their procurement of AT/AC maize to large farmers. To mainstream 
the AT/AC maize market beyond its current niche, demand would need to expand through 

                                                

3  IITA research has established that Aflasafe application controls aflatoxins but does not change 
maize yields. 
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increased consumer awareness supported by aflatoxin regulation enforcement, access to 
aflatoxin testing with the ability to brand AT/AC maize, and continued access to Aflasafe. 
Whether the market will continue to grow and remain smallholder-inclusive when project 
incentives end can be tested with a sustainability analysis a few years after the project ends. 

Evaluation Question 6 (scale and cost-effectiveness). The project’s business plan hoped 
that private sector investment in distribution and increase in uptake of Aflasafe by 
smallholders would lead to 3 percent market penetration of AT/AC maize in all of Nigeria. 
The quantity of AT/AC maize aggregated by the end of year 3 implies a market penetration 
of 0.4 percent of total maize produced in Nigeria in 2017. If we focus on the project’s 
implementation in the Northern states of Kano and Kaduna, the market penetration of AT/AC 
maize was 1.5 percent of maize produced that year.4 While the market penetration at the 
national level was not as high as expected, the penetration in the project’s region of focus 
was closer to expected market penetration of 3 percent defined in the business case. 
Further, the project engaged as many as 24 competitors to invest in the market for AT/AC 
maize.  

In terms of cost-effectiveness, the evaluation calculated two cost-effectiveness ratios—one 
based on in-country project costs only and another that also included project design costs 
and U.S.-based project management costs (see Exhibit ES-9). The evaluation found that the 
Nigeria Aflasafe Challenge Project cost US$140 to US$248 (44,100 to 78,120 Naira) for 
every smallholder who used Aflasafe on at least one of their maize plots by the end of 
project year 3. We also calculated cost-effectiveness ratios for the Northern Nigerian states 
of Kano and Kaduna, which were the areas of focus for the impact evaluation and which 
accounted for most of the program’s operation. In these areas, it cost US$109 to US$216 for 
each farmer who used Aflasafe and US$43 to US$85 for each US$100 increase in farmer 
annual net maize income.5 The lower cost applies if we consider only the in-country project 
costs, while the higher cost applies if we include the project design and U.S.-based project 
management costs. The cost per unit of impact should decrease at the end of the project if 
larger numbers of farmers are engaged.  

Exhibit ES-9. Cost-effectiveness ratios for the Nigeria Aflasafe Challenge Project 

Cost-effectiveness ratios 

All of Nigeria 

Kano and Kaduna 

(impact evaluation focus 
areas) 

Total costs 
In-country 

costs Total costs 
In-country 

costs 

Uptake. Cost per added farmer adopting 
Aflasafe (2) 

$248 $140 $216 $109 

Income. Cost per US$100 of added net 

maize income(3) 
Not available $85 $43 

 
Evaluation Question 7 (lessons learnt on design and implementation of prize 
competitions). Drawing on the results across all the evaluation questions, the core lessons 
about designing prize competitions are summarised in Exhibit ES-10, which follows the 

                                                

4  Data on maize production in Nigeria are from the National Agricultural Extension and Research 
Liaison Services (2017).  

5  All costs were normalised to 2017 U.S. dollars and annualized using a discount rate of 12 
percent, as recommended by guidance of the UK Department for International Development 
(DFID, now FCDO) (DFID, 2005). 
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framework we developed to assess the suitability of the prize competitions, looking back to 
the Nigeria Project’s design and our evaluation findings (Mainville and Narayan, 2017).  

Exhibit ES-10. Lessons learnt across key elements of prize competition design from 
the Nigeria Challenge Project 

Initial lesson Nigeria insight Prescription/recommendation 

Development problem 

should have the potential 
for large-scale impact.  

The Nigeria Challenge Project 
reflected a development problem 
whose resolution could have large-
scale economic and public health 
impacts.  

The Nigeria Challenge Project findings 
reinforce the initial lesson that the prize 
competition should focus on development 
problems that have potential for a large-
scale impact.  

Innovation should be 

proven to address the 
development problem, and 
its adoption should be 
beneficial to ultimate 
beneficiaries. 

Aflasafe is proven in addressing 
aflatoxin contamination in crops. Its 
adoption was expected to be 
beneficial because of access to 
premium markets and health 
benefits from consumption. 
Smallholders benefitted 
economically from adopting 
Aflasafe. However, there was 
evidence that smallholders did not 
adopt it to the degree expected in 
terms of percentage of maize plots 
to which they applied Aflasafe and 
the consumption of Aflasafe-
treated maize ((Dalberg, 2012, p. 
31; see Section 4.7.2). 

Innovations that result in externalities and 
attributes that consumers cannot discern 
directly may have limits on the extent to 
which they are scaled up using a pure 
competition approach (see Section 4.7.2). 
There may be a role for complementary 
funding to support large-scale adoption.  

Market failure limiting the 

development of a market 
for innovation should 
reflect a binding constraint 
and not a multitude of 
constraints. 

The key underlying constraint 
causing market failure was the lack 
of awareness—about aflatoxins as 
a problem, and Aflasafe as a 
solution.  

The Nigeria Challenge Project findings 
reinforce the initial lesson. 

Competitors should see a 

long-term business case 
in the technology.  

They should be adequate 
in number to create the 
foundations for a 
competitive market and 
have the capacity to 
address the constraints 
limiting market 
development. 

Competitors were typically 
motivated to participate in the 
project out of a business interest, 
while social motivations—both 
alleviating aflatoxin contamination 
and improving the livelihoods of 
smallholder farmers—also played a 
role.  

It is important for competitors to have a 
business-oriented motivation to participate 
in the market (not just a motivation to 
participate in the prize competition). 
Additional social and pragmatic 
motivations may exist, which can help 
structure and motivate the prize effectively 
and optimally. 

 

Diverse investors participated, but 
some participating competitors 
faced a range of constraints in 
terms of financing and learning 
curve.  

When the prize competition aims to create 
a market for a product (e.g., AT/AC maize) 
that is intended to ultimately supplant 
another product (e.g., untreated maize, it 
is desirable to design a prize competition 
that attracts many investors or 
competitors. However, the greater the 
diversity of competitors, the greater the 
likelihood that some are more constrained. 
This argues for a potential role for 
additional funding (for example a 
“business plan prize”) to increase the 
viability of diverse investors or for the 
need to adapt the structure to provide time 
for investors to progressively build 
capacity throughout their participation.  
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Initial lesson Nigeria insight Prescription/recommendation 

Outcome on the basis of 

which prizes are awarded 
should be measurable and 
verifiable in a cost-
effective way. The 
outcome should be 
defined with qualifying 
parameters that link it to 
the development objective 
given the possible trade-
off between achieving 
market impact and 
development impact. 

The Nigeria Challenge Project did 
this well. Although the engagement 
with smallholders was not formally 
verified as part of the prize award 
process, requiring it as part of the 
rules is a good example of how a 
parameter on the prize can ‘nudge’ 
competitors to promote the desired 
development outcome. (In this 
case the desired outcome was a 
smallholder-inclusive market). That 
said, there was evidence that 
competitors engaged smallholders 
with yields higher than national 
average.  

Qualifying parameters on outcomes are 
important to guide the competitors’ effort 
in reaching the ultimate beneficiary. The 
qualifying parameters will place 
constraints on the private sector, the costs 
of which should be weighed against the 
benefits of developing a smallholder-
inclusive market when defining the 
qualifying parameters. 

Prize structure should 

take into account 
competitors’ constraints 
and de-risk their 
investment without 
undermining or 
compromising their long-
term interest in the 
market. 

Given that AT/AC maize is 
intended to ultimately supplant all 
maize in the market, a prize that 
crowds in as many viable players 
as possible is desired. The per-unit 
prize helped to achieve this better 
than alternative prize structures 
such as winner-takes-all or 
proportional prizes.  

The prize structure should be designed to 
promote the desired market structure. 

The Nigeria Challenge Project did 
not directly stipulate sharing of 
incentives with smallholder maize 
farmers, but the competitors 
directly or indirectly incentivized the 
farmers. 

It is not necessary to mandate incentive 
sharing by competitors that receive the 
competition prize. Mandating incentive 
sharing may compromise the private 
sector’s innovation and creativity. 

The project’s theory of 
change should articulate 

how the prize competition 
will incentivize private 
competitor actors to 
address the market 
constraints limiting the 
development of a 
sustainable market. The 
theory of change should 
reflect an understanding of 
the potential trade-off 
between the development 
impact and market impact, 
the role of the enabling 
environment, and any 
push elements or 
complementary initiatives. 

The project had a clear and 
actionable theory of change that 
largely took into account the 
potential trade-off between market 
and development impact, the 
enabling environment, and push 
elements. Competitors and 
smallholders responded to 
economic incentives to market their 
AT/AC maize, but did not focus as 
much on the health benefits. 
Smallholders learned less about 
the potential benefits of consuming 
AT/AC maize from competitors, 
which may have explained lower 
adoption, and therefore potentially 
lower consumption. 

The prize competition’s theory of change 
should be clearly articulated. It should 
define the potential development and 
market impact, pull/push interactions, and 
enabling environment. It should 
proactively account for potential conflicts 
between development and market 
impacts—particularly the degree to which 
the prize competition influences trade-offs 
between beneficiaries’ decisions to 
produce for market versus produce for 
their own use. 

Verification should rely 

on outcomes that are cost-
effectively measurable. 
Ongoing monitoring and 
evaluation can help inform 
adaptive implementation.  

In Nigeria, Aflasafe verification was 
measurable, although costly 
because the testing was available 
only outside the country. 
Verification also served as an 
implicit endorsement of the AT/AC 
traits of the maize to buyers.  

Verification should be cost-effective and 
measurable. When designing projects, it is 
important to understand whether the 
project’s verification provides a service 
that is needed for sustaining the market. If 
so, the design should articulate the 
options for sustaining the service after the 
project ends. 

The project did not document 
private sector investment to 
participate in the project and supply 
AT/AC maize. 

To understand the private sector 
investment leveraged by the prize 
competitions, reporting on investments 
should be a condition for the private sector 
to participate in the project. 
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  Overview of the Aflasafe Project and the evaluation  

This report presents the final evaluation findings of the AgResults Aflasafe Challenge Project 
in Nigeria (‘Aflasafe Project’ or ‘AgResults’ from here on), which was designed to catalyse 
the development of a sustainable and smallholder-inclusive market for Aflasafe-treated or 
aflatoxin-compliant maize (AT/AC maize). Aflasafe is a proven technology—a biocontrol 
agent—that when applied appropriately on farmers’ fields, mitigates aflatoxin contamination 
in crops such as maize to levels below the regulated standards.6 Aflasafe works by using 
variants of naturally occurring fungi that do not produce aflatoxins. Once these fungi become 
established, they begin to dominate aflatoxin-producing fungi, resulting in a reduction in the 
prevalence of aflatoxins in the treated crops (Bandyopadhyay et al., 2016). The health 
benefits of reduced aflatoxin consumption range from avoiding acute ingestion that can 
cause liver oedema and death to avoiding long-term exposure that can cause liver cancer.  

Despite the availability of Aflasafe and an unmet demand for AT/AC maize, there was no 
established market for it before the project began. The project was designed to catalyse the 
development of a sustainable niche market for AT/AC maize by incentivizing smallholders to 
apply Aflasafe and supply AT/AC maize. This report presents the results of the external 
evaluation that assessed whether the project achieved its objectives.  

The next section presents the project’s objectives and theory of change, with the following 
section focusing on the implementation context. Chapter 2 discusses the research questions 
addressed and the methods used to address each question. Chapter 3 presents the data 
sources for the quantitative and qualitative analyses conducted. Chapter 4 presents the 
evaluation results by the seven evaluation questions (see Appendix F for supplement to the 
results). Chapter 5 presents the conclusions and study limitations.  

1.1 The Aflasafe Project objectives and theory of change 

The Aflasafe Project aims to address the market failures that have limited the development 
of a smallholder-inclusive, private sector-driven market for AT/AC maize in Nigeria. The 
project design is predicated on the understanding that prior to the project’s start in 2014, 
there was a missing market for AT/AC maize primarily because of a lack of awareness of 
aflatoxins as a problem and Aflasafe as a technology solution to address it.7 Lack of 
awareness about aflatoxins and Aflasafe was widespread among consumers and producers. 
There were some premium markets for AT/AC maize—such as maize exporters, 
supermarkets, and the poultry feed market—that were willing to pay more for AT/AC maize, 
but producers had limited knowledge of these premium markets. Producers that were aware 
of these markets did not engage smallholders in the supply of AT/AC maize because of 
supply-side constraints such as poor rural infrastructure and fractured distribution networks.  

The Aflasafe Project focused on creating a smallholder-inclusive market for AT/AC maize by 
increasing the supply of AT/AC maize beyond the already existing demand, while also 
generating awareness among smallholders and other value chain actors engaged in maize 
production. It did not focus on generating awareness more broadly among Nigerian 
consumers because there were ethical and pragmatic concerns with making consumers 

                                                

6  Aflasafe treatment can reduce aflatoxins by more than 80 percent, bringing them below the 
regulated maximum of 2-4 parts per billion (ppb) (Bandyopadhyay et al., 2016). Maize with 70 
percent Aflasafe concentration is deemed aflatoxin compliant and expected to have acceptable 
levels of aflatoxins (hereafter referred to as AT/AC maize). 

7  The project started in 2014 (year 1), and originally planned to end in 2017 (year 4). The project 
was extended one year, using reduced incentives (year 5, or 2018). There was also a pre-project 
year, or year 0, in 2013. 



  

Abt Associates AgResults Impact Evaluation Report – Aflasafe™ Challenge Project  ▌2 

aware of the health impacts of consuming aflatoxin-contaminated maize without ensuring the 
availability of AT/AC maize to meet the demand that such awareness would create. The 
project expected that once AgResults ensured a steady supply of AT/AC maize exceeding 
current market demand, government-driven efforts would be well-positioned to generate 
broader aflatoxin awareness and enforce existing aflatoxin-limit regulations to support quality 
verification of aflatoxin-compliant maize.8 

The project used a Pay-for-Results prize competition to motivate maize aggregators—
referred to throughout as ‘competitors’—to invest in the market for AT/AC maize. 
Specifically, the project rewarded competitors with a prize of US$18.75 per MT of AT/AC 
maize that they procure from smallholder farmers. To qualify for the incentive payment, the 
maize was required to have more than 70 percent Aflasafe recovery (or Aflasafe 
concentration), based on tests by a third-party verifier, and competitors must have 
purchased from smallholders who farmed no more than 10 ha of land, with not more than 5 
percent of each competitor’s smallholder population greater than 5 ha.9 Conceptually, the 
project sought to counter the risks of investing in the supply of AT/AC maize by temporarily 
offsetting the underlying conditions—particularly uncertain demand—with greater financial 
compensation for successfully taking on the supply-side risks of aggregating and selling 
more AT maize.  

The project begin in 2013, which was named project year 0 because it was an initial start-up 
period. The project fully started in 2014 (year 1), and originally planned to end in 2017 (year 
4). The project was extended one year, using reduced incentive payments (year 5, or 2018). 
Exhibit 1-1 explains the calendar and project years.  

Exhibit 1-1.  AgResults Aflasafe Project Timeline 

2013 2014 2015 2016 2017 2018 

Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 

 

The project’s theory of change (Exhibit 1-2) outlines the causal flow by which project 
activities are expected to lead to realisation of the project’s objectives of ensuring adequate 
volume of AT/AC maize, reducing smallholder farmers’ exposure to aflatoxins, improving 
smallholder farmers’ incomes, and creating sustained demand for AT/AC maize. The 
AgResults intervention consists of four primary activities: qualification of aggregators to 
serve as competitors, which included demonstrating the ability to engage with smallholder 
maize farmers; provision of Aflasafe and Aflasafe-related training to competitors; verification 
of Aflasafe content in maize aggregated by competitors; and payment of the per-unit 
premium to competitors based on verification results. 

Following qualification as competitors, aggregators received an induction into the AgResults 
initiative and training on Aflasafe. They were expected to implement the bulk of the project’s 
functions, including recruiting smallholders to produce maize treated with Aflasafe; 
facilitating those smallholders’ access to training, technical assistance, and inputs that would 

                                                

8  NIS codes developed by the Standards Organization of Nigeria provide aflatoxin standards for 
maize: NIS-253:2010 for maize grains stipulates a maximum 4 ppb of aflatoxins, and NIS-253-
723:2015 stipulates a maximum 2 ppb of total aflatoxins. 

9  The AgResults Steering Committee took this decision at its April 2014 meeting. However, this 
requirement was not subject to verification. The decision to require purchases from smallholders 
was made in order to encourage development of a smallholder-inclusive market for AT/AC maize.  
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allow them to effectively use Aflasafe; and providing access to premium markets or the yield 
increases that would make Aflasafe application economically viable.  

Exhibit 1-2.  AgResults Aflasafe Project theory of change 

 

 
In our evaluation design, we noted two features of the theory of change that merited 
particular attention. First, we noted that competitors were rewarded specifically for procuring 
AT maize from smallholders, and that this incentive could reduce their motivation to educate 
smallholders on aflatoxins as a health issue. The reason for the reduced motivation is that 
increasing household demand for AT/AC maize would reduce the supply of AT/AC maize to 
the competitors, reducing the AgResults prize they would receive and the availability of 
maize for them to sell to premium markets. Second, the incentive’s focus on procurement of 
AT maize meant that the project did not provide a direct incentive to aggregators to develop 
premium markets for the maize, or to target specific types of buyers for the maize (e.g., 
those that target maize to human consumption versus animal feed). Instead, it was expected 
that focusing on creating the nucleus of a market for AT/AC maize would set the stage for 
government activity to raise awareness and generate demand for AT/AC maize among 
consumers, as well as for enforcement of existing aflatoxin-limit regulations.  

The evaluation assesses the assumptions in the AgResults theory of change. It assesses 
whether the project has helped to establish a sustainable market for AT/AC maize; and 
whether the project has led to creating smallholder awareness about Aflasafe, its uptake by 
smallholders, and consequent increase in smallholders’ net maize income. It also assesses 
whether AgResults has created awareness about aflatoxin health impacts among farmers 
and those responsible for cooking (typically a female member of the household), and 
whether it has impacted on-farm decisions to consume AT/AC maize. Specifically, the key 
primary outcomes for which the evaluation assesses the project’s impact on smallholders 

Smallholder-
inclusive AT/AC 

value chain 
developed

Intervention Outcomes Impact

Qualification of 
aggregators to serve as 

implementers

Aflasafe training to 
aggregators and 

facilitated access to 
Aflasafe input

Per-unit award on 
Aflasafe-treated 

maize purchases by 
aggregators

Verification of 
Aflasafe treatment 

of maize

Aggregators:AgResults:

Recruit smallholder 
farmers to produce 
maize with Aflasafe

Facilitate farmer 
access to training, 

technical assistance, 
inputs to utilise 

Aflasafe and increase 
yields

Farmers:

Purchase maize from farmers and sell 
downstream

Grow maize 
with Aflasafe 
and improve 

yields to 
access AT/AC 

maize 
market

Processors & Retailers:

Invest in AT/AC maize markets

Consumers:

Demand AT/AC maize

Adequate volume 
and quality of 
AT/AC maize 

support private-
sector engagement 

in market

Sustained demand 
for AT/AC maize 

catalysed 

Smallholder 
incomes increased 

and exposure to 
aflatoxins reduced
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are uptake of Aflasafe, annual net income from maize, and quantity of maize consumed the 
previous day.  

1.2 Implementation context: the maize value chain and implications for the 
theory of change 

Nigeria is the largest producer of maize in Africa, and maize accounts for up to two-thirds of 
calories consumed in some parts of the country. Nigeria produces most of the maize it 
consumes, and imports and exports of maize are small.10 Production is concentrated in the 
Northern region of the country (particularly Kano and Kaduna), while consumption is 
concentrated in the Southwest where poultry producers and other industrial consumers of 
maize are concentrated. 

Nigeria’s maize value chain involves several major players: input suppliers, farmers, 
intermediaries/traders (also sometimes referred to as aggregators), processors, retailers, 
and consumers. The mainstream maize value chain, described below, transmits a largely 
undifferentiated product from farmer to end-customer. A diagram of the value chain is 
provided in Exhibit 1-3. 

Exhibit 1-3.  Nigeria’s maize value chain  

 

Source: Adapted from Dalberg (2012, 70). 

Nigeria’s maize production is dominated by smallholder farmers. Seventy percent of the 
country’s maize is produced by farmers with less than 6 ha of land, constituting 80 percent of 

                                                

10  Import or export accounted for less than 1 percent of maize production in any given year, 
amounting to typically not more than 1000 MT of import or export (FAO, 2018).  
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all maize-producing households. On average, yields are low, averaging only 1.58 MT/ha 
between 2014 and 2016 (FAO, 2018).  

Trade in the maize market is typically informal and features multiple stages of intermediation, 
with each stage featuring different scales and service offerings. There is no quality 
differentiation in the broader commodity maize market beyond that which is employed 
(usually subjectively) as a basis for price negotiation. Most smallholder farmers sell to local 
traders, who buy either for their own retail stocks or for sale to larger traders in the market. 
Outside the AgResults initiative, only a few large aggregators buy directly from smallholders 
through outgrower schemes or contract farming arrangements. Under these arrangements, 
aggregators typically provide extension support, credit support, and output buyback 
guarantees. The majority of these aggregators sell to the poultry feed market or multi-
national companies such as Nestle and Cadbury.  

Overall, feed millers account for 60 to 70 percent of the grain processed in the country, with 
poultry farms consuming 95 percent of the feed that is produced and just nine large poultry 
farmers accounting for 70 percent of that consumption. Both feed millers and poultry farms 
are largely concentrated in the Southwest (Ibadan and Lagos areas) of the country. 
Breweries purchase 10 percent of processed maize, while millers producing branded flours 
for human consumption account for the other 20 percent of processed maize. The largest 
flour miller, Grand Cereals, is responsible for approximately 60 percent of all milled flour 
output (Dalberg, 2012, 63-78).  
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  Evaluation design  
 

The evaluation of the AgResults Aflasafe Project used a mixed-methods approach to answer 
the seven key evaluation questions assessing the project’s impact at the end of year 3 of its 
operations.11 Limitations of the mixed-methods approach and the steps taken to mitigate 
concerns are described in the sections that follow. One limitation is that quantitative impacts 
were estimated using a quasi-experimental design. The threat of selection bias can never be 
totally eliminated when quasi-experimental designs are used to estimate impacts; this is a 
standard limitation of such designs. Factors mitigating potential selection bias were that the 
treatment and comparison groups were shown to be similar at baseline and the impact 
models included covariates to minimize remaining differences between the two groups at 
baseline. Another limitation is that the data for the study are primarily survey-based and 
therefore may include some measurement error. While there is a large degree of overlap 
between the samples used for the quantitative and qualitative analyses, the two samples are 
not exactly the same. We do not expect the less-than-perfect overlap, however, to cause 
difficulties in interpreting the results. The next section, Section 2.1, presents an overview of 
the evaluation questions and methods. Section 2.2 presents the detailed evaluation method 
for answering each question. 

2.1 Overview of evaluation questions and methods 

The evaluation’s research questions and overall approach test several critical hypotheses in 
the theory of change of how incentivizing competitors to aggregate Aflasafe-treated maize 
should increase smallholder income and expand consumption of aflatoxin-compliant maize 
on a sustained basis. We used a mixed-methods approach to address each evaluation 
question, with either a quantitative or qualitative approach predominating for a given 
question and complementary qualitative or quantitative information used to enrich 
interpretation. Exhibit 2-1 presents these questions along with the main method we used to 
answer each question.  

Exhibit 2-1.  Evaluation questions and methods  

# Evaluation question Evaluation method 

1 What has been the impact of AgResults on 
private sector involvement in the development 
and uptake of innovations? 

Qualitative: Structure, Conduct, Performance 
(SCP) framework using semi-structured 
interviews with diverse value chain actors and 
subject-matter experts 

2 What has been the impact of AgResults on 
smallholders’ uptake of Aflasafe? 

Quantitative: Impact evaluation using quasi-
experimental design (QED) supplemented by 
semi-structured interviews with smallholders 

3 What has been the impact of AgResults on 
smallholders’ incomes? 

Quantitative: Impact evaluation using QED 
supplemented by semi-structured interviews with 
smallholders 

                                                

11  Since the impact evaluation envisioned setting aside comparison areas, the final evaluation was 
done one year before the Project’s expected end date in June 2018. Subsequently, the Project 
was extended for an additional year with the Project end date in June 2019. However, the 
evaluation timeline did not change because of the anticipated start of another project with similar 
objectives—the Aflasafe Technology Transfer and Commercialization project—which would have 
confounded the Project impacts. 
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# Evaluation question Evaluation method 

4 What has been the impact of AgResults on poor 
consumers’ demand for derivative food products 
(i.e., aflatoxin-compliant maize)? 

Farm consumers: Quantitative: Impact 

evaluation using QED, separately for farmers 
and the person responsible for cooking in the 
house, typically a woman 

Non-farm consumers: Qualitative: Semi-
structured interviews using point-of-sale surveys 
at retail outlets 

5 What evidence exists that AgResults is scalable 
and that its effect will be sustainable in the 
medium to long term? 

Combination of qualitative and quantitative 
methods 

6 What is the evidence on the scale of any effect 
on private sector investment and uptake and on 
the cost-effectiveness of AgResults as an 
approach? 

Combination of cost-effectiveness analysis and 
qualitative and quantitative methods 

7 What lessons can be learnt about best practices 
in the design and implementation of agricultural 
prize competitions? 

Synthesis of results from Evaluation Questions 
1-6 with reference to project theory of change 
and emerging lessons learnt from the broader 
AgResults initiative  

 

2.2 Detailed evaluation method 

In this section we detail the research methods used to answer the seven evaluation 
questions. Section 2.2.1 presents our methods for answering question 1 about the project’s 
impact on private sector engagement and development of a market for Aflasafe-treated 
maize. Section 2.2.2 presents the research methods used to assess the project’s impact on 
smallholders, answering Evaluation Questions 2, 3, and 4 on smallholder uptake, 
smallholder income, and poor consumers’ demand for AT/AC maize. Section 2.2.3 presents 
evaluation methods for answering Evaluation Questions 5, 6, and 7 on sustainability, scale, 
cost-effectiveness, and lessons learnt.  

2.2.1 Assessing the project’s impact on the market (question 1) 

Our evaluation of AgResults’ impact on private sector engagement in the market analysed 
whether the project intervention enabled the emergence of a market for AT/AC maize. We 
used the Structure, Conduct, Performance (SCP) conceptual framework to analyse 
AgResults’ effects on the market for AT/AC maize.12 SCP is a theory-based approach to 
value chain or market systems analysis. The SCP framework, described here at some 
length, links the underlying characteristics of a market to the strategic decisions that market 
players—including firms, smallholders, and consumers—make about whether and how to 
engage in the market, given each entity’s perspective on the underlying market conditions. 
The strategic decisions of numerous firms give rise to the market structure, which includes 
the numbers and characteristics of market participants, the predominant marketing channels, 

                                                

12  The SCP paradigm is a product of the Industrial Organisation school of economics (Caves, 1987; 
Scherer & Ross, 1990). The use of SCP as an evaluation tool was pioneered by John Holtzman 
of Abt Associates (Holtzman, 2003). The seminal SCP framework delineates how the underlying 
conditions in a market influence the market’s structure, which in turn influences individual firms’ 
conduct in the market (such as decisions to invest in new market segments and technological and 
organisational decisions). Individual firms’ decisions, at an aggregate level, lead to market 
performance outcomes of interest such as the adequacy of a product’s supply in terms of volume 
and quality, prices, returns to investors, and responsiveness to consumer demand. Building on 
the basic SCP framework, Sutton (1992) introduced the practice of examining how endogenous 
and exogenous sunk cost investments influence industry structure. We applied this approach in 
the current analysis; this approach recognises that a firm’s strategic conduct is a direct response 
to market conditions and that aggregation of the outcomes of firms’ strategic behaviours gives rise 
to market structure. 
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and modes of product transformation and value addition. Together, these factors affect the 
performance of the market, including such considerations as whether a market for AT/AC 
maize develops and whether it is inclusive of smallholders and other vulnerable groups.  

The underlying, or “basic”, conditions of a market are fixed in the short to medium term and 
include characteristics of supply and demand of a product and of the enabling environment. 
Supply and demand conditions include cost structures, seasonality of demand and supply, 
income distribution, and buyers’ and suppliers’ responses to changes in prices and income. 
The characteristics of a market include the prevalence of information costs and asymmetry 
and the availability of alternative buyers and sellers for products, such as AT/AC maize, 
whose unique attributes may limit their availability or marketability. Together, these market 
characteristics increase transaction costs and risk. The enabling environment includes both 
formal (legal) and informal (cultural) controls on behaviour, and are critical to establishing 
behavioural norms that reduce transaction costs and the risks to which potential buyers and 
suppliers in the market are exposed. Together, these conditions define the incentives and 
create the interdependencies that shape individuals’ and firms’ decisions regarding whether 
and how to engage in the market (North, 1990). 

Individuals’ and firms’ strategic behaviours reflect their attempts to pursue profit and utility 
objectives given the constraints imposed by external conditions. Strategic behaviour includes 
such decisions as whether to invest in production facilities or a new venture, pricing and 
service delivery decisions, procurement and merchandising decisions, and the choice of 
institutional arrangements between buyers and sellers such as the choice of contract 
structure.  

A market’s structure is shaped by the aggregate decisions of many individual firms. 
Structural elements include the numbers of buyers and sellers in the market, the 
characteristics of production and value creation (such as the technological packages that 
dominate), the degree and types of product differentiation, and barriers to entry. Such 
structural features tend to evolve over the medium to long term and as such are also 
represented among the basic conditions that influence firms’ strategic behaviour.  

The performance of a market can be understood in innumerable ways, but the main 
elements of interest for AgResults markets include whether a market for AT/AC maize has 
emerged and whether maize transacted in this market reflects the quality and volume 
preferences of maize buyers and is affordable to buyers while providing adequate returns to 
motivate suppliers to continue to engage in the market. All of these elements of the AT/AC 
maize market’s evolution are the subject of analyses used to address Evaluation Question 1. 
Exhibit 2-2 summarizes the research methods involved and the key outcome measures on 
which we will collect information. Details follow in the text, including the data sources used in 
this qualitative analysis. 

Exhibit 2-2. Evaluation method and outcome measures for Evaluation Question 1 

Evaluation method Outcome measures 

Evaluation Question 1: What has been the impact of AgResults on private sector engagement in the 
development and uptake of innovations?  

SCP framework that compares the 
baseline market situation, strategy, 
structure, and performance for 
AT/AC maize to the endline 
market situation strategy, 
structure, and performance, with 
baseline survey informing the 
hypotheses on expected changes 
in the market by endline 

• Market situation for AT/AC maize 

Firm perceptions of 

- Aflatoxins and potential solutions such as Aflasafe 
- Supply and demand conditions for AT/AC maize 
- Transaction costs and risk in acting in the market 
- Enabling environment and its implications for engagement 

• Market strategy for AT/AC maize by value chain actors 

- Drivers for decisions to transact in AT/AC maize 
- Procurement, value-addition, and merchandising strategies for 

AT/AC maize 
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Evaluation method Outcome measures 

• Market structure for AT/AC maize 

- Flow of AT/AC maize through the value chain 
- Number and types of private actors who participate in the market 
- Volume and share of volume transacted by different value chain 

actors 

• Market performance 

- Existence of a market for AT/AC maize 
- Costs and benefits of participation in the market 
- Equity such as inclusion of women and smallholder farmers 

 
Hypotheses about how the project affected the market for AT/AC maize are addressed by 
looking at the market through the SCP lens at contrasting baseline and endline points in 
time, making a qualitative assessment of the role that the project played in the changes 
observed between those two periods. Section 4.1 presents the findings for the project’s 
impact on the market for AT/AC maize. 

2.2.2 Assessing the project’s impact on smallholders (questions 2, 3 and 4) 

We conducted an impact analysis to evaluate the project’s impact on smallholder uptake of 
technology (question 2), smallholder income (question 3), and demand for AT/AC maize for 
own consumption (question 4). Qualitative insights from in-depth interviews with a smaller 
number of purposefully selected farmers enriched the interpretation of the results from the 
quantitative analysis. To further understand the project’s impact on demand for AT/AC maize 
among non-farm consumers, we used semi-structured interviews of non-farm consumers 
based on point-of-sale surveys at retail outlets at baseline and endline. We qualitatively 
described whether the project resulted in any indirect influences on increased demand for 
AT/AC maize among non-farm consumers.  

The impact evaluation method is quasi-experimental, comparing outcomes for a ‘treatment 
group’ of smallholders and outcomes for a ‘comparison group’ of smallholders and using the 
difference as a measure of the project’s impact focusing on smallholders who were in the 
zone of influence of six competitors in the Northern Nigerian states of Kano and Kaduna. 
The treatment group consists of farmers in Kano and Kaduna that the six focal competitors 
identified as farmers with whom they worked in 2015, 2016, and 2017.13 The comparison 
group includes farmers from: 

• Villages in Kano and Kaduna where no AgResults competitor worked until the 
beginning of the fourth year of the project (year 4), but were identified in 2014 as 
villages in which the AgResults competitors wished to work in the future. 

• Villages in Katsina state, which by agreement was not part of the AgResults initiative 
and was set aside as a comparison area for the evaluation until the beginning of the 
fourth year of the project (year 4).14 

The validity of a quasi-experimental evaluation rests on the quality of the comparison group, 
particularly in ensuring that the comparison group does not differ systematically from the 
treatment group on factors that influence outcomes, other than exposure to the treatment 
under study. Any systematic differences in other factors could lead to selection bias in the 
impact estimates. This is a standard limitation in any quasi-experimental evaluation. For 

                                                

13  We did not include farmers that the competitors worked with in 2013 since that year was the pre-
Project year, and we excluded the farmers that the competitors worked with in 2014 because our 
baseline data for that year were not usable.  

14  We confirmed non-participation of comparison group villages in Kano and Kaduna using 
AgResults monitoring data, which we further validated in the field with village leaders during 
endline data collection. The project expanded to Katsina in its fifth year of operation.  
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example, farmers who have chosen to work with AgResults competitors may be (i) more 
likely to have means of procuring production inputs, (ii) more averse to aflatoxins, or (iii) less 
averse to investment risk. These elements could lead those farmers to achieve higher 
incomes than comparison group farmers, for example; if so, the AgResults treatment would 
not be the reason—but would be mistaken as the reason. Selection bias could also be driven 
by the AgResults competitors themselves. For example, competitors may choose to initiate 
their AgResults efforts in villages that are close to road networks or have more tightly 
integrated farmer cooperatives, factors that could also drive better smallholder outcomes 
independent of the project treatment.  

Several facets of the impact analysis design attempt to protect against selection bias:  

• The Kano and Kaduna comparison villages and their associated farmers were 
identified a priori by the competitors as villages and farmers with whom they planned 
to work in the future, though in fact the competitors did not end up working with them. 
This choice may reduce selection bias because villages and farmers initially selected 
by competitors may have unobservable attributes similar to those of villages and 
farmers initially selected and then engaged in later years, at least compared to 
villages or farmers never considered at all This choice of a comparison group does 
not, however, eliminate the threat of selection bias. There could be selection bias if 
many or most of the farmers with whom the competitors failed to engage (and 
therefore were in the comparison group) shared a characteristic that was also related 
to the study outcomes. 

• The Katsina comparison villages came from a region that competitors would have 
liked to work in but agreed not to engage in until the 2017 planting season after the 
endline evaluation was complete (in coordination with the evaluation team). The 
Katsina comparison villages were also in regions along the borders of Kano and 
Kaduna states and were drawn from regions that our stakeholders suggested were 
similar to villages in Kano and Kaduna states.15 

• We assigned analysis weights to farmers (observations) in the comparison group, 
weighing more heavily the households that ‘look like’ households in the treatment 
group on observable characteristics before the farmers entered the project (see 
Appendix A for details).  

• The linear regression models used to estimate impacts include covariates that control 
for factors other than treatment that could influence the outcomes (see Appendix A 
for full list). We included household characteristics (age and education of the 
household head, religion, household size, whether the main economic activity is 
maize farming, type of house, fuel, toilet and water access) and farm characteristics 
(size of land owned, average maize harvest in a typical year, ownership of farm 
equipment and animals) using recall on baseline values.16,17 We also controlled for 
environmental and contextual factors—such as distance to an urban centre 

                                                

15  For a sensitivity analysis, we re-estimated all impact regressions excluding comparison group 
villages in Katsina since this was a different state from the one that the Project operated in. The 
direction and size of the treatment impact estimates were substantively the same as when 
including the Katsina comparison villages.  

16  We also included whether a farmer belonged to a cooperative, whether he or she had access to 
credit, and whether he or she knew any of the competitors at baseline.  

17  Limiting the analysis to the sample for which we had actual baseline values and recall baselines 
values, we explored whether changes in these variables between actual and recall differed for the 
treatment group when compared to the comparison group (a difference-in-differences analysis). 
For more information see Appendix B. 
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(population > 100K), soil carbon content, temperature variability, and rainfall—for 
which we had baseline values from secondary data sources.  

We estimated impacts using the linear regression models shown in Equation 1 below. In this 
model yi,j reflects the outcome for respondent i in village j. T, the treatment indicator for 
village j, is equal to one if the respondent’s village j is a treated village, and 0 if a comparison 
village. The coefficient on T, 𝛿, represents the effect of being in the treatment group on the 
outcome y. Xi represents the household level covariates specified above for respondent i. 
Finally, Zj represents the village-level observable characteristics for village j, such as the 
temperature or soil composition, for village j; β and γ are estimated coefficients, while α is 
the constant and εi,j is the error term. To account for village-level assignment to treatment 
and control conditions and correlation among smallholders within those villages, the model 
was fit using cluster robust standard errors in Stata. 

𝑦𝑖,𝑗 = 𝛼 + 𝑇𝑗𝛿 + 𝑋𝑖𝛽 + 𝑍𝑗𝛾 + 𝜀𝑖,𝑗 [1] 

The regression allowed us to answer research questions about the effect of AgResults on 
farmers that competitors said they worked with or reached out to. Of the treatment group of 
farmers reached by competitors, 57 percent had used Aflasafe. In the comparison group, 
only 1 percent had used Aflasafe. Therefore, in addition to estimating the project’s effect on 
the farmers reached by competitors, we also estimated AgResults’ effect among the subset 
of farmers who used Aflasafe. For each outcome, this is the “treatment-on-the-treated” 
impact estimate, which is equal to the impact estimate for the whole group divided by 0.56.18 
Section 4.3 presents the impact estimates, standard errors of those estimates, and their 
significance levels—and regression-adjusted treatment and comparison group means. Full 
regression results for the main outcomes are reported in Appendix C.  

For the impact analysis, we assessed the project’s impact on potentially affected farmers for 
the following primary outcomes along three domains: 

• Uptake of Aflasafe by smallholders (question 2) 
• Net maize income of smallholders (question 3) 
• Consumption of Aflasafe-treated maize by smallholders (question 4) 

In addition, we also looked at several exploratory outcomes to understand the pathways 
leading to the estimated impacts on the primary outcomes.19 The exploratory outcomes are 
described in Exhibit 2-3. 

                                                

18  The impact of the Project on adoption is 0.56 (the difference of 0.57 and .01). Therefore, if we 
want to show the effect solely on adopters, we divide the impact estimate by 0.56. This procedure 
assumes that AgResults had no effect on the outcome under study for farmers reached by 
competitors who did not use Aflasafe. 

19  As these outcomes are exploratory, we did not adjust hypothesis tests to account for the risk of 
obtaining at least one Type 1 error, owing to the large number of hypothesis tests. 
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Exhibit 2-3.  Evaluation method and outcome measures for Evaluation Questions 2, 
3, and 4 

Evaluation Question 2: What has been the impact of AgResults on smallholders’ uptake of Aflasafe? 

Evaluation Method: Quasi-experimental design with in-depth qualitative interviews with smallholders 
enriching interpretation of quantitative results 

Primary Outcome: 

• Dummy variable if farmer applied Aflasafe on at least one maize plot 

 

Exploratory Outcomes: 

• Dummy variable if farmer knows what Aflasafe is 

• Dummy variable if farmer knows how to use Aflasafe 

• Dummy variable if farmer knows how Aflasafe works 

• Dummy variable if farmer knows what aflatoxins are 

• Dummy variable if farmer knows the health risks of aflatoxins 

• Dummy variable if the person who prepares food has heard of Aflasafe 

• Dummy variable if the person who prepares food knows how Aflasafe works 

• Dummy variable if the person who prepares food knows what aflatoxins are 

• Dummy variable if the person who prepares food knows the health risks of aflatoxins  

• Percentage of maize area where farmer used Aflasafe according to the prescribed method 

• Total area where Aflasafe was applied 

• Percentage of maize area where Aflasafe was applied correctly 

Evaluation Question 3: What has been the impact of AgResults on smallholders’ incomes? 

Evaluation method: Quasi-experimental design with in-depth qualitative interviews with smallholders 
enriching interpretation of quantitative results 

Primary Outcome: 

• Net maize income of farmer, including imputed value of maize saved for consumption (US$/farmer) 

 

Exploratory Outcomes: 

• Average price of maize sold at farm gate across all maize sales transactions by the farmer during the 2017 
maize harvest season (US$/MT) 

• Average maize yield, measured as total maize harvested from all maize plots cultivated divided by the total 
cultivated area under maize in the 2017 maize season (MT/ha) 

• Total area under maize production (ha) 

• Annual maize sales revenue measured as the total value of sales across all sales transactions by the 
farmer during the 2017 maize harvest season (US$/farmer)  

• Amount of maize sold during the 2017 maize harvest season (MT/farmer) 

• Amount of maize set aside for consumption (MT/farmer) 

• Input costs (US$/farmer) 

• Fertiliser costs (US$/farmer) 

• Whether the farmer received fertilizer on credit (%) 

• Seed costs (US$) 

• Net maize income per hectare (US$/ha) 
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Evaluation Question 4: What has been the impact of AgResults on poor consumers’ demand for 
derivative food products (i.e., aflatoxin-compliant maize)? 

Evaluation method: Quasi-experimental design with in-depth qualitative interviews with smallholders as own 
consumers of maize and non-farm consumers enriching interpretation of quantitative results 

Primary Outcome: 

• Consumption of AT/AC maize per person the previous day (24-hour recall) (kg/person) 

 

Exploratory Outcomes: 

• Amount of maize consumed per person yesterday (kg) 

• Proportion of maize consumed per person yesterday treated with Aflasafe  

 

2.2.3 Assessing the project’s impact on scale, cost-effectiveness, sustainability, and 
overall lessons learnt on prize competition design and implementation 
(questions 5, 6, and 7) 

Scalability and sustainability analysis (question 5). This question relates to the evidence 
about the scalability and the long-term sustainability of the project. Scalability of the project 
is a function of several factors. It depends on the project’s cost-effectiveness, as lower cost 
per unit of impact implies greater ability to scale, which we address in question 6. The 
conditions of success of the project also determine the project’s scalability. If the conditions 
of success of the project are likely to be present in other geographies, then the project is 
scalable. Conversely, if the conditions of success are demanding or numerous, the project’s 
scalability is likely to be low. We assessed these conditions of success, such as the enabling 
environment, that may be unchanging within the project geography but critical to the 
project’s success (e.g., the policy and the regulatory environment for Aflasafe and maize) 
qualitatively through semi-structured interviews of stakeholders that are listed in Section 
2.2.1 above. Finally, scalability is also directly related to factors that determine sustainability. 
If smallholders and competitors economically benefit from adopting Aflasafe and transacting 
in AT/AC maize, then the project is more likely to scale to other geographies and is also 
likely to sustain in the long term as long as the conditions that determine the economic 
returns are present in new geographies and in the long term.  

Sustainability analysis is ideally conducted several years after the project is complete. At that 
time, it is important to re-assess the economic returns to smallholders and competitors in 
engaging in AT/AC maize, and to assess the level of engagement of the competitors, 
smallholders, and broader value chain actors in the AT/AC maize market. This can be done 
by implementing the method used to answer Evaluation Questions 1 and 5 again two years 
after project closure. Given that another project that will promote the distribution of Aflasafe 
is starting, we are not recommending a sustainability analysis. Instead, we attempted to 
anticipate the project’s sustainability by synthesising responses of competitors, smallholders, 
and value chain actors regarding their expected future engagement in the AT/AC maize 
market and the conditions under which they would continue to engage. We focused on 
understanding the economic returns to competitors and smallholders of engaging in this 
market. Data for this appraisal came primarily from data and analyses used to answer 
Evaluation Questions 1-4. Section 4.5 presents the results of the scalability and 
sustainability analysis. We will use end-of-the-project results along with end-of-the-project 
qualitative data to further enrich these findings. 

Scale and cost-effectiveness analysis (question 6). To assess the project’s scale of 
private sector investment we used three metrics. First, we assessed the scale of private 
sector engagement by commenting on the number and diversity of private sector actors, and 
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their investment in developing the market for AT/AC maize.20 We also measured the scale of 
impact by competitors on the market for AT/AC maize. For this metric, we calculated the 
market penetration of AT/AC maize compared to the expectation in the business plan 
(Dalberg, 2012). We measured market penetration as the total volume of AT/AC maize 
aggregated using the project’s monitoring data as a percentage of the total maize produced 
in the country using secondary data from the National Agricultural Extension and Research 
Liaison Services (2017).21 We also assessed the market penetration of AT/AC maize in 
Northern Nigeria, which was the focus of the project’s efforts. Finally, we assessed the 
project’s scale as measured by the number of smallholders who engaged with AgResults 
against the project’s expected scale of reaching smallholders (see Exhibit 2-4 for key 
outcome measures).  

Exhibit 2-4. Evaluation method and outcome measures for Evaluation Question 6 

Evaluation method Outcome measures 

Evaluation Question 6: What is the evidence on the scale of any effect on private sector investment 
and uptake and on the cost-effectiveness of AgResults as an approach? 

Scale 

Monitoring data on AT/AC maize 
aggregated and smallholders 
reached to assess scale of market 
penetration by competitors, and 
the scale at which they reached 
smallholders.  

Market penetration is calculated as (i) total AT/AC maize aggregated as 
a percentage of total maize produced in Nigeria (percent) and (ii) total 
AT/AC maize aggregated in Northern Nigeria as a percentage of total 
maize produced in Northern Nigeria (percent). 

Smallholder scale is the total number of smallholders reached by 
AgResults as a percentage of total expected smallholders reached 
based on the business plan (percent). 

Cost-effectiveness 

Cost-effectiveness analysis using 
the project’s monitoring data and 
impact evaluation to estimate cost-
to-impact ratios for five outcome 
variables 

• Cost per added farmer adopting Aflasafe as a result of the project 
(US$/farmer) 

• Cost per added MT of maize treated with Aflasafe as a result of the 
project (US$/100 MT) 

• Cost per unit of US$100 of annual net income (US$) as a result of the 
project  

• Cost per added kg of Aflasafe-treated maize consumption by 
household the day before (US$/kg) as a result of the project. 

 
To assess the cost-effectiveness of the Aflasafe Project, we compared the costs incurred 
until the end of year 3 to the size of impacts the project achieved, and annualized this cost 
using a 12 percent discount rate. We divided project costs by the impacts of the project to 
develop a ratio of cost per unit of impact. For example, a cost-effectiveness ratio based on 
the number of farmers adopting Aflasafe indicates the amount of money spent by the project 
per adopting farmer. We calculated cost-effectiveness ratios using the following equation: 

                                                

20  We do not report on total value of investment by the private sector because the project did not 
require the competitors to report on this metric, and without an agreement to share their 
accounting we did not expect competitors’ responses on this question to be very reliable. 

21  We did not independently verify the volume of AT/AC maize aggregated; instead, we relied on the 
project’s external verification of Aflasafe presence and the Project’s own monitoring. We also did 
not independently verify the total number of smallholders that AgResults reached. However, as 
we note later, we assumed that the adoption of Aflasafe among the smallholders whom the 
project reached was the same percentage as we found in our impact evaluation sample. 
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𝐶𝑜𝑠𝑡𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠𝑖 =
𝐶𝑜𝑠𝑡

𝐼𝑚𝑝𝑎𝑐𝑡𝑖
 

Where: 

 CostEffectivenessi = The cost-effectiveness ratio for impact i 

 Cost = The total cost of the Aflasafe Project 

 Impacti = The size of impact for outcome i (i.e., farmers adopting, maize 
treated, increased revenue, or increased Aflasafe-treated 
maize consumption) 

In particular, we examined the cost-effectiveness ratio for four primary outcomes, with one 
measuring the impact on the market, and the other three measuring the primary smallholder 
outcomes: 

1. The amount of maize (metric tonnes) treated with Aflasafe 
2. The number of farmers adopting Aflasafe 
3. Net maize income 
4. Amount of Aflasafe-treated maize consumption. 

For two outcome measures—the number of farmers adopting Aflasafe and the amount of 
AT/AC maize (metric tonnes)—we had access to outcome data for the entire project area.22 
We estimated other impacts—increase in net maize income and increase in AT/AC maize 
consumption—on the impact evaluation results for Northern Nigeria only. Because of 
regional differences in agricultural productivity and maize seasons, we did not extrapolate 
results of the impact evaluation to the entire project area, which included Southern Nigeria. 
For this reason, the cost-effectiveness ratios for the latter three outcomes are relevant only 
for Northern Nigeria. Section 4.6 presents the cost-effectiveness ratio for the AgResults 
Nigeria evaluation. A discussion of the limitations, and assumptions about costs and impacts 
of the Aflasafe Project, are presented in Appendix D. Notably, we did not have precise 
estimates of project design and Secretariat management costs. 

Lessons learnt in design and implementation of prize competitions (question 7). We 
answer this question through a synthesis of evaluation findings from Evaluation Questions 
1-6 with reference to the project theory of change and project design. We organize our 
assessment following the framework we developed on assessing the suitability of prize 
competitions from the emerging lessons learnt (Mainville and Narayan, 2017). 

                                                

22  We adjusted the outcome data for the entire project area to account for a 1-percent baseline 
Aflasafe adoption rate, based on data from the impact evaluation. This adjustment assumes that 
the baseline adoption rate determined by the impact evaluation is applicable to the entire project 
area. 
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  Data   
 

This section presents the qualitative and quantitative data used to conduct the evaluation. 
We gathered qualitative data from competitors, value chain players, and subject-matter 
experts. We also gathered quantitative data from smallholders in the zone of influence of six 
competitors in Northern Nigeria that joined the program early because of the project’s 
intended focus on the North. While we note this as a limitation, it is not a significant one 
insofar as the six competitors of the program worked with 72 percent of the smallholders in 
the program until project year 3. Section 3.1 describes in more detail the data used for the 
qualitative analyses, and Section 3.2 focuses on the data for the quantitative impact 
analyses. 

3.1 Qualitative data 

3.1.1 Coverage of the qualitative sample 

The qualitative research compares baseline data (with project year 1 as the reference 
period) and endline data (with project year 3 as the reference period), drawing on data 
collected in mid- 2014 and late 2017/early 2018.  

We collected qualitative data in both Northern and Southern states of Nigeria, seeking 
representation of value chain actors commensurate with their roles in the maize value chain 
prior to the project and their potential roles in a future market for AT/AC maize. We collected 
data from diverse entities including agro-input dealers, farmers, intermediaries, processors, 
poultry and fish farmers, retailers, and non-farm consumers. We also interviewed non-
market actors including members of the in-country AgResults Advisory Council, government 
and non-governmental organisation representatives (e.g., from the Ministry of Agriculture 
and the National Agency for Food and Drug Administration and Control (NAFDAC)), 
representatives of industry associations, and other experts with relevant knowledge about 
the implementation context and aflatoxin issues. We collected data using semi-structured 
questionnaires that were tailored to the respondents’ particular role in the maize market. 
Exhibit 3-1 summarizes the number of interviews conducted within each respondent 
category, and how the study team selected the respondents. At each level of the value 
chain, respondents were selected to ensure representation across a diversity of firm types 
and background characteristics including gender, scale, market orientation, and location.  

Exhibit 3-1.  Qualitative sample by respondent type 

Respondent type 

Number of respondents1 

Coverage of sample Baseline Endline 

Project 
competitors 

12 15 

All prospective project competitors participating in the June 
2014 AgResults launch workshop at baseline, and all 
accessible project competitors during 2017/2018 endline 
data collection. 

Agro-input dealers 25 13 
Diversity of representation sought across location, size, 
gender, and product lines. 

Maize farmers 89 50 
Representation across project competition zones, gender 
of respondent and household head, size, and market 
orientation of farm. 

Intermediaries 23 14 
Diversity of representation sought across location, size, 
gender, and product lines. Sample excludes prospective 
competitors, which were interviewed separately. 

Maize users (e.g., 
feed and flour 

processors, poultry 
and fish farmers, 

bakers) 

23 31 
Diversity of representation sought across location, size, 
gender, and product lines  
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Respondent type 

Number of respondents1 

Coverage of sample Baseline Endline 

Retailers 41 14 
Diversity of representation sought across location, size, 
gender, and retail outlet types (e.g., supermarkets, market 
vendors). 

Consumers 106 76 
Consumers who primarily purchase (rather than grow) 
maize for consumption. Diversity of representation across 
location, gender, and retail outlet types. 

Sector 

Experts 
29 10 

Including Advisory Council members, government actors, 
non-governmental actors, and industry association 
representatives familiar with implementation context and 
aflatoxin issues. 

Note: 1 The number of value chain actors interviewed between baseline and endline declined across most 
categories. The reason for the decline is that the endline data collection focused more closely on obtaining data 
from market actors that were expected to be part of the AT/AC maize value chain, whereas at baseline the 
identity of these actors, with the exception of potential competitors, was not yet known. Obtaining access to these 
actors (particularly competitors) was more exhaustive of resources (particularly time) at endline. 

3.2 Quantitative data 

3.2.1 Coverage of the quantitative sample 

The evaluation draws from structured interviews of smallholders in March-May 2017 after 
smallholders completed their maize harvest and after maize sales from the 2016/2017 maize 
season, and just before planting began for year 4 of project implementation. The goal of the 
data collection was to measure post-intervention circumstances of smallholders in the 
Northern states where the smallholder impact analysis focused. Our survey instrument 
began with the Nigeria Living Standards Measurement Study – Integrated Surveys on 
Agriculture, which we subsequently adapted based on our data needs and pre-testing with 
farmers. Of note, the impact evaluation is based on endline data only, with baseline values 
of observable characteristics based on recall data. The initial evaluation design was an RCT, 
which failed because the competitors shifted their treatment strategy such that they had a 
low treatment rate in the villages assigned to the treatment group, and a similar treatment 
rate in the villages assigned to the comparison group. This implied that we needed to add 
treatment households to the sample and collect baseline information for them on household 
and farming characteristics that can influence smallholder outcomes. We asked respondents 
current values and calculated the baseline values where applicable (e.g., age). We mitigated 
the concerns with recall data by focusing on data that do not change (e.g., gender, education 
of household head), that can be calculated (e.g., age), or are sticky so have good recall 
(e.g., type of wall, number of toilets); or by gathering baseline values using secondary data 
on rainfall, temperature, and distance to market. To assess the stickiness of the variables we 
gathered as recall, we conducted an analysis on the sub-sample of households for which we 
had the baseline data (March-May 2015) and endline data (see Appendix B).23  

This section describes the sample for the endline survey data collection, the data collection 
process itself, and the creation of and cleaning of relevant analysis variables. 

Sampling 

For the treatment group the endline survey used a sampling frame of all smallholders in the 
zone of influence of the six focal competitors (Babban Gona, Tukun yan Gwari, Ahalson, 

                                                

23  The baseline data were from villages and farmers who had not joined the program by the end of 
project year 2, and not from year 1 (our baseline data from year 1 were not usable because of 
data quality issues). For our final evaluation, we had to add new treatment households to the 
sample as a result of low treatment rate in the baseline’s treatment sample, and for these 
households we did not have baseline data.  
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Fantsuam Foundation, Albarka, and CADP Kaduna) that participated in the project during 
2015-2016 (project years 2 and 3).24 From this sampling frame we used two-stage sampling, 
by village and then smallholder, to select treatment cases for interviewing based on several 
criteria. In selecting villages, we first included all villages that were also part of the baseline 
survey sample. Second, we purposively sampled villages such that the proportion of 
sampled treatment villages engaged by each competitor reflected the true proportion of 
villages engaged by each competitor. Third, we selected villages treated by specific 
competitors in a manner that would achieve geographical diversity across the different states 
and local government authorities reached by the competitors. At the farmer level, we 
randomly selected treatment farmers from a list of farmers who were named by AgResults 
competitors as having been reached by their AgResults efforts. In total, we completed 
interviews with 944 treatment farmers in 112 villages.  

The comparison group comprises (i) villages and farmers therein that competitors identified 
before the start of project year 2 as ones they intended to work with but were not ultimately 
engaged by the competitors; and (ii) farmers from Katsina state, where the program was not 
implemented.25 In total, we completed surveys for 107 villages with 879 comparison farmers.  

Exhibit 3-2 presents details of our completed sample for the treatment and comparison 
groups. Overall, the treatment sample reflects smallholders in the zone of influence of 6 out 
of the 24 competitors that had participated in the project by the end of year 3, and had 
worked with 72 percent of all participating smallholders in the project, and 90 percent of all 
participating smallholders in the North. However, the evaluation was not designed to study 
the differential impacts across the competitors, because of the larger sample size and 
resources required to conduct such an analysis. 

Exhibit 3-2.  Evaluation sample 

 Treatment Group 
Treatment Rate in 
Treatment Group Comparison Group Total 

Farmers 944 
57% 

879 1823 

Villages 112 107 219 

 
Data  

The contracted Nigerian survey firm, MRC, initiated survey data collection in mid-March 
2017 and completed it by the end of May 2017, after harvest and sales of project year 3 and 
before planting began for project year 4. The evaluation team created an analysis sample at 
the household level by aggregating all plot-level and sales-level data to the household-level 
data.26 For example, the plot-level data provided information on the quantity of fertiliser used 

                                                

24  We excluded project year 0 because it was a start-up year. We excluded year 1 because few 
farmers were reached (3271 smallholders), and original plans allowed for starting a randomised 
control trial (RCT) in year 2 when excluding year 1 farmers would be critical to establishing 
equivalence of randomised treatment and comparison groups. (The original RCT design is 
described in Appendix E.) We excluded project year 4 because of a prior agreement to “make 
available” the comparison group villages by year 4, so that the evaluation would not limit the scale 
of the project. We excluded year 5 because that additional year was not originally planned. 

25  The comparison sample from the Kano and Kaduna states comprises farmers from villages 
originally assigned to the RCT control group, and farmers from villages originally assigned to the 
RCT treatment group. The comparison sample from Katsina includes some farmers for whom we 
have baseline data, because the original plan was to sample some households in Katsina in case 
there was a future need for a quasi-experimental design.  

26  In order to ensure the most accurate data, we asked farmers questions at different levels. We 
asked family background characteristics at the household level. Respondents were queried about 
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on each plot. To analyse this at the household level, we summed fertiliser used across the 
plots to get a measure of the total fertiliser used by the household this planting season. 
Similarly, to generate price, from the sales data we divided the value of sales in naira 
received for each sale transaction by the amount of maize sold. To arrive at the average 
price of maize received by the household, we calculated the weighted mean price received 
across all sales for the household, with quantity sold as weights.27 

Costs were also calculated at the plot level. Free or subsidised input costs were coded as 
zero cost to the farmer. We did not value household labour and include it as a cost, but we 
account for this by including a measure of the number of household members as a control in 
the regressions. 

Prior to data analysis, we identified and top-coded data outliers as follows. We followed a 
top-coding process that began with looking at the ranges for all variables with continuous 
values. If the top or the bottom of the range seemed unrealistic, we next looked at the 
percentile distribution of the variable. For each individual variable, we decided the top-coding 
value based on the distribution (namely, at what percentile did values become infeasible). 
Then we set all values larger than that value to that value. For all variables created using 
other variables, such as yield, found to have outlier values, we top-coded the individual 
source variables then recalculated the derived variable. This top coding for the three 
outcomes (yield, net maize income, and price) affected 10 percent of observations.  

We note a few limitations in data collection that could result in measurement error in the 
variables analysed to produce the findings in this report. Ideally, farming data are best 
gathered in two cycles to minimize errors in farmer recall—once after planting is complete to 
gather information on inputs used and costs incurred at planting stage, and once after 
harvest is complete to gather information on inputs used and costs to bring the crop in from 
the field plus monetary amount and quantity of post-harvest sales. However, we gathered 
information on both the planting and harvest variables following the harvest—indeed, just 
prior to the next planting season in order to ensure that the majority of maize sales 
transactions were captured. Therefore, our data could have measurement error in quantity 
and value of inputs used since we asked these questions after harvest. We had to gather 
this information after harvest because the project’s monitoring data on farmers engaged (to 
identify the treatment sample) were available only at the end of the maize harvest season. 
Even if we had this information ahead of time, resource constraints would not have allowed 
us to conduct surveys after planting and after harvest separately. Furthermore, our field 
testing of the survey questionnaire indicated that farmers had confidence in their recall, 
although we could not quantitatively assess the recall by comparing their recall after planting 
and then after harvest. Finally, we do not have any a priori reason to expect that the recall 
error would be different between the comparison and treatment group, which means that 
even if there were measurement error, it should not bias our impact findings. 

A second limitation is that we had hoped to measure farm area under maize using GPS 
technology also to have two measures of farm area, which is the gold standard. However, 
GPS measurements require added enumerator time and can be difficult to complete where 

                                                

crop production by plot since farming practices tend to vary by plot. Finally, information on maize 
sales was collected for each sales transaction. 

27  This method of calculating price was used based on preliminary testing of our instruments. Our 
pre-tests indicated that farmers were more comfortable reporting total values of sales rather than 
the prices they received. 
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security is a concern.28 So farmer self-reports were used instead.29 The recent literature 
notes that farmer recall about farm size can have measurement error that is correlated with 
actual farm size—smaller farm sizes are over-reported, and larger farm sizes are under-
reported (Carletto et al., 2016). However, Carletto et al. also note that the measurement 
error is reduced if farmers are asked to report farm size in units that they are more 
comfortable reporting in, which is what we did in our survey. Further, we did not have any 
a priori reason to expect that the distribution of farm size would be different between the 
comparison and treatment group, which means that even if there were measurement error, it 
should not bias our impact findings. Finally, as we note later in the report, the average maize 
yield that we estimated using our data (as measured by the total maize harvest divided by 
farm area under maize) for the treatment group was the same as the average maize yield 
reported by the Project Managers for AgResults farmers who used GPS measurement.30  

3.2.2 Equivalence of treatment and comparison groups  

As part of our quasi-experimental impact analysis design, as noted above, we assigned 
inverse propensity score weights to the comparison group—creating larger weights for 
observations that “looked more like” the treatment sample. (See Appendix A for a description 
of the propensity score calculation procedure and creation of the propensity weights). Prior 
to weighting the treatment and comparison means of outcomes were different for 19 
variables. As Exhibit 3-3 shows, after weighting, the comparison and treatment sample is 
balanced on key factors that we believe most affect key outcomes. The comparison group is 
fairly similar to the treatment group on most observable demographic characteristics, 
environmental characteristics, and relatively time-invariant wealth and farm characteristics 
that can affect key outcomes (see Exhibit 3-3). Out of 27 hypothesis tests for non-
equivalence, only three involve treatment-comparison differences in background 
characteristics with effect sizes greater than 0.25, and only one is statistically significantly 
different from zero (p<0.10 level) (What Works Clearinghouse, 2017). Regardless of 
significant differences, we included the baseline values for these variables as covariates in 
all impact regressions. As concerns the three variables with larger effect sizes in turn: 

• More farmers in the comparison group identified themselves as Islamic than did 
farmers in the treatment group. This is likely because Katsina is a predominantly 
Muslim state, while Kano and Kaduna have populations of more mixed religions. 
However, we did not expect large differences in farming practices based on religion 
(other than the role of women on farms), and we believed including this variable in 
impact regressions would neutralize any small effects this factor may have on key 
outcomes and impact estimates. 

• Farmers in the treatment group were more likely to have known an AgResults 
competitor in 2013-2014, before their engagement in the project, than were farmers 
in the comparison group. The farmers in Katsina were less likely to have heard of an 
competitor because the competitors had agreed not to work in the state yet. We 
believe including this variable in the impact regressions countered any bias this initial 
difference created. 

                                                

28  The security concerns were significantly heightened at the time of the endline survey and made it 
difficult to implement the GPS measurement. 

29  The short window of time between maize harvest and the start of the next season also remained 
a significant constraint. We needed farm size measurements to coincide with the interviews to 
allow us to match farm size with the other plot-level data; otherwise, the GPS measurement would 
have had even more significant errors.  

30  The 2016/17 annual report prepared by the Project Manager implies that average maize yield is 
2.8 MT/ha (= 6549.6 MT/2321 ha), and we also estimated average maize yield of 2.8 MT/ha for 
treatment group (see AgResults, 2018, Table 7). 
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• The comparison group lives in areas with greater temperature variation within the 
year. It is not clear how this fact might alter maize productivity and other outcomes, 
especially given that the comparison group has lower maximum temperatures in the 
dry season. As with the above, including this variable in the impact regressions 
countered any bias this initial difference created. 

Exhibit 3-3. Tests for baseline equivalence of treatment and comparison group 
farmers following inverse propensity weighting 

Baseline equivalence on variables that can 
affect key outcomes 

Treatment 
mean 

Comparison 
mean 

Treatment-
comparison 
difference 

Category Variable P-value 
Effect 
size 

Household 
demographics 

Age of household head (years) 44 45 0.31 -0.09 

Household’s main economic activity is 
agriculture/maize farming (= 1 if yes) 

0.9 0.9 0.19 -0.11 

Household head has completed 
secondary school or more ( =1 if yes) 

0.3 0.4 0.24 -0.12 

Household identifies as Islamic (=1 if 
household is Islamic) 

0.8 0.9 0.26 -0.29 

Number of household members older 
than 5  

6.9 7.4 0.22 -0.11 

In the 2013-2014 maize season, saved 
money in an informal group ( = 1 if yes) 

0.06 0.04 0.21 0.09 

Member of Farmer Cooperative (=1 if 
yes) 

0.35 0.43 0.14 -0.17 

Household 
farming 
characteristics 

Area of household land owned (ha) 5.3 5.5 0.73 -0.03 

Area of household land owned squared 66 74 0.72 -0.02 

Amount of dry maize harvest in 
average year (kg) 

6014 6919 0.30 -0.12 

Total large machinery owned by farmer 
(tractor, mechanical drier, planter, 
harvester (number of units)) 

0.13 0.18 0.57 -0.06 

Farmer knew AgResults competitor in 
2013-2014 (=1 if yes) 

0.5 0.3 0.001*** 0.41 

At least one plot irrigated ( = 1 if 
household has at least one irrigated 
plot) 

0.2 0.2 0.70 -0.04 

Ownership of 
assets 

Improved wall ( =1 if wall is made of 
burnt bricks or cement blocks) 

0.2 0.3 0.38 -0.11 

Improved toilet facility ( =1 if toilet 
facility is flush or pit latrine) 

0.9 0.9 0.42 -0.15 

Improved lighting ( = 1 if lighting source 
is a generator) 

0.4 0.4 0.62 -0.08 

Owned a ridger ( = 1 if household owns 
a ridger) 

0.2 0.2 0.40 0.09 

Owned a wheelbarrow ( = 1 if 
household owns a wheelbarrow) 

0.2 0.2 0.79 0.02 

Owned a drying frame/rack ( = 1 if 
household owns a wheelbarrow) 

0.1 0.1 0.61 -0.04 

Owns cow, ox, donkey, or camel (=1 if 
owns any one of these) 

0.4 0.3 0.53 0.05 
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Baseline equivalence on variables that can 
affect key outcomes 

Treatment 
mean 

Comparison 
mean 

Treatment-
comparison 
difference 

Category Variable P-value 
Effect 
size 

Owns sheep, goat, pig (=1 if owns any 
one of these) 

0.6 0.6 0.37 -0.08 

Owned chicken(s) ( =1 if owns 
chickens) 

0.5 0.5 0.32 -0.08 

Geographic 
characteristics 

Soil organic carbon content at 60 cm 
(per mille) 

3.1 3.2 0.51 -0.10 

Temperature Seasonality (standard 
deviation) 

21 22 0.19 -0.31 

Mean Temperature of Driest Quarter 
(degrees Celsius) 

23 23 0.53 0.12 

Annual Precipitation (mm) 1036 1047 0.73 -0.08 

Travel time to 100K market (hrs) 2.7 2.7 0.90 -0.03 
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  Evaluation results by question  
 

This chapter presents the evaluation findings by questions.  

4.1 Evaluation Question 1: Private sector involvement in the uptake of 
Aflasafe  

In this section, we outline the results of our inquiry into the project’s impact on private sector 
involvement in the development and uptake of Aflasafe (see the Addendum for supplemental 
findings at the end of the project in year 5). We focus our inquiry on the project’s impact on 
private sector investment in all aspects of the market for AT/AC maize, the demand from 
which was hypothesised in the project’s theory of change to drive farmers’ uptake of AT/AC 
maize. We were specifically interested in the project’s impact on the emergence of a market 
for AT/AC maize through its efforts to catalyse private sector investment. Hence, we focus 
our analysis of firms’ strategies on AgResults competitors and any derivative effects that 
their activities may have on other maize value chain players including farmers. Following the 
logic of the SCP framework, we begin with the situation (the underlying market conditions), 
then firms’ strategies in the market given these conditions, the aggregate market structure, 
and market performance. For each component, we begin by summarising our baseline 
results, followed by our hypotheses about the project’s impact, then describe our endline 
results, and conclude by discussing how well endline outcomes accord with the hypo-
thesised impacts given the observed changes. These results are summarised in Exhibit 4-1. 
The results draw on interviews with maize market actors (competitors, agro-input dealers, 
farmers, intermediaries, processors, poultry and fish feeders, and retailers), and other key 
stakeholders as described in Section 3.1.1.  
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Exhibit 4-1. Impact of AgResults on developing a market for AT/AC maize: application of SCP 

 Baseline observations Hypotheses Endline observations 

Situation Limited demand for and supply of 
AT/AC maize, along with limited 
enforcement of regulatory limitations on 
aflatoxins in maize, made investment in 
market for AT/AC maize costly and 
risky. 

AgResults cash prize would offset risk of 
investing in AT maize market. 

AgResults push and NAFDAC would increase 
awareness of and demand for AT/AC maize, 
reduce transaction costs through testing, and 
facilitate supply through preferential provision 
of Aflasafe. 

There were significant increases in demand for and supply 
of AT/AC maize among value chain players reached by 
AgResults. 

Enabling environment conditions were little changed from 
baseline, and increased imports of maize increased cost 
pressures on AT/AC maize suppliers. 

Strategy • Maize buyers who were aware of 
aflatoxins as an issue largely used 
ineffective means to address them. 

• Few firms tested for aflatoxins or 
rejected shipments that failed. 

• Some firms reported limiting activity 
in maize markets due to aflatoxins. 

• Maize farmers, if aware of aflatoxins 
and Aflasafe, produced for home 
consumption. 

• Changed market conditions would induce 
competitors to invest at scale in 
development of supply, demand, and value-
addition for AT/AC maize. 

• Maize buyers (especially in poultry industry) 
would pay premium for AT/AC maize. 

• Maize farmers would produce for home 
consumption and sale. 

AgResults competitors invested at scale, subject to 
constraints, in supply, demand, and value addition: 

• Competitors invested in staff, facilities, equipment, and 
production to gain foothold in AT/AC maize market and 
earn AgResults prize. 

• Most competitors contracted AT/AC maize production to 
smallholder farmers organised in groups; generally with 
in-kind provision of agricultural inputs (including 
Aflasafe), training, and advisory services. 

• Maize farmers: Produced primarily for market, retaining 
some for home consumption. 

Structure IITA-facilitated activity involved: 

• One private sector and two 
government-project (CADP) 
facilitators distributed 9.6 MT of 
Aflasafe to 346 farmers, who applied 
it to approximately 854.8 ha. 

• 1,700 MT of maize was aggregated, 
of which 53% was sold to Nestle, 
35% to a large-scale poultry farm, 
and 12% to a large-scale feed 
processor. 

• Price premiums ranged from 10 to 
40%.1 

Scaled investment by multiple private sector 
actors would lead to emergence of AT/AC 
maize market. 

 

AgResults led to development of a smallholder-inclusive 
supply base for AT/AC maize2: 

• 24 competitors/aggregators purchased maize from more 
than 13,000 smallholder farmers, who applied it to 
20,128 ha. 

• 34,871 MT of maize (47% of production) was 
aggregated, with 21% retained by farmers for home 
consumption and 32% sold by farmers on open markets, 
at the farm gate, or used for other purposes.  

• Price premiums averaged 7.8%. 
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 Baseline observations Hypotheses Endline observations 

Performance There was a missing market for AT/AC 
maize with existing and latent demand 
unmet. 

A sustainable, smallholder-inclusive niche 
market for AT/AC maize would emerge; 
creation of surplus production would set the 
stage for regulatory enforcement and 
awareness creation. 

• Niche market for AT/AC maize had emerged. 

• Sustainable supply base for premium-paying buyers had 
emerged. 

• Supply base was inclusive of smallholder farmers. 

• There were far fewer women participating in AT/AC 
maize market than in maize farming in general. 

1 Atehnkeng and Bandyopadhyay (2018). 
2 AgResults (2018). 
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4.1.1 Situation, or basic conditions, of the AT/AC maize market 

Our baseline inquiry into the basic conditions underlying the market for AT/AC maize found 
that a proliferation of supply and demand-side constraints, as well as a weak enabling 
environment, prevailed. Specifically, at baseline there was limited awareness of aflatoxins as 
a problem, of Aflasafe as a potential solution along the value chain, or of the availability or 
potential availability of AT/AC maize on the market. Many value chain players that were 
aware of aflatoxins as an issue had significant misconceptions about the nature of the issue. 
For example, many reported that aflatoxins could be detected through visible inspection of 
maize, or that aflatoxin contamination could be offset by drying the maize or treating it with 
chemicals such as insecticides. Despite this prevailing lack of awareness, some major 
market players, particularly industrial food manufacturers such as Nestle, were aware of 
aflatoxins as an issue and were willing to pay a premium for maize meeting their standards 
regarding aflatoxins and other quality attributes. Potential actors in the AT/AC maize market 
also understood the poultry industry to be heavily affected by aflatoxins, and anticipated that 
it would be an important source of market demand for AT/AC maize, for which it was 
expected to be willing to pay a premium.  

On the supply side of the market, farmers had little financial incentive to adopt Aflasafe 
because low maize yields implied a relatively large cost per unit of output for Aflasafe 
application, and there were very few farmers with linkages to buyers willing to pay a 
premium for AT/AC maize. Despite the limited financial incentive for smallholders to adopt 
Aflasafe, those who were aware of aflatoxins as an issue and the potential for Aflasafe to 
mitigate it were interested in producing AT/AC maize for their household consumption, to 
protect their families’ health.  

Finally, the enabling environment for the AT/AC maize market was weak, with little 
enforcement of the regulatory limits on aflatoxin levels, and limited capacity in the markets to 
differentiate maize infected with aflatoxins or treated with Aflasafe. Finally, we found that 
insecurity in the North (where the bulk of maize is grown) introduced an element of risk that 
affected some intermediaries’ ability to work effectively with farmers in those areas.  

Consistent with the project’s theory of change, the Abt team hypothesised that the AgResults 
initiative would help to offset the unattractive supply and demand conditions underlying the 
AT/AC maize market. In particular, we expected that the cash award per unit of AT/AC 
maize aggregated would offset competitors’ risk of investing in the market by increasing their 
expected returns for their investment in supply. This in turn would offset their financial risk as 
they developed markets for the product. ‘Push’ aspects of the AgResults initiative that the 
IITA-based Project Manager provided—in particular preferential access to Aflasafe by 
project competitors, the provision of training and technical assistance, and market linkage 
facilitation events in which AT/AC maize suppliers were introduced to potential buyers and 
service providers—were also intended to help reduce competitors’ risk of investing in the 
market for AT/AC maize. The project was neither intended nor expected to significantly 
affect the enabling environment.  

At endline, we found that, although most maize value chain actors remained unaware of 
aflatoxins as an issue, Aflasafe as a potential means of reducing aflatoxins in maize, and the 
availability of AT/AC maize on the market, there was an increase in awareness among 
maize value chain actors that had been touched by IITA or AgResults programming, either 
directly, or indirectly through interactions with AgResults competitors. This increased the 
demand for AT/AC maize and the size of the AT/AC maize market. Some buyers (including 
exporters; domestic food manufacturers; feed millers; and some poultry, livestock, and fish 
farmers) had strong preferences for AT/AC maize, although often in conjunction with other 
quality standards. Evidence of their strong preferences included willingness to pay a 
premium on the price for AT/AC maize (competitors reported sales premiums averaging 7.8 
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percent to the Project Manager (AgResults, 2018); these results were compatible with those 
reported by competitors during semi-structured interviews with the evaluator).  

At the same time, however, the anticipated demand for AT/AC maize among poultry 
producers was not borne out as hypothesised at baseline. Several issues contributed to this. 
First, some influential players in the poultry market—including representatives of the 
Nigerian Poultry Association—expressed reservations about the efficacy of AT/AC maize for 
addressing the aflatoxin threat,31 and the Poultry Association in general did not actively 
promote AT/AC maize to its constituency. One possible explanation is that very often the 
feed and poultry firms are vertically integrated with a conflict of interest in promoting AT/AC 
maize. This is because the feed industry by default uses clay binders, and industry members 
may consider AT/AC maize as potentially undermining the market for their feed product. 
Second, some poultry producers that sought to buy AT/AC maize said they were not willing 
to pay a premium for the product. This was reportedly the result of the tight margins that 
poultry farmers face and the argument that clay binders were still a more economical means 
of addressing aflatoxins in poultry feed. Finally, some poultry industry representatives 
reported that poultry producers were unwilling to pay a premium for AT/AC maize because of 
the lack of regulatory enforcement of aflatoxin limits. The lack of regulatory enforcement 
meant that they were not inclined to trust the quality of the product, particularly claims about 
its aflatoxin content. Thus, they asserted that poultry farmers would continue to use clay 
toxin binders as a ‘backup’ even if they used AT/AC maize. In summary, even as demand for 
AT/AC maize grew over the course of the AgResults initiative, the demand base did not 
expand as aggressively as was projected at baseline. Maize buyers’ willingness to pay a 
premium for AT/AC maize was, likewise, not as pronounced as was anticipated by many 
competitors at baseline. 

Supply conditions also changed over the course of the AgResults initiative. Maize value 
chain actors in general remained unaware of the potential or extant availability of Aflasafe 
and AT/AC maize. However, market actors that were linked to IITA’s aflatoxin initiatives or 
AgResults did participate in the development of a supply base for both Aflasafe and AT/AC 
maize, and gained experience in organising this supply. Indeed, over the course of the 
project, there was a shift toward farmers perceiving AT/AC maize to be a product that they 
grew for market under direction of their contract buyers—the AgResults competitors—rather 
than for their home consumption.  

The enabling environment for the AT/AC maize market saw relatively little change over the 
course of the project. Enforcement of aflatoxin limits was still limited, inexpensive and 
accessible means of aflatoxin testing were lacking, and insecurity continued to affect 
production areas in the North. Limited access to finance was an issue for value chain actors 
throughout the project. In addition, in late 2017, re-interpretation of Nigerian policy on maize 
imports led to competition from internationally sourced maize, which intensified price 
pressures on Nigerian producers. This was a particular issue for the AT/AC maize market, 
as internationally traded maize is expected to meet international aflatoxin limits and so 
offered a viable substitute for buyers of AT/AC maize.  

4.1.2 Strategies of AT/AC maize market value chain actors 

In this section, we discuss the strategies that maize value chain actors employed given the 
incentives and constraints represented in basic market conditions as influenced by the 
project. We focus our analysis on AgResults competitors, whose activities are most directly 
intended to be influenced by AgResults according to the initiative’s theory of change.  

                                                

31  Efficacy of AT/AC maize in reducing mortality and increasing productivity in poultry has been 
documented (IITA, 2013) with these results well-publicised in numerous outreach events. 
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Our baseline assessment revealed little activity in the AT/AC maize market, arguably as a 
result of the basic market conditions that existed at the time. To the extent that value chain 
players were aware of aflatoxins as an issue, they engaged in largely ineffective measures 
to mitigate them. These strategies included buying maize from trusted suppliers (or 
producing it themselves), separating maize that they perceived on the basis of visual 
inspection to be infected from clean grain, and keeping the maize dry in order to reduce the 
proliferation of aflatoxins. Several interviewees—particularly exporters—reported limiting 
their investment in the maize market because they lacked the means to address the aflatoxin 
issue adequately. Nonetheless, several large-scale players—mostly industrial food 
manufacturers—actively sought to procure maize that met their aflatoxin limits and other 
quality standards, and at baseline these players were willing to pay a premium to ensure 
availability of the scarce product.  

We hypothesised that the AgResults initiative would, by altering the underlying market 
conditions, induce firms, particularly AgResults competitors, to invest in the market for 
AT/AC maize. We hypothesised that competitors might not explicitly share the AgResults 
cash incentive with smallholders, instead relying on other beneficial aspects of the 
contractual relationship to pique farmers’ interest and motivate their performance. Such 
benefits could include providing assured markets for maize, price premiums, in-kind 
financing of Aflasafe and other inputs, training, and technical assistance. We also 
hypothesised that firms might invest in developing other sources of AT/AC maize that would 
not be eligible for the AgResults cash award; for example, developing their own production 
on a large scale, or contracting medium or large-scale commercial producers.  

Finally, we also hypothesised that competitors may not have a business interest in educating 
smallholder farmers about the health implications of aflatoxins, as this could increase 
farmers’ demand for AT/AC maize for their household consumption, reducing availability of 
AT/AC maize for purchase. We hypothesised that this might reduce competitors’ efforts to 
educate farmers about the health impacts of aflatoxins. On the other hand, competitors 
might consider sharing the health implications of aflatoxins as a means to motivate Aflasafe 
adoption. Likewise the competitors’ altruistic or social motivations such as community ties 
and corporate social responsibility could also offset the lack of business incentive to educate 
farmers about aflatoxins.  

Our endline research largely supported our hypotheses, as discussed below.  

Procurement: Most competitors used contract-like arrangements to procure AT/AC maize 
from smallholder farmers.32 Typically, these arrangements involved output-buyback 
guarantees; in-kind financing for inputs including Aflasafe (making competitors an important 
source of Aflasafe for the farmers); training on good production practices, aflatoxins, and 
Aflasafe application; technical assistance; and monitoring of production. Several competitors 
obtained large-scale land concessions from local government bodies, which they then 
parcelled out to small-scale farmers for production. These land concessions offered the 
added benefits of centralising or consolidating production, which facilitated organisation of 
farmers and provision of additional services such as mechanisation. They also offered 
competitors the option of producing their own AT/AC maize, and several competitors 
reported investing in their own production of AT/AC maize, or in a few instances, contracting 
production to medium- or large-scale farmers, to complement the maize that they sourced 
from small-scale farmers.  

                                                

32  We refer to the use of ‘contract-like’ procurement arrangements because arrangements varied in 
terms of their formality and the degree to which the farmer was committed to sell the AT/AC 
maize to or through the competitor. 
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While production was usually intended for sale, farmers were expected to retain at least a 
portion of the maize for their household consumption. In most cases, competitors did not 
explicitly share any portion of the AgResults cash incentive with smallholder farmers; 
instead, they motivated farmers to participate through provision of yield-increasing inputs, 
advice and services,33 and the promise of a market for their product that would be willing to 
pay premium for AT/AC maize or a premium on quality.  

Value addition: With respect to value addition, we hypothesised that firms would invest in 
facilities to aggregate AT/AC maize, and segregate it from non-AT/AC maize, and that they 
might transition to working exclusively with AT/AC maize in order to simplify their logistics 
and take advantage of the market opportunity.  

Across the board, the main value-adding activities that AgResults competitors undertook in 
the AT/AC maize value chain were facilitation of production, aggregation, and large-volume 
merchandising. They made significant investments to support these activities, including in 
staff, facilities, and equipment. For example, most competitors reported hiring field and 
logistics staff to help organize and advise farmers, and to facilitate the distribution and 
monitor and supervise the use of inputs including Aflasafe. Facilities and equipment 
investments included trucks, warehousing, systems for segregation of AT/AC maize, and 
farming machinery. With respect to quality assurance, particularly given the need to be able 
to ensure the AT/AC traits of the maize, competitors reported that they were heavily 
dependent on IITA for verification of the maize’s AT/AC status—indeed for some, 
participation in AgResults served as an effective seal of quality for the maize. Related to the 
issue of quality assurance, competitors reported concern that the lack of accessible and 
affordable tests for Aflasafe content or aflatoxins would curtail their business after the 
conclusion of AgResults. Nearly all competitors reported that they intended to continue to 
work with AT/AC maize. In support of this they were able to describe specific plans they had 
to increase the land under cultivation (including their own production and/or contracting to 
investors or small-, medium-, or large-scale commercial farmers), bring in technical or 
financial partners, increase the number of farmers they worked with, and augment the array 
of services they were offering to farmers.  

Merchandising: We hypothesised that firms would seek out premium market buyers 
focusing first on supplying (either directly or through intermediaries) large-scale industrial 
food processors that had already evidenced demand and a willingness to pay a premium for 
maize meeting their quality requirements including aflatoxin limits, as well as large poultry 
producers. Then, as top-tier buyers’ needs were satisfied, we hypothesised that firms would 
proceed to develop secondary markets; for example, medium-scale poultry producers, local 
food processors, and the consumer market.  

Our endline results showed that in many cases, competitors’ intended merchandising 
strategies did not turn out as hoped. Competitors described four categories of buyers for 
their AT/AC maize—‘top tier’ buyers who were willing to pay a premium for maize meeting 
their quality requirements including low aflatoxin levels, buyers that preferred AT/AC maize 

                                                

33  When asked about farmers’ yields during the course of interviews, several competitors reported 
significant increases to farmers’ yields that they attributed to the provision of productivity-
enhancing inputs and training on good agronomic practices. The increases in yields reported by 
competitors are not corroborated by smallholder farmer data, which showed relatively small, and 
statistically insignificant, yield increases of only 4 percent (as reported in Section 4.2 on 
Evaluation Question 2). This difference is explained by the fact that competitors typically reported 
yields on the basis of their perceptions, which were largely anecdotal. The maize yield from 
smallholder farmer data, on the other hand, was calculated from a structured survey of farmers 
concerning all of the farmers’ plots, not only the ones treated with Aflasafe. Our smallholder 
farmer data results are consistent with the Project monitoring data.  
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but were unwilling to pay a significant premium for it, buyers that preferred AT/AC maize for 
attributes other than its aflatoxin compliance, and commodity market buyers that did not 
differentiate it on the basis of any attributes including its Aflasafe treatment. Below we 
provide additional insight into each category of buyers. 

While several competitors reported selling maize directly to ‘top-tier’ clients,34 other 
competitors reported that they struggled to get minimal or any premium for their sales. In 
particular, competitors reported that the poultry industry as a whole did not become a 
premium buyer of AT/AC maize to the extent anticipated (see Section 4.1.3). This meant that 
competitors that did not have the access (either relationships, or volumes) to sell directly to 
‘top-tier’ buyers reported that they were often left selling to the poultry industry at only a 
small premium or no market premium at all. Some competitors reported selling to diverse ad 
hoc buyers such as local open-air market retailers. These buyers preferred competitors’ 
maize due to its observable quality attributes such as grain size, colour, and cleanliness, 
rather than because they were aware of or valued its Aflasafe treatment or low-aflatoxin 
properties. Finally, some competitors reported that they sold the maize directly to the 
commodity market without differentiation on the basis of its Aflasafe treatment, receiving the 
going commodity market rate. Despite these merchandising disappointments, price 
premiums averaged 7.8 percent for AgResults competitors selling AT/AC maize (AgResults, 
2018).  

4.1.3 Structure of the AT/AC maize market 

This section characterizes the structure of the market for AT/AC maize, and discusses how it 
has changed since the initiation of the AgResults Aflasafe Project.  

Before AgResults, there was minimal commercial activity in the AT/AC maize market, with 
engagement in the market being limited to three organisations (Babban Gona, CADP 
Kaduna, and CADP Kano) that were working with IITA. In 2011/2012, IITA distributed 9.6 MT 
of Aflasafe to 346 farmers, who applied it to approximately 854.8 ha. From this planting, 
1,700 MT of maize was aggregated, of which 53 percent was sold to Nestle, 35 percent to a 
large-scale poultry farm, and 12 percent to a large-scale feed processor (Atehnkeng and 
Bandyopadhyay, 2018). 

We hypothesised that the investment catalysed by the AgResults initiative would result in the 
emergence of a niche market for AT/AC maize, with an increase in volume transacted (the 
business plan projected expansion to approximately 3 percent of Nigeria’s maize market), as 
well as an increase in the number of producers and the number and diversity of AT/AC 
maize buyers (Dalberg, 2012). It was expected that large-scale industrial buyers and the 
animal feed industry (particularly large-scale poultry producers) would provide the backbone 
to the market.  

At endline, we found that indeed, a niche market for AT/AC maize had emerged, although its 
penetration was lower than expected with approximately 0.4 percent of Nigeria’s maize 
acreage and 1.5 percent of maize production in Kano and Kaduna being treated with 
Aflasafe (see Section 4.6).35 The supply base for this market was characterised by a large 
                                                

34  ‘Top-tier’ clients included large-scale industrial buyers (like Nestle and Olam), exporters, 
intermediaries (such as Nalmaco) selling to large-scale industrial buyers, and some individual 
poultry/fish farmers that were willing to pay a premium for maize meeting quality standards 
including aflatoxin limits. 

35  The estimates are based on the amount of maize treated with Aflasafe in year 3 of the Project 
(2016-2017), which is 39,212 MT in Nigeria and 29,817 MT in Kano and Kaduna according to 
monitoring data provided by the Secretariat. To estimate market penetration, we divided the 
amount of maize treated with Aflasafe by the total maize production in Nigeria or in Kano and 
Kaduna, using the most recent data available from the National Agricultural Extension and 
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number of smallholder farmers (more than 13,000) producing the bulk of the product (nearly 
40,000 MT). These farmers were organised by 24 aggregators (AgResults competitors) that 
contracted their production and sold into a combination of four major market channels—
large-scale buyers, AT/AC maize-preferring buyers, buyers that preferred AT/AC maize for 
attributes other than its aflatoxin content, and commodity market buyers that did not 
differentiate it (see Section 4.1.2). 

4.1.4 Performance of the AT/AC maize market 

Before AgResults, there was an underserved market for AT/AC maize, with unmet demand 
both at the farmer level and in commercial markets in large part due to the lack of awareness 
of Aflasafe as a means of producing AT/AC maize or of aflatoxin contamination as an issue 
in general. Constrained availability of Aflasafe was also cited as an issue by some market 
players, such as agro-input dealers and competitors who sought to improve their access to 
Aflasafe suppliers through participation in the project. 

However, most maize value chain actors were unaware of aflatoxins as an issue, Aflasafe as 
a potential means to mitigate aflatoxins, or the possible availability of AT/AC maize on the 
market. Despite the existence of unmet demand, most demand for AT/AC maize—and most 
supply—was latent, or potential rather than extant.  

We hypothesised that the increase in production, in combination with the AgResults initiative 
requirements that rewarded only AT/AC maize procured from smallholder farmers, would 
lead to the emergence of a sustainable and smallholder-inclusive niche market for AT/AC 
maize. This market was anticipated to reach 3 percent of Nigeria’s annual maize production 
by the end of the project (Dalberg, 2012, p. 8), with the vision of “kick-starting the production 
of high Aflasafe™ maize, thereby establishing several of the necessary preconditions for 
public sector regulatory enforcement” (Dalberg, 2012, p. 14). 

At endline, we found that a niche market for AT/AC maize had emerged with diverse private 
sector entities competing to aggregate maize. There was still vast, unmet latent demand for 
AT/AC maize for human consumption and feed, but there was broad consensus among 
interviewees that the foundation for a sustainable market had been established, and that the 
AgResults incentive played a critical role in that achievement.  

In terms of inclusiveness, AgResults stimulated the emergence of an AT/AC maize market 
that is inclusive of smallholder farmers. The project’s monitoring data indicate that a total of 
13,372 farmers were producing for AgResults in year 3, with on average 2 ha under 
Aflasafe. The smallholder survey suggests that farmers in the program owned on average 
5 ha of land, implying that the project did indeed reach smallholders. This result is notable in 
part because of the preference stated by several competitors prior to the project’s start to 
work with larger farmers who have better capacity and access to resources. The AgResults 
stipulation that only purchases from farmers cultivating a maximum of 10 ha would qualify for 
the prize can be credited with pushing competitors to cultivate a smallholder supply base.  

AgResults did not, however, appear to stimulate gender inclusiveness. The gender balance 
of production has been skewed towards men, and only 10 percent of the farmers producing 
in 2016/2017 were women36 (AgResults, 2018). In our evaluation sample, only 5 percent of 

                                                

Research Liaison Services (2017). The total production of maize in Nigeria is 10.9 million MT, and 
production in Kano and Kaduna is 2.0 million MT (approximately 18 percent of national maize 
production).  

36  Representation of women among AgResults farmers varied across competitors from 0 percent to 
a high of 50 percent with one non-profit competitor that had a specific focus on inclusion of 
women. The median percentage of women was 16 percent among competitors (AgResults, 
2018). 
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the households in the treatment group were female-headed households. Out of six 
competitors, only two competitors engaged female farmers. There are several possible 
explanations for this low level of inclusion, primary among these being the following. 

• The way that competitors recruited participants (often beginning with community-level 
information sessions that may have disproportionately drawn male heads of 
household). 

• The tendency for relatively higher-capacity smallholder households to participate in 
competitor outgrower schemes. (Higher-capacity households are disproportionately 
headed by men). 

• The fact that households typically applied Aflasafe on only a portion of their land, 
which again likely skewed participation to male-managed plots. Male-managed plots 
are more likely to be oriented to commercial purposes.  

The sustainability of this niche market is discussed in detail under Evaluation Question 5. In 
summary, indications of sustainability include that a number of competitors reported that 
they find the market to be profitable and that they have unmet demand, and in relation to this 
competitors commonly discussed specific plans to expand their production and operations. 
That said, for some competitors that do not sell to premium maize markets, the most 
sustainable aspect of their operations may be their contract procurement and large-volume 
marketing arrangements, and these arrangements do not necessarily require work with 
AT/AC maize to be sustained. Specifically, for some competitors, consistent-quality products 
and large volumes allow them to sell directly to large-volume buyers that they did not have 
access to prior to engagement with AgResults.  

4.1.5 Synopsis: Role of the project in the developing market for AT/AC maize 

The project sought to induce private sector investment in the market for AT/AC maize by 
offsetting market conditions—specifically low demand and low supply—that led to a missing 
market for AT/AC maize. Overall, the market situation at endline exhibited conditions 
consistent with the intended and hypothesised effects of the project. Demand for AT/AC 
maize expanded compared to baseline among many market players that AgResults reached, 
although the poultry sector did not emerge as the backbone to demand as was 
hypothesised, and not all competitors were able to obtain the market premiums that they 
anticipated. Meanwhile, the supply of AT/AC maize increased significantly between baseline 
and endline, with more than 13,000 farmers, motivated by advantageous markets and 
access to productivity-enhancing inputs, producing AT/AC maize for sale incentivized by 24 
competitors. These diverse competitors marketed AT/AC maize to a variety of multi-national, 
export, and domestic industry buyers. The expansion in supply of AT/AC maize induced by 
the project set the stage for regulatory enforcement and awareness creation to lead to 
further development of demand, and the market, for AT/AC maize. Overall, the project 
engaged an impressive number of private sector actors in the market for AT/AC maize. 

Access to finance, insecurity in major producing regions, and re-interpretation of import 
policy all present ongoing challenges. In sum, the project appears to have induced private 
sector involvement in the development of a market for AT/AC maize that led to niche 
demand for AT/AC maize, a burgeoning supply base, and preconditions for further demand 
expansion through regulatory enforcement and awareness creation.  

4.2 Evaluation Question 2: Impact on smallholder farmers’ uptake of 
Aflasafe 

One of the main goals of the project was to increase smallholder farmers’ uptake of Aflasafe. 
As one of our primary outcomes for the impact evaluation, and the first along the theory of 
change, we began with identifying whether farmers increased their uptake of Aflasafe as a 
result of the project. We also explored related factors, including the proportion of maize 
treated with Aflasafe and smallholders’ levels of awareness of aflatoxins and Aflasafe.  
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Project’s impact on uptake. The evaluation results suggest the project did have an impact 
on uptake of Aflasafe: 57 percent of smallholders in the treatment group applied Aflasafe on 
at least one plot, compared to only 1 percent in the comparison group, implying an increase 
in uptake by 56 percentage points as a result of the project (Exhibit 4-2).  

Exploring the extent to which the farmers adopted Aflasafe, counter to what was expected in 
the project’s theory of change, we found that smallholders did not apply Aflasafe to all their 
maize plots; smallholders in the treatment group applied Aflasafe to only 44 percent of their 
maize area. Still, this is an increase of 43 percentage points when compared to 1 percent of 
the maize area treated in the comparison group. This translated to the project increasing the 
application of Aflasafe on 1.2 ha on average per smallholder. However, in the treatment 
group Aflasafe was applied correctly on only 7 percent of the maize area (a difference of 6 
percentage points compared to the comparison group).37 Smallholders in the treatment 
group had a lower application rate than that prescribed, even though the project’s verification 
data indicates that 93 percent of the maize did pass the verification test.38 These results 
were reinforced in our qualitative inquiries, which found that most farmers could not describe 
the prescribed timing for application or the prescribed application rates for Aflasafe.  

Focusing on the subset of smallholders in the treatment group who applied Aflasafe, the 
project led to an increase in the proportion of maize area under Aflasafe by roughly 
77 percentage points, and an increase in maize area where Aflasafe was applied correctly 
by 11 percentage points. 

Exhibit 4-2. Aflasafe project’s impact on technology adoption 

Outcome 

Regression-
adjusted 
treatment 

mean  
(A) 

Comparison 
mean 

(B) 

Impact on: 

Significance 
(p-value) 

Smallholders 
in villages 

engaged by 
competitors 

(C = A-B ) 

Smallholders in 
treated villages 
who adopted 

Aflasafe  
(D = C / 0.56) 1 

Primary Outcome 

Percentage of 
smallholders who 
applied Aflasafe on at 
least one maize plot2 

57% 1% 56*** 100 *** 0.000 

Exploratory Outcomes 

Percentage of maize 
area where Aflasafe 
was applied2 

44% 1% 43 *** 77 *** 0.000 

Total area where 
Aflasafe was applied 
(ha) 

1.2 0.02 1.2*** 2.1 *** 0.000 

Percentage of maize 
area where Aflasafe 
was applied correctly2 

7% 0.3% 6*** 11 *** 0.000 

Notes: 1 This estimate is based on the assumption that all impacts measured in the treatment group were found 
in smallholders who applied Aflasafe to at least one plot. This is a standard assumption used for estimating 
“treatment-on-the-treated” estimates; in this case the treatment farmers are those who adopted Aflasafe. 
However, to the extent that farmers in treatment group who did not adopt Aflasafe also benefited from the 

                                                

37  The prescribed application rate of Aflasafe is 10 kg/ha approximately 40 days after planting. 

38    This finding points to a need for further research to assess if Aflasafe is efficacious at lower 
application rates. This can also improve the cost-effectiveness of Aflasafe and make it easier for 
smallholders to adopt it. 
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intervention because of the competitors’ broader focus on agricultural practices, the estimated impacts on the 
adopters may be overstated because in calculating impacts on adopters, we assumed that non-adopters did not 
benefit at all from AgResults. 2 Impacts in percentage points for outcomes expressed as percentages. 
Data: Smallholder survey, March-May 2017. 
p<0.1 * p<0.05 ** p<0.01 *** 
Sample sizes: Treatment group N = 944, Comparison group N = 879. 

Project’s impact on awareness. The evaluation’s assessment of the market identified that 
the underlying constraint limiting the demand for Aflasafe and AT/AC maize was the lack of 
awareness among smallholders of aflatoxins as a problem and Aflasafe as its technology 
solution. The project’s theory of change did not have an explicit expectation that competitors 
would raise awareness about the health benefits of Aflasafe, nor did it discuss increasing 
smallholder awareness as an objective. An implicit assumption in the project’s business plan 
was that the smallholders would apply Aflasafe to all their maize plots and by virtue of own 
consumption of what they grow, they will consume AT/AC maize and that the health benefits 
would follow.  However, this evaluation found that smallholders did not apply AT/AC maize to 
all their maize plots, implying that the smallholders would be faced with a decision to sell or 
consume AT/AC maize. We argue that in an environment where AT/AC maize sells for a 
premium smallholders, without awareness about the health risks of aflatoxins smallholders 
are likely to prefer to sell rather than consume AT/AC maize, reducing the project’s health 
benefits, which was one of the stated objectives of the project. 

Further, the evaluation hypothesised that competitors may have a strategic reason to not 
discuss the adverse health impact of aflatoxins, so that they could procure the maximum 
amount of maize, particularly given that smallholders did not apply Aflasafe to all their maize 
plots. On the other hand, they could have raised awareness as a means to increase 
adoption. The evaluation assessed the project’s impact on smallholders’ knowledge about 
aflatoxins and their health impact to shed light on the competitors’ approach and to assess if 
a key constraint limiting the development of the market was addressed. The project did 
implicitly expect that the competitors would convey how to use Aflasafe to increase the 
chances of their maize passing verification. The evaluation examined if this occurred. 

We also examined the extent to which the knowledge and awareness was shared within the 
household, with the person responsible for cooking food in the house, typically a female 
member of the household. 

The evaluation findings on these topics are presented in Exhibit 4-3. 

Exhibit 4-3.  Impact of Aflasafe project on exploratory outcomes: smallholders’ 
Aflasafe and aflatoxin knowledge 

Outcome 

Regression-
adjusted 
treatment 

mean  
(A) 

Comparison 
mean 

(B) 

Impact in percentage points on: 

Significance 
(p-value) 

Smallholders 
in villages 

engaged by 
competitors 

(C = A-B ) 

Smallholders in 
treated villages 
who adopted 

Aflasafe  
(D = C / 0.56)1 

Had heard of Aflasafe 

Farmer 73% 6% 67 *** NA 0.000 

Cook2 29% 0.3% 29 *** NA 0.000 

Knew how to use Aflasafe 

Farmer 10% 1% 9 *** 17 *** 0.000 

Cook 2% 0% 2 *** 4 *** 0.000 



  

Abt Associates AgResults Impact Evaluation Report – Aflasafe™ Challenge Project    ▌35 

Outcome 

Regression-
adjusted 
treatment 

mean  
(A) 

Comparison 
mean 

(B) 

Impact in percentage points on: 

Significance 
(p-value) 

Smallholders 
in villages 

engaged by 
competitors 

(C = A-B ) 

Smallholders in 
treated villages 
who adopted 

Aflasafe  
(D = C / 0.56)1 

Knew how Aflasafe works 

Farmer 25% 3% 22*** 40*** 0.000 

Cook 10% 0.3% 9 *** 17 *** 0.000 

Knew what aflatoxins are 

Farmer 23% 1% 22*** 39 *** 0.000 

Cook 8% 0% 8 *** 14 *** 0.000 

Knew the health risks of aflatoxins 

Farmer 23% 1% 22 *** 39 *** 0.000 

Cook 6% 0% 6 *** 10 *** 0.000 

Notes: 1 This estimate is based on the assumption that all impacts measured in the treatment group were found 
in smallholders who applied Aflasafe to at least one plot. This is a standard assumption used for estimating 
“treatment-on-the-treated” estimates; in this case the treatment farmers are those who adopted Aflasafe. 2 Cooks 
are typically female household members responsible for cooking food. They were asked if they had heard of 
Aflasafe, while farmers were asked if they knew what Aflasafe is. 
Data: Smallholder survey, March-May 2017. 
p<0.1 * p<0.05 ** p<0.01 *** 
Sample sizes: Treatment group N = 944, Comparison group N = 879. 
Impacts are reported in percentage point differences. Standard errors are cluster robust, computed using Stata 
SVY routines. 

Overall, we found that about 73 percent of smallholders in the treatment group had heard of 
Aflasafe, compared to only 6 percent of smallholders in the comparison group implying that 
there was a 67 percentage point impact on knowledge from the project. However, only 25 
percent of the smallholders in the treatment group knew how Aflasafe works, and far fewer—
only 10 percent—knew how to use Aflasafe. While our estimates of impacts for those who 
adopted Aflasafe by definition indicate a higher level of knowledge of Aflasafe, we see that 
the project caused only a 40 percentage point impact on knowledge of how Aflasafe works 
compared to the comparison group, and only a 17 percentage point impact on knowledge of 
how to use Aflasafe.  

Similarly, the farmers did not display strong knowledge about aflatoxins or their health risks. 
Only 23 percent of the smallholders in the treatment group knew what aflatoxins are and 
what their health risks are, as compared to 1 percent of the smallholders in the comparison 
group. Those that used Aflasafe were about 39 percentage points more likely than the 
comparison group to know about aflatoxins and their health risks. While this shows a large 
impact, it still reflects that nearly two-thirds of the smallholders who used Aflasafe did not 
know the health benefits it was providing (see Exhibit 4-3). 

Our qualitative inquiries reinforce these findings. We found that farmers who were linked to 
AgResults competitors tended to be familiar with Aflasafe only as a part of a larger 
technology package they used in producing for those competitors. They were frequently 
unable to specify what Aflasafe was used for, reporting for example that it helped to increase 
maize productivity or quality, but they were not able to directly link it to reduction of aflatoxin 
prevalence in maize. Interviews with competitors do suggest that they conducted training on 
Aflasafe drawing on the training modules developed by IITA, which included details on the 
technology, how it works, aflatoxins, and their health risks. However, the topics that received 
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most emphasis were recommended agricultural practices with a promise to increase yields. 
As a result, farmers typically perceived Aflasafe as part of the package of inputs they 
received that helped to increase either their yields, quality of maize, and access to premium 
markets. But they did not always associate Aflasafe with aflatoxins (some farmers did report 
that it reduced incidence of toxins/toxic fungus in maize). Typically, farmers stated more 
vaguely that it was good for maize health, quality, or productivity.  

The evaluation found that the project did have an impact on cooks’ knowledge about 
Aflasafe and aflatoxins, but the magnitude of impact was small. Only 29 percent of cooks in 
the treatment group had heard of Aflasafe compared to less than 1 percent of cooks in the 
comparison group. Only 10 percent of cooks in the treatment group knew how Aflasafe 
works, compared to 0.3 percent of cooks in the comparison group. Far fewer cooks in the 
treatment group (8 percent) knew what aflatoxins are, and only 6 percent understood the 
health risks of aflatoxins, while no cooks in the comparison group knew about the health 
risks of aflatoxins.39 Given that farmers themselves tended to have relatively low awareness 
of aflatoxins and their health implications, as well as the specific role that Aflasafe plays in 
reducing aflatoxins, it is unsurprising that the intra-household knowledge transfer to cooks of 
the household was low. 

The competitors’ main focus and the farmers’ main reasons for engagement were focused 
more on economic gains from the relationship by way of access to improved agricultural 
practices and inputs, promise of better yields, and access to guaranteed or premium markets 
for maize. This suggests that the information flow from the competitor to the smallholder was 
not perfect with regard to how the technology works, and how it should be applied. These 
findings suggest that some of the impacts in Exhibit 4-3 could have arisen among 
smallholders who did not adopt Aflasafe but benefited from other inputs and information 
provided by the competitors. If this were the case, the estimated impacts on the adopters 
may be overstated because in calculating impacts on adopters, we assume that non-
adopters did not benefit at all from AgResults. 

In summary, the project had an impact on knowledge about Aflasafe (67 percentage point 
increase in knowledge about Aflasafe among smallholders), but a much smaller impact on 
smallholders’ knowledge about how it works (22 percentage point increase), and even 
smaller impact on how to use Aflasafe according to the prescribed method (9 percentage 
point increase). The project’s impact on the knowledge of aflatoxins and their health risks 
was similar to the project’s impact on how Aflasafe works (22 percentage point increase). 
Even among the subset of smallholders who used Aflasafe, the impacts of the project on 
their knowledge of the use of Aflasafe and dangers of aflatoxins was less than would be 
expected. This is not surprising given our qualitative findings that the competitors focused 
more on the economic motivation for farmers to use Aflasafe. In this sense the project’s 
theory of change was realized – private sector actors incentivized technology adoption 
driven by their private motive. The project however did have the objective to improve health 
outcomes, by increasing smallholders’ consumption of AT/AC maize. We also hypothesized 
that the competitors could have had a countervailing incentive not to share knowledge about 
the health benefits so that they could procure more maize from farmers, increasing their 
incentives, but we did not see evidence of that from our qualitative interviews. The 
competitors reported sharing this information, but it was not their focus. Low awareness 
among smallholders likely reflects the competitors’ reduced effort in sharing information that 
is not germane to their business model. Overall, this finding highlights the gaps that a 
private-sector led approach may have and the need for having complimentary efforts to 
address those gaps. 

                                                

39  We discuss in more detail the effects of the cook’s awareness of aflatoxins and knowledge of 
Aflasafe on consumption in Section 4.4. 
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4.3 Evaluation Question 3: Impact on smallholder farmers’ incomes  

The theory of change stipulated that farmers would apply Aflasafe if they expected it to 
increase their income. The primary outcome we studied was smallholder income by net 
maize income, which is the pathway through which the project was expected to influence 
smallholder incomes. Net maize income was calculated as the total value of maize produced 
in one year, after imputing the value of harvested maize not sold using the average price 
received by the farmer, and deducting the cost incurred for maize production. The evaluation 
found that the project increased smallholders’ net revenue by US$318 or by 16 percent 
(Exhibit 4-4). Treatment farmers earned, on average, US$2,305 per farmer, while 
comparison farmers earned an average of US$1,987 in one year. If this effect on net maize 
income in the treatment group were driven exclusively by those who adopted Aflasafe, then 
the project would have an impact of increasing it by about US$568 per farmer. However, to 
the extent that non-adopters also benefitted from competitors in accessing output markets, it 
is possible that impacts did not accrue only to adopters, implying that our estimates for those 
who adopted are an upper-bound estimate.  

Exhibit 4-4. Aflasafe project’s impact on smallholder net maize income, yield, and 
costs 

Outcome 

Regression-
adjusted 
treatment 

mean 

(A) 

Comparison 
mean 

(B) 

Impact on: 

Significance 
(p-value) 

Smallholders 
in villages 

engaged by 
competitors 

(C= A-B ) 

Smallholders in 
treated villages 
who adopted 

Aflasafe 

(D= C / 0.56)1 

Primary Outcome 

Net maize income 
(US$)3 

2305 1987 318*** (16%) 568*** 0.007 

Exploratory Outcomes 

Maize price (US$/MT) 428 407 22* (5%) 38* 0.090 

Maize yield (MT/ha) 2.8 2.7 0.1 (4%) 0.2 0.711 

Cultivated area under 
maize (ha)  

3.4 3.1 0.3 (8%) 0.5 0.238 

Maize sales (US$) 1,348 1,033 315** (31%) 563** 0.018 

Maize sales (MT) 3.7 2.7 0.9*** (35%) 1.7*** 0.001 

Amount set aside for 
other uses (MT) 

3.5 3.7 -0.2 (- 6%) -0.4 0.472 

Input costs (US$) 521 546 -25 (-5%) -45 0.407 

Net maize income per 
hectare (US$/ha) 

996 854 142* (17%) 254* 0.072 

Notes: 1 This estimate is based on the assumption that all impacts measured in the treatment group were found 
in smallholders who applied Aflasafe to at least one plot. This is a standard assumption used for estimating 
“treatment-on-the-treated” estimates; in this case the treatment farmers are those who adopted Aflasafe  
2 We tested for differences in other input costs (herbicide/insecticide, land preparation, rental costs, application 
costs, weeding, harvesting, threshing, land preparation), but none were statistically significant.  
3 Impacts in percentage points for outcomes expressed as percentages. 
Data: Smallholder survey, March-May 2017. 
p<0.1 * p<0.05 ** p<0.01 *** 
Sample sizes: Treatment group N = 944, Comparison group N = 879. 
Standard errors are cluster robust, computed using Stata SVY routines. 
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To understand these effects on smallholder income, we explored the pathways through 
which the project expected to affect smallholder incomes from maize—the project’s impact 
on yield, premium, and outcomes possibly affected by incentives offered by the AgResults 
competitors.  

• The project expected to increase smallholder maize yields. The project business plan 
estimated that farmers who adopted Aflasafe would break even (cost equal to 
returns) at an average maize yield of 2 MT/ha (Dalberg, 2012). The analysis 
assumed that smallholders would set aside on average 1 MT for own consumption, 
sell the remaining maize and get the full AgResults premium for it, and spend 
US$18.75/ha for Aflasafe. Without yields greater than 2 MT/ha or price premiums on 
maize sold, farmers would not have the financial incentive to adopt.40  

• The project also expected that competitors would share 90 percent of their premiums 
with farmers. The project expected to increase price premiums that farmers received. 
It estimated that the farmers would need a price premium of 1 to 4 percent depending 
on their maize yields to break even (Bandyopadhyay et al., 2016). Since there was 
little expectation or realization of competitors sharing AgResults incentives with 
smallholders, we estimate that without the pass-down of the AgResults premium, the 
price premium would have to be 5 percent with a yield of 2 MT for smallholders to 
break even.41  

• Competitors may spur farmers to adopt Aflasafe by offering non-price incentives, 
such as purchase guarantees reflected by higher value of sales.  

Project’s impact on yield. Our results indicate that the average maize yield was 2.8 MT/ha 
for smallholders in the treatment group and 2.7 MT/ha for smallholders in the comparison 
group, reflecting a 4 percent increase, but this difference was not significant (AgResults, 
2018).42 This increase translates to a 0.2 MT/ha increase for the group that adopted 
Aflasafe. The fact that yield in the comparison group was higher compared to average maize 
yield in Nigeria could reflect competitors’ efforts to identify and engage with smallholders 
who were serious about maize farming and who thus obtained higher than average yield with 
or without the competitors’ influence. The majority of the comparison group farmers were 
those that competitors hoped to engage with, all were a part of a farmer’s cooperative, and 
we know from the qualitative interviews that competitors were seeking the “more serious 
maize farmers”. It is also important to note that the average maize yield was greater than the 
2 MT breakeven point that the project’s business plan indicated was necessary for Aflasafe 
adoption to be economical (Dalberg, 2012). 

Project’s impact on maize price premiums. We found that as a result of the project, 
smallholders received a higher price on their maize sales. On average, smallholders in the 

                                                

40  IITA research has established that Aflasafe application controls aflatoxins but does not change 
maize yields. 

41  With the average maize price around US$400 per tonne, a 1-4 percent premium implies US$4 to 
US$16 more returns per ton. Assuming an average yield of 2 MT, 1 MT set aside for 
consumption, and 1MT AT maize sold. For 1MT of AT maize, there is a US$18.75 in premium 
payment from AgResults, in addition to the market’s US$4 to US$16 premium from sales. 
Together, the sum of these premiums would more than cover the Aflasafe cost of US$18.75. 
However, if no premium is paid, which is the case, then the market price premium of close to 5 
percent (or US$20) is necessary for the return to be greater than the cost of applying Aflasafe. 
The evaluation found that in fact smallholders also benefited from reduced input costs, but this 
effect was not statistically significant. 

42  The average yield reported by the Project Manager for AgResults farmers is also 2.8 MT/ha 
(AgResults, 2018). 



  

Abt Associates AgResults Impact Evaluation Report – Aflasafe™ Challenge Project    ▌39 

treatment group sold maize at an average price of US$428/MT, while smallholders in the 
comparison group sold maize at an average price of US$407, implying that farmers in the 
treatment group received a 5 percent price premium. We estimated this price premium alone 
as the breakeven point for adopting Aflasafe, although we do find evidence of other benefits. 
This effect was significant. Focusing on the subgroup of smallholders who used Aflasafe, we 
found that if all the impacts were driven only by adopters of Aflasafe, then they would have 
received an increase in price of about US$38. However, it is possible that a portion of these 
measured impacts accrued to farmers who did not adopt Aflasafe, as access to improved 
farming practices and improved maize seeds through competitors could have led farmers to 
grow better quality maize (as measured by larger grains or less discoloration, for example) 
and receive better prices for maize. Insofar as this is true, our estimates of impact on 
adopters is an overestimate. 

Project’s impact on other outcomes. In addition to price, AgResults competitors may have 
offered other incentives to smallholders, such as output buyback guarantees or improved 
access to credit and inputs. Our evaluation found that the project increased farmers’ annual 
maize sales revenue by 31 percent (see Exhibit 4-4). While this increase reflects the higher 
prices the treatment group received, it also reflects the larger amount of maize they 
transacted potentially through purchase guarantees (this amount also includes maize given 
as payment for past credit taken from the buyer). Farmers in the treatment group transacted 
3.7 metric tonnes of maize, while the comparison group transacted only 2.7 MT, a difference 
of roughly 1 MT. This implies that farmers in the treatment group were able to complete 
more sales transactions. Conversely, this implies that smallholders in the treatment group 
kept less of the maize harvested aside for other uses. Farmers in the treatment group set 
aside 3.5 MT of maize for other uses in contrast to 3.7 MT of maize set aside by farmers in 
the comparison group, which amounted to a 6 percent decrease.  

Other incentives that the competitors reported offering to farmers was better access to inputs 
and access to improved inputs. The total costs of inputs could have decreased if competitors 
gave some inputs for free or at subsidised costs. However, these input costs could have also 
increased if the competitors provided better inputs that were more costly, or if they 
encouraged farmers to apply additional productivity-enhancing inputs. We found no 
significant difference in total input costs, though the negative point estimate suggests that 
the comparison group did incur slightly higher input costs than the treatment group.  

Other than an impact on price, yield and sales, it is also possible that the project’s focus on 
influencing returns to maize production could have resulted in smallholders increasing the 
area under maize cultivation. This could reduce income from other crops. Insofar as this is 
the case, the impact on net maize revenue from maize is an upper bound estimate of the 
project’s impact on total income. In our exploratory assessment we found that the average 
maize area under cultivation was higher in the treatment group than in the comparison 
group, but the difference was not statistically significant. In this context it is useful to assess 
whether the project increased net maize income normalized by the cultivated area or if it 
increased net maize income per hectare. Net maize revenue per hectare was US$142 more 
in the treatment group who earned on average US$996 per hectare per season from maize 
cultivation. Comparatively, farmers in the comparison group earned US$854 per hectare per 
season. This effect was statistically significant and amounted to a 17 percent increase in 
annual maize sales revenue (see Exhibit 4-4). This increase translates to a US$254 MT/ha 
increase for the group that adopted Aflasafe. 

In summary, AgResults led to an increase in annual net maize income of US$318. If this 
effect on net maize income in the treatment group were driven exclusively by those who 
adopted Aflasafe, then the project would have an impact of increasing it by about US$568 
per farmer, or about US$254 MT/ha. This increase was driven primarily by higher prices for 
maize (5 percent premium) for smallholders in the treatment group.  
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4.4 Evaluation Question 4: Impact on poor consumers’ demand for AT/AC 
maize 

The project’s theory of change specified that adoption of Aflasafe by farmers and the conse-
quent production of AT/AC maize by smallholders would lead farmers to consume AT/AC 
maize by virtue of the practice of consuming what they grow. Further, if the farmers become 
aware of the health benefits of AT/AC maize, they might make a deliberate effort to save 
AT/AC maize for own consumption. However, if there were market premiums available for 
AT/AC maize, they could face trade-offs in the decision to sell or buy. Our results above 
suggest that farmers typically produced both AT/AC and non-AT/AC maize because they did 
not apply Aflasafe to the majority of the land they planted in maize. We also know from our 
results that the project had a smaller than expected impact on raising awareness among 
maize farmers and their households about aflatoxins and their health effects and the role of 
Aflasafe in controlling them. The decision to sell or consume AT/AC maize may depend on 
intra-household dynamics. However, the cook had even less awareness. Therefore, this 
question about the extent to which the project increased consumption of AT/AC maize is 
quite important.  

As seen in Exhibit 4-5, we found that on average, the treatment group consumed 0.02 kg 
more Aflasafe-treated maize than the comparison group yesterday. There was no difference 
in the amount of maize consumed on the previous day per person in the treatment and 
comparison groups, with people in both groups consuming on average 0.17 kg.43 Therefore, 
in the treatment group, about 13 percent of the maize consumed per person yesterday was 
treated with Aflasafe. While these results are statistically different from the comparison 
group, who, on average, consumed no Aflasafe-treated maize, 13 percent is a relatively 
small percentage of treated maize being consumed. Focusing just on the adopters, the 
increase in proportion of AT/AC maize consumed was 23 percentage points. This result is 
not surprising given our findings in Exhibit 4-3 on knowledge of the benefits of Aflasafe and 
the health effects of aflatoxins. With such low percentages of cooks reporting an under-
standing of these concepts, it is not surprising that few of them made a deliberate decision to 
consume Aflasafe-treated maize. It is also quite possible that the actual consumption of 
AT/AC maize was higher than what we estimate because respondents who did not know 
what Aflasafe is would not have been able to distinguish AT/AC maize from non-AT/AC 
maize.  

We also conducted qualitative interviews with 76 non-farm consumers of maize at retail 
outlets covering a diversity of individuals across location, gender, retail outlet types. The 
results revealed a widespread lack of awareness of aflatoxins as an issue affecting maize 
after project year 3. None of the non-farm consumers interviewed were aware of aflatoxins 
or their health risks. Overall, our results suggest that the project was not as successful in 
raising awareness about the health benefits of AT/AC maize, implying that consumption of 
AT/AC maize was not a deliberate strategy.  

                                                

43  The World Bank’s Living Standards Measurement Study also estimates that the average daily 
maize consumption by a household in Nigeria is 0.17 kg (World Bank, 2010). 



  

Abt Associates AgResults Impact Evaluation Report – Aflasafe™ Challenge Project    ▌41 

Exhibit 4-5. Aflasafe Project’s impact on smallholder farmer maize consumption 

Outcome 

Regression-
adjusted 
treatment 

mean  
(A) 

Comparison 
mean 

(B) 

Impact on: 

Signifi-
cance 

(p-value) 

Smallholders in 
villages 

engaged by 
competitors 

(C= A-B ) 

Smallholders 
in treated 

villages who 
adopted 
Aflasafe  

(D= C / 0.56)1 

Primary outcome      

Aflasafe-treated maize 
consumption yesterday 
per person (kg) 

0.02 0.00 0.02 *** 0.04 *** 0.000 

Exploratory outcomes      

Amount of maize 
consumed per person 
yesterday (kg)  

0.17 0.17 0.00 -0.01 0.767 

Proportion of maize 
consumed yesterday 
treated with Aflasafe 2  

13% 0 % 13 *** 23 *** 0.000 

Notes: 1 This estimate is based on the assumption that all impacts measured in the treatment group were found 
in smallholders who applied Aflasafe to at least one plot. This is a standard assumption used for estimating 
“treatment-on-the-treated” estimates; in this case the treatment farmers are those who adopted Aflasafe.  
2 Impacts in percentage points for outcomes expressed as percentages. 
Data: Smallholder survey, March-May 2017. 
p<0.1 * p<0.05 ** p<0.01 *** 
Sample sizes: Treatment group N = 944, Comparison group N = 879. 
Standard errors are cluster robust, computed using Stata SVY routines. 

4.5 Evaluation Question 5: Scalability and sustainability in the medium to 
long term  

The end-of-project update (see the Addendum) supplements our findings for this evaluation 
question based on results at the end of the project in year 5. 

In our baseline we posited that if Aflasafe continues to be a primary means to control 
aflatoxins, the sustainability of the project’s impact will depend on a number of factors. 
These include the availability of Aflasafe and affordable aflatoxin testing, economic returns to 
smallholders and maize aggregators from transacting in AT/AC maize, and the enforcement 
of aflatoxin standards. Sustainability of a mainstream market for AT/AC maize would need 
awareness about aflatoxins by Nigerian consumers and consequent increase in broader 
demand for AT/AC maize. In the short run this would lead to premium prices for AT/AC 
maize that would encourage supply of AT/AC maize. These are also the conditions of 
success of the project and determine its scalability. The project is scalable in regions where 
Aflasafe is available, aflatoxin testing is accessible and affordable, and where price 
premiums exist for AT/AC maize or the enforcement of aflatoxin standards and awareness 
campaigns create a strong market for AT/AC maize. 

As shown in our results for Evaluation Questions 1-3, the project did catalyse private sector 
investment in the market for AT/AC maize, and also resulted in uptake among farmers. Our 
impact evaluation found that farmers who adopted Aflasafe had a 16 percent increase in net 
maize income, implying that Aflasafe adoption was economically beneficial. Insofar as the 
competitors offered benefits beyond just guaranteed markets for AT/AC maize (e.g., access 
to Aflasafe and other inputs), these returns were tied to the specific approach that AgResults 
promoted in engaging smallholders. The competitors themselves also benefitted by 
transacting in AT/AC maize and receiving price premiums over and above the incentive 
provided by AgResults. The Project Manager’s annual report suggests that competitors on 
average received a market premium of 7.8 percent, not counting the AgResults incentive 
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(AgResults, 2018). Two-thirds of the competitors received market premiums that exceeded 
the value of the AgResults incentive—on average the AgResults cash incentive was equal to 
4 percent of the current market price at the time that competitors sold their maize.  

The project created a significant supply base for AT/AC maize by the end of year 3, with 
13,372 smallholder farmers who sold 39,212 metric tonnes of maize to competitors. Many of 
the competitors invested in their own production or in contracting production to medium- and 
large-scale farmers to complement the smallholder supply. Notably, the farmers did not 
apply Aflasafe to all their maize plots, implying that there may be opportunities for expansion 
within the current smallholder supply base.  

The issue of Aflasafe availability has two critical facets. The first is availability of Aflasafe as 
a product within Nigeria. The Aflasafe Technology Transfer and Commercialisation (aTTC) 
initiative, implemented by IITA and funded by the Bill and Melinda Gates Foundation, the 
United States Agency for International Development (USAID), and the Consultative Group 
on International Agricultural Research’s Research Program on Agriculture for Nutrition and 
Health, has licensed production of Aflasafe in Nigeria to HarvestField, an agricultural input 
supplier, which has taken over production of Aflasafe on the IITA campus in Ibadan and is 
implementing plans to establish its own production facility. Under aTTC, there is significant 
assurance that Aflasafe will continue to be available in Nigeria in the short and medium term, 
at prices agreed upon in negotiations for the licensing agreement. 

The second critical facet of Aflasafe availability pertains to farmer access to Aflasafe. 
Through AgResults, farmers obtained access to Aflasafe through competitors, who typically 
distributed it as part of the package of inputs that they provided to facilitate production. 
Assuming competitors sustain their work with Aflasafe, then farmer access to Aflasafe 
through them can be expected to be sustained. Distribution of Aflasafe to a broader range of 
farmers, however, will primarily depend on either government agricultural extension or 
HarvestField to develop its network of agro-input suppliers to distribute the product.  

Assuming that Aflasafe continues to be available and affordable and that production 
continues to be profitable to farmers and other value chain players, there are indications that 
the current supply base could be sustainable. The results from the smallholder impacts 
suggests that Aflasafe treatment of maize by smallholders provided them with access to 
attractive maize markets and enhanced their ability to produce for those markets by enabling 
access to improved inputs. They had greater net revenue from maize, implying that it was 
profitable for them to adopt Aflasafe.  

Demand conditions for the market are not yet as strong when it comes to sustainability. Per 
its business plan (Dalberg, 2012), the project focused on expanding the supply of AT/AC 
maize to the point where underlying conditions for expansion of the market through 
enforcement of aflatoxin regulations and awareness generation would be created. However, 
our impact results showed that even smallholder awareness about aflatoxins was not 
created to the extent expected. Our evaluation results emphasise that the continued 
expansion of demand for AT/AC maize—through enforcement of regulatory standards and 
public health awareness campaigns, among other initiatives—will be crucial to the sustained 
participation of some competitors in the market, and to mainstreaming of the market for 
AT/AC maize beyond a niche market.  

Finally, it will be important to match efforts to increase demand through regulatory enforce-
ment and awareness generation with efforts to ensure the availability of affordable and 
accessible means for testing for Aflasafe content or aflatoxin levels in maize. Currently, 
competitors (and most buyers) rely on IITA to conduct those tests as part of their activities 
under AgResults, and this activity either through IITA or other efforts needs to continue at a 
sufficient scale to sustain the market once AgResults concludes. There is also a case for a 
strong role for the government to ensure the sustainability of the results by enforcing 
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standards; raising awareness; and, if needed, making affordable and accessible aflatoxin 
testing available. 

Despite these challenges, competitors across the board expressed enthusiasm about their 
involvement in the market and were unambiguous about their intent to continue to engage in 
the market after the project ends. Competitors also evidenced their commitment through 
articulation of specific plans to expand production (both by taking on new farmers and 
investing in their own production) and facilities for aggregation and value addition. It is less 
clear if the competitors will continue to engage with the smallholders to source AT/AC maize 
after the project ends. Some competitors say they will because of the relationships they have 
established and their investment in raising their awareness. However, only a sustainability 
analysis can confirm this. 

4.6 Evaluation Question 6: Scale of any effect on private sector investment 
and uptake; cost-effectiveness of AgResults 

The end-of-project update (see the Addendum) supplements our findings for this evaluation 
question based on results at the end of the project in year 5. 

Scale. The project’s business plan projected that private sector investment in distribution 
and increase in uptake of Aflasafe by smallholders would lead to 3 percent market 
penetration of AT/AC maize in all of Nigeria. The business plan envisioned that this market 
would be smallholder-inclusive, leading to up to 70,000 smallholder maize farmers in Nigeria 
producing 480,000 MT of AT/AC maize by the end of four years of the project (Dalberg, 
2012).44 At the end of year 3, or after four years of the project, the project had drawn 
participation from 24 competitors, which reached 13,372 smallholders and aggregated 
39,212 MT of AT/AC maize according to the Project Manager’s monitoring report 
(AgResults, 2018). Of these, nine competitors were from the North, and they engaged 80 
percent of the participating smallholders. The quantity of AT/AC maize aggregated implies a 
market penetration of 0.4 percent of total maize produced in Nigeria in 2017. If we focus on 
the project’s implementation in the Northern states of Kano and Kaduna, the market 
penetration of AT/AC maize was 1.5 percent of maize produced that year.45 While the 
market penetration at the national level was not as high as expected, in the project’s region 
of focus the penetration was high. It is important to note that the evaluation did not address 
the question of whether the 3 percent estimate in the business plan was reasonable. It also 
did not examine the question of how much penetration is needed for the market to reach a 
tipping point and for AT/AC maize to displace untreated maize. 

The project did not gather data on private sector investment in the market, and the 
evaluation’s queries were more descriptive than quantifiable. Insofar as the project expects 
to increase the volume of maize aggregated in its remaining two years, the market 
penetration could increase.  

Cost-effectiveness. Following the method outlined in Section 2.2.3 above and detailed in 
Appendix D, we calculated the cost-effectiveness ratios for each impact included in the cost-
effectiveness analysis shown in Exhibit 4-6. These ratios are the cost per unit of the project’s 
impact. We report the ratios both using the total project costs and using only the in-country 
costs that were annualized using 12 percent discount rates. The ratios using only the in-
country costs do not include the project design costs or the Secretariat management costs. 

                                                

44  This projection is based on the expectation of smallholder farmers achieving yields of 4 MT/ha, for 
total production of 7.5 MT per smallholder farmer per year given 1.875 hectares of maize per 
farmer (Dalberg, 2012, p. 31-32). 

45  Data on maize production in Nigeria are from the National Agricultural Extension and Research 
Liaison Services (2017).  
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Exhibit 4-6.  Cost-effectiveness ratios for the Aflasafe Project, including ratios for all 
of Nigeria and for the states of Kano and Kaduna 

Cost-effectiveness ratios 

All of Nigeria 

Northern Nigeria 

(impact evaluation focus 
areas) 

Total costs 
In-country 

costs Total costs 
In-country 

costs 

Uptake. Cost per added farmer adopting 
Aflasafe (2) 

$248 $140 $216 $109 

Market. Cost per added MT of maize treated 

with Aflasafe (1) 
$102 $58 $89 $45 

Income. Cost per US$100 of added net maize 

income (3) 

Not available 

$85 $43 

Consumption. Cost per added kg of Aflasafe-

treated maize consumed per day by adopting 
households (4) 

$947 $478 

 
As discussed above, costs per added dollar of net maize income, and per added kilogram of 
Aflasafe-treated maize consumed due to the project, are based on the results of the impact 
evaluation and are only relevant for the Northern Nigerian states of Kano and Kaduna. 
These results cannot be extrapolated to the other regions of Nigeria due to differences in 
agricultural productivity. For the other two cost-effectiveness ratios, results showed that the 
cost per added farmer adopting and the cost per additional metric tonne of maize treated 
with Aflasafe were very similar in Kano and Kaduna compared to all of Nigeria.46 This is 
largely because the impacts of the project were concentrated in Kano and Kaduna; 
approximately 86 percent of the awards were disbursed to competitors in those states.  

The results by the end of year 3 suggest that on average, the project spent US$43-85 for 
each US$100 increase in farmer net maize income annually. The project was less effective 
in increasing the consumption of AT/AC maize, as it spent US$478-947 for each kilogram 
increase. Both of these cost-effectiveness results may differ from cost-effectiveness results 
that include later years of the project. The impact evaluation suggests that the low cost-
effectiveness on increasing consumption of AT/AC maize is due in part to the fact that 
adopters had much lower awareness of aflatoxins than expected. Consequently, adopters 
may be consuming AT/AC maize but not know it, or they may not separate AT/AC maize 
from untreated maize for consumption. This result suggests the need for more education 
about the health impacts of aflatoxins and the benefits of consuming AT/AC maize. 

4.7 Evaluation Question 7: Lessons learnt about best practices in the 
design and implementation of agricultural prize competitions 

In this section, we identify lessons learnt on the best practices in the design and 
implementation of prize competitions that are intended to help catalyse the development of 
underserved markets for promising agricultural technologies (see Appendix F for 
supplemental findings based on the results at the end of the project in year 5). We present 
our results following the framework we developed to assess the suitability of the prize 
competitions (Mainville and Narayan, 2017), looking back to the Aflasafe Project’s design 
and our evaluation findings. 

                                                

46  Note that the outcomes used to calculate the cost-effectiveness ratios for the entire project area 
were adjusted to account for a 1-percent baseline Aflasafe adoption rate, based on the results of 
the impact evaluation. This adjustment assumes that the baseline adoption rate determined by 
the impact evaluation is applicable to the entire project area. 
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We organize our discussion across several key facets that should underlie a prize 
competition design—development problem, innovation, market failure, competitors, incentive 
structure (outcome and prize structure), theory of change, and verification. For each 
element, we summarize the broad lesson as articulated in our brief (Mainville and Narayan, 
2017), then present the additional insight gleaned from the evaluation results, as well as 
implications for the design of prize competitions. These lessons are summarised in Exhibit 
4-7.  

Exhibit 4-7. Lessons learnt across key elements of prize competition design from 
the AgResults Aflasafe Project 

Initial lesson Nigeria insight Prescription/recommendation 

Development problem 

should have the potential 
for large-scale impact.  

The Aflasafe Project reflected a 
development problem whose 
resolution could have large-scale 
economic and public health 
impacts.  

The Aflasafe Project findings reinforce the 
initial lesson that the prize competition 
should focus on development problems 
that have potential for a large-scale 
impact.  

Innovation should be 

proven to address the 
development problem, and 
its adoption should be 
beneficial to ultimate 
beneficiaries. 

Aflasafe is proven in addressing 
aflatoxin contamination in crops. Its 
adoption was expected to be 
beneficial because of access to 
premium markets and health 
benefits from consumption. 
Smallholders benefitted 
economically from adopting 
Aflasafe. However, there was 
evidence that smallholders did not 
adopt it to the degree expected in 
terms of percentage of maize plots 
to which they applied Aflasafe and 
the consumption of Aflasafe-
treated maize ((Dalberg, 2012, p. 
31; see Section 4.7.2). 

Innovations that result in externalities and 
attributes that consumers cannot discern 
directly may have limits on the extent to 
which they are scaled up using a pure 
prize competition approach (see Section 
4.7.2). There may be a role for 
complementary funding to support large-
scale adoption.  

Market failure limiting the 

development of a market 
for innovation should 
reflect a binding constraint 
and not a multitude of 
constraints. 

The key underlying constraint 
causing market failure was the lack 
of awareness—about aflatoxins as 
a problem, and Aflasafe as a 
solution.  

The Aflasafe Project findings reinforce the 
initial lesson. 

Competitors should see a 

long-term business case 
in the technology.  

They should be adequate 
in number to create the 
foundations for a 
competitive market and 
have the capacity to 
address the constraints 
limiting market 
development. 

Competitors were typically 
motivated to participate in the 
project out of a business interest, 
while social motivations—both 
alleviating aflatoxin contamination 
and improving the livelihoods of 
smallholder farmers—also played a 
role.  

It is important for competitors to have a 
business-oriented motivation to participate 
in the market (not just a motivation to 
participate in the prize competition). 
Additional social and pragmatic 
motivations may exist, which can help 
structure and motivate the prize effectively 
and optimally. 

Diverse investors participated, but 
some participating competitors 
faced a range of constraints in 
terms of financing and learning 
curve.  

When the prize competition aims to create 
a market for a product (e.g., AT/AC maize) 
that is intended to ultimately supplant 
another product (e.g., untreated maize, it 
is desirable to design a prize competition 
that attracts many investors or 
competitors. However, the greater the 
diversity of competitors, the greater the 
likelihood that some are more constrained. 
This argues for a potential role for 
additional funding (for example a 
“business plan prize”) to increase the 
viability of diverse investors or for the 
need to adapt the structure to provide time 
for investors to progressively build 
capacity throughout their participation.  
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Initial lesson Nigeria insight Prescription/recommendation 

Outcome on the basis of 

which prizes are awarded 
should be measurable and 
verifiable in a cost-
effective way. The 
outcome should be 
defined with qualifying 
parameters that link it to 
the development objective 
given the possible trade-
off between achieving 
market impact and 
development impact. 

The Aflasafe Project did this well. 
Although the engagement with 
smallholders was not formally 
verified as part of the prize award 
process, requiring it as part of the 
rules is a good example of how a 
parameter on the prize can ‘nudge’ 
competitors to promote the desired 
development outcome. (In this 
case the desired outcome was a 
smallholder-inclusive market). That 
said, there was evidence that 
competitors engaged smallholders 
with yields higher than national 
average.  

Qualifying parameters on outcomes are 
important to guide the competitors’ effort 
in reaching the ultimate beneficiary. The 
qualifying parameters will place 
constraints on the private sector, the costs 
of which should be weighed against the 
benefits of developing a smallholder-
inclusive market when defining the 
qualifying parameters. 

Prize structure should 

take into account 
competitors’ constraints 
and de-risk their 
investment without 
undermining or 
compromising their long-
term interest in the 
market. 

Given that AT/AC maize is 
intended to ultimately supplant all 
maize in the market, a prize that 
crowds in as many viable players 
as possible is desired. The per-unit 
prize helped to achieve this better 
than alternative prize structures 
such as winner-takes-all or 
proportional prizes.  

The prize structure should be designed to 
promote the desired market structure. 

The Aflasafe Project did not 
directly stipulate sharing of 
incentives with smallholder maize 
farmers, but the competitors 
directly or indirectly incentivized 
the farmers. 

It is not necessary to mandate incentive 
sharing by competitors that receive the 
competition prize. Mandating incentive 
sharing may compromise the private 
sector’s innovation and creativity. 

The project’s theory of 
change should articulate 

how the prize competition 
will incentivize private 
competitor actors to 
address the market 
constraints limiting the 
development of a 
sustainable market. The 
theory of change should 
reflect an understanding of 
the potential trade-off 
between the development 
impact and market impact, 
the role of the enabling 
environment, and any 
push elements or 
complementary initiatives. 

The project had a clear and 
actionable theory of change that 
largely took into account the 
potential trade-off between market 
and development impact, the 
enabling environment, and push 
elements. Competitors and 
smallholders responded to 
economic incentives to market their 
AT maize, but did not focus as 
much on the health benefits. 
Smallholders learned less about 
the potential benefits of consuming 
AT/AC maize from competitors, 
which may have explained lower 
adoption, and therefore potentially 
lower consumption. 

The prize competition’s theory of change 
should be clearly articulated. It should 
define the potential development and 
market impact, pull/push interactions, and 
enabling environment. It should 
proactively account for potential conflicts 
between development and market 
impacts—particularly the degree to which 
the prize competition influences trade-offs 
between beneficiaries’ decisions to 
produce for market versus produce for 
their own use. 

Verification should rely 

on outcomes that are cost-
effectively measurable. 
Ongoing monitoring and 
evaluation can help inform 
adaptive implementation.  

In Nigeria, Aflasafe verification was 
measurable, although costly 
because the testing was available 
only outside the country. 
Verification also served as an 
implicit endorsement of the AT/AC 
traits of the maize to buyers.  

Verification should be cost-effective and 
measurable. When designing projects, it is 
important to understand whether the 
project’s verification provides a service 
that is needed for sustaining the market. If 
so, the design should articulate the 
options for sustaining the service after the 
project ends. 

The project did not document 
private sector investment to 
participate in the project and 
supply AT/AC. 

To understand the private sector 
investment leveraged by the prize 
competitions, reporting on investments 
should be a condition for the private sector 
to participate in the project. 
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4.7.1 Lessons about the development problem 

To have a large-scale impact, as the AgResults technology adoption projects intend, a prize 
competition should focus on a development problem whose resolution has the potential for 
large-scale impact. The Aflasafe Project focused on a development problem whose 
resolution would have a large-scale impact on both economic and public health. Aflatoxin 
contamination is widely prevalent in Nigeria and is estimated to have an economic impact 
equivalent potentially as high as 1 percent of the national gross domestic product (Narayan 
et al., 2014). The Aflasafe Project focused on increasing adoption of Aflasafe, which is a 
proven technology known to mitigate the prevalence of aflatoxins in the field. It hoped to set 
the stage for raising broader awareness and enforcement of aflatoxin regulations by creating 
a large supply of aflatoxin-compliant maize. 

4.7.2 Lessons about the innovation 

The innovation promoted by a prize competition should be proven and demonstrably 
beneficial to its intended beneficiaries (smallholders and ultimate consumers of the 
technology or derived product). This is essential to create a private sector-led market for 
beneficial innovations or technologies, which is an important objective of AgResults 
technology adoption projects.  

Aflasafe adoption was economically beneficial to the smallholders in large part because of 
the premium markets they were able to access. Smallholders who did adopt Aflasafe did not 
apply it to all their maize area as was expected by the project (Dalberg, 2012, p. 31). 
Furthermore, some smallholders who adopted Aflasafe and produced AT/AC maize did not 
learn about aflatoxins and their adverse health impacts, instead producing it solely in 
response to the economic opportunity it represented. Overall, this means that the production 
and consumption of AT/AC maize may have been less than would have occurred had 
farmers and consumers been more fully informed of the health effects of aflatoxins and 
Aflasafe’s role in mitigating them.  

Given that it is to be expected that competitors will focus on promoting their business 
interests, and are not expected to play a primary role in health education in a market context, 
it is arguable that there is a role for complementary funding to promote awareness of the 
public health implications of aflatoxins and Aflasafe’s potential health benefits. This finding 
has a broader implication: if intended beneficiaries cannot understand the full benefits of the 
innovation easily or observe these benefits immediately, a pure prize competition may not 
lead intended beneficiaries to adopt or utilise the innovation to the extent that is socially 
optimal. This means that the prize competition may not achieve its full potential development 
impact. Furthermore, if the innovation results in positive externalities, such as the benefits 
that accrue to other consumers of AT/AC maize, the adoption of the innovation will be less 
than socially optimal. Ultimately, the implication is that additional public funding would ideally 
be needed to support markets for technologies that have externalities.  

4.7.3 Lessons about competitors  

Our initial lessons learnt on designing the prize competition indicate that the competitors 
should see a long-term business case in the technology. They should be adequate to 
engender the desired market structure and have the capacity to address the constraints 
limiting market development. 

Three important insights were born from the Aflasafe Project. First, competitors—both in 
numbers and characteristics—should be targeted keeping in mind the desired market 
structure. In the case of Nigeria, AT/AC maize must ultimately supplant the non-AT/AC 
maize market in order for aflatoxins to be adequately addressed as a public health issue. 
Thus, in this case, more investors are desirable, making the case for involving a large 
number of competitors in the project.  
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Second, the constraints of the targeted competitors may imply the need to adapt the prize 
structure to address those constraints, especially constraints in accessing knowledge about 
the market or technology that are easy for a program to provide. If relevant, such constraints 
may imply focusing the incentives on competitors that have the capacity to invest should the 
desired market structure allow more limited engagement of private sector players. The 
project’s objective to be inclusive of a relatively larger number of market players as 
competitors implies that the competitors themselves will vary in terms of their relative 
capacities and constraints. While AgResults used a vetting process to ensure the viability of 
competitors’ investments (e.g., ensuring that they could achieve a minimum scale of 
operations to be effective), the diversity of market players and constraints also implies that 
variations on prize structure—such as starting with a business plan prize—could help some 
market players get a foothold in the market. Such a prize could be helpful for overcoming 
finance constraints, and helping the competitors to move along the steep learning curve that 
they often encounter given that investment in the market often entails not only a new product 
but a new way of doing business; for example, contract procurement and quality-
differentiated merchandising.  

Third, the evaluation team’s lessons learnt brief (Mainville and Narayan, 2017) emphasised 
that prize competitions are most suitable when the private sector can perceive a strong 
underlying business case to invest in the market. An important lesson learnt from the 
Aflasafe Project is that competitors are often motivated by more than a long-term business 
interest in the market. In Nigeria, there was complementarity between self-interested and 
altruistic motivations in stimulating private sector investment. The competitors reported being 
motivated by a mix of financial, altruistic, reputational, and pragmatic factors in their 
decisions to participate in the project. Financial benefits centred on the AgResults incentive 
and anticipated market premiums, as well as access to new market segments that 
competitors had either not previously had access to or had lost access to as a result of 
aflatoxin issues. 

Pragmatic motivations associated with participation in the project included enhanced access 
to markets, training, inputs (particularly Aflasafe), and expertise that participation in the 
project would bring. An interesting result here—seen not only in Nigeria but also in Kenya 
and Vietnam—was that competitors often reported that the verification function of the project 
provided an implicit quality seal for their product that helped them to establish their ‘brand’ 
with their buyers, enabling them to access premium markets more easily than they otherwise 
would have. 

Competitors’ altruistic motivations included the desire to help address an important human 
health issue as well as contribute to both the betterment of farmers’ welfare and 
strengthening of their communities as a whole. These motivations were particularly evident 
among potential competitors that were embedded in their local communities; for example, 
those producers or aggregators that were based in the villages from which they aggregated 
maize. Overall, many competitors also articulated a sense of excitement that they were 
participating in an important and socially valuable activity. This implies that prize competition 
design can leverage these other motivations to catalyse participation by competitors. 

4.7.4 Lessons about the incentive structure—the outcomes, qualifying parameters, 
and prize structure 

Outcomes and qualifying parameters. The initial lessons suggested that the outcomes on 
the basis of which prizes are awarded should be measurable and verifiable in a cost-
effective way. Outcomes should be defined with qualifying parameters that link the outcome 
to the development objective. The Aflasafe Project did this well. One requirement, for 
example, was that aggregators would only be rewarded for AT/AC maize procured from 
smallholder farmers (as discussed in Section 1.1). Although this requirement was not subject 
to formal verification, it provides a good example of how qualifying parameters on the prize 
were used to promote development of a socially inclusive market, without excessively 
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constraining competitors to act out of their interest, given that smallholders were understood 
to be potentially competitive suppliers of AT/AC maize if given the opportunity. Thus, this is a 
good example of how a parameter on the prize can ‘nudge’ competitors to promote the 
desired development outcome (in this case a smallholder-inclusive market). This affirms the 
need for ‘reasonable’ parameters to guide emergence of the desired market, and the desired 
development impact. 

Prize structure. Our initial lessons suggested that the prize structure should be designed to 
take into account competitor constraints and de-risk their investment without undermining 
their long-term interest in the market. The results from the Aflasafe Project suggest that per-
unit prizes worked well to promote the emergence of a market structure with large numbers 
of participants. Insofar as per-unit prizes promise a fixed-level of return on outcomes 
achieved, they offer less risk than other prize structures such as winner-take-all or 
proportional prizes. These reduced risks helped to increase participation, thereby promoting 
a market structure with wider participation than would likely have been seen otherwise.  

While the presence of many competitors helped to increase the presence of competitors in 
the market, it also implied a diversity of competitors with varying degrees of capacity and 
constraints. Competitors lacking financial resources struggled to aggregate maize, and those 
that were not so capital-constrained tended to have access to complementary funding from 
other projects or government contracts (e.g., seed companies’ contracts with government). 
This suggests that initial funding built through business plan awards, or push funding to 
support access to finance, might be important to draw participation from a large number of 
competitors in prize competitions. 

The evaluation results also offer useful insight into the issue of incentive sharing by 
competitors with farmers. The question of whether and how much of the incentive 
competitors would share with farmers was an important issue early in the project, to the 
extent that the original business plan (Dalberg, 2012) proposed that incentive sharing 
between competitors and farmers be mandated. This recommendation was not 
implemented, and instead competitors made diverse use of the incentive payouts. In a few 
cases they explicitly shared a portion of the incentive with farmers, but in many cases they 
used the incentives to attract outside investors, finance the provision of inputs and services 
to farmers, scale up procurement, and offset risk of market engagement—all activities that 
ultimately benefitted farmers by increasing their returns. In all cases, successful competitors 
managed to recruit and reward smallholder farmers who supplied them; motivating them to 
participate through the promise of enhanced access to inputs and services and assured 
markets for their product. Thus, we argue that explicitly requiring sharing of the incentive is 
unnecessary, and would have limited competitors’ options and creativity in investing in their 
long-term market positions. Thus, a generalizable lesson that reinforces the initial 
understanding of prize competitions is that it is unnecessary, and possibly counter-
productive, to require competitors to share the incentives. 

4.7.5 Lessons about the theory of change 

The project’s theory of change should articulate how the prize competition will incentivize 
private competitor actors to address the market constraints limiting the development of a 
smallholder-inclusive market. It should articulate any strategic behaviour by competitors that 
might impede development impact. It should also clearly lay out the economic returns of 
engaging in the market to competitors and ultimate beneficiaries—with and without the 
incentive. It should identify facets of the enabling environment—the economic, policy, and 
social context—that might present barriers or opportunities for the prize competition. It 
should also articulate clearly the role of push elements, if any, in the prize competitions and 
their potential implications for sustainability of the project’s benefits. 

Overall, the Aflasafe Project had a clear and actionable theory of change that took into 
account both the enabling environment and push elements. The Aflasafe Project’s theory of 
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change hinged on premium markets for AT/AC maize as a motivation for private sector 
actors to engage in the project, with the AgResults incentive further de-risking their entry. 
Access to market premiums and improved incomes were expected to serve as smallholders’ 
motivation to work with the competitors, with the development impact coming from creation 
of a sustainable market that would be inclusive of and provide economic benefits to 
smallholders. The theory of change recognized that at the end of the project, the large 
available quantities of AT/AC maize would set the stage for creating broader awareness and 
allowing enforcement of aflatoxin regulations.  

One area where the theory of change did not explicitly account for a trade-off between 
development and market impact was competitors’ and smallholders’ motivation to respond to 
economic incentives to respond to economic incentives to market their AT/AC maize, with 
less focus on the health benefits of consuming AT/AC maize. Smallholders tended to have 
low levels of awareness of the benefits of consuming AT/AC maize from competitors. This 
could have explained why smallholders did not apply Aflasafe to all their maize area, 
implying that the consumption of AT/AC maize was less than projected in the business plan, 
with resulting reduced development impact. 

An important lesson learnt from the Aflasafe Project is the critical role that the ‘push’ 
elements of the AgResults initiative played. These push elements included providing 
technical assistance and training to competitors; ensuring the availability of Aflasafe; and 
organising networking events that brought together competitors, maize buyers, and service 
providers, in order to help promote market linkages that would facilitate trade of AT/AC 
maize. In their interviews, competitors emphasised that, while the AgResults cash incentive 
was critical to the scale of investment that they made, the success of their efforts was also 
greatly enabled by the push elements.  

4.7.6 Lessons about monitoring & evaluation and verification 

Verification should be cost-effective and measurable. The project’s ‘outcome’ (on the basis 
of which prizes were awarded) was the quantity of aggregated maize that passed the 
Aflasafe-prevalence test (>70 percent Aflasafe prevalence). This is a measurable and 
verifiable characteristic. However, the verification required specific technical expertise, was 
not locally available, and was expensive. More so, the verification process required 
substantial time, which delayed payment of prizes to the competitors, particularly affecting 
financially constrained competitors. Nonetheless, this verification approach was needed to 
ensure that Aflasafe was applied.  

The verification function also served to ensure the quality of maize in terms of its aflatoxin-
compliant attribute, and it implicitly branded the product as aflatoxin-compliant. These two 
benefits are critical to accessing premium markets for maize. In this way, AgResults’ 
verification services also fulfilled a necessary condition for a sustainable market to function. 
After the project ends, competitors or end-consumers will need continued access to 
affordable aflatoxin testing and certification to verify quality and supply AT/AC maize in the 
long run.  

Therefore, another generalizable lesson in designing the prize competition is to understand 
whether the prize competition’s verification process provides services that may be central to 
the sustainability of the project. For example, if verification also serves as a way to assess 
quality and to brand the quality of the product (e.g., AT/AC maize), then without another 
entity to provide this function, the market may not sustain. 
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  Conclusion   
 

The AgResults Nigeria Pay-for-Results prize competition focused on creating a smallholder-
inclusive market for AT/AC maize. It aimed to engage smallholders in producing and 
consuming AT/AC maize by providing temporary incentives to maize aggregators that were 
designed to mimic the premium that the end-user market might provide for AT/AC maize. 
The maize aggregators were expected to motivate smallholders to adopt Aflasafe using 
diverse strategies to address the underlying constraints limiting smallholder adoption; for 
example, by providing smallholders access to inputs, credit and extension advice, and 
premium markets. This was expected to result in smallholder benefits by increasing their 
uptake of the technology, maize yields, income from maize production, and consumption of 
AT/AC maize. Whether the competitors would share information about the health benefits of 
Aflasafe was unclear. On the one hand, they could have shared the information to improve 
adoption of Aflasafe. On the other hand, they could have had a disincentive to share the 
information so that they could procure more maize from smallholders. Ultimately, the 
Aflasafe Project hoped to create a smallholder-inclusive supply base for the production of 
AT/AC maize, setting the stage for raising broader consumer awareness and enforcement of 
existing aflatoxin regulations in Nigeria. In doing so, the project recognized that maize is a 
food security crop in Nigeria, implying that an important pre-condition for raising broader 
consumer awareness was having an adequate supply of aflatoxin-compliant maize.  

Given the theory of change, the evaluation assessed the project’s impact on creating a 
market for AT/AC maize, smallholder welfare, scale of impact, project’s cost-effectiveness, 
and sustainability. The evaluation findings along these factors are summarized below. The 
end-of-project update (see the Addendum) supplements our findings on market impact, 
scale, cost-effectiveness, sustainability, and lessons learnt with data corresponding to the 
project’s last two years (project years 4 and 5). 

Market. In terms of the project’s impact on creating a market, the evaluation found that the 
prize competition approach engaged multiple private sector actors in aggregating and 
supplying AT/AC maize. These actors invested to organize smallholders, supply Aflasafe to 
them, procure AT/AC maize from them, and sell it to markets that valued the AT/AC 
attributes of the maize. The market penetration relative to the total maize market in Nigeria 
was small, and the resultant market is best characterised as a ‘niche’ market.  

Smallholder impact. In terms of smallholder impact, the project improved the economic 
outcomes of the smallholders. The project increased Aflasafe uptake by 56 percentage 
points; however, there are still significant gaps in addressing farmers’ informational 
constraints: awareness about aflatoxins increased by only 22 percentage points. This 
suggests that as hypothesised by the evaluation, the competitors did not focus on raising 
awareness about aflatoxins, and chose to focus on the economic motivations to maximize 
maize procurement. The project did not increase maize yields, either. Instead, the 
competitors selected smallholders who had higher yields. The smallholders benefited from 
access to premium markets and being able to sell more maize: their annual net income from 
maize increased by US$318. This is an upper-bound estimate insofar as farmers could have 
shifted land away from other crops given the expectation of higher returns from maize. 

The impact on consumption of AT/AC maize was statistically significant—13 percent of the 
maize consumed by treatment group smallholders was AT/AC maize, compared to zero 
percent for the comparison group. While the magnitude of impact is low, this is an 
underestimate, as smallholders who were not aware of aflatoxins could not discuss 
consumption of AT/AC maize. That said, the impact on consumption may be lower than 
anticipated. Since smallholders did not apply Aflasafe on all their maize plots, they had to 
choose which maize to sell and which maize to consume. With AT/AC maize selling at a 
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premium, lack of awareness of the health risks may have increased the likelihood that they 
would sell rather than consume AT/AC maize reducing the project's health benefits. 

Cost-effectiveness. By the end of year 3 (or, four project years), the project was cost-
effective. It cost between US$43 and US$85 to increase smallholders’ net income from 
maize annually by US$100.  

Sustainability and scale. These results—and our lessons learnt around them—suggest 
that a private-sector led approach can work to create a market for AT/AC maize. The 
sustainability of these impacts will rest on smallholders continuing to realize economic 
returns from producing AT/AC maize, which depends on market demand for AT/AC maize. 
Looking beyond the sustainability of a niche market, as envisioned by the project’s theory of 
change, continued growth of the AT/AC maize market such that it supplants untreated maize 
would depend on increasing demand by creating broader consumer awareness along with 
enforcement of aflatoxin standards for marketed maize. To the degree that the prize 
competition did not raise awareness about aflatoxins among farmers who adopted Aflasafe, 
our findings suggest a role for public support for awareness raising and enforcement of 
aflatoxin standards. More broadly, we conjecture that complementary public support may be 
necessary for all technologies that result in benefits accruing to individuals beyond those 
who supply the technology (i.e., for all technologies that have positive externalities).  

In summary, the project was largely successful in achieving the targets set forward in 
business plan—it created a niche market for AT/AC maize with a robust number of maize 
aggregators engaging with smallholders, although the market was smaller than expected in 
terms of the quantity of maize transacted. It created an economic reason for smallholders to 
engage in the AT/AC maize market. The project, through the maize aggregators, addressed 
the smallholders’ financial constraints in adopting Aflasafe. However, it fell short in 
addressing the informational constraints among smallholders that limit adoption of Aflasafe, 
implying that the extent of adoption was less than what is socially optimal. Looking ahead, 
sustaining the impact that the project did achieve—on the market and on smallholders—will 
depend on continued investments in key areas, which was clearly articulated in the project 
design and theory of change. 

In considering the findings it is important to recall the study’s limitations. Smallholder impacts 
were estimated using a quasi-experimental design, and it is a fundamental feature of quasi-
experimental designs that it is impossible to know whether the threat of selection bias has 
been completely eliminated. We expect, however, to have minimized the effects of selection 
bias on the impact estimates. This is because the treatment and comparison groups were 
well balanced on measurable baseline characteristics, and the statistical model used to 
estimate impacts utilised control variables to further account for baseline differences. 
Second, the impact evaluation is based on endline data only, with baseline values of 
observable characteristics based on recall data. We mitigated the concerns with recall data 
by focusing on data that do not change (e.g., gender, education of household head), that can 
be calculated (e.g., age), or are sticky so have good recall (e.g., type of wall, number of 
toilets); or by gathering baseline values using secondary data on rainfall, temperature, and 
distance to market. Finally, while the qualitative queries included all competitors that entered 
the program up until project year 3, the impact evaluation focused on a subset of those 
competitors. Because of the project’s intended focus on Northern Nigeria, the impact sample 
focused on the zone of influence of six competitors from that region. Insofar as the six 
competitors of the program worked with 72 percent of the smallholders covered by the 
qualitative queries, the lack of perfect overlap of the two samples is not a significant threat to 
the interpretation of findings.  
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Appendix A ‒ Sample weights  

 

Without sample weights, the comparison and treatment groups have statistically significant 
differences in 19 mean characteristics including schooling, religion, number of household 
members, amount of maize harvested in a ‘typical’ year, whether or not they owned chickens 
in 2015; whether they had improved walls, toilet facilities, or lighting in 2015; and whether or 
not they owned a wheelbarrow in 2015. Using weights, we were able to balance the majority 
of these 19 mean characteristics, but not all because balance in one characteristic can upset 
balance in another. In addition, the data are clustered in villages, which makes the effort to 
balance more difficult.47 Exhibit A-1 displays the balance before and after weighting. We 
estimated a propensity model using a simple linear probability regression, with treatment as 
the dependent variable. The explanatory variables and their estimated coefficients are 
displayed in Exhibit A-2. The propensity model is estimated while ignoring the clustering of 
individuals in villages. The predicted propensity scores from this regression p were then 
used to assign a weight of p/(1-p) to the comparison group (each household in the treatment 
group receives a weight of 1). These weights are treated as sampling weights (‘pweight’ in 
Stata) in the impact analyses.48  

The majority of the treatment group farmers were not interviewed at baseline. Therefore, we 
relied on recall information for these variables. Several of these variables do not change 
over time or can be easily back-calculated (e.g., gender, age, religion, education), while 
others are relatively static or are significant and memorable changes (type of house, fuel, 
toilet and water access) so are less likely to have recall error. The direction of some of the 
regression coefficients in the propensity score model do not provide a clear, cohesive 
portrait. For example, owning a draft animal and having an irrigated plot are positively 
associated with being in the treatment group, whereas having an improved toilet facility, 
being closer to an urban area, and membership in a farm cooperative are not. 

                                                

47  See Standing et al. (2008) for a discussion of balance in clustered designs. 

48  The predicted propensity score is from a linear propensity score model with the treatment 
indicator on the left-hand side and some baseline covariates on the right-hand side. We used the 
baseline covariates (listed in this appendix) that were the most different between the treatment 
and comparison groups, and also explained a lot of the variance in maize sales revenue 
(35 percent). 
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Exhibit A-1. Comparison of treatment group and comparison group covariates, with and without weights 

Covariate 

Without weights With weights 

Treatment 
mean 

Comparison 
mean 

Difference 
measured 
in effect 

size P-value 
Signific-

ance 
Treatment 

mean 
Comparison 

mean 
Effect 
size 

P-
value 

Signifi-
cance 

Age of household (HH) 
head 

44 46 -0.13 0.061 * 44 45 -0.09 0.313 
 

HH's main economic 
activity is 
agriculture/maize 
farming 

0.9 0.9 -0.20 0.003 *** 0.9 0.9 -0.11 0.193 
 

Completed secondary 
school or more 

0.3 0.4 -0.14 0.067 * 0.3 0.4 -0.12 0.236 
 

Household identifies as 
Islamic 

0.8 1.0 -0.57 0.000 *** 0.8 0.9 -0.29 0.259 
 

Number of household 
members older than 5 
(recall) 

6.9 7.6 -0.14 0.045 ** 6.9 7.4 -0.11 0.221 
 

Area of household land 
owned in hectares 

5.3 6.1 -0.10 0.192 
 

5.3 5.5 -0.03 0.727 
 

Amount of dry maize 
harvest in average year 
(kg) 

6014 8049 -0.23 0.023 ** 6014 6919 -0.12 0.300 
 

Owned cow, ox, 
donkey, or camel 

0.4 0.3 0.09 0.241 
 

0.4 0.3 0.05 0.532 
 

Owned sheep, goat, pig 0.6 0.7 -0.31 0.000 *** 0.6 0.6 -0.08 0.366 
 

Owned chicken(s) 0.5 0.6 -0.19 0.001 *** 0.5 0.5 -0.08 0.318 
 

Improved wall 0.2 0.3 -0.23 0.024 ** 0.2 0.3 -0.11 0.377 
 

Improved toilet facility 0.9 1.0 -0.38 0.000 *** 0.9 0.9 -0.15 0.420 
 

Improved lighting 0.4 0.6 -0.52 0.000 *** 0.4 0.4 -0.08 0.623 
 

Owned a ridger 0.2 0.2 0.17 0.025 ** 0.2 0.2 0.09 0.399 
 

Owned a wheelbarrow 0.2 0.2 -0.12 0.031 ** 0.2 0.2 0.02 0.785 
 

Owned a drying 
frame/rack 

0.1 0.1 -0.18 0.014 ** 0.1 0.1 -0.04 0.607 
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Covariate 

Without weights With weights 

Treatment 
mean 

Comparison 
mean 

Difference 
measured 
in effect 

size P-value 
Signific-

ance 
Treatment 

mean 
Comparison 

mean 
Effect 
size 

P-
value 

Signifi-
cance 

Knew of AgR 
competitor in 2013-
2014 

0.5 0.3 0.49 0.000 *** 0.5 0.3 0.41 0.001 *** 

In the 2013-2014 maize 
season, borrowed 
money from an informal 
or formal group 

0.1 0.04 0.08 0.155 
 

0.1 0.0 0.09 0.208 
 

At least one plot 
irrigated 

0.2 0.1 0.17 0.013 ** 0.2 0.2 -0.04 0.701 
 

Farmer Cooperative  0.3 0.4 -0.03 0.750 
 

0.3 0.4 -0.17 0.139 
 

soil organic carbon 
content at 60 cm 

3.1 3.4 -0.27 0.033 ** 3.1 3.2 -0.10 0.514 
 

Temperature 
Seasonality (standard 
deviation *100) 

2068 2238 -0.68 0.000 *** 2068 2154 -0.31 0.191 
 

Mean Temperature of 
Driest Quarter (degrees 
Celsius ) 

23 23 0.72 0.000 *** 23 23 0.12 0.529 
 

Annual Precipitation 1036 1019 0.16 0.279 
 

1036 1047 -0.08 0.734 
 

Travel time to 100K 
market (hrs) 

2.7 2.1 0.46 0.001 *** 2.7 2.7 -0.03 0.901 
 

Land owned, squared:  66 106 -0.07 0.247 
 

66 74 -0.02 0.722 
 

Total large machinery 
owned by farmer 
(tractor, mechanical 
drier, planter, harvester) 

0.1 0.2 -0.06 0.269 
 

0.1 0.2 -0.06 0.565 
 

Data: AgResults Nigeria smallholder survey, March-May 2017. 
p<0.1 * p<0.05 ** p<0.01 *** 
Sample sizes: Treatment group N = 944, Comparison group N = 879. 
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Exhibit A-2. Coefficients of linear regression model predicting inclusion in treatment 
group 

Covariate Estimate 
Standard 

error 
P- 

value 

Mean air temperature during driest quarter of the year (degrees Celsius) 0.04 0.00 0.000 

Household's main economic activity is agriculture/maize farming -0.1 0.04 0.002 

Area of household land owned (in hectares) 0.001 0.002 0.563 

Amount of maize harvested in typical year 0.0 0.00 0.004 

At least one plot had irrigation in 2015 0.1 0.03 0.000 

Member of a farmer cooperative in 2015 0.002 0.02 0.929 

Owned a ridger in 2015 0.1 0.03 0.018 

Owned a drying rack in 2015 -0.1 0.04 0.001 

Owned a draft animal in 2015 (cow, ox, donkey, or camel) 0.1 0.02 0.035 

Owned a mid-size mammal (sheep, goat, pig) in 2015 -0.1 0.02 0.000 

Owned improved toilet facility in 2015 -0.2 0.04 0.000 

Had improved lighting in 2015 -0.2 0.02 0.000 

Travel time to urban area with at least 100K people 0.04 0.01 0.000 

Indicator of household size greater than 5 0.001 0.003 0.737 

Amount of maize harvested in typical year interacted with indicator of 
household size greater than 5 

0.0 0.00 0.380 

Data: AgResults Nigeria smallholder survey, March-May 2017. 
p<0.1 * p<0.05 ** p<0.01 *** 
Sample sizes: Treatment group N = 944, Comparison group N = 879. 
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Appendix B ‒ Stickiness analysis results  

 

Given the implementation plan, we had to adjust the evaluation sample outside of the 
baseline sample. Therefore, the evaluation used baseline values of household-level 
covariates that were either calculated from the responses in the endline survey (e.g., age of 
the household head), or were based on recall of the baseline values. One concern with this 
approach is the extent to which the estimates of household-level covariates had any 
systematic differences between actual and estimated baseline values across the treatment 
and comparison group. To assess this, we conducted an analysis using the sample of 
farmers for whom we had values from the baseline survey, and recall values from the 
endline survey. This “stickiness analysis” explored the differences in the two values, and 
assessed whether these differences varied between the treatment and comparison group. 
We estimated the following equation: 

𝑦𝑖,𝑗
𝑒 = 𝑎 + 𝑇𝑗𝑏 + 𝑦𝑖𝑗

𝑏 𝑐 + 𝑇𝑗 ∗ 𝑦𝑖𝑗
𝑏 𝑑 + 𝑒𝑖,𝑗   [2] 

where 𝑦𝑖,𝑗
𝑒 is the baseline value of the variable using recall from the endline survey for 

individual 𝑖 in village 𝑗 ; 𝑇𝑗 is the treatment dummy for village 𝑗; 𝑦𝑖,𝑗
𝑏  is the baseline value of 

the variable individual 𝑖 in village 𝑗 from the baseline survey. The coefficient 𝑑  is the 
estimate of the degree to which the difference in endline and baseline values varied across 
the treatment and comparison sample (or the difference in differences). Exhibit B-1 presents 
the results of this analysis, along with descriptive statistics on the baseline and endline mean 
values. The results suggest that largely the variables are sticky, but there were a few 
variables that had differences between baseline and endline values across the treatment 
and comparison group (variables with less than 0.05 p-values). 

Exhibit B-1. Results of stickiness analysis  

Variable 
Comparison 
difference 

Treatment 
difference 

Difference 
in 

differences P-value 
Baseline 

mean 
Endline 
mean Difference 

Percent 
the 

same 

Age of 
household head 

-1 -0.3 1 0.482 46 45 -2 13 

Gender of 
household head 

0.02 0.01 0.01 0.958 0.02 0.02 0.002 99 

Household's 
main economic 
activity is 
agriculture/
maize farming 

0.6 0.8 0.3 0.000** 0.2 0.9 0.7 42 

Household 
identifies as 
Islamic 

0.001 0.0 0.001 0.628 0.9 0.9 0.01 100 

Household size 
(recall) 

0.2 -0.3 -0.6 0.626 11 10 -1 9 

Number of 
household 
members aged 5 
years or younger 

1.3 2 0.9 0.045* 3 4 1 15 

Completed 
secondary 
school or more 

0.1 0.1 0.04 0.662 0.3 0.3 0.04 68 

Completed 
primary school 
or more 

0.1 0.02 -0.1 0.371 0.5 0.6 0.1 63 
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Variable 
Comparison 
difference 

Treatment 
difference 

Difference 
in 

differences P-value 
Baseline 

mean 
Endline 
mean Difference 

Percent 
the 

same 

Average 
distance to 
market from plot 
(km) 

-3 -6 -3 0.147 12 6 -6 1 

Area of 
household land 
owned in 
hectares 

-3 -4 -0.9 0.515 10 6 -4 7 

Owned cow(s) -0.1 -0.2 -0.1 0.022* 0.4 0.3 -0.1 63 

Owned pig(s) 0.01 0.03 0.02 0.067 0.04 0.01 0.03 98 

Owned goat(s) 0.02 -0.1 -0.1 0.364 0.6 0.5 -0.1 57 

Owned 
chicken(s) 

0.002 -0.2 -0.2 0.020* 0.6 0.5 -0.1 57 

Owned ox(en) 0.1 0.1 0.04 0.495 0.02 0.1 0.1 88 

Owned sheep 0.03 0.1 0.1 0.051 0.4 0.4 0.04 58 

Owned 
donkey(s) 

0.003 0.02 0.01 0.373 0.01 0.003 0.01 99 

Owned camel(s) 0.02 0.0 0.02 0.234 0.003 0.01 0.002 99 

Improved roof 0.02 0.05 0.1 0.178 0.9 0.9 0.01 80 

Improved wall 0.1 0.02 -0.1 0.004** 0.3 0.3 0.02 68 

Improved floor 0.01 0.02 0.03 0.166 0.6 0.6 0.003 59 

Improved toilet 
facility 

-0.1 0.05 0.01 0.010** 1 1 0.03 96 

Improved water 
source 

-0.7 -0.8 -0.1 0.004** 0.9 0.2 -0.7 26 

Improved 
cooking fuel 

0.01 0.01 0.001 0.98 0.03 0.03 0.002 96 

Improved 
lighting 

0.01 0.03 0.04 0.073 0.5 0.5 0.03 67 

Owned a tractor 0.02 0.01 0.0 0.777 0.03 0.01 0.02 97 

Owned a 
harvester 

0.02 0.02 0.002 0.585 0.03 0.01 0.03 97 

Owned a ridger -0.2 -0.3 -0.1 0.015* 0.4 0.2 -0.2 62 

Owned a planter 0.003 0.0 0.003 0.724 0.03 0.03 0.004 93 

Owned a cart 0.0 0.02 0.02 0.432 0.1 0.1 0.02 88 

Owned a 
wheelbarrow 

0.01 0.01 0.002 0.993 0.2 0.2 0.01 68 

Owned a grinder 0.01 0.0 0.01 0.845 0.0 0.04 0.01 92 

Owned a 
mechanical drier 

0.003 0.01 0.01 0.761 0.001 0.01 0.004 99 

Owned a drying 
frame/rack 

0.2 0.1 -0.1 0.051 0.002 0.1 0.1 88 

*** denotes significance at the 1% level  
** denotes significance at the 5% level 
* denotes significance at the 10% level 
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Appendix C ‒ Regression results  

 

We estimate Equation 3 below, where yi,j reflects the outcome for respondent i in village j. T, 
the treatment indicator for village j, is equal to one if the respondent’s village j is a treated 

village, and 0 if a comparison village. The coefficient on T, 𝛿, represents the effect of being 
in the treatment group on the outcome y. Xi represents the household level covariates 
specified above for respondent i. Finally, Zj represents the village-level observable 
characteristics for village j, such as the temperature or soil composition, for village j; β and γ 
are estimated coefficients, while α is the constant and εi,j is the error term. To account for 
village-level assignment to treatment and control conditions and correlation among 
smallholders within those villages, the model was fit using cluster robust standard errors in 
Stata. 

𝑦𝑖,𝑗 = 𝛼 + 𝑇𝑗𝛿 + 𝑋𝑖𝛽 + 𝑍𝑗𝛾 + 𝜀𝑖,𝑗 [3] 

The regression allowed us to answer research questions about the effect of AgResults on 
farmers that competitors said they worked with or reached out to—as measured by 
coefficient 𝛿 on T. 

Exhibit C-1 presents the estimated impact on all outcomes studied. 

Exhibit C-1. Regression results 

Variable label 

Estimated 
treatment 

effect 
Standard 

error1 P-value N 

Total input costs (U.S. Dollars) -25 30.0 0.407 1,795 

Average maize yield (MT/ha) 0.1 0.2 0.711 1,795 

Net revenue (U.S. dollars) 318 116.9 0.007*** 1,792 

Net maize revenue per hectare (U.S. Dollars) 142 78.9 0.072* 1,792 

Total revenue from maize (imputed value of 
harvest) (U.S. Dollars) 

294 130.7 0.025** 1,795 

Sales revenue from maize (U.S. Dollars) 315 131.9 0.018** 1,778 

Maize consumption yesterday per person (kg) -0.003 0.01 0.767 1,727 

Aflasafe-treated maize consumption 
yesterday per person (kg) 

0.02 0.004 <0.001*** 1,718 

Proportion of maize consumed yesterday 
treated with Aflasafe 

0.1 0.02 <0.001*** 1,718 

Amount of maize consumed by household 
yesterday with Aflasafe (kg) 

0.2 0.04 <0.001*** 1,718 

Farmer used Aflasafe on at least one plot 
0.6 0.04 <0.001*** 1,798 

(1 = yes) 

Farmer agrees that Aflasafe is easily 
accessible (1 = yes) 

0.4 0.04 <0.001*** 1,798 

Cook knows how to identify aflatoxins on 
maize (1 = yes) 

0 0 0.982 1,798 

Cook knows how much Aflasafe to apply (1 = 
yes) 

0.04 0.01 0.004*** 1,798 

Cook knows when to apply Aflasafe (1 = yes) 0.2 0.02 <0.001*** 1,798 

Cook knows how to use Aflasafe (1 = yes) 0.02 0.01 0.001*** 1,798 

Cook knows how to prevent aflatoxins from 
forming on maize (1 = yes) 

0.1 0.02 <0.001*** 1,798 

Cook understands how Aflasafe works (1 = 
yes) 

0.1 0.02 <0.001*** 1,798 

Farmer knows how to identify aflatoxins on 
maize (1 = yes) 

0.003 0.002 0.159 1,798 

Farmer knows how much Aflasafe to apply (1 
= yes) 

0.2 0.03 <0.001*** 1,798 
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Variable label 

Estimated 
treatment 

effect 
Standard 

error1 P-value N 

Farmer knows when to apply Aflasafe (1 = 
yes) 

0.4 0.05 <0.001*** 1,798 

Farmer knows how to use Aflasafe (1 = yes) 0.1 0.02 <0.001*** 1,798 

Farmer knows how to prevent aflatoxins from 
forming on maize (1 = yes) 

0.3 0.04 <0.001*** 1,798 

Farmer understands how Aflasafe works (1 = 
yes) 

0.2 0.05 <0.001*** 1,798 

Person cooking knows what aflatoxins are (1 
= yes) 

0.1 0.02 <0.001*** 1,798 

Farmer knows what aflatoxins are (1 = yes) 0.2 0.04 <0.001*** 1,798 

Farmer understands health risks of aflatoxin 
(1 = yes) 

0.2 0.04 <0.001*** 1,798 

Cook understands health risks of aflatoxin (1 
= yes) 

0.1 0.01 <0.001*** 1,798 

Farmer uses improved post-harvest storage 
practices for any type of maize (1 = yes) 

0.01 0.04 0.75 1,798 

Farmer uses improved post-harvest drying 
practices for any type of maize (1 = yes) 

0.002 0.003 0.583 1,798 

Farmer measured moisture before storing (1 
= yes) 

0.1 0.1 0.018** 1,798 

Percent of maize plots where Aflasafe was 
applied at correct timing (%) 

0.3 0.03 <0.001*** 1,795 

Percent of maize area where Aflasafe was 
applied at correct timing (%) 

0.3 0.03 <0.001*** 1,793 

Percent of maize plots where Aflasafe was 
applied in correct amount (%) 

0.1 0.01 <0.001*** 1,795 

Percent of maize area where Aflasafe was 
applied in correct amount (%) 

0.1 0.01 <0.001*** 1,794 

Percent of maize plots on which Aflasafe was 
correctly applied (%) 

0.03 0.01 <0.001*** 1,798 

Percent of maize area where Aflasafe was 
applied correctly (%) 

0.1 0.01 <0.001*** 1,794 

Average number of days after planting that 
Aflasafe was applied 

2.9 14 0.839 561 

Average number of days before flowering that 
Aflasafe was applied 

3 4 0.33 521 

Average amount of Aflasafe applied per 
hectare (kg/ha) 

5 1 <0.001*** 1,794 

Average price received per MT maize sold 
(U.S. Dollars) 

22 13 0.090* 1,481 

Farmer knows what Aflasafe is (1 = yes) 0.7 0.1 <0.001*** 1,795 

Percent of maize plots on which Aflasafe was 
used (%) 

0.4 0.03 <0.001*** 1,794 

Percent of maize area where Aflasafe was 
applied (%) 

0.4 0.04 <0.001*** 1,794 

Total area where Aflasafe was applied (ha) 1.2 0.2 <0.001*** 1,798 

Cook has heard of Aflasafe (1 = yes) 0.3 0.03 <0.001*** 1,730 

Farmer has heard of Aflasafe (1 = yes) 0.6 0.1 <0.001*** 1,796 

Total Maize Sold (kg) 944 285 0.001*** 1,777 

Farm area used to cultivate maize (hectares) 0.2 0.2 0.238 1,798 
1 Standard errors are cluster robust, computed using Stata SVY routines. 
*** denotes significance at the 1% level 
** denotes significance at the 5% level 
* denotes significance at the 10% level 
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Appendix D ‒ Cost and impact assumptions 
for cost-effectiveness analysis 

 

 

This appendix presents the details of the calculations to estimate Aflasafe Project costs and 
project impacts for the cost-effectiveness analysis. 

Costs. There are five key cost components of Pay-for-Results prize competitions. First is the 
cost of designing the project, which should include all the costs associated with developing 
the project’s prize competition design including designing the incentive structure, the 
governance structure, and the verification protocol. This should include associated costs of 
conducting initial qualitative analyses, assessment of the project’s enabling environment, 
and review of any related secondary data and interviews with key stakeholders and private 
sector actors the project hopes to incentivize (potential maize aggregators in the case of 
Nigeria). The second cost component is the management costs, which include governance 
of the prize competition and overall management of the project. This includes the 
Secretariat’s cost of managing the project, which would reflect management cost if the 
project is managed by an entity outside the country. The third cost is the in-country project 
management cost. The fourth cost component is the cost of verifying the outcomes on the 
basis of which the prize competition awards the cash prizes. This function is typically 
conducted by an external verifier. The fifth cost component is the value of award or cash 
prizes used to incentivize the private sector actors. In addition, donors that oversee the 
Project Manager and make policy decisions about the project’s direction also incur costs, as 
do value chain actors, particularly the competitors and smallholders who participate in the 
prize competitions. We do not include either of these costs in our analysis.  

In Exhibit 4-7 we report total costs and in-country costs and report cost-effectiveness ratios 
for both. In-country costs include the in-country project management cost, the cost of 
verification, and cost of cash awards to reflect the cost of implementing the project in another 
geography with the same design with only an in-country management team. Therefore, our 
cost estimate for this is based on the in-country component of the project costs. The in-
country cost data are quite reliable because the Secretariat tracked these costs separately. 
However, insofar as the Secretariat’s costs of managing the project, or at least portion of 
these costs, were critical to the in-country operations, this cost estimate may be an 
underestimate and the resulting cost-effectiveness estimates of dollars needing to be spent 
per unit of impact in this scenario somewhat too low.  

Total costs include the in-country costs plus the project design costs and U.S.-based 
management costs by the Secretariat. The project design cost estimates and Secretariat’s 
management costs, however, are a rough approximation since the Secretariat did not track 
these costs separately by projects. Dalberg designed this project, and the World Bank 
(which commissioned the design) also did not have itemised data on Nigeria’s design costs. 
Therefore, to this extent, the second representation cost is not very reliable. It is also difficult 
to assess the direction of bias in the estimates, as the true costs could be lower or higher. 
This suggests that going forward, it may be helpful to track these costs for projects. Our 
approach to estimate the design cost and Secretariat’s management cost is described 
below. 

Project design cost. Dalberg designed the project, but the Secretariat also incurred costs to 
make edits in the design. However, as noted above, neither entity tracked design costs 
specifically for the Aflasafe Project; rather, they tracked total costs across multiple projects. 
Instead, the Secretariat made a rough approximation of its design costs, estimated the per-
project design cost to be US$400,000 for all projects, and verified that it incurred 
approximately that amount to provide design inputs to the Aflasafe Project. To estimate the 
project design cost incurred by Dalberg, we started with the total cost that World Bank 
incurred on the Dalberg contract for designing three projects. We assumed that these costs 
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were spread evenly across the three projects, for a total of US$81,667 per project. From 
these two estimates we get a total estimate of US$481,667 in design costs per project. 

Secretariat’s management cost (U.S.-based management costs). For each year of the 
program, the Secretariat tracked its management costs also across all of the AgResults 
projects rather than individually by project. Therefore, we estimated the Secretariat 
management costs specific to the Aflasafe Project in each year and validated the estimates 
with the Secretariat. Starting with the Secretariat costs incurred in each year until the end of 
year 3 of the Aflasafe Project in October 2017 (totalling US$10.79 million through year 3), we 
subtracted all costs incurred for project sourcing and design costs for other projects using 
estimates of design costs as above (totalling US$2.65 million through year 3) in the years 
the costs were incurred.49 We distributed the remaining Secretariat costs in equally to all 
projects operating in that year.50 Using these assumptions, we estimate that the total 
Secretariat costs incurred on the Aflasafe Project were US$2.17 million between years 0 and 
3 of the project. The project costs in each year of the project are shown in Exhibit D-1.  

All costs were normalised to 2017 U.S. dollars and discounted with a discount rate of 
12 percent, as recommended by DFID (now FCDO) guidance (DFID, 2005).  

Exhibit D-1. Aflasafe Project costs, years 0-3 

 

Note: The costs displayed in this figure are in constant 2017 U.S. dollars.  

As noted above in Section 4.6, some of the cost-effectiveness ratios are calculated using 
data from the impact evaluation, and therefore are only relevant for the Northern states of 
Kano and Kaduna. For these cost-effectiveness calculations, we needed costs for Kano and 
Kaduna. However, the Secretariat only tracked the cash awards by competitor (and 
therefore the states), but did track the management and verification costs for the project as a 
whole. Therefore, we estimated the in-country projects costs for Kano and Kaduna based on 

                                                

49  Using data provided by the Secretariat, we assumed that US$650,000 was incurred for the initial 
project sourcing in year 0. We also assumed that US$2,000,000 was incurred for design costs for 
five projects (US$400,000 per project). The design costs included the Uganda and Myanmar 
projects, which were designed in year 0, and the India, Brucellosis, and Vietnam projects, which 
were designed in year 1. 

50  Note that there were different numbers of projects operating in each year. For example, only the 
Nigeria and Kenya projects operated in year 0; therefore, all of the Secretariat costs estimated for 
year 0 were distributed equally to those two projects. 
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the proportion of awards disbursed to competitors operating in Kano and Kaduna in each 
year to the total amount of awards disbursed by the project in that year. We multiplied this 
proportion by the total project management, verification, and Secretariat costs in each year 
to estimate the proportion of these costs relevant for Kano and Kaduna. We applied all of the 
design costs to Kano and Kaduna because the project had originally been designed for 
those two states. We used the actual reported awards to determine the cost of awards for 
those two states in each year. 

Impacts. The impacts of the project that are applicable for the entire project area and based 
on monitoring data and our impact evaluation results are: (i) the number farmers adopting 
Aflasafe; and (ii) the amount of maize (metric tonnes) treated with Aflasafe. The impacts of 
the project based on the impact evaluation, which are focused on Northern Nigeria, are: (iii) 
the project-induced increase in the number of hectares of maize treated with Aflasafe; (iv) 
the project-induced increase in maize sales revenue; and (v) the project-induced increase in 
Aflasafe-treated maize consumption.  

Impacts applicable to the entire project area: As shown in Exhibit D-2, by year 3 of the 
project, 13,238 farmers had adopted Aflasafe and 38,820 MT of AT maize was aggregated, 
results assumed to be entirely due to the project. These results are based on project 
monitoring data provided by the Secretariat and adjusted to account for a 1-percent adoption 
rate without the project based on our impact evaluation.51 

Exhibit D-2. Nigeria Aflasafe Project impacts on number of farmers adopting 
Aflasafe and amount of maize treated with Aflasafe 

 

Impacts applicable to Northern Nigeria: The cost-effectiveness analysis used the following 
impact evaluation results: increase in annual maize sales revenue of US$315 per farmer 
reached by AgResults; an increase of 1.2 ha of maize treated with Aflasafe per farmer 
reached by AgResults; and an increase in the consumption of Aflasafe-treated maize of 
0.23 kg per household reached by AgResults, which is based on multiplying the impact 
estimate of 0.021 kg per person and average household size of 10.8 in the endline data 
While the impact evaluation is based on data from 2017 or year 2 of the project, the cost-
effectiveness analysis assumes that the farmers achieved these gains in all years of the 
project.  

                                                

51  The Secretariat projects that more than 26,000 farmers will adopt Aflasafe in year 5 of the Project, 
and will aggregate 50,000 MT of maize. Abt will update the data used in the cost-effectiveness 
analysis to include the farmers adopting in later years of the Project when those data are 
finalised. 
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Limitations. Although the analysis uses the best possible estimates of cost and impacts, it 
is useful to summarize the key limitations of the data. First, in terms of costs, while the 
estimates for in-country project costs are reliable because the Secretariat tracked these 
costs separately, our estimates of project design and U.S.-based management costs are 
rough approximations. The Secretariat did not track these costs and estimated that the 
design costs were the same across all projects at US$400,000. Further, the Secretariat 
estimated that the project management costs were also the same across all projects and 
allocated project management cost for Nigeria accordingly. In reality, some projects have 
been more complex to design and manage. In terms of impacts, we assume that the 
magnitude of impact estimates from the year 3 impact analysis apply in all three project 
years. In the case of “All Nigeria Costs”, we also assume that the impact estimate applies to 
farmers in the south, even though the impact estimate is based on farmers in Northern 
Nigeria.
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Appendix E ‒ Original RCT design  

 

As described in the evaluation design report, our original plan was to conduct a randomised 
control trial (RCT) for six out of seven first-year competitors (Ahalson, Albarka, Fantsuam 
Foundation, Tukun yan Gwari, Mashala Seeds, and CADP Kaduna), and a quasi-
experimental design for Babban Gona, which was poised to be one of the largest 
competitors but did not want to participate in the RCT (Abt Associates, 2016). All seven 
competitors are the first few competitors who joined the program and operate in the Northern 
states of Kaduna, Kano, and Katsina.  

For the six competitors in the RCT study, we had leveraged their staged roll-out plans for 
expanding to more villages each year. With their agreement, we randomly assigned villages 
to the different roll-out years. The villages randomly assigned to the fourth or the last year of 
treatment (the 2017 planting season) were the control villages, and the villages randomly 
assigned to years 2 and 3 (2015 and 2016 planting season) were the treatment villages.  

However, in late 2016 we recognised that the randomised experiment was no longer 
feasible. As of the 2016 planting season, only 15.6 percent of treatment villages had 
received treatment, and 13 percent of control villages had received treatment ahead of 
schedule. Due to the low treatment rate in the treatment group and the comparable 
treatment rate in the comparison group, the internal validity of the RCT was compromised. 
The difference in smallholder outcomes between those assigned to the treatment group and 
those assigned to the comparison group would not be an unbiased measure of the 
magnitude of impact of the project compared to no project because the prize competition will 
have affected about one-eighth of the comparison group. In addition, the difference in 
smallholder outcomes between those assigned to the treatment and those assigned to the 
control would have virtually no chance of showing up as statistically significant even if 
AgResults’ impact on treated farmers was large (since such impacts will be present in the 
treatment and comparison groups alike).  

For additional details, see the RCT design plan registered in the Registry for International 
Development Impact Evaluations (http://ridie.org/index.php?r=search/detailView&id=290). 
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Addendum: End-of-project update  

Summary 

This report, which is also an addendum to the comprehensive final report, contains the 
evaluator’s updated assessment for four evaluation questions of the Nigeria Aflasafe Project. 
This updated assessment is based on a qualitative evaluation conducted at the conclusion of 
the project. 

The body of the final report (above) presented findings through the fourth year of project 
operations (“year 3” of the project, since the project began with “year 0”). This end-of-project 
update examines the project’s impact on development of a market for Aflasafe™-treated or 
aflatoxin-compliant (AT/AC) maize, addresses the potential sustainability of the market, and 
updates the cost-effectiveness analysis of the project. This update also presents updated 
lessons learnt. The findings of this update are based on information collected during 
interviews with competitors and other actors along the maize value chain as well as data 
provided by project management and sourced from external documents and statistics.  

Overall, the end-of-project update found that the niche market for AT/AC maize grew and the 
project’s cost-effectiveness improved. However, long-term sustainability of the market is 
uncertain, given instability in the maize market and increased public sector involvement in 
the procurement and distribution of Aflasafe. The key findings are summarised below.  

Key findings 

 

Market: The niche market for AT/AC maize that AgResults created saw further 
growth. Both demand and supply expanded despite higher prices for Aflasafe 
and the reduced AgResults incentives to competitors in the last year. 

 

Sustainability: Despite Aflasafe Project competitors’ desire to continue in the 
market, its sustainability and continued development are threatened by the 
endemic instability in Nigeria’s maize markets, the subsidised delivery of 
Aflasafe by government entities, and delays in government efforts to increase 
enforcement of aflatoxin standards and increase awareness about aflatoxins 
and the benefits of AT/AC maize. 

 

Scale and cost-effectiveness: Both the scale and cost-effectiveness of 
AgResults improved. The project reached more than 26,000 farmers and 24 
maize aggregators, and produced more than 82,000 MT of AT/AC maize in its 
final year, which amounted to 1 percent of total maize produced in Nigeria. The 
project’s cost per farmer adopting Aflasafe decreased from $248 in year 3 to 
$134 by the end of the project, largely due to the increase in the number of 
farmers reached. 

 

From these findings, the assessment drew some lessons on the design and implementation 
of prize competitions. 

 

Lessons learnt about the design and implementation of agricultural 
prize competitions 

Our results highlight the vulnerability of a newly emergent market to enabling environment 
conditions. While our evaluation demonstrates that a pay-for-results (PfR) prize competition 
can stimulate the creation of a market, the sustainability of these results can be threatened if 
the enabling environment does not evolve in a supportive direction.  
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Introduction 

This update presents the findings of the assessment conducted at the conclusion of the 
Aflasafe Project in Nigeria to supplement the evaluation completed at the end of the project’s 
third year. The evaluation team assessed the development of the market for AT/AC maize 
since year 3, in particular investigating the effects of year 5’s reduced incentives on 
competitor strategies for investment in markets for AT/AC maize52. We also assessed the 
likely sustainability of the AT/AC maize market after the end of the Aflasafe Project. This 
update also revises findings on sustainability, scale, and cost-effectiveness based on the 
final achievements of the project. From these findings, we also draw lessons learnt about the 
potential for PfR schemes to address different types of development problems and highlight 
best practices for the development and implementation of such challenge projects. In 
summary, we update our findings for four evaluation questions: 

• What has been the impact of AgResults on private sector involvement in the 
development and uptake of innovations? (Evaluation Question 1) 

• What evidence exists that AgResults is scalable and that its effect will be sustainable 
in the medium to long term? (Evaluation Question 5) 

• What is the evidence on the scale of any effect on private sector investment and 
uptake and on the cost-effectiveness of AgResults as an approach? (Evaluation 
Question 6) 

• What lessons can be learnt about best practices in the design and implementation of 
agricultural prize competitions? (Evaluation Question 7) 

The sections below present the evaluation methods and data, the results for each evaluation 
question, and the evaluation team’s conclusions.  

Methods and data  

The methods and data used to assess the market impact and its sustainability and to update 
cost-effectiveness and scale are summarized below and presented in detail in Section 2 in 
the final evaluation report (Narayan et al., 2020).  

Market impact and sustainability. To answer Evaluation Questions 1 and 5, which 
address the project’s impact on the market for AT/AC maize and the potential sustainability 
of the market, the assessment used qualitative methods, with both primary (field) and 
secondary (desk) research. The assessment applied the Structure, Conduct, Performance 
(SCP) framework to assess the supply and demand conditions and the performance of the 
market for AT/AC maize. The assessment took the results reported at the end of year 3 (in 
the main body of the final evaluation report) as its starting point and sought to determine: 
(i) the changes that had occurred in the market between year 3 and the end of the project 
(after year 5); and (ii) the potential sustainability of the market at the project’s conclusion.  

                                                

52  The project was initially scheduled for five years of operation including a start-up year that was 
counted as “year 0”. At the Spring 2017 AgResults Steering Committee meeting, a decision was 
taken to extend the project for an additional year, at a reduced (half) incentive level. 
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We collected data on the following:  

• Competitors’ activities with Aflasafe and AT/AC maize in 2018 (year 5) and in 2019 
(the first season after the project ended)  

• Competitors’ and other market actors’ perspectives on current and emerging 
challenges in the AT/AC market and their strategies to address those challenges 

• Current, recent, and anticipated public and non-profit initiatives and activities around 
Aflasafe and AT/AC maize that were affecting or might affect the market 
environment.  

We analysed these data using qualitative methods including thematic summaries of 
responses organised along the major lines of inquiry. Unless otherwise specified, all themes 
and major results drawn from our interviews represent majority perspectives of our 
interviewees.  

The AgResults evaluation team’s qualitative lead, supported by a Nigeria-based agricultural 
economist, collected primary data using semi-structured questionnaires between September 
9 and 17, 2019. The agricultural economist collected additional data, as needed, under 
guidance of the qualitative lead in October and November. Interviewees included the 
Aflasafe Project management team, Advisory Council members and subject-matter experts, 
project competitors, and AT/AC maize value chain actors that had experience with AT/AC 
maize. Respondents’ numbers and characteristics are summarised in Exhibit 1. The 
assessment was also informed by a review of documents including Aflasafe Project 
management notes and updates, Secretariat presentations to the AgResults Steering 
Committee, and external research and statistical reports. 

Exhibit 1.  Qualitative research respondent sample 

Respondent type Sample obtained 

Aflasafe Project management 1 Project Manager 

Advisory Council members 7 of 8 Advisory Council members 

Competitors 12 of 24 competitors, selected to represent a diversity of competitors with 
respect to amount of time participating in AgResults, scale of operation, 
location of operations, and profit or non-profit status 

AT/AC maize value chain actors 6 

Other subject-matter experts 2 

 
Scale and cost-effectiveness. To address Evaluation Question 6 about the project’s scale 
and cost-effectiveness, we updated the cost-effectiveness results using the Secretariat’s 
latest estimates of final project expenditure and the number of smallholders reached. We 
updated the estimates of the project’s scale based on the number and diversity of private 
sector actors who invested to develop a market for AT/AC maize. We also updated the 
market penetration of AT/AC maize compared to the expectation in the business plan 
(Dalberg, 2012). As in the main report, we measured market penetration as the total volume 
of AT/AC maize aggregated as a percentage of the total maize produced in the country 
during the year. The total volume of AT/AC maize aggregated and number of smallholders 
reached came from the project’s monitoring data, and the total maize produced in the 
country was obtained from secondary data from the National Agricultural Extension and 
Research Liaison Services. We also assessed the market penetration of AT/AC maize in 
Northern Nigeria, which was the focus of the project’s efforts.  

Evaluation results by question 

Evaluation Question 1: Private sector involvement in the uptake of Aflasafe  

Market. The niche market for AT/AC maize that AgResults created saw further 
growth. Both demand and supply expanded despite higher prices for Aflasafe and 
the reduced AgResults incentives to competitors in the last year. 
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The comprehensive evaluation conducted at the end of year 3 found that AgResults had 
created a niche market for AT/AC maize. It induced the involvement of a diverse set of 
private sector actors including over 13,000 farmers, 24 aggregators, and a variety of buyers. 
These entities engaged actively in the development of a market for AT/AC maize. That 
market reflected niche demand for AT/AC maize, a burgeoning supply base, and 
preconditions for further demand expansion through regulatory enforcement and greater 
awareness creation. 

Below, we draw on the SCP framework to detail the results of our inquiry into the evolution of 
the AT/AC maize market since the comprehensive evaluation at the end of year 3. 

Situation, or basic conditions, of the AT/AC maize market 

Our assessment after year 3 showed significant increases in both demand for and supply of 
AT maize compared to baseline conditions. Enabling environment conditions had not 
changed significantly; indeed, they were not an area where AgResults was intended to 
intervene. Year 3 conditions included limited enforcement of regulatory aflatoxin limits, 
limited awareness of aflatoxins as a public health and economic issue, and a lack of easily 
accessible and low-cost aflatoxin testing resources. The AT/AC maize market was 
challenged by ongoing insecurity in the North, Nigeria’s main maize-producing region and 
the location of the majority of its competitors. The market was also challenged by current 
trade policy, which was permitting imports of maize that competed with AT/AC maize 
produced within Nigeria.  

At the end of the project, in year 5, we found that both demand for and supply of AT/AC 
maize had continued to expand, in large part as a result of the efforts of AgResults 
competitors and the AgResults Project. Indeed, several AgResults competitors reported that 
they were facing demand that exceeded their production capabilities. Meanwhile, multiple 
buyers of AT/AC maize corroborated this with observations that they were unable to obtain 
adequate quantities of AT/AC maize to meet demand. Meanwhile, competitors and Advisory 
Council members reported that competitive pressures from maize imports had eased53. 

A major change that occurred between year 3 and year 5 was that the production and 
distribution of Aflasafe in Nigeria was licensed, following a competitive bidding process, to 
HarvestField Industries Limited (HIL). HIL took over these operations from IITA in March 
2018, with HIL continuing to produce Aflasafe at the IITA-based plant while they constructed 
their own Aflasafe production facility. Some shifts in Aflasafe supply that occurred following 
this transfer of responsibility included a price increase for Aflasafe (from 360 to 480 
naira/kilogram). The price increase was attributed to increases in the price of sorghum 
(which serves as the substrate for the atoxigenic fungus contained in Aflasafe) and the 
financial reality of HIL operating as a commercial entity (for example, not being exempt from 
value-added tax). There were also significant changes to payment terms under which 
Aflasafe was supplied to competitors—most notably a tightening of credit terms and greater 
requirement of cash payment upon purchase. Several competitors reported that they found it 
more challenging to arrange their supply of Aflasafe following transfer of responsibilities to 
HIL. Specifically, they mentioned difficulty communicating with the company (for example 

                                                

53  Loosening restrictions on maize imports is one of the policy measures the Nigerian government 
takes to stabilize maize prices during periods of reduced supply (Olomola, 2015), as was the case 
at the time of our year 3 assessment. While this measure increases the overall supply of maize in 
the market, it has a more extreme impact on the market for AT maize because imported maize 
meets national standards for aflatoxin content, bringing it in direct competition with domestically 
produced AT maize. The period of reduced supply had ended by the time of our year 5 
assessment, leading to a return to restrictions on imports. 
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being shifted among departments, or phone calls not being answered), which made it difficult 
for them to order and access Aflasafe. 

Another major change that occurred in year 5 was the 50 percent reduction in the AgResults 
cash incentive—from $18.50/MT to $9.25/MT of AT maize aggregated. The reduced 
incentive was anticipated to serve as a litmus test for market sustainability given that it would 
help provide insight into whether competitors were attracted to the market for its long-term 
potential rather than for the short-term incentive of the AgResults prize. The reduced 
incentive could also help to reveal the extent to which the prize itself facilitated competitors’ 
investments in AT/AC maize production by providing an assured return that could be 
advanced to farmers to reward production of AT/AC maize or enable provision of inputs and 
services that could increase farmers’ production.  

Strategies of AT/AC maize market actors 

We explored AgResults competitors’ strategies in the face of these underlying market 
conditions in our interviews with them, and triangulated these results with project results and 
interviews with the Project Manager, Advisory Council members, and other subject-matter 
experts. Our inquiry revealed that despite the changes in market conditions detailed above, 
competitors continued to invest in procurement and sale of AT maize, with numerous 
competitors increasing their investment. For example, competitors purchased machinery to 
facilitate production, aggregation, and cleaning of AT/AC maize, and in some cases brought 
large tracts of land into production of AT maize to meet market demand. They also worked to 
continually expand their demand base; for example, by marketing AT/AC maize to small and 
mid-scale poultry farmers that were in proximity to their operations. 

When queried about how the reduction in incentive affected their work with AT maize, most 
competitors reported that it had little or no impact. Because the project was expected to end 
after four years, the addition of one more year to the project was seen as a boon rather than 
a disincentive, even at the reduced incentive rate.  

Structure of the AT/AC maize market 

Our comprehensive evaluation after year 3 found that a niche market for AT/AC maize had 
emerged with a supply base of smallholder farmers who were organised by the AgResults 
competitors serving as aggregators. These aggregators sold their maize to a combination of 
four major market channels—large-scale buyers, many of whom had explicit standards 
regarding aflatoxin content of their maize; AT/AC maize-preferring buyers (such as small and 
medium-scale poultry producers); buyers that preferred AT/AC maize for attributes other 
than its aflatoxin content; and commodity market buyers that did not differentiate it from non-
AT/AC maize. The first two categories of buyers dominated, and aggregators received on 
average a 5 percent market premium for their AT/AC maize relative to the commodity market 
price .  

At the end of year 5, we found the structure of the market to be largely the same, while its 
scale had grown, with large increases in the number of farmers, sale and application of 
Aflasafe, and volume of AT/AC maize produced and aggregated (shown in Exhibit 2). 
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Exhibit 2.  AgResults outcomes by year, 2013-2018 

  

  

Source: IITA (2020). 

As reflected in Exhibit 2, volumes of AT maize procured by competitors, the number of 
smallholders that competitors procured from, and amount of maize aggregated for sale all 
increased over the fourth and fifth years of the project, despite the reduction in the 
AgResults incentive in the fifth year. The fifth year also had the highest number of 
competitors in the project—24, equal to the number of competitors in year 3 of the project, 
and an increase from 20 competitors in year 4. 

Large-scale buyers such as feed and flour mills and multinationals such as Nestle continued 
to be important buyers, while small and medium-scale buyers including the poultry producer 
market and feed market continued growing in importance. Exhibit 3 shows the absolute 
growth of all market categories over the course of the project, and Exhibit 4 shows the 
growing relative importance of different markets. Both exhibits demonstrate the overall 
importance of animal feed (predominantly for poultry and fish) and food buyers. Meanwhile, 
export and the commodity (open) markets increased in relative importance over the project’s 
course. Sales data collected from 10 competitors that together represented 48 percent of the 
AT/AC maize aggregated under AgResults revealed a market premium of 6 percent for 
AT/AC maize relative to the price of commodity maize (IITA, 2019).54  

                                                

54  The 6 percent premium cited differs slightly from the 8.2 percent market premium cited in the text 
of the referenced IITA report because the 8.2 percent premium was calculated using an average 
seasonal price for commodity maize, whereas the 6 percent premium was calculated using 
commodity maize prices at the time individual AT/AC sales were made. 
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Exhibit 3.  AT/AC maize buyers by industry type (MT), 2013-2018 

 

Source: IITA data on final sales, February 2020. 

Exhibit 4.  Relative share of AT/AC maize purchases by different industries (%), 
2013-2018 

 

Source: IITA data on final sales, February 2020. 

Performance of the AT/AC maize market 

The year 3 evaluation found that a niche market for AT/AC maize had emerged with diverse 
private sector entities competing to aggregate AT/AC maize and market it to premium-paying 
buyers. There was still vast, unmet latent demand for AT/AC maize for human consumption 
and feed, but there was broad consensus among interviewees that the foundation for a 
sustainable market had been established, and that the AgResults incentive played a critical 
role in that achievement. The market was also notably inclusive of smallholders, with more 
than 13,000 smallholders producing AT maize to sell to AgResults aggregator-competitors.  

At the end of year 5, we found evidence that the market had continued to grow without losing 
its smallholder-inclusive character. The number of participating smallholders had more than 
doubled to 26,000. Gender-inclusiveness of participation had also increased, from 10 
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percent participation of women farmers at the end of year 3 to 19 percent at the end of 
year 5. The participation of women varied widely—from 0 to 100 percent across competitors; 
however, it was stable across different sizes of competitors. For example, 19 percent of the 
largest five competitors’ farmers were women, equivalent to the share of women farmers 
across the competitors as a whole (IITA, 2019). While the statistics are not precisely 
equivalent, the 81 percent share of male farmers among AgResults competitors can be 
compared to the 82 percent of households that have male heads across Nigeria as a whole 
(National Population Commission and ICF, 2019). A sampling of farmers interviewed by the 
Project Management team revealed that producers on average retained 16 percent of the 
AT/AC maize that they produced in year 5 for their own consumption, while selling 
71 percent on average to AgResults aggregators (IITA, 2019). 

Evaluation Question 5: Scalability and sustainability in the medium to long term 

Despite AgResults Project competitors’ desire to continue in the AT/AC maize 
market, its sustainability and continued development are threatened by the 
endemic instability in Nigeria’s maize markets, subsidised delivery of Aflasafe, and 
delays in government efforts to increase enforcement of aflatoxin standards and 

increase awareness about aflatoxins and the benefits of AT/AC maize. 

At the end of year 3, there were strong indications that AgResults had helped establish the 
foundation for a sustainable market. At that point, most competitors reported their intent to 
continue to act in the market for AT/AC maize; as long as they continued to have access to 
the premium markets that participation in AgResults had afforded to them until that point. 
They substantiated their intent by describing specific plans for continued investment in 
production, value addition, and the development of demand. Nonetheless, to sustain the 
market, demand for AT/AC maize needed to continue to grow—via enforcement of 
regulations and awareness campaigns; as well as improved access to low-cost testing for 
aflatoxins and Aflasafe. Our inquiries at the end of the project brought into question the 
realisation of these conditions with implications for the sustainability of the AT/AC maize 
market.  

Situation, or basic conditions, of the AT/AC maize market 

Competitors reported that market conditions that influenced their investment in the AT/AC 
maize market were in flux. Specifically, competitors described how the market continued to 
be affected by climate (e.g., drought); price movements; and policy variability such as the 
recent closing of land borders to imports, which was neither announced in advance nor 
implemented with a timeline for reversal (Aljazeera.com, 2019). While these sorts of 
circumstances are endemic to maize market dynamics, they serve to increase the risk of 
investment in maize markets and affect the competitiveness of AT maize in particular. As 
one value chain respondent, an intermediary who purchased AT maize from AgResults 
competitors and sold it to poultry producers and for export, explained, “When supply of 
maize is high, then prices are low and AT maize is relatively inexpensive as a percentage of 
maize cost. When supply of maize is low and prices are high, then buyers are price sensitive 
and don't want to pay more for AT maize.” Without the risk-reducing effect of the AgResults 
incentive, these market conditions have reduced some competitors’ willingness or capacity 
to invest in AT maize.  

While long-standing credit constraints continued for many, some larger aggregators were 
able to pursue credit opportunities provided by the federal government’s Anchor Borrower 
program, an initiative created by the Central Bank of Nigeria to link large-scale buyers with 
smallholder farmers55. Meanwhile, the enabling environment developments that the 

                                                

55  The Central Bank of Nigeria established the Anchor Borrowers Programme in 2015 to link large-
scale, ‘anchor’ agricultural processors with smallholder farmers. The Anchor Borrowers 
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establishment of a supply base was intended to set the stage for were not yet being realised. 
Specifically, development of the market continued to be hampered by limited enforcement of 
aflatoxin regulations, limited awareness of aflatoxin as an issue, and limited aflatoxin testing. 
The over-riding issue behind the limited progress in these areas is the development and 
implementation of a comprehensive strategy for aflatoxin mitigation, which is still 
underway56. 

A new development was revealed in our interviews with Advisory Council members and HIL, 
who indicated the expectation that the government would be subsidising distribution of 
Aflasafe to farmers, targeting areas without regard to any prior experience with Aflasafe (i.e., 
targeting would be independent of any affiliation with AgResults production areas). Such a 
subsidisation would potentially reduce the supply of Aflasafe to former AgResults 
competitors if it were diverted to government distribution schemes. Subsidised distribution 
could undermine the supply base for AT/AC maize by limiting farmers’ willingness to pay for 
Aflasafe through their relationships with former AgResults competitors, while also limiting 
former competitors’ control over how the Aflasafe is applied and consequently its efficacy. 
Such a distribution would thus have the potential to erode the foothold that competitors 
established during AgResults, with negative implications for the quality, segregation, and 
identity preservation of AT/AC maize as it moves along the value chain57.  

Finally, a new issue that arose was the extent to which Aflasafe procurement conditions had 
changed as HIL established itself in the market and AgResults concluded. AgResults 
competitors, Advisory Council members and subject-matter experts, and HIL representatives 

                                                

Programme works through participating financial institutions to provide smallholder farmers with 
in-kind and cash credit for inputs and labour to produce agricultural products sought by the anchor 
borrowers. Upon delivery of the product, the anchor borrowers then pay the cash equivalent of the 
amount owed to the farmer’s account with the participating financial institution through which the 
credit was channelled. Risk of default is shared between the Central Bank of Nigeria and the 
participating financial institutions, which include microfinance banks and development finance 
institutions (Central Bank of Nigeria, 2016). Interviewees reported that participation in the Anchor 
Borrowers Programme requires that a minimum of 5,000 smallholder farmers be organised. 

56  The Partnership for Aflatoxin Control in Africa (PACA) plays a leadership role in aflatoxin 
management and mitigation across Africa, working across the pillars of awareness, technological 
control, regulations, policy, and institutions (Denloye, 2019). In 2017, PACA developed an 
aflatoxin control plan for Nigeria, and it has been presented to the government and mainstreamed 
into the agricultural investment plan. Meanwhile, subject-matter experts reported that the Ministry 
of Budget and Central Planning has identified aflatoxins as a priority in agriculture, trade, and 
health and that aflatoxins are being given increasing prominence in agricultural policy. Aflatoxin 
impacts have been incorporated into the national nutrition strategy, and a bill is under review that 
will consolidate all responsibility for food and feed safety to the Food Safety Commission of 
Nigeria from the diverse bodies currently responsible for different product types. Despite these 
achievements, the sector experts we interviewed recognised that the national control plan was not 
yet at the implementation stage and that awareness, enforcement, and testing capacity were still 
very limited. 

57  An alternative hypothesis is that subsidised distribution of Aflasafe could increase supply of AT 
maize, thus bolstering the market created by AgResults particularly given reports of inadequate 
supply to satisfy demand. While this is theoretically a possibility, we do not consider it likely given 
that there has been no coordination between the entities distributing Aflasafe and AgResults 
competitors to ensure that Aflasafe is distributed in areas where they are active. Meanwhile, 
AgResults competitors are unlikely to expand their procurement to areas where Aflasafe is 
distributed on a subsidised basis given their strategies during AgResults of consolidating their 
production areas. Competitors consolidated their production areas to ensure adequate control 
over production practices and quality; to ensure that the AT maize they aggregate meets 
standards for aflatoxin content and other quality parameters; and to ensure adequate segregation 
of AT maize from untreated maize as it moves from the farm through the market to maize buyers.  
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themselves reported that competitors no longer had the privileged access to Aflasafe that 
they had during AgResults; in particular, when it was supplied by IITA, which operates as a 
non-commercial entity. Explanations for this varied, and included the rationale that HIL’s 
operations needed to reflect its commercial reality, entailing the need to limit provision of in-
kind credit to buyers that could demonstrate their creditworthiness. Meanwhile, HarvestField 
reported investing heavily in awareness generation at the farmer level through entities not 
affiliated with AgResults, such as the Nigeria Maize Association and the Nigeria Groundnut 
Association. This report further substantiated the apparent disconnect between AgResults 
competitors as buyers and HIL as the supplier of Aflasafe in the year following AgResults’ 
conclusion.  

Strategies of AT/AC maize market actors 

AgResults competitors described investment strategies that reflected the challenges that 
these market conditions of price, production, and policy variability presented. First, they 
described “responding to instability with agility”; that is, proactively shifting investment in 
agricultural production to reflect market conditions. This meant, for example, shifting among 
crops (for example, from maize to soya or other crops that had more promising markets at 
that point), and within maize, using Aflasafe or not, depending on the specific market 
conditions observed or anticipated for each product. Reflecting this, preliminary results 
suggest a reduction in cultivation of AT maize in the 2019/2020 season, the season following 
AgResults’ conclusion. For example, at least one of the five largest AT/AC maize producers 
desisted from cultivating maize with Aflasafe.  

This claim is evidenced both by HIL’s reduced Aflasafe sales to AgResults competitors, as 
well as some competitors’ own reports of reduced production using Aflasafe, or failure to 
cultivate any AT maize at all in the 2019/2020 season. Exhibit 5 shows the distribution of 
Aflasafe sales to different client types over time, and reflects that sales to AgResults 
competitors fell from 78 percent in 2018 to only 1 percent of HIL’s Aflasafe sales in 2019. 
The government, which subsidised distributions of Aflasafe to farmers, grew from 0 percent 
to 85 percent of Aflasafe sales over the same period. In all, the volume of Aflasafe sales to 
AgResults competitors fell from 300 MT in 2018 to only 8 MT in 2019. Several competitors 
reported having Aflasafe saved from the previous year, however, so these numbers do not 
entirely represent competitors’ access to Aflasafe for the 2019 planting. For example, one of 
the largest competitors reported having enough Aflasafe available for 1,000 hectares of 
Aflasafe-treated maize, despite not purchasing any Aflasafe from HIL in 2019. 

Exhibit 5.  Volume of Aflasafe sales (MT) per client type, 2016-2019 
 

2016 2017 2018 20191 

Federal and state governments 0 (0%) 98 (20%) 0 (0%) 950 (85%) 

Private clients 0 (0%) 106 (22%) 95 (22%) 163 (15%) 

AgResults competitors2 169 (100%)  285 (58%) 330 (78%) 8 (1%) 

Total quantity of Aflasafe sold in 
Nigeria 

169 (100%) 489 (100%) 425 (100%) 1,121 (100%) 

Source: Personal communication with aTTC project representative, 2019. 
1 Provisional data for the 2019 planting season (the first planting season after the project ended). 
2 Data on the volumes of Aflasafe sales to AgResults competitors presented in Exhibit 5 differ from volume of 
Aflasafe purchases as presented in Exhibit 2, although the larger trends are consistent between the two exhibits. 
These differences are the result of the data being provided by different entities. 

Meanwhile, however, numerous competitors described their ongoing efforts to improve their 
positions in the market for AT/AC maize. These included efforts to cultivate relationships with 
buyers who preferred or would pay premiums for AT maize; continued efforts to obtain credit 
to support production with Aflasafe; and importantly, creation of an ‘Implementer Forum’ that 
would represent AgResults competitors and other AT/AC value chain actors in the market for 
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AT/AC maize. This Forum, formally known as the Coopetition Forum for Aflatoxin-Reduced 
Agricultural Products—CFARAP, was initiated by the IITA Aflasafe Scaling Specialist, who 
subsequently stepped back at the conclusion of his contract. Its core executive team is 
composed of major AgResults competitors, and there are several AgResults Advisory 
Council members on the Advisory Board. Planned activities for the Forum include advocacy, 
awareness generation, facilitation of market linkages, provision of an online marketplace for 
AT maize, and facilitation of credit to AT maize value chain actors (van den Bosch, 2019). 
CFARAP was registered by the Corporate Affairs Commission as a corporate body on 31 
October 2019. 

One of the major activities anticipated for the Forum, according to our interviews, is to serve 
as an umbrella aggregator and marketer of maize from individual aggregators/competitors. 
Such activity would help ease access to Anchor Borrower funding (which requires a 
minimum of 5,000 farmers); improve access and terms with major buyers who seek large 
volumes of AT maize; and offer countervailing market power to HIL, which itself has a 
monopoly in the Aflasafe market. At the time this assessment was conducted, the Forum 
had been shortlisted for a $20,000 grant from the Forum for Agricultural Research in Africa, 
the funds from which would support CFARAP’s start-up and operational costs during its first 
year of activity.  

Market structure hypotheses 

Given the above-described developments in the underlying conditions and firms’ strategies 
in the market for AT/AC maize, we hypothesise that significant shifts may occur in the 
structure of the AT/AC maize market, as compared to its status at the end of year 5. 
Specifically, we hypothesise that there may be a reduction in the number of AT maize 
suppliers (former AgResults competitors). There may also be consequent reductions in 
availability of AT/AC maize given reduced applications of Aflasafe by AgResults competitors 
that have shifted to other crops or held off on producing with Aflasafe due to market or credit 
constraints.  

Meanwhile, HIL’s emphasis on market development through traditional awareness 
generation methods such as farmer trainings and promotion through extension and national 
commodity organisations, along with the commensurate increases in distribution of Aflasafe 
to government and non-profit entities, also are likely to have an impact on the market’s 
structure. While these efforts may lead to new farmers producing with Aflasafe, there are no 
apparent market linkages between these producers and the commercial demand base that 
prefers AT/AC maize (that was developed during the course of AgResults and whose buyers 
purchase directly from AgResults competitors)58. Without such market linkages, it is likely 
that AT/AC maize produced through the subsidised distributions will not be segregated from 
commodity maize or otherwise have its AT/AC identity preserved, which is essential for its 
movement to AT/AC-preferring maize buyers. (A counterpoint is that such maize, lacking 
premium markets, may be retained for home consumption at a higher rate. This would be a 
positive development outcome even if it reduces the availability of AT/AC maize on the 
market.) 

Market performance considerations 

Looking forward, the performance of the market—in terms of its ability to supply existing and 
latent demand for AT/AC maize to food and feed processors, and consumers, will depend 
heavily on the continued expansion of supply of and demand for AT/AC maize. These will 
depend on the attractiveness of AT/AC maize production to maize value chain actors 

                                                

58  A counter argument could be that AgResults competitors could search out the new farmers to 
supply them. However, this is not likely given the extensive efforts that competitors made during 
AgResults to recruit, qualify, and train farmers in specific locations to serve as their suppliers; 
these activities being explicitly promoted by AgResults to develop a supply base for AT/AC maize. 
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(including farmers and aggregators), and improvements in the enabling environment that 
lead to increased awareness about aflatoxins and enforcement of aflatoxin limits. From this 
perspective, it is worth emphasising that the AgResults objective of establishing the nucleus 
for a market for AT/AC maize was intended as a starting point for ongoing sustainable 
development of the market, rather than an end goal in itself. The resolution of the current 
disconnect between HIL’s traditional market development activities and the AgResults 
competitors that are firmly established in commercial markets for AT/AC maize will also have 
a critical bearing on the performance and sustainability of the AT/AC maize market looking 
forward. 

Evaluation Question 6: Scale of any effect on private sector investment and uptake; 
cost-effectiveness of AgResults 

Scale and cost-effectiveness. AgResults reached more than 26,000 farmers and 
24 maize aggregators, and produced more than 82,000 MT of AT/AC maize in its 
final year, which amounted to 1 percent of total maize produced in Nigeria. The 
project’s cost per farmer adopting Aflasafe decreased from $248 in year 3 to $134 

by the end of the project, largely due to the increase in the number of farmers reached. 

Scale. Growth of the AT/AC maize market continued between year 3 and year 5, with year 5 
providing its most significant results to date. While still ‘niche’, the market has continued to 
expand, more than doubling the number of farmers and volume of AT maize produced 
compared to year 3. Meanwhile, production of AT maize due to the project grew from 2,011 
MT in the baseline to 39,212 MT in year 3 and 82,355 MT in year 5. Given the total maize 
production in Nigeria, this implied that the percentage of AT/AC maize increased from 
0.02 percent of Nigeria’s maize production volume at baseline to 0.4 percent at the end of 
year 3 in 2017 and to 1 percent at the end of year 5. 

The scale analysis presents the amount of Aflasafe-treated maize but does not include 
information on the buyers who purchased or consumed the treated maize. Insomuch as 
private sector supply and demand is sufficient to sustain the scale and cost-effectiveness 
results beyond the life of the AgResults Project, the market is poised to look very different in 
future years. As discussed in the sustainability analysis (Evaluation Question 5): 

• In the year immediately following AgResults, maize aggregators (i.e., the AgResults 
competitors) were not the main actors that supplied Aflasafe to smallholder farmers. 
Exhibit 5 shows that the volume of Aflasafe purchased by competitors decreased 
97.5 percent (a decrease from 330 MT to 8 MT) between the last year of the project 
(year 5, or 2018) and the following year (2019). These figures do not fully represent 
the availability of Aflasafe to competitors, however, as some had carryover stocks 
from the prior year.  

• At the same time, the Nigerian government purchased more Aflasafe in 2019 than all 
actors combined had purchased in any previous year, nearly tripling the volume of 
Aflasafe-treated maize that could be produced in 2019 (compared to the last year of 
the project). While AgResults, by demonstrating the viability, scalability, and 
acceptability of Aflasafe and Aflasafe-treated maize, likely merits considerable credit 
for motivating these government purchases, government purchases were neither part 
of AgResults’ theory of change nor its objectives. There is also no indication that 
maize produced with Aflasafe from government distributions would enter the value 
chain whose development was a major achievement of AgResults. Thus, the 
government’s purchase and subsidized distribution of Aflasafe to farmers who would 
not necessarily market the maize produced to AT/AC-preferring buyers has the 
potential to undermine the scale of the market, even as it might increase production 
and consumption of Aflasafe-treated maize among farmers. 

Further, the scale of the market in the long run will also depend on demand for AT/AC 
maize, both in terms of volume and willingness to pay.  
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Cost-effectiveness. Exhibit 6 presents the cost-effectiveness ratios including the project 
design costs and the Secretariat management costs. From year 3 to year 5, the number of 
farmers adopting Aflasafe increased from 13,328 to 26,260. Therefore, the cost per added 
farmer adopting Aflasafe dropped from $248 cumulatively in year 3 to $134 in year 5. 
Including only in-country costs, the cost per added farmer decreased from $140 to $95. The 
cost per added MT of maize treated decreased from $102 to $48 (including all costs) 
because of the higher volume of maize treated by Aflasafe as a result of the project. 
Including only in-country costs, the estimated cost per added MT of maize treated with 
Aflasafe decreased from $58 cumulatively through year 3 to $34 through year 5.  

These cost-effectiveness measures do not take into account the present value or health 
impacts of an independently sustained market (if achieved). The cost-effectiveness of the 
project will continue to improve as production and sale of Aflasafe-treated maize that is 
attributable to the project continue following the project’s conclusion. This is because all 
project costs will have been incurred, but outcomes will continue to accumulate. 
Consequently, as emphasized in the sustainability analysis (Evaluation Question 5), the 
longstanding contribution of the project’s achievements—and ultimately the value of donor 
investment—will depend heavily on the sustainability of the market for AT/AC maize. 

Exhibit 6. Cost-effectiveness ratios for the Aflasafe Project 

Cost-effectiveness ratios Year 
In-country 

costs Total costs 

Uptake. Cost per added farmer adopting Aflasafe  
Year 3 $248 $140 

Year 5 $134 $95 

Market. Cost per added MT of maize treated with Aflasafe  
Year 3 $102 $58 

Year 5 $48 $34 

 

Evaluation Question 7: Lessons learnt about best practices in the design and 
implementation of agricultural prize competitions 

Our results highlight the vulnerability of a newly emergent market to underlying 
conditions in the mainstream commodity market. While our evaluation 
demonstrates that a PfR prize competition can stimulate the creation of a market, 
the sustainability of these results can be threatened if the enabling environment 

does not evolve in a supportive direction. This threat to sustainability can be exacerbated if 
underlying market conditions, such as chronic instability, increase investors’ exposure to risk 
of investing in the newly emergent market. 

Our lessons learnt from this assessment focus on the role of the enabling environment, 
particularly government initiatives and their effects on the sustainability of gains from the 
Aflasafe Project. We also discuss lessons learnt about the impact that chronic instability in 
the underlying market can have on sustainability. 

As was initially observed in the main body of this report, and re-enforced in this update, 
AgResults can be credited with the establishment of a smallholder-inclusive niche market for 
AT/AC maize. This market is populated by value chain actors who have made significant 
investments in the market and who are enthusiastic about the future of the market and their 
ongoing engagement in it.  

Nonetheless, looking forward, there are indications that the sustainability of this market is 
threatened by action—and inaction—affecting the enabling environment. The ‘action’ 
referred to here is the government’s subsidised distribution of Aflasafe. As discussed above, 
because of a lack of focus on AgResults actors, the subsidised distributions of Aflasafe have 
the potential to undermine commercial supply of AT maize by diverting the availability of 
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Aflasafe away from aggregators (former AgResults competitors) and their farmers who are 
already integrated in the commercial market for AT maize. Even if subsidies lead to 
increased availability of AT maize in subsidised distribution areas, the lack of coordination 
with commercial aggregators implies that this maize is unlikely to be subject to the quality 
control, segregation, and identity preservation that qualify it for sale to AT/AC-demanding 
buyers. Finally, subsidised distribution of Aflasafe could reduce farmers’ willingness to pay 
for Aflasafe, thus further undermining commercial value chains for AT maize. In sum, the 
government’s anticipated subsidised distribution of AT maize has the potential to significantly 
undermine the AT maize supply base that was developed through the course of AgResults.  

“Inaction” in the enabling environment may also affect sustainability. As envisioned in its 
business plan, AgResults was intended to lay the foundation of a supply base for AT/AC 
maize, so that government actors could then raise awareness and increasingly enforce 
existing aflatoxin standards. This was expected to further spur demand and development of 
the AT/AC maize market. AgResults did successfully establish a supply base (although at a 
smaller scale than initially envisioned). However, the subsequent awareness generation and 
enforcement activities that were awaiting the establishment of that supply base were 
themselves not yet ready for implementation given the relatively early stage of 
implementation of the country’s aflatoxin control strategy at the close of AgResults. There 
was some awareness generation, but it was focused on farmers. The failure of the enabling 
environment to evolve as much as envisioned threatens continued development of the 
market for AT/AC maize if it causes demand for the product to stagnate.  

Finally, given that anticipated developments in the enabling environment did not emerge, the 
chronic instability underlying Nigeria’s maize market appears to have had an exacerbated 
impact on continuity of investment, and consequently on sustainability. Specifically, given 
that demand did not expand as was anticipated in the business plan, the underlying 
instability in the market translated to increased risk exposure. This risk otherwise could have 
been offset by growing demand for the product.  

Conclusion  

The AgResults Aflasafe Project made considerable strides over its six-year implementation 
period, creating a niche market that was well-positioned to serve as the foundation for further 
market development initiatives. The underlying attractiveness of the AT/AC maize market to 
private sector players was highlighted by project results that showed a doubling of both 
farmer numbers and AT/AC maize production since year 3, despite the halving of the 
AgResults incentive in year 5. The market also showed potential for sustainability, with a 
number of private-sector actors being actively and enthusiastically engaged in the market 
with specific plans for ongoing investment, as long as they saw demand for the product. 
From a high-level standpoint, the objectives of the Aflasafe Project were met—it created a 
robust supply base for AT/AC maize so that public sector activities to raise awareness of the 
public health, trade, and economic cost of aflatoxins, and related enforcement activities, 
could take off without creating the risk of a food security crisis. 

In the months following conclusion of AgResults activities, however, these optimal conditions 
weakened somewhat, with the government not yet ready to implement the integrated 
national aflatoxin control strategy that would help to ensure a widespread increase in 
demand for AT/AC maize. While most AgResults competitors were passionate about the 
market for AT/AC maize and proud of the work they had done, they also had to respond to 
the business realities induced by climatic, policy, and economic instability. Consequently, 
overall investment in AT/AC maize contracted in the production season following AgResults’ 
end. 

Looking forward, continued development of the market for AT/AC maize will depend heavily 
on buyers’ sustaining demand for AT/AC maize and their willingness to compensate 
suppliers for the increased costs of producing and maintaining the integrity of the product. 
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Development of this market will also depend on increased awareness of aflatoxins among 
mainstream maize buyers and the progressive enforcement of aflatoxin regulations. 
Suppliers will also depend on access to credit; reliable access to Aflasafe; and a stable 
policy environment so that they can accept the risk of investing in production of AT/AC maize 
with reasonable expectations of a favourable return on their investment. 


