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1) Introduction, Background, Objectives  

The purpose of this document is to report on the follow-up data collection and analysis for the 

evaluation of Plantwise–Kenya (PW-K). Plantwise (PW) is a global initiative that provides 

smallholder farmers with information on crop health. PW began working in Kenya in 2010 to 

gather, organize, manage, and disseminate plant health information to smallholder farmers. PW-

K is being implemented through three interconnected activities. First, farmers are able to access 

trained plant doctors through a network of locally run plant clinics. Plant clinics provide 

smallholder farmers with low-cost access to plant health information and diagnosis of plant 

health issues. Second, PW-K engages key stakeholders, such as the Ministry of Agriculture, 

extension programmes, researchers, input suppliers, and regulators, in fortifying plant health 

systems through encouraging collaboration and coordination of activities. Third, a “Knowledge 

Bank” database serves as a repository for plant health information that assists with monitoring 

pests and diseases, promotes strategies for climate change adaptation, and facilitates international 

trade. 

American Institutes for Research (AIR), with support from American University and Research 

Solutions Africa (RSA), is conducting a mixed-methods evaluation of PW-K. Qualitative 

methods are used to assess the changes that PW-K brings to the Kenyan plant health system and 

evaluate the fidelity of the Plantwise implementation in the field. Quantitative methods are used 

to identify farm-level impacts using an experimental approach based on the expansion of plant 

clinics in 2014 and 2015 in 13 counties in the country. The data collection plan envisioned 

baseline data and two rounds of follow-up data (at 12 and 36 months) using the mixed-methods 

approach. Baseline data were collected in 2014 and have been analysed in a previous report. The 

first round of follow-up data were collected in 2015 and is analysed in this report. The evaluation 

is based on the following four questions that were identified at the onset of the study: 

1. Does PW-K lead to stronger institutions for managing the plant health system—do these 

institutions expand knowledge availability, improve identification of new diseases and 

pests, improve response to pest and disease outbreaks (both at the farm level and 

nationally), and maintain numerous plant clinics? If so, can these changes be sustained 

over the long term? 

2. How does the process by which PW-K is implemented influence the effectiveness of the 

programme? Given this process, how do contextual factors affect programme success? 

3. Does PW-K improve the wellbeing of farmers through improved pest and disease 

management, increased productivity, improved efficiency, and a rise in gross margins? 

Does this lead to increased income from agriculture and ultimately improved food 

security?  

4. Are the additional costs of PW-K justified given the benefits the programme provides? 

This report discusses whether the follow-up data collection was successful in terms of gathering 

adequate data to address the research questions and describes the data collected. Additionally, 

the data collection was designed to provide initial insights into the study’s research questions. 

The information presented here is based on results from only one year of the evaluation, which in 

practice corresponds to less than a year of programme implementation. Thus, the results we 

present are tentative, but some clear lessons have already emerged from the study.  
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The document is organized as follows. Section 2 provides the theory of change and Section 3 

presents the overview of the study design. Both sections have been reported previously in the 

baseline report and are included here for completeness. Section 4 provides an update to the plant 

clinic context. Using both qualitative and quantitative, Section 5 provides initial answers to the 

research questions using all the data collected thus far. Section 6 then summarizes the key 

conclusions, draws implications of these conclusions for PW-K, and discusses the next steps in 

the analysis. 
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2) Conceptual Framework: Theory of Change 

In this section, the conceptual foundation for PW-K, previously introduced in the baseline report, 

is presented. This includes a discussion of the theory of change of the programme, which 

presents PW-K’s causal logic—how the activities of the programme are intended to bring about 

improved development outcomes.  

Figure 2.1 provides a graphical representation of the theory of change for PW-K. The theory of 

change starts by considering the initial conditions, which highlights the issue being addressed. 

Fundamentally, smallholder farmers rely on crop production for income and food security. 

However, their ability to generate income and maintain food security is threatened by the 

presence of pests and diseases, which reduces yields, and, a general lack of knowledge and 

information to address pests and diseases. Farmers need to have various options for addressing 

pest and disease outbreaks that consider context-specific agricultural conditions and 

socioeconomic circumstances (Danielsen et al. 2013).  
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However, maintaining and updating information on the types of pest and diseases and how to 

address them is difficult in an agricultural landscape that is changing quickly due to globalization 

and new market pressures as well as climate change. Given this context, PW-K has sought to 

establish a better way to manage crop protection to ultimately improve food security, alleviate 

poverty, and improve the livelihoods of Kenyan farmers.  

The activities of PW-K can be divided into three general categories: (i) institutional 

strengthening, (ii) the Knowledge Bank, and (iii) field activities. Institutional activities include 

various methods to provide support to and increase collaboration among participants in the plant 

health system. A national plant health system exists through the Ministry of Agriculture and the 

range of crop protection services it provides (e.g., crop research, agricultural extension, 

regulators, data management, web services, a call centre for farmers) as well as through affiliated 

stakeholders (e.g., universities, input suppliers, farm organisations). PW-K invests in establishing 

a support network for these local entities, seeking to facilitate information flow among these 

entities and coordinate action. This improved coordination is intended to increase the availability 

of information to farmers. Additionally, it helps farmers benefit from coordinated responses and 

targeted messages that are immediate and delivered at scale.  

The Kenya Plantwise Knowledge Bank is the second component of the approach. The 

Knowledge Bank is a free and open-access online database of locally relevant plant health 

information. It is readily accessible to provide support to plant doctors who operate plant clinics, 

to extension workers, and to researchers. The bank provides diagnostic assistance, treatment 

support, and pest distribution data gathered from plant clinics, researchers and international 

partners around the world (Plantwise website). The investments from PW-K include establishing 

and hosting the database, along with providing ongoing advice to extension systems and national 

bodies. The online database is designed to increase the accountability and responsiveness of local 

organisations to farmers and guarantee the quality of information that farmers receive. 

The final component of PW-K is to establish and maintain a network of plant clinics, which act 

as a physical interface between farmers and crop protection experts. The clinics are staffed by 

extension agents who work for the Ministry of Agriculture, but receive special training from 

PW-K to be plant doctors. Once trained, the plant doctors have the capacity to diagnose pests and 

diseases and to offer recommendations related to, for example, cultural practices (methods that 

do not use chemicals) or the use of chemicals. In general, the plant doctors seek to promote the 

idea of integrated pest management (IPM), which uses multiple approaches to pest and disease 

management that minimize hazard to people and the environment. While not excluding the use 

of chemicals, the plant doctors seek to ensure the rational use of these pesticides. Plant doctors 

are an alternative to input suppliers who sell chemicals, in that they provide an expert opinion 

without any agenda to sell products. Plant clinics staffed by two plant doctors are set up 

throughout the country (59 clinics as of the beginning of 2014), often at agricultural markets, 

although occasionally at other locations where farmers congregate. The choice of location is 

generally based on making the clinics as accessible to the largest number of farmers possible. 

The technical support aspect of the Plantwise approach is intended to strengthen farmers’ 

knowledge of crops and crop health, as well as to open possibilities for agricultural 

diversification and production. The clinics are ongoing, and they seek to increase farmers’ 

knowledge over the long term and help them to shift their behaviour toward better crop 

protection practices. 



 

American Institutes for Research   PW-K: 12-Month Follow-Up Report—5 

The fact that the clinics represent the physical interface between farmers and crop protection 

experts highlights the broader role of plant clinics beyond the immediate intervention. The 

broader effects are numerous. First, the plant doctors are part of the Ministry’s staff and they 

interact with farmers outside the plant clinics, with other extension agents and with supervisors. 

Through these interactions they transmit knowledge that reflects both their new training as plant 

doctors, but also what they learn in the clinics from farmers. This transmission of information 

could influence the activities of local field agricultural extension offices. For example, the 

agricultural extension offices often hold field days for farmers to promote certain agricultural 

practices. The focus during these field days can change based on the information obtained by 

plant doctors. Second, the plant clinics are designed to systematically collect information on the 

crops and associated pests and diseases reported by farmers. These data are entered in the 

Plantwise Online Management System (POMS), where the information is verified and ultimately 

used for analysis and to provide information (via the Knowledge Bank). The verification process 

involves carefully considering the data from clinics, which is then used to provide additional 

training to plant doctors if issues are identified with their diagnoses and recommendations. The 

data also provide information for additional investigation if new diseases or pests appear to be 

emerging. The database itself serves as a key source of information regarding the prevalence of 

pests and diseases and emerging vulnerabilities in plant health. Overall, the plant clinics play 

dual roles—addressing farmers’ crop protection needs and stimulating broader institutional 

change that complements the other two components. 

These three PW-K activities are intended to lead to a set of initial effects (shown in Figure 2.1). 

These can be broadly categorized into (i) changes in the overall system for managing Kenya’s 

plant health and (ii) changes that result from farmers altering their behaviour as a result of the 

plant clinics and general system changes.   

With respect to the overall system, the training of plant doctors and other members of the 

Ministry of Agriculture should increase knowledge about crop protection. The expectation is that 

advisory systems and regulatory systems for monitoring pests and diseases should improve with 

the shifts in the management system, expanded collaborative networks, and improved 

information gathering through the plant clinics and other information sources in the Knowledge 

Bank. Improvements in the overall management of crop protection services and the plant clinics 

should lead to greater quality in the provision of crop protection services if stakeholder 

behaviour changes as a result of these investments.  

With the improved overall service and availability of plant clinics, a behavioural response is 

expected from farmers as well. Farmers should respond by attending plant clinics and other 

related extension activities. The programme should induce farmers to adopt new production 

practices if this occurs as planned and farmers internalize the information they obtain from 

participating in these activities. Proper diagnosis should then lead to a better investment in 

productive inputs. Improved input management should decrease crop losses and improve plant 

health and quality. It can also allow farmers to adopt new crops if concerns about pest and 

disease are limiting entry into the production of crops. Overall, improved plant health can 

increase sales and prices. 

The behavioural responses by stakeholders and farmers rest on a number of assumptions, some 

of which are noted in Figure 2.1. The theory of change assumes that both plant doctors and 
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farmers have a sufficient base of knowledge on which to build. It also assumes that stakeholders 

have internet access and can obtain the information being developed in the Knowledge Bank. 

With respect to farmers, the theory assumes that farmers can and will travel to clinics, and that 

they will be able to use the information—in other words, that markets exist through which to 

obtain required inputs and that farmers have the resources to obtain the necessary inputs. If 

farmers find the information sufficiently beneficial to explore new production opportunities, the 

theory also assumes those opportunities exist and that the market can absorb expanded products. 

These assumptions demonstrate potential reasons why PW-K may not achieve its intended 

effects. 

Taken together, these behavioural changes on the part of stakeholders and farmers could lead to 

stronger institutions for managing crop protection, higher quantity and quality of production 

from farms, and greater income and food security for farmers. The stronger institutions would be 

seen in the context of a broader knowledge base that is continuously updated, improved systems 

for identifying pest and disease outbreaks, and improved response to those outbreaks. The 

system would also have strong and sustainable plant clinics being attended by well-trained and 

informed plant doctors. The programme could then have impacts on agricultural production 

resulting from improved overall pest and disease management strategies, gains in efficiency, and 

higher gross margins. The programme could also have impacts on farmer wellbeing, evidenced 

by increased income and decreased poverty, and improved food security and better nutrition.  

The theory of change shows the causal logic of PW-K and therefore helps to identify the 

evaluation questions that should be addressed. Two general questions clearly emerge from the 

theory of change: the impact of the programme on the overall plant health system (research 

question 1) and the impact at the farm level (research question 3).  

The impact of a programme like PW-K is ultimately a function of how it is implemented. 

Understanding this implementation is therefore a critical aspect of evaluating the programme. A 

key aspect of implementation in this case is the work of the plant clinics. Because they are the 

primary interface between PW-K and the farming community, the process by which they operate 

is critical to the success of the programme. The process also influences the type of farmer the 

programme reaches, and whether certain segments are excluded (e.g., women, poorer farmers, 

certain locations). The plant clinic process can also lead to variation in the effectiveness of the 

programme through contextual factors such as the population density of a region or the type of 

farming present. Since this is linked to the plant health system, it is the second research question 

noted in the introduction. 

Finally, another important consideration is the costs of PW-K. The programme largely 

redistributes existing resources in the Kenyan government; staff used in the programme are 

already funded by government meaning limited additional labour costs. Labour costs of PW-K 

would be the opportunity cost of labour; that is, the activities that government officials longer do 

because of the programme. There are other costs in building capacity, implementing the plant 

clinics, and developing and managing the database, among others. Research question 4 considers 

these costs in the context of the programme’s benefits. 
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3) Study Design 

In this section, the study design for PW-K, previously introduced in the inception report, is 

presented. To answer the posed questions, a mixed-methods approach that includes a series of 

qualitative and quantitative methods has been used. The broad scope of the study required that 

information be collected from multiple sources. On the quantitative side, this meant both primary 

data collection and the analysis of PW-K administrative data. The primary data collection 

includes both a farm-level survey and a knowledge assessment of plant doctors. On the 

qualitative side, this meant collecting information at the national and local (county) level and 

using both key informant interviews and focus groups.  

The logic of the data collection is based on PW-K’s current field presence and its plans for 

expansion. At the initiation of this study in 2014, PW-K operated in 13 Kenyan counties and had 

59 plant clinics in operation. PW-K intended to expand the number of clinics within the country, 

with the expansion focusing on those 13 counties. The field work focused on the 13 counties 

covered by the programme and exploited the intended expansion via a randomised phase-in 

approach to assess impact. In this section, a summary of this approach is provided. Details of the 

study design are available in the inception report. Since the county-level field work forms the 

basis of much of the design, this is described first, followed by the methods for collecting and 

analysing the data. 

a) Randomised Control Trial 

To measure the impacts of PW-K at the farm level, a multi-site longitudinal randomised control 

trial (RCT) was designed, relying on the plant clinic expansion plan that PW-K is implementing 

from 2014 to 2018. To create the sample, county representatives from the 13 counties where 

PW-K currently operates were asked to identify 30 sets of three potential plant clinic sites with 

similar characteristics, for a total of 90 potential sites. For each set of three potential clinics, one 

site was randomly selected for inclusion in the programme starting in August 2014, thus creating 

the initial 30 treatment sites and 60 comparison sites.
1
 Selecting one of the three identified 

clinics, rather than a simple random selection of 30 clinics out of 90, ensures a similar 

distribution of treatment and control areas, which would not necessarily emerge from a random 

selection. One additional site from each set of three was randomly selected for inclusion in the 

programme after the first follow-up round of data collection in August 2015, and the final 30 

sites will receive the programme after the second follow-up round of data collection in August 

2017. In other words, there will be 30 treatment and 60 control sites by August 2015, and 60 

treatment and 30 control sites by August 2017. All 90 sites will have clinics after the evaluation 

is completed.  

This delayed entry takes advantage of the natural expansion of the programme to construct a 

comparison group for those who are immediately treated. The randomisation of plant clinic sites, 

as opposed to individual farmers, helps overcome concerns about not capturing the true 

programme impacts due to spillover effects (as long as farmers in control sites are outside a plant 

clinic’s catchment area, meaning that information is less likely to flow from one site to the next).  

                                                 
1
 The random selection of clinics took place using a transparent process in the presence of county representatives, 

PW-K, CABI, and the evaluation team on April 30, 2014. 
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To increase the likelihood that farmers in these areas attend clinic sessions, and to ensure a 

sufficient sample size in our treatment group, an encouragement design is being implemented in 

the treatment areas. Surveyed farmers in treated areas will receive text messages with clinic 

hours and location, as well as additional information to encourage their use of the clinics. The 

messages are sent by the PW-K clinic coordinators from the treatment areas in the days prior to 

implementing each clinic.  

One final element of the farm-level impact evaluation is an assessment of the use of mobile 

devices (relative to the previous paper-based approach). PW-K has been experimenting with the 

use of mobile devices to aid plant doctors. The devices provide plant doctors with a wealth of 

information—more than a plant doctor can keep in hard copy. The devices also include an 

electronic diagnosis and recommendation form, which replaces the paper form used elsewhere. 

This may improve the quality of reporting and minimize errors. Beyond this, the mobile devices 

may enhance the reputation of plant doctors because farmers will see the plant doctors using new 

technologies. To assess the use of the mobile devices, plant doctors in 15 of the 30 treated plant 

clinics are receiving training on the use of the devices and are being provided with a device. The 

selection of the 15 plant doctors followed a similar procedure to that used for the initial 

randomisation.  

To create a sample frame within the selected areas, potential programme participants were 

identified through a census of farmers living in close proximity (1–1.5 km radius) to the 90 

treatment and control sites. Approximately 5,000 farm households were targeted for interviews 

as part of the census, which resulted in approximately 56 households from each of the 90 

designated areas. Within households, adult household respondents who were mainly responsible 

for the farming activities in the given household were identified and surveyed. The criteria for 

inclusion in the census were jointly agreed to by PW-K, CABI, and the evaluation team, and 

included: 

(i) Having between 0.25 and 10 acres of land for crop production (the size PW-K 

expects to benefit from the programme)  

(ii) Willingness to work with agricultural extension services 

(iii) Willingness to provide mobile phone numbers 

All identified households that did not meet any of the eligibility criteria were substituted with the 

immediate next household. The final count of households that met the criteria for inclusion in the 

sample frame was 4,925. 

To determine a final sample size for the study that would allow the detection of meaningful 

programme effects, a power analysis was conducted. This indicated a need for around 31 

household farms for each of the 90 sites, after accounting for attrition over time. This gives us a 

sample size of approximately 2,800 households equally distributed across all sites, which were 

randomly selected from the census. 
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b) Quantitative Data Collection  

The Farmer Questionnaire 

PW-K’s primary focus is on crop protection, achieved by avoiding and reducing damage from 

pests and disease. In the short term, we would expect treatment-group farmers to have improved 

crop husbandry practices and reduced crop damage as a result of changing cultural practices and 

using inputs (e.g., fertilisers and pesticides) more efficiently. These behavioural changes may 

result in higher farm yields and farm household welfare in the long term.   

Farm-level instruments for the impact evaluation were designed to collect intermediate outcomes 

related to welfare-improving behavioural changes by farmers in the short term. These include 

investing in better production inputs, adopting new practices, and improving disease/pest 

management. In addition to collecting farm household demographic and economic 

characteristics, questionnaires also assess farmers’ extension needs and sources of information 

for these needs. Beyond these more immediate indicators, the survey includes details on all the 

crops produced by farmers, regardless of land area. This will allow us to assess whether plant 

clinics have an impact on crop production diversity. Along similar lines, the survey includes 

details about food consumption within households in order to get a sense of whether production 

diversity or higher income leads to more dietary diversity, which is a proxy for food security. 

In order to measure the long-term effects of the programme, the instrument also collects detailed 

information on crops that are cultivated in an area larger than 125 square metres (or 1/32 acre). 

These long-term outcomes include crop production amounts and market values, which—along 

with input expenditures such as fertilisers, pesticides, and labour—will allow us to estimate 

programme effects on yields, farm productivity, and gross margins.  

In the questionnaire, we also investigate farmers’ experiences with PW-K in terms of awareness, 

usage, and support from PW-K and other extension services. In the follow-up rounds of data 

collection, these items will help us investigate the fidelity with which the programme is 

implemented in the field.  

In 2014, we collected information for 2828 farmers, and in 2015 for 2504. We discuss the 

attrition rate and its implications below.   

Table 3.1 presents the most relevant intermediate and final outcomes we collect in the survey. 

The table describes the type of variable—whether it is a categorical or continuous variable and 

the units of measurement— as well as the level at which the variable can be constructed. For the 

analysis of the data, outcome variables were created at three different levels. The first level is the 

crop level (C); the second level comes after aggregating crop data by type of plant life cycle, 

namely, annuals (A) or perennials (P); and the third level is when all crops are aggregated at the 

household level (H). These different levels allow us to better characterise the agricultural 

conditions of households with multiple crops. Note, for instance, that the value of a specific 

variable (say, gross margins) only varies by level as long as the household has more than one 

crop. Otherwise, having only one crop yields the same value at all levels, since the crop level is 

the same as the household level.   
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As shown in the table, almost all outcome variables can be analysed at the crop level (C), 

including cultural practices, inputs used (e.g., seeds, fertilisers, pesticides, labour), and 

production variables (e.g., value of harvest and gross margins). In addition, most outcomes can 

be aggregated into either annuals (A) or perennials (P), and then totalled by household (H). The 

most notable exceptions are the two indices on production diversity, which are more meaningful 

at the household level.  

Intermediate Outcomes. PW-K’s primary focus is on crop protection, which allows households 

to avoid and reduce damage from pests and disease. In the short term, farmers in the treatment 

group are expected to have improved crop husbandry practices and reduced crop damage as a 

result of changing cultural practices and using inputs (e.g., fertilisers and pesticides) more 

efficiently. The most relevant intermediate outcomes are: indicator variables for cultural 

practices used, value of seed planted, use and value of organic and inorganic fertilisers, use and 

value of pesticides used, use and value of biological protection, and quantity and value of labour 

used. 

Final Outcomes. Beyond these immediate indicators, the survey includes details on all the crops 

produced by farmers, regardless of land area. This allows us to assess whether plant clinics have 

an impact on crop production diversity. Along similar lines, the survey includes details about 

food consumption within households in order to get a sense of whether production diversity or 

higher income has led to more dietary diversity, which is a proxy for food security. 

In order to measure the long-term effects of the programme, the instrument also collects detailed 

information on crops that are cultivated in an area larger than 125 square metres (or 1/32 acre). 

These long-term outcomes include crop production amounts and market values, which—along 

with input expenditures such as fertilisers, pesticides, and labour—allow us to estimate 

programme effects on yields (i.e., quantities), farm productivity (i.e., quantities per unit of 

cultivated area), and gross margins (G), which for crop c in household h is defined as:  

𝐺𝑐ℎ = 𝑃𝑐 ∗ 𝑄𝑐ℎ −  𝑃𝐿 ∗ 𝐿𝑐ℎ − 𝑃𝑏 ∗ 𝐵𝑐ℎ − 𝑃𝑄𝑃 ∗ 𝑄𝑃𝑐ℎ − 𝑃𝐹 ∗ 𝐹𝑐ℎ − 𝑃𝑆 ∗ 𝑆𝑐ℎ 

 
where 𝑃𝑖 is the price per unit i, including quantity harvested (Q), hired labour (L), units of 

biological control used (B), pesticide used (QP), fertiliser used (F), and seed planted (S).  

Note that to get values, such as the value of pesticides or harvest, the price is multiplied by the 

quantity used. All quantities are collected from the farmer survey. Following common practice, 

missing prices, on the other hand, may need to be imputed using the median reported price for a 

given commodity or crop at the plant clinic area level. If too few observations are available for a 

specific crop and input within a plant clinic area, imputations are done using the median prices at 

the next available aggregation level—that is, at the county level, and if that level is unavailable, 

at the national level. In addition, all area variables are converted to acres to express all monetary 

values per unit of area in order to facilitate the comparison of farm households with different 

land extensions. 

Lastly, we created two different production diversity indices: the Shannon and Simpson indices. 

Crop counts are often criticised as measures of production diversity because they fail to capture 

the area planted and therefore the relative importance of different crops. These indices are 
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commonly used to measure production diversity and incorporate, in distinct ways, land area 

planted with different crops (Smale, 2006). The Shannon index captures the evenness and 

proportional abundance of crops and is defined as: 

𝑆ℎ𝑎𝑛𝑛𝑜𝑛 =  − ∑ 𝛼𝑖  ln 𝛼𝑖   

where αi is the share of land area planted with a particular crop. This measure has a lower limit 

of zero, which occurs when only one crop is planted. The Simpson index also captures the 

relative abundance of each crop and is defined as:  

𝑆𝑖𝑚𝑝𝑠𝑜𝑛 = 1 − ∑ 𝛼𝑖
2 

which also has a lower limit of zero, and where αi is defined as above. Along with the crop 

count, the Shannon and Simpson indices provide estimates of diversity, with higher values 

suggesting greater production diversity. 

 

Table 3.1. Description of Selected Outcome Variables 

Intermediate Outcomes Variable Type Variable Level 

Cultural Practices     

Crop rotation, early planting, intercropping, removal of 

plant residue, use of improved planting material, planting 

resistant varieties, use of certified planting material, crop 

monitoring 

Yes=1, No=0 C, A 

Planting resistant varieties, use of improved planting 

material, intercropping, weeding, removal of infested/ 

damaged material, crop monitoring, remove plant 

residue. 

Yes=1, No=0 C, P 

Inputs     

Value of seed planted (imputed) KHS and KHS/Acre C; A, P; H 

Organic fertiliser used Yes=1, No=0 C; A, P; H 

Inorganic fertiliser used Yes=1, No=0 C; A, P; H 

Value of inorganic fertiliser used KHS and KHS/Acre C; A, P; H 

Pesticide used Yes=1, No=0 C; A, P; H 

Value of pesticides used KHS and KHS/Acre C; A, P; H 

Biological crop protection used Yes=1, No=0 C; A, P; H 

Value of biocontrol used KHS and KHS/Acre C; A, P; H 

Total family labour days No. Days C; A, P; H 

Total paid labour days KHS and KHS/Acre C; A, P; H 

Value of paid labour KHS and KHS/Acre C; A, P; H 
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Final Outcomes     

Yields and Productivity     

Quantity Weight units/Acre   C; A, P; H 

Total value of harvest (imputed) KHS and KHS/Acre C; A, P; H 

Total value of harvest consumed (imputed) KHS and KHS/Acre C; A, P; H 

Total value of harvest sold  KHS and KHS/Acre C; A, P; H 

Gross margins KHS (see formula) C; A, P; H 

Production Diversity     

Number of crops produced Count A, P; H 

Shannon index See formula H 

Simpson index See formula H 

Notes: C=Crop; A=Annuals; P=Perennials; H= Household level. 

Control Variables. In the questionnaire, we also collect a rich set of variables that allow us to 

characterise households in the sample. These variables allows us to estimate programme impacts 

more precisely, provided these variables are good predictors of the intermediate and final 

outcomes of interest. Most of the control variables relate to the socioeconomic conditions of the 

household, including head of household characteristics. These variables include: the age, gender, 

and educational attainment of the household head; household demographic composition, such as 

number of household members and age ranges; housing conditions, such as the materials with 

which walls, floors, and roofs are made; and a rich description of the main assets owned by the 

household and its access to public services (e.g., water and electricity sources). Most of these 

control variables are categorical variables, which are equal to 1 if the condition is satisfied and 0 

if the condition is not satisfied.  

Attrition. Attrition within a sample occurs when households from the baseline sample are 

missing in the follow-up sample. Mobility—the dissolution of households, death, and divorce— 

can cause attrition and make it difficult to locate a household for a second data collection. 

Attrition causes problems in conducting an evaluation because it not only decreases the sample 

size (leading to a less precise estimate of programme impact), but may also introduce selection 

bias to the sample, which will lead to incorrect programme impact estimates or change the 

characteristics of the sample and affect its generalizability.
2
 In particular, differential attrition 

occurs when the treatment and control samples differ in the types of individual who leave the 

sample. Differential attrition can create biased samples by eliminating the balance between the 

treatment and control groups achieved through randomisation at baseline.  

We investigate differential attrition at the 12-month follow-up by testing for similarities at 

baseline between treatment and control groups for all nonmissing households. Approximately 

11.5 percent of the sample was lost to attrition. Table 3.2 shows the household response rates by 

treatment status at the 12-month follow-up for each county. The attrition was uniformly spread 

through all the 90 study sites, so that, on average in each site 3 out of 30 respondents were not 

interviewed. The overall response rates are balanced between treatment and control groups.  

                                                 
2
 What Works Clearinghouse (http://ies.ed.gov/ncee/wwc/documentsum.aspx?sid=19) 
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Table 3.2. Household Response Rates by County 

County Control Treatment Total 

 Bungoma 85.8% 85.5% 162 

 Elgeyo/Marakwet 93.5% 92.5% 259 

 Embu 89.9% 92.3% 176 

 Kajiado 90.5% 86.5% 254 

 Kiambu 80.0% 90.5% 157 

 Kirinyaga 80.3% 81.3% 154 

 Machakos 81.9% 95.2% 164 

 Nakuru 84.9% 87.3% 162 

 Narok 94.1% 93.5% 261 

 Nyeri 91.3% 82.5% 167 

 Tharakanithi 89.4% 95.7% 258 

 Trans Nzoia 82.4% 90.5% 160 

 West Pokot 91.3% 88.5% 170 

Overall 87.9% 89.7% 2,504 
 Notes: Total number of baseline observations is 2,828. Total number of 2015 midterm observations is 2,504  

 

Numerous reasons contributed to the attrition. Some of the reasons reported by RSA in order of 

importance are: 1) Target respondents unknown in the target clinics because of wrong names 

captured in 2014 (37 percent of total attrition); 2) Farmers would not provide details on other 

farmers for whom we did not have working phone numbers (18 percent); 3) Target respondents 

relocated to other counties (18 percent); 4) Target respondents refused to participate (9 percent); 

5) Target respondents traveling at the time of data collection (6 percent); 6) Target respondents 

were duplicated at baseline (6 percent); and 7) Target respondent passed on and household was 

deserted (4 percent). 

In our initial power calculations we accounted for 10 percent attrition to determine the study 

sample size. Thus, the observed attrition rate does not compromise our ability to detect 

meaningful programme impacts. Also, at baseline, we collected information for 2828 

households, even though the power calculations indicated we needed 2800 households. As a 

result, the effective attrition is closer 10.5 percent. Moreover, although we still have a large 

enough sample size to detect meaningful impacts, we test whether the benefits of randomisation 

are preserved at follow-up due to attrition. Fortunately, we do not find any significant differential 

attrition at the 12-month follow-up, meaning that the households that dropped from the sample 

are not observationally different from those that remained in sample, which means we are still 

able to attribute any observed differences in outcomes between treatment and control households 

to the programme. Appendix 1 reports the results for the tests on mean differences for all the 

indicators and controls. These tests examine any statistical differences at baseline between the 

treatment and control households that remain in the 12-month follow-up analysis. There are 

minimal differences between these two groups at the 12-month follow-up. Out of 131 variables 
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tested, differences existed in only 14 of the variables. Furthermore, the majority of differences 

were of weak statistical significance.
3
 

The similarity of the characteristics of people missing in the follow-up sample between treatment 

statuses allays concern that attrition introduced selection bias. Thus, the study maintains strong 

internal validity created through randomisation, enabling estimated impacts to be attributed to 

PW-K rather than to differences in the groups resulting from attrition. 

Plant Doctor (PD) Selection, Assessment, and Implementation  

To investigate whether plant doctor training improves the knowledge of agricultural extension 

agents, we developed a knowledge assessment in collaboration with PW-K, CABI, and the 

University of Nairobi (UoN). We conducted the assessment in 2014 and 2015 at two different 

points in time each year. First, all the agricultural agents identified as plant doctors for the new 

plant clinics that started in 2014 and 2015 took the assessment prior to receiving the plant doctor 

training in July 2014 and May 2015, respectively. In turn, the assessment for current plant 

doctors and some comparable agricultural extension agents occurred in September of 2014 and 

again in June 2015. By testing the different types of extension agents over time, we are able to 

estimate the causal relationship of the PW trainings on plant health knowledge. We provide the 

methodological details in Section 5b of this report.  

The plant doctor assessment consists of two parts: (1) a multiple-choice test with 50 questions, 

which all participants should be able to complete within 75 minutes; and (2) a short-answer 

section, which participants should also be able to complete within 75 minutes. Each section is 

worth 50 points, for a total of 100 points. The multiple-choice questions relate to knowledge that 

is necessary for diagnosis and providing relevant recommendations, and they are designed to be 

relevant in Kenya. Questions are easier at first and become incrementally harder. The short-

answer questions are more comprehensive and are intended to simulate the conditions faced by 

plant doctors. Questions incorporate diagnosis, recommendations, and potentially behavioural 

responses. Some short-answer questions have multiple parts, focusing first on diagnosis and then 

on recommendations. Again, questions have different difficulty levels to ensure scores capture 

variations in plant health knowledge. Lastly, we asked PW-K, CABI, and UoN to design the 

2015 assessment based closely on the 2014 assessment in order to ensure both tests were 

horizontally equated
4
 to facilitate the interpretation of score gains over time.  

In both years, we assessed three different types of extension agents: (i) All plant doctors who 

started working in the plant clinics before 2014 and were trained before the 2014 assessment; (ii) 

                                                 
3
 The following ten variables were statistically different at the 10% significance level: 1) Household head attended 

school: Currently attending; 2) How to use husband/male earnings off the farm; 3) When to apply fertilisers; 4) 

When to apply pesticides; 5) Who should work on crops being produced; 6) Marketing information useful; 7) Debt 

from loans contracted in the past 12 months; 8) Would apply for a loan if certain he will get it; 9) Amount received 

from NGO; 10) Member of HH participate in: Religious group. While the following four variables were significant 

at the 5% significance level: 1) Language used by respondent: English; 2) Making major household purchases also 

different at baseline; 3) Practices followed when spraying pesticides: Use container; 4) Borrowed on credit from 

someone outside the HH – treatment group more likely 
4
 Test equating is the process of determining comparable scores on different forms of an exam. Horizontal equating 

allows to compare the scores of two tests administered in two different points in time, where the tests are different to 

avoid practice effects. 
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Agricultural agents selected to become new plant doctors for the new plant clinics that started 

after September 2014 before they received the plant doctor training; (iii) A set of comparable 

agricultural extension agents (AEAs), who have not received training from PW-K, but work in 

areas close to plant clinics and have similar observable characteristics to plant doctors. This last 

group serves as a control group to assess the effects of plant doctor training.  

In order to select the sample of AEAs for the assessment, the Ministry of Agriculture shared with 

us the list of all extension officers in Kenya. The administrative data provides information on 

deployment, field of specialisation, designation, county of operation, age, and gender. We 

selected AEAs using propensity score matching, a statistical matching procedure, to ensure that 

each one of the plant doctors who took the assessment in 2014 (current and new) had a 

comparable AEA in terms of county of work, age, gender, field of specialisation, deployment, 

and designation. More specifically, we selected AEAs whose field of specialisation is agriculture 

(general, extension, and economics) or horticulture; who are deployed as Field Extension 

Officers (FEO), Crop Protection Officers (CPO), or Agricultural Extension Officers (AEO); and 

whose designation is Agricultural Assistant (JAA, AA I, SAA, and CAA) or Associate 

Agricultural Officer (AAO I, AAO II, AAO III, and SAAO).  

A total of 271 and 286 officers participated in the assessment in 2014 and 2015, respectively. 

More importantly, a total of 225 agents took the assessment in both years: 43 from the group of 

2014 new plant doctors, 77 from the 2014 current plant doctor category, and 105 from the AEAs 

group. These 225 agents for whom we have longitudinal data constitute our preferred sample to 

estimate the effects of the training.  

Analysis of Monitoring Data 

As part of the PW-K monitoring system, data are actively collected regarding visits to plant 

clinics, diagnoses by plant doctors, and recommendations provided to farmers. This information 

is then verified and used for quality checks and indications of new outbreaks. Until recently, 

these data have been collected using a paper form, which is manually entered into a spreadsheet 

and then verified. PW-K has been conducting a pilot programme in which plant doctors enter 

data on a mobile device, which are then transmitted in electronic form rather than manually 

entered. This saves time and potentially avoids certain errors in data entry. Analysis of the data 

collected via the paper monitoring system and through the mobile pilot will inform our 

understanding of the system under PW-K. In the baseline report, we used these data to determine 

the times and places of clinic operation, the number of visits to each clinic, the crops that are 

brought in, the diagnoses, the recommendations, and the quality checks. Additionally, we made 

comparisons across paper and mobile devices, type of plant doctor (e.g., education, gender), and 

location. Ultimately, the analysis of the monitoring data provides insights into where problems in 

diagnosis and recommendations are likely to occur. Unfortunately we were unable to conduct 

new analysis on the POMS data because the 2015 had not been recently validated. However, we 

plan to analyse these data once the validation process is finalized.   

Cost Analysis 

Identifying costs associated with the project is not trivial as costs include those provided by 

CABI and PW-K. To identify the costs the ingredient method is initially used, in which every 
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ingredient that could change an effect resulting from an intervention is considered. There are five 

major categories of ingredients: (i) personnel, (ii) facilities, (iii) equipment and materials, (iv) 

other inputs, and (v) client inputs. These form the starting point for considering specific 

ingredients and their costs. Initial information on the types of costs associated with the 

programme has been collected through the qualitative data collection with these ingredients in 

mind. Most the identified costs fell under (i) personnel, and (iii) equipment and materials. After 

identifying these ingredients it is necessary to match the actual costs from CABI and PW-K. 

Since budgets often reflect combinations of ingredients they list of cost do not follow precisely 

the noted ingredients, but these are kept in mind in calculating the costs. The end result is an 

assessment of the difference in costs with and without PW-K. 

c) Qualitative Data Collection  

The evaluation uses qualitative research to provide a basis for in-depth analysis of and insights 

into the impact of PW-K. The qualitative component of the study is implemented through key 

informant interviews (KIIs) and focus group discussions (FGDs) at the national and county level. 

Given that the benefits of KIIs and FGDs tend to diminish with each additional interview (as 

saturation occurs), a decision was made to focus the field interviews in 4 of the 13 counties 

where PW-K is currently operating. With the objective of capturing a broad range of 

experiences, CABI and the Ministry of Agriculture selected four counties—Trans Nzoia, 

Nakuru, Machakos, and Kirinyaga—to represent the geographic and agroecological diversity 

(e.g., irrigation, crops, land size) of existing clinics. Information gathering is scheduled to occur 

at three points in time: at baseline (all interviews), 12 months after baseline (county interviews 

and treatment FGDs), and 36 months after baseline (all interviews repeated, except for ongoing 

clinics from baseline). This baseline/follow-up design allows the team to understand the plant 

health system with existing clinics, without clinics (before areas receive the PW-K intervention), 

and then again after the communities have adjusted to having the clinics. It also allows an 

assessment of the sustainability of any changes in the plant health system.  

We conducted a stakeholder analysis in April 2014 to identify the appropriate parties to 

interview at the national level. An important part of the Plantwise approach at the national level 

is the National Steering Committee (NSC), which gathers representatives from a variety of 

organisations in Kenya’s plant health system to provide programme oversight and input. This 

committee also ensures high-level stakeholder involvement, which ideally encourages 

programme buy-in. In addition to the members of the NSC, the study team interviewed at least 

one other individual from each of the involved agencies using the same set of questions asked of 

the NSC. We identified people who have knowledge of PW-K, but are not active participants in 

the NSC. The purpose of interviewing these individuals was to include the opinions of those not 

actively involved in the programme in order to avoid bias. Moreover, the interviews included 10 

additional representatives of organisations that are essential to understanding the Kenyan plant 

health system, but are not part of the NSC. In total, we conducted 34 national-level KIIs at 

baseline. We did not interview these stakeholders at the 12-month follow-up, but will re-visit the 

national level stakeholders during endline data collection in 2017.  

At the regional level, the study design is based on interviews with two Ministry of Agriculture 

(MoA) officers (from the research institute KALRO and the plant health organisation KEPHIS) 

and five county officials (one county executive committee member, one county agriculture 
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director, two sub-county agriculture officers, and one clinic cluster coordinator) in each of the 

selected sites in order to understand how the system has changed with the development of PW-K. 

One agrodealer per county was also interviewed as another source of input from treatment and 

control sites. In total, 32 county-level KIIs were conducted at baseline. 

Additionally, farmers and extension agents were identified in coordination with county officials 

and PW-K to participate in FGDs. There is one focus group per condition in each of the four 

counties that make up the qualitative portion of the study. The first focus group includes current 

plant doctors in the county, while a second focus group includes agricultural extension agents 

who are not plant doctors in the same county. Similarly, the design includes two sets of farmer 

focus groups in each county, for a total of eight focus groups across the four counties. These 

include farmers who have participated in PW-K in the existing plant clinic areas, and farmers 

that would be likely to participate in PW-K in the areas where new plant clinics are envisioned. 

In total, 16 county-level FGDs were conducted at baseline. Cluster coordinators selected farmers 

to participate in FGDs based on whether they have previously attended a clinic. Given their 

responses, we estimate that the farmers we interviewed had only attended the clinic once or a 

few times – some of which were solely to come and see what the clinic was all about. Farmers do 

not seem to be attending clinics on a regular basis, so were giving opinions based on very few 

experiences with the clinics. 

The KIIs are semi-structured, using protocols that include fundamental topics but that allow for 

the addition of probes in a more free-flowing conversation, which can capture information that 

might otherwise be missed. The FGDs are facilitated by a discussion guide, which includes a 

similarly flexible set of questions and probes. The questions are intended to allow the 

participants to steer the discussion, while still ensuring that they stay on relevant topics. In order 

to ensure the efficient collection and analysis of information, the team structured the interviews 

and focus groups within the analytical framework of grounded theory (Glaser, 1998, Glaser & 

Strauss, 1967). This design supports the systematic management of data during synthesis and 

report preparation. The study uses multiple triangulation techniques (Denzin, 1978), including 

methodological triangulation (Lincoln & Guba, 1985; Guba & Lincoln, 2005), which will help 

support efforts to promote the integrity of the overall research whilst also generating sufficient 

data for describing the interventions. The study team’s objective is to ensure that all facets of the 

research (e.g., data collection, data management, data analysis, and reporting) systematically 

cohere with an aim to ensure data trustworthiness, and thus the credibility of the findings. 

Grounded theory advocates a systematic approach to data collection and management, which 

involves the methodical coding of data through an iterative process that promotes consistency in 

all facets of the data collection and analysis.  

The qualitative research team collected follow-up data in June and July 2015 and finalized the 

follow-up work in September 2015. Before beginning the coding process with the collected data, 

the team de-identified participant information, clarified shorthand in interview notes, and 

reviewed transcripts for any inaudible comments and corrected the file.
5
 The team developed 

broad categories that represented themes as they emerged during the data collection. These 

annotations were the inception of the coding scheme, which relied on a set of high-level codes 

                                                 
5
 KIIs were conducted in English while FGDs were conducted in Kiswahili. FGDs were transcribed and translated 

from Kiswahili to English, using a forward/backward translation process. 
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geared towards separating the raw data from interviews and focus groups into large buckets by 

theme, with lower level sub-codes used to identify data that addressed specific subtopics. The 

team defined each broad category and sub-code to ensure consistency across coders and over 

time. While incorporating the focus groups and interviews into the coding structure using NVivo 

Data Analysis Software, coders met to discuss new codes developed while coding and any other 

revisions to the coding scheme. After coding, the team attempted to quantify the data, where 

applicable, using code counts and percentages to illustrate findings. This method helps to 

characterize the prevalence of responses in order to deduct which themes are common and which 

are outliers. This systematic approach to the qualitative analysis forms the basis of the insights 

provided in the sections that follow. 
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4) The Plant Clinic Context  

To assess whether PW-K leads to stronger institutions for managing the plant health system—

which expand knowledge availability, improve identification of new diseases and pests, and 

improve responses to pest and disease outbreaks (both at the farm level as well as nationally)—it 

is also essential to understand the challenges that farmers and other stakeholders currently face. 

In this section, we update the discussion of the context in which PW-K and the plant clinics 

operate. It includes (a) a description of the agricultural situation in the study regions; (b) the 

major challenges to agriculture; (c) the manner in which farmers obtain knowledge to address 

pest and disease issues; and (d) the differences in household and agricultural characteristics by 

household head gender.  

Figure 4.1. Location of Plantwise Clinics in Kenya 
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Overall, we found little change to the plant clinic context between baseline and the 12-month 

follow-up. While PW-K is expected to influence farmers’ cultural practices and farm income, the 

theory of change does not predict PW-K to alter the overall agricultural context. Thus, finding 

little change in the plant clinic context was somewhat expected. We updated the tables in this 

section with the follow-up 2015 data for completeness. 

a) Agriculture in the Study Region 

PW-K operates in 13 counties in central and western Kenya. Figure 4.1 presents the geographical 

location of all the existing and new plant clinics in the country. The clinics are divided into 

existing clinics, those that started operations in 2014 (labelled as selected), and those that will 

start operating in the future but will serve as control sites in the meantime. The focus of PW-K in 

the selected regions largely reflects the importance of agriculture in these Kenyan counties, as 

well as the higher population density. Since the data collection occurred in these regions and 

focused on farmers likely to attend plant clinics, the baseline data provide a clear picture of the 

types of farmers served by PW-K.  

The 12-month survey data shows that agriculture continues to represent the main source of 

employment for the majority of farmers in the sample. 73.9 percent of household heads spent at 

least 1 hour on crop production in the two weeks before the survey.
6
 While not a causal change, 

compared to the baseline survey, a higher share of farmers reported no time spent on non-

agricultural business. At baseline 72.2 percent of household heads reporting no time spent on 

non-agriculture business; this fraction increased to 79.9 percent at the time of the 2015 midterm. 

Table 4.1 reports the time use among household heads for a variety of activities. While 

agriculture continuities to play a central role in the household’s allocation of time, there was a 

slight decrease as compared to baseline. This decrease in time spent producing crops and in non-

agricultural businesses is compensated by an increase in home chores, collecting water, and 

collecting firewood. 

Table 4.1 Distribution of Time Use by Activity among Household Heads 

Hours 

Home 

Chores 

Collecting 

Water 

Collecting 

Firewood 

Production 

household 

crops 

Managing 

livestock 

Non-

agricultural 

business 

School-

related 

activities 

0 36.1% 65.0% 64.0% 26.2% 38.1% 79.9% 89.7% 

1 to 10 12.5% 17.5% 20.6% 9.5% 15.6% 4.7% 5.4% 

11 to 30 33.1% 15.5% 13.6% 27.7% 31.5% 4.0% 1.2% 

31 to 50 9.7% 1.2% 1.0% 20.4% 8.6% 3.1% 0.3% 

> 51 8.7% 0.8% 0.7% 16.3% 6.1% 8.3% 3.4% 
Source: Authors’ calculation using follow up 2015 data. Table reports distribution of household head hours by activity in the two 

weeks before the survey. 

Regional variation in crop production continues to exist. Similar to what was observed at 

baseline, improved maize and beans are the most important crops throughout the counties. Table 

4.2 shows the percentage of farmers who cultivate at least one unit of the crops by county. 

                                                 
6
 See Appendix 2 for updates made to Baseline Report Table 5.1 
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Table 4.2 Crop Distribution by County (%) 

County 
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Improved maize 19.9 30.0 17.2 28.8 14.0 14.1 16.4 24.8 27.9 15.5 11.0 27.2 30.1 20.0 

Beans 13.9 13.4 13.0 33.6 19.5 17.5 20.0 13.8 25.3 14.8 11.7 20.5 25.9 17.4 

Bananas 12.9 2.3 15.2 0.4 4.4 10.3 3.1 8.7 0.3 13.9 11.8 11.2 7.5 8.7 

Coffee 4.9 0.0 14.6 0.0 0.0 1.7 3.0 1.1 0.0 15.0 8.7 0.2 1.8 5.1 

Potatoes 0.4 25.6 2.6 2.2 10.8 1.7 0.3 10.0 7.5 2.6 1.0 1.6 4.9 5.0 

Napier 4.1 2.6 6.4 0.2 8.2 2.2 0.4 3.1 0.3 11.4 6.5 4.2 1.6 4.5 

Kale 5.4 6.6 2.1 6.8 10.6 2.2 1.3 9.2 3.9 2.7 0.9 6.2 7.3 4.5 

Local maize 0.1 1.8 1.0 7.2 9.2 9.5 4.7 0.6 12.2 2.2 6.5 1.4 3.1 4.3 

Avocados 7.6 2.3 2.8 0.0 2.6 0.9 2.3 8.1 0.7 3.7 1.5 7.2 5.5 3.4 

Cowpeas 2.0 0.0 0.1 0.4 0.0 0.2 9.4 0.0 0.0 0.1 6.4 0.5 0.0 1.8 

Mangoes 3.4 0.0 0.5 0.0 0.8 2.2 8.1 0.3 0.0 3.2 0.7 1.1 0.2 1.7 

Sugar cane 3.7 0.5 1.5 0.2 0.6 1.0 0.5 1.8 0.2 2.9 1.6 2.0 1.0 1.5 

Pigeon peas 0.0 0.0 0.0 0.2 0.0 0.3 13.3 0.0 0.0 0.1 2.7 0.0 0.2 1.5 

Tomatoes 0.7 0.2 0.6 11.8 0.6 5.3 0.8 0.3 1.0 0.0 0.4 1.3 0.2 1.4 

Woodlot/trees 4.2 0.9 0.7 0.0 1.9 1.9 0.5 0.0 0.0 2.4 0.9 2.0 0.4 1.3 

Macadamia 0.0 0.0 7.6 0.0 0.0 0.3 0.0 0.0 0.0 2.5 1.1 0.0 0.0 1.2 

Tea 0.0 0.8 5.2 0.0 0.0 0.0 0.0 0.6 0.0 0.0 3.6 0.4 0.0 1.1 

Green grams 0.4 0.0 0.0 0.0 0.0 0.9 1.6 0.0 0.0 0.0 6.2 0.0 0.0 1.0 

Cabbages 0.0 4.7 0.6 0.4 0.6 0.0 0.5 3.1 1.5 0.3 0.0 0.9 0.8 0.9 

Sweet potatoes 2.5 0.2 1.5 0.0 0.6 1.9 0.5 0.8 0.0 1.2 0.3 1.8 0.2 0.9 

Spinach 0.0 0.8 0.3 3.3 5.8 0.3 0.3 1.3 0.7 0.3 0.1 0.4 0.6 0.9 

Cassava 2.1 0.0 0.7 0.2 0.2 1.5 2.0 0.2 0.0 1.6 1.0 0.9 0.0 0.9 

Pumpkins 3.4 0.0 0.4 0.2 1.0 0.7 1.3 0.2 0.2 0.6 0.3 2.7 0.4 0.9 

Pawpaws 0.2 0.0 0.4 0.0 0.3 4.1 3.5 0.5 0.2 0.1 1.3 0.0 0.2 0.9 

Wheat 0.1 0.2 0.0 0.0 0.0 0.0 0.0 1.3 11.1 0.0 0.0 0.2 0.0 0.8 

Sorghum 0.5 0.2 0.0 0.2 0.0 0.5 0.0 0.8 0.2 0.0 4.9 0.7 0.0 0.8 

Onions 0.5 1.5 0.4 0.7 1.1 0.2 0.3 4.0 1.0 0.3 0.3 0.7 0.6 0.8 

Millet 0.6 0.9 0.0 0.0 0.0 0.5 0.1 0.0 0.9 0.1 3.2 1.1 1.0 0.8 

Peas 0.4 0.6 0.0 0.2 1.5 0.0 0.1 1.8 2.4 0.0 0.2 0.5 1.8 0.6 

Passion fruit 0.6 1.5 0.4 0.0 0.2 0.5 0.0 0.3 0.2 0.8 0.3 0.4 0.6 0.5 

% of production 95 97 96 97 95 83 94 97 98 99 95 97 96 95 

            Source: Authors' calculation using follow up 2015 data. Note: Figures represent percent of farmers cultivating at least one unit of the crop.  
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The considerable regional variation in the use of inputs we found at baseline also remained. 

Inorganic fertilisers remained the most frequently used agricultural inputs among farmers with 

annual crops, used by 82 percent of farmers. Organic fertilisers remained slightly more common 

among farmers of perennial crops. Only around 25 percent of all farmers used pesticides. Table 

4.3 shows the fraction of households who used organic fertilisers, inorganic fertiliser, and 

pesticides by type of crop. 

Table 4.3. Use of Agricultural Inputs (% of farmers using input within a given county) 

 Organic Fertiliser Inorganic Fertiliser Pesticide 

 Annual Perennial Annual Perennial Annual Perennial 

Bungoma 25 62 97 25 11 2 

Elgeyo/ Marakwet 9 42 98 12 29 12 

Embu 69 59 95 55 30 47 

Kajiado 20 25 67 0 40 0 

Kiambu 84 62 53 0 9 0 

Kirinyaga 68 79 88 24 44 41 

Machakos 69 44 83 24 15 49 

Nakuru 9 52 98 17 32 4 

Narok 24 50 74 0 39 0 

Nyeri 93 88 91 80 6 65 

Tharakanithi 73 47 57 34 22 24 

Trans Nzioa 24 50 96 15 28 8 

West Pokot 30 56 86 3 5 0 

Total 44 61 82 38 25 32 
Source: Authors’ calculation using follow up 2015 data 

Overall, the agricultural characteristics of the study region were similar to the baseline 

characteristics. Agriculture continued to dominate the time use of household heads for 

employment activities. Additionally geographical variation remained in terms of both the crops 

produced and inputs used. 

b) Challenges to Agriculture 

The most frequently mentioned challenges to agriculture in Kenya among both focus group 

participants and key informants in their interviews were issues relating to pests and diseases, 

followed by challenges with input and product markets, and then lack of public knowledge 

around agriculture issues. Other frequently mentioned challenges to agriculture included 

problems with soil fertility, poor seed quality or counterfeit seeds, and an inability to access 

extension officers or services.  

PW-K has begun to address the most pressing need in the plant health system—pests and 

diseases. Quantitative and qualitative data indicate that this did not previously receive serious 

attention. To complement this aim, the program is focusing on increasing knowledge availability, 

which addresses both the second and third most pressing needs regarding business and 

knowledge of inputs.  
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Pests and Diseases  

Insects and weather damage continue to be the most common challenges that farmers face across 

both annual and perennial crops. Farmers cite insects as the main challenge for 47.9 and 40.3 

percent of annual and perennial crops, respectively. They cite weather damage as the main 

challenge for 16.8 and 20.4 percent of annual and perennial crops, respectively. However, high 

fractions of farmers remain unsure of the main challenge they face. Table 4.4
7
 reports the 

challenges farmers face by crop and crop type. 

Table 4.4. Distribution of Challenges Faced by Farmers by crop (%) 

 Annual Crops 

Source of 

Problem 

Local 

maize 

Improved 

maize 

Potatoes Kale Tomatoes Beans All 

crops 

Insect 34.3 50.2 26.4 57.4 36.9 53.7 47.9 

Fungus 3.8 4.7 13.6 7.4 22.6 6.9 7.7 

Virus 1.9 5.9 0.7 0.0 0.0 1.5 3.0 

Bacteria 6.7 2.9 5.7 1.9 7.1 3.0 3.7 

Nematodes 1.0 0.8 0.0 0.0 0.0 0.9 0.7 

Weeds 0.0 1.0 0.0 0.0 0.0 0.0 0.4 

Nutrient deficiency 6.7 1.5 0.7 1.9 4.8 1.8 2.1 

Rodents/birds 

(other animals) 

0.0 2.5 0.7 5.6 1.2 1.8 1.9 

Weather damage or 

natural causes 

17.1 11.7 35.7 14.8 11.9 21.8 16.8 

Don’t know 28.6 18.8 16.4 11.1 15.5 8.7 15.8 

 Perennial Crops 

Source of 

Problem 

Bananas Mangoes Coffee Tea Khat/ 

Miraa 

Napie

r 

All 

crops 

Insect 37.1 50.0 42.0 0.0 50.0 0.0 40.3 

Fungus 2.9 12.5 6.5 0.0 0.0 0.0 5.3 

Virus 0.0 0.0 6.5 100.0 0.0 0.0 4.9 

Bacteria 2.9 12.5 2.2 0.0 0.0 0.0 2.4 

Nematodes 2.9 0.0 0.7 0.0 0.0 0.0 1.9 

Weeds 0.0 0.0 0.7 0.0 0.0 0.0 0.5 

Nutrient deficiency 0.0 0.0 4.3 0.0 25.0 0.0 3.9 

Rodents/birds 

(other animals) 

5.7 12.5 0.7 0.0 0.0 100.0 2.4 

Weather damage or 

natural causes 

2.9 0.0 28.3 0.0 25.0 0.0 20.4 

Don’t know 45.7 12.5 8.0 0.0 0.0 0.0 18.0 

Source: Authors’ calculation using follow up 2015 data 

                                                 
7
 Table 4.4 corresponds to Baseline Report Table 5.5, which was updated in Appendix 2. 
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The survey asks pesticide-applying farmers the purpose of applying that particular pesticide. The 

data indicate that farmers continue to use pesticide to target insects and diseases with more 

targeting of diseases in perennials. While the fraction of farmers using pesticide to target insects has 

remained similar to baseline values for annual crops (50.6 compared to 55.2 percent at baseline), the 

fraction decreased substantially for perennial crops from 51.3 to 27.3 percent. The fraction of farmers 

using pesticide to target diseases also decreased for both crop types, from 20.6 to 10.6 percent and 

from 38.0 to 23.9 percent for annual and perennial crops, respectively. Table 4.5 presents the 

fraction of farmers who use pesticides to target the various pests/diseases by crop type.  

Table 4.5. Target of Pest/Disease of Farmers’ Pesticide Application 

Pest Annuals Perennials 

Insects 50.6% 27.3% 

Fungus 7.5% 10.6% 

Bacteria 4.3% 8.9% 

Virus 2.6% 6.9% 

Disease 10.6% 23.9% 

Weeds 4.1% 5.9% 

Animals 0.5% 1.5% 

Other 19.8% 15.0% 

Total 100% 100% 

                 Source: Authors’ calculation using follow up 2015 data.  

 

The qualitative information provided evidence of the devastating effects that poor pest and 

disease management can have on farmer livelihoods. Farmers frequently discussed how the 

inability to adequately respond to plant health problems caused harvest loss, severely reduced 

income, and weaker food security. One Trans Nzoia clinic farmer commented: “For most 

farmers, agriculture is our source of employment—we rely on it totally. When these crops are 

infected, it will be like I have been sacked from work, such that I cannot meet most of my needs; 

i.e., paying school fees and food in general will be affected, plus my entire household.” 

Input Markets 

Farmers’ problems with input and product markets are associated with several factors, including 

the high cost of production, lack of access to quality inputs, exploitation by traders, and the 

inability to get produce to the market. Farmers connected their challenges with pests and diseases 

to their potential to create a business out of agricultural production. It is evident that farmers are 

trying to make the shift from subsistence to commercial farming, but constraints with input and 

product markets make it exceedingly difficult to do so. Farmers most prominently linked their 

business challenges to the high costs of production. Treated and control farmers alike 

complained about the high cost of seeds, pesticides, and transport. 

Table 4.6 shows the fertilisers used by key crop type. The most commonly used fertilisers for 

annual and perennial crops remained the same as at baseline. For annual crops the most common 

fertiliser was DAP, followed by CAN and NPK. For perennial crops, the most common was 

NPK, followed by CAN.  
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Table 4.6. Inorganic Fertilisers 

 Annual Crops 

Inorganic Fertiliser Local 

maize 

Improved 

maize 

Potatoes Kale Beans Total 

DAP 57.4 65.8 80.8 68.9 72.3 66.9 

CAN 18.0 18.0 1.7 17.0 9.1 14.6 

NPK 18.3 10.6 12.9 2.8 5.6 9.4 

Urea 0.7 1.8 0.0 4.7 2.7 2.1 

Foliar 5.3 3.9 4.5 6.6 10.3 6.9 

Other 0.4 0.0 0.0 0.0 0.0 0.0 

TSP 0.0 0.0 0.0 0.0 0.0 0.1 

 Perennial Crops 

Inorganic Fertiliser Coffee Bananas Napier Tea Mangoes Total 

DAP 6.3 25.0 13.3 3.6 0.0 9.6 

CAN 38.2 30.0 40.0 10.7 0.0 33.2 

NPK 52.7 40.0 26.7 66.1 0.0 49.9 

Urea 0.3 0.0 6.7 5.4 0.0 2.9 

Foliar 2.0 0.0 13.3 0.0 100 2.2 

Other 0.6 5.0 0.0 8.9 0.0 1.6 

TSP 0.0 0.0 0.0 1.8 0.0 0.2 

Lime 0.0 0.0 0.0 3.6 0.0 0.4 

Source: Authors’ calculation using follow up 2015 data 

 

Farmers face additional difficulties if agricultural inputs, such as seeds or pesticides, proved to 

be of low quality after purchase. Farmers said they were not aware of how to identify counterfeit 

seeds. Additionally, farmers say that they had trouble finding appropriate fertilisers, and that the 

recommended solutions do not work. More basically, farmers are often unsure about the 

appropriate quantities of seed to use, even in cases where they had the inputs they needed. They 

also reported timing as a problem. Extension agents say that farmers sometimes wait to purchase 

inputs until it is too late and weather had obviated the need for them.  

Knowledge 

The third most frequently discussed challenge to agriculture among focus groups was the limited 

availability of agricultural information—an obvious impediment to addressing problems with 

pests and diseases or business. Key informants said that farmers’ knowledge base was generally 

low. Given the difficulty of identifying pests and diseases, and the time required to address a 

problem when information is not readily available, key informants and farmers alike noted that 

ongoing training on production for both farmers and extension staff is critical to addressing plant 

health problems, specifically with regard to the local and regional contexts in Kenya.   
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The 12-month survey data show that while the fraction of farmers receiving information did 

increase from baseline for all activities, the fractions remained small. That is, similar to what we 

found at baseline, few farmers received information, but those who did receive information found 

it useful. Table 4.7 details whether households received any information on particular agricultural 

activities, and it includes the fraction of those who received information who found it useful.  

    Table 4.7. Information Receipt and Usefulness 

Type of Activity Received Information Useful Information 

New seed varieties 19.6 93.8 

Pest control 19.8 93.2 

Fertiliser use 17.8 94.7 

Agronomic practices 5.5 84.8 

Irrigation 3.6 85.6 

      Source: Authors’ calculation using follow up 2015 data 

 

However, the finding of an increase in receipt of useful information should be interpreted with 

caution. Response bias might exist in that farmers, who by now are aware of the PW-K 

intervention, report receiving information because they believe it is socially acceptable given the 

intervention. 

Farmers described receiving information from multiple sources, some of which were more 

credible than others. For example, clinic farmers complained that agrodealers at times gave 

incorrect, ineffective, or counterfeit pesticides because they were not sure of the appropriate 

prescription. On the other hand, farmers also thought information from government agricultural 

extension services, NGOs, and other farmers (such as their neighbours) was useful.  

The information from the follow-up farmer’s survey show that over 30 percent of the useful 

information came from government agricultural extension services. This is a decrease from 

baseline, where 42.8 percent of the useful information came from this channel.
8
 Other important 

sources included electronic media, other farmers, and agrodealers. Among the different types of 

electronic media sources, 15 percent of farmers who received useful agricultural information said 

they did so though the radio. This suggests Plantwise should keep exploring for new ways to 

promote plant clinics through agricultural radio programmes.  

Lastly, there were also other sources of information, but they tended to be less consequential. 

Table 4.8 details the percentage of farmers who received information from a particular source 

and thought the information was useful. 

 

 

                                                 
8
 Note, Table 4.8 corresponds to Baseline Report Table 5.9, which was updated in Appendix 2. At the baseline 

report, we incorrected calculated that government agricultural extension services accounted for 12.9% of useful 

information. 
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Table 4.8. Useful Information Received by Source and Category 
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Gov. agricultural 

extension service  
30.2 28.2 27.1 30.4 34.2 40.3 45.7 28.6 44.8 45.8 14.4 42.9 28.6 

Electronic media: 

Radio 
15.1 20.6 11.3 13.6 25.6 3.9 4.3 7.1 5.2 12.5 29.7 19.0 21.4 

Other farmer 

(neighbour/relative) 
10.7 11.2 11.3 10.5 5.1 16.9 7.1 19.0 5.2 0.0 9.9 0.0 28.6 

Agrodealer 
8.6 8.0 16.5 10.1 3.4 5.2 2.9 0.8 3.4 4.2 0.9 1.6 0.0 

Agricultural coop or 

farmers' assoc. 
7.7 7.1 7.1 7.7 2.6 1.3 2.9 19.8 3.4 4.2 13.5 12.7 0.0 

 NGO 
6.6 3.9 2.8 5.4 12.8 6.5 15.7 11.1 15.5 8.3 16.2 7.9 0.0 

Plant clinic 
4.1 3.0 6.8 4.9 1.7 3.9 1.4 0.8 3.4 4.2 0.0 7.9 0.0 

Electronic media: 

TV 
3.5 3.0 3.0 3.5 3.4 1.3 7.1 3.2 5.2 8.3 7.2 0.0 7.1 

Private agricultural 

extension service 
3.1 4.1 3.4 3.3 3.4 5.2 1.4 0.0 1.7 0.0 0.9 3.2 7.1 

Field days, shows, 

fairs or field school 
2.3 1.9 2.8 2.3 1.7 2.6 5.7 2.4 1.7 4.2 0.9 0.0 0.0 

Village agricultural 

extension meeting 
2.1 2.4 2.6 3.0 0.0 2.6 0.0 1.6 1.7 0.0 0.9 0.0 0.0 

Commodity-based 

extension services 
1.9 1.7 1.9 1.9 1.7 2.6 1.4 1.6 1.7 4.2 3.6 1.6 0.0 

Agricultural training 

centres 
1.9 2.4 1.9 2.1 1.7 2.6 1.4 1.6 3.4 0.0 0.0 0.0 0.0 

Champion/contact 

farmer 
0.8 1.1 0.6 0.2 0.0 3.9 0.0 1.6 1.7 0.0 0.0 1.6 0.0 

Agricultural 

extension course 
0.7 1.5 0.4 0.7 0.9 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 

Electronic media: 

Other (specify) 
0.5 0.0 0.2 0.2 0.9 1.3 2.9 0.8 0.0 4.2 0.9 1.6 7.1 

Electronic media: 

Internet 
0.1 0.0 0.2 0.0 0.0 0.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0 

Paper media 

(handouts/flyers) 
0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

   Source: Authors’ calculation using follow up 2015 data 

 

It is worth noting that while plant clinics represented the source of only 4.1 percent of useful 

information, this is a large increase from baseline where they accounted for 0.2 percent. While 

small, the increase is moving in a direction that suggests PW-K may be increasing the useful 

information received. However, as with the finding of an increase in receipt of useful 

information overall, the increase in plant clinics as an information source should be interpreted 

with caution due to the risk of response bias. Farmers may report receiving information from 

plant clinics because they believe it is socially acceptable given the PW-K intervention. 
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c) Manner in which Knowledge is Obtained 

The most prevalent cultural practices used by farmers remained the same as at baseline for both 

annual and perennial crops. The three most widely used cultural practices for annual crops 

remained weeding, planting early, and removing plant residue from previous crops. For perennial 

crops, the most common practices remained weeding, removing infested material, and pruning. 

Table 4.9 details the cultural practices that farmers reported in the mid-term survey, divided by 

key crop.  

Table 4.9. Cultural Practices 

 Annuals 

Cultural Practices Local 

Maize 

Improved 

Maize 

Potatoes Kale Beans Total 

Weed crop in a timely manner 94.9 97.0 93.9 95.2 94.6 95.3 

Remove all plant residue from 

previous crop before planting 

83.0 86.3 82.5 84.1 73.8 80.5 

Plant crop early 71.2 78.6 75.7 79.3 77.8 78.4 

Remove volunteer crops 46.6 67.4 68.4 71.7 59.0 62.1 

Intercrop 63.1 64.9 26.0 36.6 81.9 61.7 

Plant with certified planting material 43.8 92.4 40.6 81.4 27.7 58.2 

Remove infested or damaged material 51.1 58.8 52.9 60.0 44.7 51.0 

Plant improved planting material 16.3 84.1 29.5 67.6 25.8 49.5 

Burn crop residue or trash to control 

pest/diseases 

6.4 4.8 4.4 8.3 4.1 4.9 

Mulch crop 1.5 1.5 6.7 28.3 1.4 4.2 

Apply ash to crop 3.1 4.1 2.0 4.1 2.2 3.1 

Stake crop 0.0 0.2 8.5 3.4 3.6 2.5 

Use traps for crop 1.0 1.4 1.2 0.7 1.2 1.4 

Spray or sprinkle crop with chillies 0.3 1.3 1.8 4.8 0.6 1.4 

Use sand on crop 2.3 2.3 0.6 0.0 0.3 1.2 

Cover crop with leaves for protection 0.5 0.2 1.2 3.4 0.2 0.8 

Use trap crops to protect crop 1.3 0.5 0.0 0.7 0.4 0.6 

 Perennials 

Cultural Practices Coffee Bananas Napier Tea Mangoes Total 

Weed around crop 89.6 83.7 69.8 68.8 82.7 79.3 

Prune crop 77.5 48.2 18.8 70.8 65.4 51.1 

Remove and destroy infested material 50.9 54.5 24.1 41.7 21.2 41.3 

Intercrop 27.5 48.9 20.8 6.3 67.3 35.6 

Mulch your crop 10.6 5.5 0.8 8.3 0.0 6.4 

Burn crop residue or trash to control 

pest/diseases 

6.3 9.5 4.1 5.2 1.9 6.4 

Change the cycle of crop 5.1 3.7 4.9 8.3 0.0 4.1 

Apply ash to crop 3.5 5.8 0.8 1.0 1.9 3.5 

Spray or sprinkle crop with chillies 6.9 0.3 0.4 0.0 7.7 2.6 

Use traps for crop 1.4 1.3 1.6 0.0 1.9 1.2 

Use trap crops to protect crop 0.7 0.8 0.0 0.0 0.0 0.6 

Wrap or cover the plant with metal or 

plastic 

0.9 0.3 0.0 0.0 0.0 0.4 

Grease the plant 0.5 0.8 0.0 0.0 0.0 0.4 

Source: Authors’ calculation using follow up 2015 data. Note: Crops selected for this table each represent more than 3 percent of 

the total number of crops. 
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Similar to quantitative findings, farmers mentioned the use of cultural practices when discussing 

home treatment of plant health problems. The most frequently described cultural practices 

included applying ash to crops, creating natural pesticides and fertilisers, and constructing 

physical barriers to deter pests. One common method described by several farmers to clear pests 

included, “Mixing Mexican merry gold with red pepper and water to then spray on tomatoes or 

cabbages.” One farmer from Subukia described the use of cultural practices to solve plant health 

issues often involved a trial and error process:  

It is not that we are sure of these methods such as using ash. It is a matter of trial and 

error. For example, when you first try to use ash on soil to kill pest and it worked with 

time you continue to use it. The same with this cultural pesticide. Some ingredients are 

used such as pepper tobacco because of hotness and strong smell. [This] combined with 

your creativity and imagination; you think that it will have an effect on the pest and you 

try it out.  

Many of the farmers interviewed described similar trial and error experiences when using 

cultural practices to address plant health issues. In addition to homemade pesticides and 

fertilisers, several farmers also cited using mixed farming and early planting.  

 

d) Differences in Household and Agricultural Characteristics by Gender 

Female-headed household (FHH) and male-headed household (MHH) are similar in many ways, 

but the three fundamental differences we observed at baseline remain. FHH have smaller 

households, have older household heads, and tend to have less education. Also, FHH are less 

likely to own agricultural assets or use fertilisers or pesticides. Table 4.10 presents the mean 

values for selected variables for FHH and MHH as well as the p-value associated to a statistical 

test of equal means by gender. Note that many of the variables analysed are not significantly 

different and these represent the few that were significant at the baseline report (AIR, 2015). We 

present a comprehensive characterization of household and agricultural conditions by gender in 

Appendix 3.  Variables with p-values less than 0.05 are those for which we find a statistically 

significant difference between males and females.  

Table 4.10. Gender Differences for Selected Variables 

 

 

Female Head Male Head Test F=M 

Variables Mean NF Mean NM p-value 

Household size 3.60 472 4.55 2,057 0.00 

Household head age 52.87 472 47.70 2,057 0.00 

Head Education: Primary 0.69 472 0.50 2,057 0.00 

Head Education: Secondary 0.25 472 0.39 2,057 0.00 

HH owns...      

Plough 0.05 472 0.09 2,057 0.00 

Knapsack sprayer 0.34 472 0.40 2,057 0.03 

Watering can 0.14 472 0.17 2,057 0.01 

Sickle 0.18 472 0.21 2,057 0.03 
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Female Head Male Head Test F=M 

Variables Mean NF Mean NM p-value 

Trough 0.23 472 0.26 2,057 0.21 

Shovel/Spade 0.66 472 0.67 2,057 0.04 

Hand saw 0.14 472 0.18 2,057 0.00 

Annuals: Inputs and practices      

Organic fertiliser used 0.51 458 0.42 1,987 0.21 

Inorganic fertiliser used 0.80 458 0.82 1,987 0.19 

Pesticide use 0.18 458 0.26 1,986 0.00 

Cost of seed planted 16,112 458 25,062 1,987 0.12 

Cost inorganic fertiliser 5,145 458 6,453 1,987 0.05 

Cost pesticide 7,485 458 6,942 1,987 0.79 

Improved planting material 0.73 458 0.72 1,987 0.78 

Plant early 0.82 458 0.81 1,987 0.69 

Intercrop 0.65 458 0.58 1,987 0.10 

Perennials: Inputs and practices      

Organic fertiliser used 0.64 170 0.60 689 0.99 

Inorganic fertiliser used 0.40 170 0.37 689 0.13 

Pesticide use 0.35 170 0.31 689 0.58 

Cost of seed planted 0.00 170 0.00 689 9,999 

Cost inorganic fertiliser 1,945 170 1,710 689 0.87 

Cost pesticide 9,785 170 21,181 689 0.01 

Use resistant variety 0.40 170 0.37 689 0.34 

Improved planting material 0.25 170 0.30 689 0.08 

Certified planting material 0.26 170 0.29 689 0.25 

Intercrop 0.33 170 0.38 689 0.24 
 

Having less education can affect farm production and yields. However, these variables are ones 

that are unlikely to change in a short term horizon. Thus, as we would expect, the areas where 

FHH are in a weaker position than MHH remained the same as those observed with the baseline 

report (AIR 2015).  

Qualitative data collection is not structured to fully understand differences in experiences among 

male and female stakeholders. There are some indications that male and female experiences with 

the clinics or in their work outside the clinics could differ. Researchers observed male farmers at 

times speaking for women in their FGDs, though very few men or women have independently 

brought up any perceived gender differences in their experiences with the clinics. One cluster 

coordinator said, “You will find that most of the queries are from the males, not the females, yet 

we know that the female farmers are the ones that are doing most of the work, so it has me 

thinking that maybe a female farmer will tell them to go to the clinic and go back to tell the 

wife.” The evaluation team plans to interview male and female farmers and plant doctors 

separately at endline in order to fully understand females’ differential experiences with the 

clinics and will elaborate on these findings in the endline report. 
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5) 12-Month Insights into the Research Questions 

Identifying the impact of PW-K requires careful analysis of baseline, intermediate and endline 

data. The information collected at 12 months provides new insights into the research questions 

that particularly have to do with the experimental clinics.  We organize this section by the 

overarching research questions for the study. 

a) Does PW-K Lead to Stronger Institutions for Managing the Plant Health 

System? 

“The government has started to devolve to the county. The national government acts on the 

policy level, and they can intervene on major issues which we [the county] may not control. 

We realize pests and diseases cut across – they may start in Uganda and spread across the 

country. Our constitution specifies that the national government should step in. We realize 

that it is not affecting only one county, it starts in one county and spreads across. Things that 

are beyond us, we would like the national government to intervene, and they intervene in the 

counties that are affected.” – County Official  

Qualitative data indicate that the Plantwise model addresses key agricultural issues facing 

Kenyan farmers who attend the clinics, which is consistent with baseline findings from 

qualitative work in the non-study areas. One official said, “Plantwise is not a county programme 

but complements what we are doing. . . there is complementarity.” To systematically consider 

whether PW-K leads to stronger institutions for managing plant health, we organize the results of 

this research question into four topics: political climate, institutional coordination, outbreak 

identification and response, and plant clinic sustainability. The section concludes with a 

summary of the initial answer to the research question. 

Political Climate 

The government’s administrative devolution presents challenges for Plantwise because of low 

capacity at the county level, limited funds, and competing priorities from other sectors. Kenya’s 

2010 constitutional reform devolved administrative responsibility from the unitary national 

government to 47 newly created counties. The county institutions began to form early in 2013 

when the country held the first elections as part of the new devolved structure.
9
 For agriculture, 

devolution means that the national government sets policy and allocates funding, while counties 

implement and support programmes.
1011

 Respondents also consistently cited devolution as a 

major change at baseline in 2014, indicating that stakeholders did not perceive many systemic 

improvements as devolution relates to extension. 
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Limited Capacity to Support Plantwise 

Officials in each county in our sample independently cited devolution as a variable that affects 

their work, the overall plant health systems in Kenya, and Plantwise. Counties, as new 

institutions with limited experience in providing services to stakeholders, may not yet have the 

organisational capacity to take on the work they inherited from the national government
12

. 

Stakeholders, especially at the county and subcounty level, often admitted that “the county 

government is not very organized because of that transition from national to county level.”  

County and subcounty officials also expressed concern that they themselves were not adequately 

supporting Plantwise activities. One respondent said, “Due to shortage in man power we cannot 

be able to meet the needs of all famers in a catchment area as we used to do before where we 

would reach out to them.” One SCAO in Kitale reported, “Under devolution… the technical 

abilities are there, but not logistical support like transportation.” In addition, plant doctors and 

county officials described changes in their location or substantive duties as a result of devolution, 

making it difficult to hone specialized skills. For example, one high-level employee was 

reassigned from directing finance to directing agriculture despite a lack of expertise in the area.  

Some respondents said plant health services, like Plantwise, would function more effectively if 

the national government played a greater role in responding to pest and disease outbreaks. Pests 

and diseases spread regardless of county borders and there is insufficient communication and 

coordination between counties to properly respond and prevent outbreaks from spreading. One 

official described, “An outbreak is not limited to one county – it can move, so we need the 

logistical and financial commitment to respond.” The spread of tuta absoluta, the tomato pest, 

was frequently described as an example of poor coordination between counties. One farmer 

complained,  

“Like this problem of tuta absoluta; it was discovered last year in Kirinyaga before it 

spread to our region this year.  The government should have done thorough investigation 

to this problem when it was first discovered in Kirinyaga; and taken affirmative action; 

this problem will not have spreads to other regions.”  

Area-wide management (AWM) aims to manage the total pest population in a geographic area 

and across the range of hosts in a coordinated manner (Lindquist, 2000). There can be gains to 

collective management, particularly in the area of pest management, since pests are often mobile 

and the activities on one farm can affect others (Hendrichs et al., 2007). Such options could 

address some of the larger concerns of Plantwise stakeholders.  

Funding 

A lack of funding and personnel led stakeholders at the county and subcounty levels to perceive 

that agriculture is not a priority for county or national governments. County officials mentioned 

numerous issues with obtaining sufficient resources under the devolved government. One cluster 

coordinator from Nakuru mentioned that the cost of transport had become an issue under the 

government, “Transport issue is a challenge because this plant clinic approach….with the change 

of the government, there are hitches especially on the resources, so move to the farms has 

sometimes become a big challenge.” 

                                                 
12
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Inadequate financial support for Plantwise was most apparent in Machakos, where an 

interviewee reported no extension funds available at all other than those from donor projects. 

Officials frequently reported that they approached the county government for funds that would 

complement or support Plantwise activities, but received either negative responses to their 

requests or no response at all. Key informants juxtaposed the current structure with “before,” 

when they were more reliably receiving funds from the national government for extension 

activities. One SCAO said, “It is not the same because there has been a downward trend since 

devolution. Fewer activities – many activities that happened before did not move down to the 

counties. The counties are not capacity-built so they are not happening. “ 

Farmers expressed similar sentiments about agricultural topics unrelated to Plantwise, indicating 

that the problem is not Plantwise-specific. In one county, an agriculture official said, “Right now 

there is no support going to agriculture in Machakos at all. There is nothing for extension. That 

would be the only way to support it, and we would like to, but the county does not offer support 

for agriculture.” One county executive mentioned the need for support from the national 

government in order to effectively support plant health issues. A plant doctor agreed and said, 

“We have actually realized that it is something we cannot do alone – we need the financial 

support of the national government.”  

Coordination  

Farmers, plant doctors, and government officials discussed coordination challenges under 

Kenya’s devolved government including lack of formal organisation and inconsistency in plant 

health messaging. Farmers mentioned the need to formally organize in order to avoid 

inconsistencies in addressing plant health issues. One farmer from Nakuru said: 

I think we should be organized; because if the government does not do so we have the 

middlemen who come and exploit the farmer because they know the farmer is desperate 

and will just take their offer even if it is a loss; Your needs are not my needs. So if the 

ministry can implement that the farmers will even trust one another because they know 

that theirs is a body that is in-charge. 

Another problem stemming from Kenya’s devolved government is the lack of consistency in 

stakeholders’ messages surrounding best agricultural practices. A KARLO official shared his 

experience and a possible solution to inconsistent messaging:   

We have many people in the field who are training farmers, but they don’t all have the 

same message. They devolved the government to the county and there is a coordination 

unit for 7 agricultural counties in the country. We realized that the farmer will get a 

different message depending on who she is interacting with. On the basis of this, we 

thought it would be good to invite all the people who are involved in training farmers in 

the county, including NGOs. We brought them together and made one document – 

including the Ministry of Agriculture, the RICE MAP project, an input supplier, KALRO 

– and we held a series of meetings. There are some areas where there are contentious 

issues but we are working on consensus on what to teach the farmers. From this we have 

seen some gaps that deserve interventions. What we come up with, a draft manual, is 

evidence based on training the farmers on dealing with rice, which is very important in 

this area. Our approach has been based on the crop sequence – planting, growing, 



 

American Institutes for Research   PW-K: 12-Month Follow-Up Report—34 

harvesting, and marketing. Each institution will have a copy of this manual so there is the 

same message. 

Despite the challenges, some county and sub-county respondents found a synergy between their 

new responsibilities after devolution and the support offered by Plantwise. Some respondents 

believed devolution improved the quality of grassroots-level interaction with other officials, 

farmers, and agrodealers. An agrodealer in Kitale said, “Things are changing with devolution. In 

the county here, now there is the Ministry of Agriculture. The interaction is a bit stronger [than 

before devolution].” Lower-level ward offices were encouraged to engage more closely with 

greater numbers of farmers, and now “Plantwise comes in handy and we are able to extend our 

coverage.” Respondents often independently shared such sentiment unprompted. Another crop 

officer in Kitale reported, “During [decentralization], the one programme that made us be seen 

and very active in the field was Plantwise.” He said the programme gave county crop officers “a 

lot of mileage” because of the presence and accessibility, including the air time to call farmers 

directly. This meant that county farmers, thought that the office was “really in touch with them.” 

This enhanced the effectiveness and prestige of the county office itself as an institution – not 

merely the individual plant doctors – among farmers.  

Overall Assessment of Plant System Change 

The results on institutional strengthening from the 12-month follow-up are in line with what we 

found at baseline. That is, the data indicate that PW-K is helping to gradually improve 

institutional coordination in the plant health system. The information generated from the plant 

clinics combined with improved institutional coordination has the potential to continue to shift 

the plant health system in a positive direction. The direct contact with farmers and the general 

shifts in the plant health system are consistent with a strengthening of the institutions that 

manage plant health in Kenya.  

Despite these positive results, it is important to address some of the remaining challenges to 

ensure that the system continues to change in a sustainable way, and to resolve bottlenecks in 

information flow and action. PW-K could benefit from encouraging stakeholders to involve 

colleagues who are not directly involved in the programme in improving coordination and 

collaboration across institutions. At the national, county, and field level, there is a lack of 

information flow regarding PW-K and its approach, as well as the information generated from 

the plant clinics. Key participants could share the knowledge they gain from the programme with 

colleagues who are not directly involved to encourage knowledge generation and proper 

individual diagnosis throughout the system. Both of these improvements would work to facilitate 

outbreak identification and proper response.  

Given the relatively limited coverage of the programme throughout Kenya, continuing to build 

sufficient links between institutions and encouraging ongoing learning about plant health will 

contribute to the institutionalisation of the programme model, ensuring that stakeholders 

prioritise its continuation irrespective of outside funding. 
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b) Evaluating the Implementation of PW-K 

As part of the qualitative assessment, the evaluation team interviewed farmers, plant doctors, 

government officials, and representatives from various institutions to understand the 

implementation process for the PW-K programme. The team also considered information from 

the focus groups and key informant interviews to understand the strengths and challenges of 

implementation. As discussed in previous sections, the agriculture system in Kenya did not 

prioritize plant health before PW-K, and communication across system stakeholders was weak. 

PW-K recognized a need for more coordination and organized information to address these 

challenges, and it is important to understand the overarching goal of the programme in this light: 

to collect and disseminate useful data on plant health management practices, while improving the 

system of extension using an innovative and efficient approach.    

The process for implementing PW-K appears to have an effective overall structure, with farmers 

as the central element. The programme creates a system of support for farmers, although this 

support may not yet have reached its full potential. Similarly, while the programme collects key 

information on plant health problems and plant doctor-identified solutions, this information is 

not yet used as efficiently as possible. As a result, while the overall process seems to identify the 

core plant health problems, there is room for improvement in responding to these problems. 

Particularly, the 12-month data indicated that clinic use is low, which in turn makes other aspects 

of the programme – such as use of technology, generating knowledge among farmers, and 

sustaining programme activities – unlikely to function well.   

POMS 

The majority of plant doctors and sub county level officials were very familiar with the plant 

doctor form and indicated they regularly use the forms in their work; however, higher level 

county officials were not familiar with the forms, and stakeholders at all levels were generally 

not familiar with or using the POMS. At the time of the data collection, Plantwise had only 

recently conducted trainings on using the POMS among county officials for the purpose of 

synthesizing information to show trends from the clinics. This is likely a primary reason that 

POMS was not being widely utilized at the time of data collection. However, higher level county 

officials who said they had been seeing reports from POMS did not indicate any concrete ways 

in which they are using or intended to use the data to make decisions about extension activities 

or other office of agriculture initiatives. One cluster coordinator said, “Most of us in Machakos 

County have supervisors in the County Ministry of Agriculture who are not interested in the 

reports. The Nairobi data centre is more interested.” A county director said, “We are supposed to 

get that information and organize trainings for the staff, but right now no one is supporting us to 

do that.” Providing specific training and examples to county officials on how to use information 

from the POMS to make decisions may increase the use of the system and its potential for 

sustainability.  

In some cases, officials at the sub-county level produced reports and recognized trends that they 

reported to the county level, but then are not considered for planning purposes at that higher 

level. The cluster coordinator from Subukia was the only official to have run a report – 

presenting it during the interview – and he said that he consistently runs them (“I have done 42 

queries”). Suggesting productive ways to coordinate information sharing, decision making, and 
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planning between levels may also increase the likelihood that officials utilize the information 

from the POMS. Without this type of training, the POMS reports may continue to be only a task 

as part of the crops coordinator or SCAO’s job, rather than a tool to use to improve agriculture 

activities.   

The potential of POMS is further limited by the lack of regular validation. Validation involves 

bringing together a group of experts to examine the POMS data and determine whether the 

diagnoses and recommendations provided by plant doctors are accurate. Not only is this a quality 

control exercise it allows feedback on where there are issues with plant doctor's diagnosis and 

recommendations. The process of validating is also a systematic way of reflecting on the data. 

The process is supposed to bring together the validation team four times a year. Similarly, a team 

is supposed to be brought together three times a year to update the green and yellow sheets that 

provide recommendations for actions to address particular pests. Finally, a third team is 

supposed to gather twice a year to address data issues associated with the POMS. Unfortunately 

we were not able to conduct new analysis on the POMS data because of the lack of continuous 

validation. The lack of continuous validation greatly decreases the usefulness of the POMS as an 

early warning system for plant health problems, suggesting that validation is needed in order to 

have sufficient support for PW-K. 

Knowledge Bank 

The Knowledge Bank is intended to be an information source that collates best practices on plant 

health management in the world. The UK-based team that implements the Knowledge Bank 

works to collect locally relevant information on best practices for pests and diseases from high-

quality researchers and their sources, as well as primary information from clinics throughout the 

country. As described in the conceptual framework, the Bank provides diagnostic assistance, 

treatment support, and pest distribution data gathered from plant clinics, researchers, and 

international partners around the world.  

Extension agents who are not plant doctors have generally not heard of the Knowledge Bank. 

Plant doctors did mention the Knowledge Bank, which seemed to be one of many websites they 

used to access information about plant health. Plant doctors who have tablets say they use them, 

though the knowledge bank specifically appears to be underutilized and most participants said 

they typically use Google to help with diagnoses. Both plant doctors and district officials say the 

information in the knowledge bank is limited or not specific enough to the problems in their area, 

though this may also be an issue of not knowing how to properly search the database.  

Plant Clinic Usage 

Similar to baseline findings, farmers’ need-based, reactive use of plant doctors and their lack of 

consultation in planning stages suggests farmers have been slow to uptake the plant doctor 

model. This finding is consistent with literature on the uptake of new technology and 

programmes by smallholder farmers in sub-Saharan Africa
13

. Research on decision-making 
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behaviour has shown that uptake of innovations is closely related to an individuals’ knowledge, 

perception, and attitude associated with the particular innovation
14

, which Meijer et al. explains 

in the context of smallholder farming: 

 

The perceptions farmers have about an innovation are very closely related to the 

knowledge they have about it. Whereas knowledge refers to factual information and 

understanding of how the new technology works and what it can achieve, perceptions 

relate to the views farmers hold about it based on their felt needs and prior experiences; 

and these do not necessarily align with reality. The knowledge and perceptions about an 

innovation then together determine the attitude towards it. In accordance with the theory 

of planned behaviour, the attitude component comprises not only the attitude towards the 

behaviour, but also the attitudes with regard to the subjective norms and perceived 

behavioural control. In this case, we expect that a positive attitude towards an agricultural 

innovation will increase the likelihood of adoption and a negative attitude to reduce the 

probability of adoption. 

 

We found little widespread knowledge of plant clinics or plant doctors among farmers, which 

could result from the lack of a systematized process for sensitizing farmers to clinics. Plant 

doctors loosely discussed the ways in which they disseminate information about plant clinics, 

including bazars, field days, and other activities that are not plant clinic-specific. A few plant 

doctors also said there are posters in common areas such as churches and radio announcements. 

However, plant doctors did not mention any specific procedures for sensitization, indicating that 

farmers who know about clinics may have learned about them by chance.  

Similar to plant doctors, farmers described various non-systematic ways in which they learned 

about clinics. In many cases, friends or spouses referred farmers to attend clinics when they had 

specific problems. One woman said, “Last month I heard it from  my husband; he received a 

phone call from an agricultural officer who visits their group in turn he called me and told me to 

attend the clinic which was on-going at local shopping centre.” Lack of knowledge about the 

clinics coupled with famers’ own reactive use of clinics for their own health problems has the 

potential to undermine the potential utility of plant clinics. It may be beneficial for Plantwise to 

incorporate a specific procedure for community sensitization to clinics in order to maximize the 

potential use of clinics. 

We also investigate clinic awareness and usage by treatment condition using the household level 

follow-up data. Recall that data was collected from agricultural households in the treatment 

group in areas within one kilometer of the new clinic. 

The data show that most farmers in the sample did not attend the new clinics in the period from 

August 2014 to July 2015. Indeed, Table 5.1 shows that only 38 percent (326 farmers out of 858) 

of farmers in the treatment group have heard of plant clinics. This is higher than the control 

group (10 percent) who are not in close proximity of a clinic, but still low in absolute terms since 

PW-K could be used by all farmers as a preventative measure. Of these 326 treated farmers, only 

97 (30 percent) visited a plant clinic. And of the 97 who visited a plant clinic, 40 actually 

brought a sample to be analysed. In turn, farmers in the control group are less aware of the 
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existence of plant clinics as 10 percent of farmers in the control group (169 out of 1671) know 

there are plant clinics. Also, only 15 farmers in the control areas have attended a PW-K clinic 

session at least once. 

Table 5.1. Famers’ Awareness of PC  

 Treatment Control 

 No 
532  1502   

62% 90% 

Yes 
326 169 

38% 10% 

Total 
858 1671 

100% 100% 

 

Table 5.2. Famers’ Attendance of PC 

 Treatment Control 

No 
229  154   

70% 91% 

Yes 
97 15 

30% 9% 

Total 
326 169 

100% 100% 

 

We also analysed these data by each plant clinic to see if there is heterogeneity in awareness and 

usage by locations. There results show there is a lot of variation in knowledge by location. 

Whereas 77 percent of farmers in the Kibiko plant clinic have heard of clinics, this proportion is 

13 percent for farmers in the Ngecha clinic area. We also found that there is important 

heterogeneity in clinic attendance by clinic. Whereas 57 percent of farmers in the Kihoto clinic 

who have heard of plant clinics have attended one clinic session at least once, there are three 

clinics (Kimicha, Miu, and Tambaya) that have not served any of the treated farmers in the 

sample.  

These data on the low levels of plant clinic awareness and usage are consistent with other 

existing pieces of information.  First, based on phone interviews we conducted to the 20 clinic 

cluster coordinators, we found that of the 30 new clinics that were planned to start operating in 

the middle of 2014, 13 started in October, 16 in November, and one on December. 

Although we are implementing a procedure to continuously invite farmers in treatment areas to 

plant clinic sessions via SMSs, the majority of farmers do not seem to be receiving these 

messages. More specifically, plant clinic cluster coordinators have been asked to send SMSs to 

farmers to remind them of clinic sessions’ purpose, dates, time, and location in order to promote 

plant clinic attendance. The information on farmers’ mobile numbers was collected through the 

baseline and follow-up surveys and was automatically synchronized with the contacts of the 

smart phones that we provided to cluster coordinators. As part of the contact information 

provided, we included our own mobile numbers in order to monitor the delivery of SMS to 

farmers. Data collected from February 2016 indicate that more than 60 percent of treated farmers 

did not receive an SMS during that month, 20 percent received only one message, and the 

remaining 20 percent received two or three messages. Cluster coordinators argue that they do not 

send SMSs on a more regular basis because farmers have expressed no interest in receiving 

frequent reminders. We think this issue deserves to be investigated carefully and options should 

be explored to invite farmers in a more effective way.  

A key challenge for relying on cluster coordinators to promote plant clinics via SMSs is that the 

average age of plant doctors is relatively close to retirement, which makes technology uptake and 

overall sustainability more difficult. That is, those who receive training are not in the workforce 
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for a long period of time, during which they could both build on their knowledge and pass their 

training knowledge to others. 

To further investigate clinic attendance we used two data sources provided by CABI. First, we 

used the prescription form information submitted by plant doctors from June 2014 to July 2015. 

Second, we used logs information which plant doctors submit to CABI with aggregate data on 

each clinic session such as name of plant doctors present, date, and number of prescriptions 

submitted by gender. We used this second source to validate whether the low number of 

prescriptions submitted to POMS is due to prescription under-reporting, given that writing 

prescriptions can take some time and sometimes apply to more than one farmer.   

Table 5.3 presents descriptive statistics on plant clinic for both sources. Overall, the attendance 

numbers are similar regardless of the data source used. For instance, whereas the average number 

of farmers helped in each clinic session is 69 according to POMS, this average is 61 farmers 

when using the submitted logs.  

        Table 5.3. Plant Clinic Use, June 2014 – July 2015 

  POMS Clinic Logs 

Total Farmers Visited 68.7 60.8 

Frequency of Operation 10.7 9.4 

Farmers Visited (mean) 5.0 5.1 

Male Farmers Visited (mean) 3.4 3.3 

Female Farmers Visited (mean) 2.9 1.9 

 

As in the baseline report, we looked at average number of prescriptions submitted by plant 

doctors, as well as farmer attendance at each clinic, over biweekly periods. We chose to look at 

biweekly periods rather than specific dates of plant clinics since the data did not show a clear 

link to individual dates that appeared to correspond with a plant clinic; that is, prescription forms 

were submitted on a range of dates and did not “spike” very often on specific dates. Since clinics 

were supposed to be in biweekly periods, this was used as the focus. There are 30 biweekly 

periods over the period analysed. 

Both data sources reveal that, on average, each plant clinic submitted prescription forms for only 

10 of the 30 biweekly periods between June 2014 and July 2015, which equates to about 33 

percent of the time. These results indicate that plant doctors did not attend farmers in many of 

these weeks which could partly be explained by closing down of clinics during the holidays. To 

determine more thoroughly how time of clinic initiation influenced results, the first biweekly 

period in which each clinic submitted a prescription form was identified. This is based on the 

first date noted in the POMS data that a prescription was submitted for that clinic and assumes 

that this is an accurately dated submission. Using this as the initiation of operation, we then 

calculated the number of biweekly periods in which each clinic submitted no prescriptions after 

that initial submission. Figure 5.1 shows the results visually. There are many biweekly periods in 

which no farmers attended a clinic. The mean number of biweekly periods with no prescriptions 

submitted was about 14. This could be because clinics were not operated or they were not 

attended, but regardless of which is the case the clinics are not providing regular service. 
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Figure 5.1. Biweekly Periods w/ No Prescriptions for Each Plant Clinic (after initial clinics) 

 

Continuing with the analysis of the POMS data, Figure 5.2 describes the number of farmers 

being assisted by plant doctors during each biweekly period in which the doctor submitted at 

least one form. Each clinic, on average, submitted prescription forms for five farmers per (active) 

biweekly period. In nearly all cases, fewer than 10 farmers attended and received a prescription 

from a given clinic. The results also suggest that slightly more male than female farmers visit the 

clinics. The low usage of the plant clinics suggests that either farmers are unaware of the clinics, 

are unable to attend or are not viewing the clinics as an accessible forum for diagnosis. 

Another interesting pattern that emerges from the data is the distribution of prescriptions by time 

of the year. 66 percent of the prescriptions were generated in the six months from June to 

November (with the remaining 34 percent generated between December and May). Figure 5.3 

shows average farmer attendance based on each biweekly period and Figure 5.4 shows total 

farmer attendance in each biweekly period. As seen in Figure 5.3, the average prescriptions 

generated per biweekly period tends to be higher between November and May. Figure 5.4 shows 

total farmer attendance based on timing of year, rather than the average per clinic. The trends in 

these two figures are very similar, except that here, because totals are shown rather than averages 

All of these results are consistent with information on planting months collected through the 

farmer-level survey, which revealed that more than 80 percent of the crops were planted between 

February and May. This explains why most clinic visits occur after this period, once the crops 

were growing. 
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Figure 5.2. Average Number of Farmers Assisted by Plant Doctors (June 2014-July 2015) 

 

Figure 5.3. Average Farmers Attended per Clinic (June 2014 – July 2015) 
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Figure 5.4. Number of Farmers Attended per Clinic (June 2014 to July 2015) 

 

 

Use of Technology 

The use of information and communication technology (ICT) is a novel approach to agricultural 

advisory services. Access to mobile technology has expanded rapidly in recent decades in 

Kenya. Among other benefits, mobile access can improve access to and use of information, 

allow better coordination in input and product markets, facilitate communication within social 

networks, and expedite the delivery of public services (Aker and Mbiti, 2010). Of course, 

traditional forms of ICT, including radio, television and telecentres, have been used previously to 

provide extension messages, but the rapid expansion of new technologies has led to new 

opportunities. Aker (2011) categorizes four types of ICT that are used as part of agricultural 

advisory services: (i) voice-based information delivery services, such as call-in services, (ii) 

radio dial-up and broadcast, including radio programming that allows questions through calls or 

SMS messages, (iii) SMS-extension services, in which data are collected and disseminated via 

SMS text messages, and (iv) e-learning programmes such as internet kiosks that allow farmers to 

access agricultural information. These approaches then seek to improve agricultural outcomes 

through the transmission of information through ICT channels as opposed to extension workers, 

or as a complement to the activities of extension workers.  

Qualitative results on the use of e-clinics indicate that plant doctors like the freedom the tablets 

give them to visit farmers at their farms. Though stakeholders widely regard e-clinics as more 

professional than original clinics, plant doctors cite some disadvantages including the lack of a 

paper copy of diagnoses for farmers as well as inconsistency in connection. In addition, the plant 
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doctors who do not have tablets perceive they are at a disadvantage to those who do, both 

because of the advantages tablets give in helping with diagnosis as well as how farmers perceive 

them compared to plant doctors with tablets. This section describes PW-K’s use of e-clinics. 

E-clinics 

Farmers and plant doctors said mobile technology impacted the frequency and location of 

interactions between the two groups. Farmers and plant doctors said their relationships had 

become less dependent on the formal plant clinic. One female farmer in Nakuru described the 

ease in accessing her local plant doctor, “[if] you call him after office hours he will still attend to 

you.” A farmer in Kirinyaga mentioned a similar experience, “whenever you need them you just 

call and they will come to farm and check on the crops.” Plant doctors also described the use of 

mobile technology in their communication with farmers. One Kirinyaga plant doctor referenced 

the use of mobile phones, “We also capture information through calls. Sometimes the farmers 

call; some of the pests they can identify but they do not know how to control, so in such cases we 

just give the information through the phones.” 

 

Though tablets may be helpful for busier clinics that have good network access, the utility of the 

tablets in the context of the clinics in our study areas seems low as compared to the traditional 

paper forms. Benefits of e-clinics include the ability to “solve problems much faster” and the 

ability to “make recommendations to the farmers [during farm visits] even though it is not at the 

clinic.” Some plant doctors also mentioned that they are able to immediately link the clinic 

results to their supervisors, though they did not describe the tangible benefits of this as opposed 

to paper results. In addition, clinic numbers are so low that having to take time to fill out a paper 

form does not seem like it would create problems for service delivery.  

Multiple officials mentioned having network challenges with the tablets, as well as even with the 

desktop computers located in their offices. One county director said: 

I find it challenging because even here we don’t have a desktop, The SCAO does not have 

one, [and] the secretary does not have one. The farmers’ level of literacy and access to this 

information comes at a cost. It’s a good thing but its way ahead. Here in the office we lack 

basic equipment like computers, and the staff in the field have gadgets but we cannot even 

access the information. It is a bit too advanced. We would all need to move together in the 

same direction for it to make sense. 

Officials also pointed out that the beneficial functions of a tablet (e.g., searching the internet for 

solutions or sending an SMS to the farmer with the recommendation) are available on their smart 

phones. Regardless, the use of technology for diagnosis or obtaining further information is low. 

Plant Clinic Sustainability 

Because of the counties’ limited ability to provide logistical support, stakeholders expressed 

concern about their ability to take up Plantwise activities in the absence of the programme. One 

county official said, “Definitely we would continue. It’s about complementing. We as a 

ministry… we are only able to do it to a certain extent. Even if Plantwise is not there, we would 

do it to some level, but not the same level as Plantwise.” A systematic review of the 
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sustainability of health-related programmes in the US and Canada (Scheirer 2005) indicated that 

the following factors are consistently associated with higher programme sustainability:  

a) “A programme can be modified over time, 

b) A “champion” is present, 

c) A programme “fits” with its organisation’s mission and procedures, 

d) Benefits to staff members and/or clients are readily perceived, and  

e) Stakeholders in other organisations provide support” (p. 320).  

Stakeholders perceive that the Plantwise model satisfies factors b-e (with some challenges in 

these areas). However, stakeholders are less likely to modify the programme to fit their own 

needs (a), and in some cases even hesitate to make slight changes that deviate from the 

programme’s core model. In addition, none of the stakeholders identified concrete ways in which 

they are working toward sustainability after CABI, and those that are even remotely thinking 

about sustaining the programme have little to no power to decide where resources are best used. 

For example, one crops officer said that he put “plans to train more plant doctors […] in our 

strategic plans so we can train 60 more plant doctors with the MOA funding. It is there in the 

plan, but it has not been implemented.” Another officer from KALRO said, “I assume there are 

plans of how it will be done.” 

Qualitative data illuminate challenges with implementation that may make sustainability difficult 

for Plantwise, including low attendance (“the farmers’ attendance is declining”) and lack of 

awareness about the clinics, lack of integration with other extension activities at the county level, 

and lack of efforts to facilitate basic costs by the county governments. County level officials 

demonstrated little active thinking about how to incorporate Plantwise activities into regular 

extension or how to use the information from the clinics to improve other areas of extension 

services in the county. For example, one county official said, “we have proposed more clinics to 

increase coverage,” but the officials have not planned for maintenance of the existing clinics or 

the continuation of plant doctor training.  

Given the level of effort that some agriculture officers are giving to run the clinics, it is important 

that information outputs from the clinics and communication increase.  County officials may 

benefit from facilitation as to where they could incorporate the activities into their strategic plans 

at the county level. A number of officers also indicated the need for the county government to 

“understand it, appreciate it, and put it in the budget plan for the future, seriously. […] We need 

the logistical and financial commitment to respond.” Lack of funding or the ability to distribute 

funds to successful programmes presents a serious issue for sustainability, especially with the 

higher level county officials not being involved or responsive to requests from sub-county 

officials. Staff turnover also creates problems for sustainability if the programme is not officially 

integrated into county plans.    

Knowledge Generation Overall 

Higher level district officials throughout all four of the qualitative sample counties seemed 

uninvolved in PW-K and were able to comment very little about concrete actions of the 

programme or plans for uptake. In addition, interviews indicate that officers from KALRO and 

KEPHIS rarely interact with plant doctors for the purpose of diagnosis or passing information to 
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farmers, as intended. One KEPHIS representative posited reasons for the lack of consistent 

interaction with farmers: 

The cost of soil testing may limit more farmers coming here. Most farmers are not aware 

that there is a need to test the soils. The Ministry of Agriculture is trying to pass the 

message to farmers but the message is slow due to lack of understanding, difficulty of 

paying for testing, and customary beliefs (some people believe if you subject your soil to 

chemicals, you will spoil your land). Sometimes when they come, KEPHIS is not able to 

facilitate the sample-taking, 

Several farmers in Nakuru described difficulty accessing KALRO and KEPHIS expertise 

because of difficulty accessing their office and cost. One female farmer from Nakuru described 

the situation with KALRO: 

It is not easy to interact or meet with them; they are not situated where we can easily 

access them. There are no cost implications in consulting the agricultural officer 2 

minutes [away]; but when you calculate the cost of reach out to KALRO people you are 

already suffering from headache. Transport, cost, time, etc.  

Finally, a male farmer in Kitale mentioned he had only heard of farmers directly interacting with 

KALRO during the organisation’s research, “KALRO rarely reaches out to the farmers 

especially at the grassroots levels so we do not know about them. Only a few individual farmers 

interact with when they are conducting research.”  

Farmers’ limited interactions with KALRO and KEPHIS were through their local plant doctor or 

agricultural extension officer. A male farmers from Nakuru said he needed, “a written referral 

[from plant doctor or extension officer] so that [KALRO does] not chase me away; then they will 

interact with you.” Several plant doctors corroborated this, saying they “had to provided referral 

forms to send farmers to KARLO” when farmers had a more complex plant health issue. Only a 

handful of farmers mentioned interacting with KALRO or KEPHIS in any additional ways. One 

described KALRO’s presence at field days, “During field days; they invite doctors, chemical 

companies, KALRO, who teaches us on different topics on general agriculture.” Farmers are 

expected to demand advisory services that allow them to increase their productivity, but these 

interactions indicate that transaction costs to accessing advisory services hinder their opportunity 

to use them. 

Knowledge Generation – Plant Doctors 

Plant doctor training is highly regarded by every stakeholder we interviewed. As the quantitative 

results on assessment show below, extension agents who receive training learn essential 

information about maintaining plant health that others are not aware of (e.g., “we learnt that we 

have an active ingredient in chemicals”). The few complaints about training included that four 

days is not adequate and that some of the modules are too challenging to understand in the initial 

training. Other plant doctors said they need refresher trainings and that the original training could 

have benefitted from more practical sessions. It is also unclear how the training would continue 

in the absence of PW-K. It may be useful to encourage plant doctors and other county-level staff 

to identify areas of need and discuss how they could incorporate ongoing professional 

development as part of the county or sub-county office’s regular activities. One crops officer 
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understood this necessity, saying, “We want to go beyond CABI because they are also restricted 

… but there is a big demand.” It may be beneficial to encourage a sort of step-down training, 

where a strong group of plant doctors could continuously train other extension agents on similar 

concepts. Step-down trainings encourage agency among the trainers which could encourage 

programme sustainability beyond Plantwise.   

 

Plant doctors across all four districts described a hierarchy in consultation when diagnosing a 

plant health issue. While the majority of plant doctors said they relied on multiple resources to 

help with their diagnosis (e.g., other plant doctors, agricultural extension officers, governmental 

ministries, universities, and agricultural NGOs), many described a hierarchical structure they 

follow when they seek consultation. Several plant doctors mentioned they would first seek 

advice on an issue from a “cluster coordinator and other extension officers.” The cluster 

coordinator from Kitale said cluster coordinators were usually the first ones that plant doctors 

contact. Plant doctors said they consult with formal agriculture or research institutions such as 

KEPHIS or KARLO, for more complex and widespread health issues. One plant doctor from 

Kitale described his experience with KEPHIS: 

 

For example once a farmer had planted maize, but its progression was stunted so we 

consulted with KEPHIS and when they followed up the case they found that it was a 

counterfeit seed used. The farmer was contended with the verdict and indeed he 

confirmed he did not get the seeds from the right source.  

While plant doctors reported some success in treating plant health, they also mentioned 

challenges to coordination. A cluster coordinator from Machakos described the delays a plant 

doctor may face in consulting KALRO, “There are the KALRO stations where they can refer 

those case, but … it may take a lot of time for KALRO to make a diagnosis from samples.” Plant 

doctors also experienced challenges in gaining regular access to services. One plant doctor from 

Machakos mentioned “it was difficult to regularly interact with KALRO because the station was 

so far away and we do not have their phone numbers.” Representatives from NGOs also 

mentioned the lack of regular coordination with plant doctors. A KALRO representative 

stationed in Nakuru said he was, “supposed to visit the plant clinic once a month” but he did not 

because he “was not given funding [from the county] to do so.”  

Similar to baseline findings, coordination between stakeholders seemed to improve in instances 

of more frequent or serious plant health issues. In Nakuru, one plant doctor mentioned the 

outbreak of Maize Lethal Necrosis Disease (MLND) in the district had increased visits from 

farmers, “When there was an outbreak of MLND most farmers began to consult with me.” 

Cluster coordinators also mentioned improved coordination around specific plant diseases. A 

cluster coordinator from Kirinyaga stated that “KALRO had performed a training” because of 

the “MLND and tuta absoluta” outbreak in their district. Coordination on plant health issues 

were also mentioned by representatives from KARLO, “Pests and diseases were among issues of 

production that we realized we needed to address. So KARLO and the MOA are both providing 

trainings.” The synergy between farmers, plant doctors, and the MOA in response MLND and 

tuta absoluta provides a helpful basis for structuring a future coordination model.  

 

Farmer FGDs in all four districts suggest that farmers view plant doctors’ role as reactive. 

Farmers frequently said they initially contact plant doctors after home remedies to an ongoing 
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plant health issue fail. One male farmer from Machakos said he first decided to visit his local 

plant doctor because he was, “having problems with [his] mango and orange trees.” The majority 

of farmers echoed this last resort strategy. One male farmer from Kirinyaga described his own 

trial and error process before seeking the advice of the local plant doctor:  

I tried using agrinet, collagen, dymediot, and it never helped. Most of the crops were 

destroyed; that is when I decided to visit the clinic. I was given prescriptions for each 

condition and at I was able to save some of the crops, which I harvested and sold. 

Farmers also infrequently utilize plant doctors’ expertise. One male farmer from Kitale said, 

“Whenever my crops are attacked by diseases I usually visit the clinic so that I can be advised on 

the correct chemical to buy.” Similarly, farmers from Kirinyaga reported having parallel terms 

with plant doctors, “It depends on one’s needs or problems. I cannot quantify the number of 

times I interact with them because anytime I have a problem with my crops I always consult 

them.”  

 

Despite the reactive and infrequent nature of the visits, farmers indicated that going to the plant 

clinics not only helps them understand problems with their crops, but offers new information 

about diseases and plant health generally – a perceived difference over other methods of 

extension the government offers. One farmer from Kitale said he attends the clinics “so that I can 

learn more not just concerning my plant health problems but issues on farming or new chemicals 

in the market.” These types of reports are notable in that though official numbers appear low 

according to records and prescription forms, there may be more farmers attending for general 

information, consultation, or study. In addition, farmers seemed more likely to attend because of 

the SMS reminder messages, indicating that they may not have remembered to attend otherwise. 

The farmers interviewed said they would like to continue to receive reminder messages. 

 

Plant Doctor Assessment 

To empirically investigate whether the PW-K trainings expand participants’ plant health 

knowledge, we conducted an assessment to all plant doctors (current and new) and a group of 

comparable extension agents for two consecutive years. In 2015, we applied the assessment to 

the same extension officers who participated in 2014, as well as to those agents selected to 

become the plant doctors for the new plant clinics that started in the second half of 2015. As 

explained in detail below, collecting longitudinal data from training beneficiaries and a 

comparable group allows us to refine our methodology to estimate the effects of PW training on 

plant health knowledge and recommendations. One group of agents we are particularly interested 

in this year is the one formed by those who were trained to become plant doctors for the first 

time after they took the 2014 plant doctor assessment. The idea is to see how agents in this group 

perform after one year of being trained.  

Data. A total of 263 and 278 officers participated in the assessment in 2014 and 2015, 

respectively. Of the 2014 participants, 86 were current plant doctors at the time, 54 were new 

(untrained) plant doctors, and 123 came from a comparable group of agricultural extension 

agents (AEA). In 2015, there were 120 current plant doctors (which included 43 of the 54 new 

plant doctors of 2014), 45 new plant doctors who had never received PW-K training, and 113 

AEAs. 
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Of all agents tested, 225 took the assessment in both years: 77 from the 2014 current plant doctor 

category, 43 from the group of 2014 new plant doctors, and 105 from the AEA group. These 225 

agents for whom we have longitudinal data constitute our preferred sample to estimate the effects 

of the training. Note, however, that we do have a larger sample each year as some of the agents 

were assessed only once in the two years.  The number of assessed agents by groups presented in 

Table 5.4 shows that there were 38 participants who took the assessment in 2014, but did not 

participate in 2015. Of these, 9 were 2014 current plant doctors, 11 were 2014 new plant doctors, 

and 18 were AEAs. Also, 8 AEAs, who did not take the assessment in 2014, were invited as 

replacements in 2015. Lastly, there were 45 agents who took the assessment only in 2015 

because they were selected to become plan doctors for the 2015 new plant clinics.  

 

Table 5.4. Plant Doctor Assessment Participants by Type of Agent and Year 

2014 

2015 

Current PD 

in 2015 

New PD 

in 2015 

AEA in 

2015 

Missing 

in 2015 

Total 

(without 

missing) 

Total 

Current PD in 2014 77 0 0 9 77 86 

New PD in 2014 43 0 0 11 43 54 

AEA in 2014 0 0 105 18 105 123 

Missing in 2014 0 45 8 - - 53 

Total (w/o missing) 120 0 105 - 225 - 

Total 120 45 113 38 - 316 

 

Assessment Design: The 2015 assessment was designed by PW-K, CABI, and the University of 

Nairobi (UoN) and was closely based on the 2014 assessment in order to ensure the two tests 

were horizontally equated to facilitate the interpretation of score changes over time. The plant 

doctor assessment included both multiple-choice and short-answer sections in both 2014 and 

2015. Each year, the multiple-choice section included 50 questions and the short-answer section 

5 questions. Each section was worth 50 points, for a total of 100 points. The multiple-choice 

questions relate to knowledge that is necessary for diagnosis and providing relevant 

recommendations, and they are designed to be relevant to Kenya. Questions are easier at first and 

become incrementally harder. The short-answer questions are more comprehensive and are 

intended to simulate the conditions faced by plant doctors in the field. Questions incorporate 

diagnosis, recommendations, and potentially behavioural responses. Some short-answer 

questions have multiple parts, focusing first on diagnosis and then on recommendations. Again, 

questions have different difficulty levels to ensure scores capture variations in plant health 

knowledge.  

Table 5.5 presents the average results for each question on the assessment in 2015. The average 

score was 34.6 out of 50 points for the multiple-choice section, and 20.1 out of 50 for the short-

answer section. Note that the scores for the multiple choice and short-answer sections in 2014 

were 32.9 and 22.5, respectively. The similar averages over time suggests that the level of 
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difficulty of the test remained constant in both years, which facilitates the comparison of scores 

over time. Note also that the assessment included both easy and challenging questions For 

example, while only 43 percent of test takers got Question 1 right, 92 percent answered Question 

2 correctly. Overall, the average score for the assessment in 2015 was 54.75 out of 100 points, 

with a standard deviation of 9 points. The total score mean and standard deviation suggest that 

the assessment was successful in ensuring sufficient variation in scores in order to identify the 

effects of the plant doctor training.  

Table 5.5. Results, Plant Doctor Assessment 2015 

Multiple Choice 

Q1 0.43 Q11 0.29 Q21 0.06 Q31 0.68 Q41 0.59 

Q2 0.92 Q12 0.91 Q22 0.93 Q32 0.69 Q42 0.45 

Q3 0.83 Q13 0.70 Q23 0.94 Q33 0.42 Q43 0.74 

Q4 0.79 Q14 0.94 Q24 0.82 Q34 0.73 Q44 0.99 

Q5 0.85 Q15 0.74 Q25 0.77 Q35 0.64 Q45 0.95 

Q6 0.40 Q16 0.72 Q26 0.17 Q36 1.00 Q46 0.62 

Q7 0.47 Q17 0.98 Q27 0.96 Q37 0.92 Q47 0.69 

Q8 0.87 Q18 0.31 Q28 0.97 Q38 0.42 Q48 0.36 

Q9 0.44 Q19 0.92 Q29 0.90 Q39 0.84 Q49 0.66 

Q10 0.79 Q20 0.29 Q30 0.71 Q40 0.35 Q50 0.77 

Short Answer 

Q1 4.11 Q2 4.49 Q3 3.88 Q4 4.52 Q5 3.03 

Overall Results 

Multiple Choice  34.6  Short Answer  20.1  Total Score  54.75 

 

As part of the assessment, background questions were included to identify relevant participant 

characteristics. Some of the variables collected include age, gender, level of schooling, field of 

study, years of experience as an extension agent, county of work, trainings received in the last 

year, use of extension methods, and consultation activities with KARI, KEPHIS, NGOs, 

colleagues, and agro-dealers. In turn, the Ministry of Agriculture (MoA) provided data on an 

agent’s deployment, field of specialisation, designation, and county of operation.  

As discussed in the baseline report (AIR, 2015), we used the information provided by the MoA 

to select a group of AEAs to serve as a comparison group of the plant doctors who receive 

training from PW-K. These AEAs were selected using a statistical matching procedure to ensure 

that each one of the plant doctors taking the assessment (current and new) has a comparable 

AEA working in the same county and is as similar as possible in terms of age, gender, field of 

specialisation, deployment, and designation. In particular, we selected AEAs whose field of 

specialisation is agriculture (general, extension, and economics) or horticulture; who are 

deployed as a Field Extension Officer (FEO), Crop Protection Officer (CPO), or Agricultural 

Extension Officer (AEO); and are designated as Agricultural Assistant (JAA, AA I, SAA, and 
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CAA) or Associate Agricultural Officer (AAO I, AAO II, AAO III, and SAAO). These criteria 

were discussed in detail with staff from the MoA.  

In the baseline report (AIR, 2015), we showed that the three groups of extension agents 

considered (i.e., current plant doctors, new plant doctors, and AEAs) are very similar in most 

observable dimensions including age, gender, deployment, education level, years of experience, 

non-Plantwise training, consultation practices, and most of the designation and specialisation 

categories. We also showed the three groups were different only in terms of two variables. First, 

relative to AEAs and current plant doctors, the group of new plant doctors in 2014 was more 

likely to have Senior Associate Agricultural Officers (SAAO). Second, agents with a horticulture 

training were more likely to be a current plant doctor than those with general agricultural 

training. Overall, we argued that the matched group of AEAs constitutes an effective comparison 

group for new and current plant doctors, provided that we control for the relevant observable 

characteristics for which we find differences between the groups.  

Estimation Methodology: We use a difference in differences (DD) strategy to estimate the 

causal effect of PW-K trainings on plant health knowledge. Before discussing the methodology, 

it is worth noting that the estimation of training impacts in 2014 was based on the assumption 

that there were no unobserved characteristics that simultaneously determined the probability of 

being selected as a plant doctor and their performance in the plan doctor assessment. While we 

provided different pieces of evidence that supported this assumption, its validity was ultimately 

untestable with only one year of data. Thus, the key advantage of conducting the plant doctor 

assessment to the same agents over time (i.e., constructing a panel of test takers) is that we are 

now able to estimate the effects of training on plant health knowledge without relying in the 

assumption that we are controlling for all the relevant observable characteristics that determine 

training participation. The key insight from a DD estimation is that the effect of PW-K trainings 

can be estimated by comparing the average change over time in test scores for the treatment 

group (New Plant Doctors), compared to the average change over time for the control group 

(AEAs). The key assumption for a DD strategy is that there are not differential unobserved time 

varying characteristics between the treatment and control groups. This assumption is known as 

the parallel trend assumption in the programme evaluation literature. Note that we conducted a 

matching process to ensure that all plant doctors were as similar as possible to AEAs to increase 

the likelihood that the assessment trends are as similar as possible.  

The DD results can be conveniently summarized in a graphical way, before discussing in detail 

the estimated results. Figure 5.5 presents the results of the impact of PW-K training on plant 

health knowledge. Each line in the graph represents the trend in scores between 2014 and 2015 

for the three groups of extension officers of interest. The dotted line represents the average 

scores for the AEAs, who serve as the comparison group for the analysis as these agents have 

never received training from Plantwise. The black solid line show the trend in scores for those 

plant doctors who were new in 2014. The diff-in-diff estimate of the trainings can be obtained by 

subtracting the vertical distances between the average scores of the new plant doctors and the 

AEAs at each point in time. More specifically,  

𝐼𝑚𝑝𝑎𝑐𝑡𝐷𝐷  = {𝑌̅2015
𝑁𝑒𝑤 −  𝑌̅2015

𝐴𝐸𝐴} − {𝑌̅2014
𝑁𝑒𝑤 −  𝑌̅2014

𝐴𝐸𝐴}                (1) 
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The points in the graph show that AEAs scored almost at the same level in both 2014 and 2015. 

This is not surprising given that the two assessments were designed to have the same level of 

difficulty, and to the best of our knowledge these agents were not exposed to any type of 

influence between the two assessments that would either improve or worsen their achievement 

over time. In contrast, the group of plant doctors who were selected to run the 30 new plant 

clinics that started at the end of 2014 (solid black line) exhibits an upward trend in scores over 

time. Given that these plant doctors had not received any training by the time they took the 2014 

assessment and received multiple PW-K trainings before they took the 2015 assessment, the 

upward trend in scores can be interpreted as the effect the trainings have on plant health 

knowledge, after accounting for the small difference in average scores on 2014 between the two 

groups. 

Figure 5.5. Plant Doctor Assessment Results 2014-2015 

 

The impact of PW-K trainings can be conveniently estimated using linear regressions, which has 

some key advantages over the specification presented in Equation 1. First, in addition to 

providing the exact same effect that one would obtain from Equation 1, linear regressions 

facilitate the estimation of the standard error of the impact, which is key to determine the 

statistical significance of the estimated effects. Second, using linear regressions allows us to 

control for other determinants of plant health knowledge, our outcome of interest. Including 

additional covariates not only allows us to estimate programme effects more precisely, but also it 

let us determine how sensitive the estimated impacts are to the inclusion of different sets of 

variables.  Thus, we would estimate programme impacts using the following econometric 

specification: 

𝑆𝑐𝑜𝑟𝑒𝑖𝑡 = 𝛼 + 𝛽1𝑑𝑖,2015 + 𝛽2𝐼𝑖,𝑁𝑒𝑤 +  𝛽3𝑑𝑖,2015 ∗ 𝐼𝑖,𝑁𝑒𝑤 + 𝛾𝑋𝑖𝑡 +  𝜀𝑖𝑡     (2) 
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 where 𝑆𝑐𝑜𝑟𝑒𝑖𝑡 is the total score obtained by person i in year t,  with t being either 2014 or 2015; 

𝑑𝑖,2015 is a dummy variable equal to 1 if the observation is from 2015 and 0 if it is from 2014; 

𝐼𝑖,𝑁𝑒𝑤 is a dummy equal to 1 if the assessed person was one of the new plant doctors in 2014 and 

0 if the person is an untrained AEA (i.e., the person is part of the control group); 𝑋𝑖𝑡 is a vector 

of covariates that includes information of the person assessed such as age, gender, education 

level, designation, deployment, specialization, experience, other non-PW-K trainings attended, 

and county fixed effects. Note that the coefficient of interest is 𝛽3, which measures the DD 

estimate of the programme. Moreover, 𝛽1 is the difference in average scores between 2015 and 

2014 for the control group (𝛽1 =  𝑌̅2015
𝐴𝐸𝐴 −  𝑌̅2014

𝐴𝐸𝐴), which measures to what extent untrained 

agents are able to expand their knowledge on plant health issues over time. An estimate for 𝛽1 

close to zero means that AEAs did not gain much plant health knowledge between 2014 and 

2015. In turn, 𝛽2 measures the difference in average scores between the new plant doctors and 

the AEAs in 2014 (𝛽2 =  𝑌̅2014
𝑁𝑒𝑤 −  𝑌̅2014

𝐴𝐸𝐴). This coefficient measures whether there were 

meaningful differences in plant health knowledge between the treatment and control groups in 

2014, before the new plant doctors had been trained. An estimate for 𝛽2 close to zero means that 

new plant doctors and AEAs had similar levels if knowledge before the new plant doctors were 

trained.  

Note that Equations 1 and 2 do not use information for the current plant doctors (those who by 

the time of the 2014 assessment had already received PW-K trainings) to estimate the effects of 

training. However, the average results for this group of agents are worth discussing for two 

reasons. First, as shown in Figure 5.5, the 2014 average score for the current plant doctors (grey 

solid line) is almost the same as the 2015 average score of the new plant doctors. Most likely, 

these current plant doctors were trained in 2012-13. Thus, the difference in average scores 

between current plant doctors and AEAs in 2014 (Equation 3) constitutes an estimate of the 

effect of the trainings for current plant doctors, provided there are not unobserved characteristics 

that determine the selection of plant doctors.  

𝐼𝑚𝑝𝑎𝑐𝑡𝑆𝑖𝑛𝑔𝑙𝑒 𝐷𝑖𝑓𝑓 = {𝑌̅2014
𝐶𝑢𝑟𝑟𝑒𝑛𝑡 −  𝑌̅2014

𝐴𝐸𝐴}                           (3) 

It is reassuring that the impact of trainings estimated in Equation 3 is very similar to the DD 

estimate discussed in Equation 1, and then can both be interpreted as the effect of being trained 

by PW-K on plant health issues after one year of receiving the trainings. We also interpret the 

similarity between these two estimates –which are based on different identification assumptions 

with respect to the role played by unobserved person characteristics– as additional evidence that 

the selection of plant doctors is almost entirely done using the observable characteristics 

provided to us by the MoA.  

There is a second valuable insight we get from analysing the assessment performance of current 

plant doctors over time. In particular, Figure 5.5 shows that the average score for this group in 

2015 was slightly lower than in 2014. Note, however, that their 2015 score is still 5 to 6 points 

higher than the average score of AEA in 2015, which means that PW-K trainings have persistent 

effects on knowledge over time, despite the deterioration of the effect.   

One additional advantage of using a linear regression to implement the DD strategy described 

above is that we are also able to simultaneously compare the results of the current plant doctors 

to the AEAs in both 2014 and 2015. This is achieved by adding two additional terms to Equation 



 

American Institutes for Research   PW-K: 12-Month Follow-Up Report—53 

2. The first term is 𝛽4. 𝐼𝑖,𝐶𝑢𝑟𝑟𝑒𝑛𝑡 , where 𝐼𝑖,𝐶𝑢𝑟𝑟𝑒𝑛𝑡 is a dummy equal to 1 if the person i was a 

current plant doctors in 2014 and 0 if the person was an AEA, and 𝛽4 measures the impact of 

PW-K trainings in 2014, as long as plant doctor selection is based on observable characteristics. 

The second term is 𝛽5𝑑𝑖,2015 ∗ 𝐼𝑖,𝑐𝑢𝑟𝑟𝑒𝑛𝑡 , where 𝛽5 measures the difference in scores between the 

current plant doctors and AEAs in 2015 relative to the same difference in 2014. A negative value 

of 𝛽5indicates that difference in scores between current plant doctors and AEAs in 2015 is lower 

than the difference in scores between current plant doctors and AEAs in 2014. That is, that the 

effects of training on knowledge decreases over time.  

Results: Table 5.6 presents the results of estimating of PW-K training on plant health knowledge 

(Equation 2) using the panel observations for the three groups of interest: the new plant doctors, 

the current plant doctors, and the AEAs. The three most important variables in the analysis are 

𝑑𝑖,2015, 𝐼𝑖,𝑁𝑒𝑤, and their interaction, 𝐼𝑖,𝑁𝑒𝑤  ∗ 𝑑𝑖,2015. Column 1 estimates the differences in test 

scores between the three groups of agents in 2014 and 2014 without controlling for any 

observable characteristics. Columns 2 to 4 show how the estimated effects vary after controlling 

for different sets of observable characteristics. The regression in Column 2 includes counties 

fixed effects to account for differences in assessment scores within the counties where the agents 

work. In Column 3, we add a large set of observable characteristics, such as age, gender, 

designation, deployment, education, field of specialisation, and years of experience as an 

extension officer, in addition to the county fixed effects. Lastly, in Column 4, we add two 

additional indices to the model estimated in Column 3 to account for non-PW-K trainings 

received in the last 12 months before the assessment and for consulting different information 

sources for plant health issues in the six months before the assessment. 

The results in Column 1 show that the estimated coefficients of 𝑑𝑖,2015 and 𝐼𝑖,𝑁𝑒𝑤 are not 

statistically different from zero. The results for 𝑑𝑖,2015 show that the group of AEAs (control 

group) scored only 0.36 fewer points in 2015 relative to their score in 2014, which means that 

the AEAs essentially had on average the same score in both applications of the assessment. As 

indicated earlier, this is not surprising given that AEAs are on average 50 years old, some close 

to retirement, without major incentives to participate in activities that allow them to improve 

their knowledge level. In turn, the results for 𝐼𝑖,𝑁𝑒𝑤 indicate that in 2014 the new plant doctors 

scored just 2.4 points above the AEAs and this estimate is not statistically significant. To put it 

differently, in 2014, our baseline year, any untrained agent performed equally in the test, 

regardless of whether he or she had been selected to receive training later in that year. The 

estimated results for these two variables remained almost unchanged after controlling for the 

different sets of covariates in Columns 2 to 4.    

As discussed earlier, the DD estimate of the effect of trainings on the assessment is given by the 

interaction term between 𝑑𝑖,2015 and 𝐼𝑖,𝑁𝑒𝑤. The estimated results show that the plant doctors 

who were trained by PW-K in 2014 scored up to 7.4 points more than AEAs, which represents a 

large and statistically significant difference in plant health knowledge. Indeed, given that the 

average AEA scored 51.9 points in the assessment (with a standard deviation of 10), scoring 7.4 

additional points is equivalent to a 0.7-standard-deviation gain, which is considered a very large 

effect. Furthermore, note that the DD estimates are practically insensitive to the inclusion of the 

different observable characteristics in Columns 2 to 4. We interpret the estimated results for new 

plant doctors as strong evidence that trainings provided by PW-K produce a large and significant 

effect on plant health knowledge. 
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Table 5.6. The Effects of PW Training on Plant Health Knowledge 
 

 (1) (2) (3) (4) 

d2015 (Year 2015) -0.36 -0.40 -0.63 -0.64 

 (0.28) (0.32) (0.58) (0.59) 

INew (New plant doctor) 2.39 2.22 1.12 1.02 

 (1.25) (1.21) (0.61) (0.55) 

d2015 * INew  6.92** 6.96** 7.38** 7.39** 

 (2.95) (3.17) (3.48) (3.47) 

ICurrent (Current plant doctor) 9.28** 8.27** 8.27** 8.32** 

 (5.91) (5.45) (5.78) (5.81) 

d2015 * ICurrent -3.43 -3.46 -3.27 -3.25 

 (1.69) (1.74) (1.80) (1.79) 

Age (years)   -0.31 -0.32 

   (1.70) (1.73) 

Female=1   -2.19* -2.20* 

   (2.35) (2.35) 

Designation: AAO I   0.30 0.41 

   (0.20) (0.26) 

Designation: AAO III   8.16* 8.50** 

   (2.51) (2.61) 

Designation: SAAO   3.95* 3.94* 

   (2.45) (2.43) 

Deployment: AEO   -1.37 -1.50 

   (1.05) (1.14) 

Deployment: CDO   0.21 0.18 

   (0.15) (0.13) 

Educ: Certificate=1   -2.12 -2.09 

   (1.26) (1.24) 

Spec: Horticulture=1   4.64** 4.78** 

   (3.03) (3.11) 

Spec: Extension=1   0.58 0.53 

   (0.53) (0.48) 

Spec: Other=1   -0.96 -0.79 

   (0.77) (0.61) 

Years in Extension   0.31 0.33 

   (1.89) (1.95) 

Training Index (last 12m)    -0.06 

    (0.12) 

Consult Index (last 6m)    -0.48 

    (1.08) 

AEA Mean Score 2014 51.94 51.94 51.94 51.94 

AEA Mean Score 2015 51.58 51.58 51.38 51.38 

County Fixed Effects No Yes Yes Yes 

R
2
  0.14  0.20  0.33  0.33 

N   442   440   428   428 

Note: Robust standard errors in parentheses. Omitted categories are PD – AEA; Designation – Agricultural Assistant (JAA, AA I, 

SAA, CAA); Deployment – FEO; Education – Diploma; Specialisation – Agriculture. * p<0.1; ** p<0.05; *** p<0.01 



 

American Institutes for Research   PW-K: 12-Month Follow-Up Report—55 

We also estimated the effects of PW-K trainings for current plant doctors. The results for 

𝐼𝑖,𝑐𝑢𝑟𝑟𝑒𝑛𝑡 show that in 2014, the then current plant doctors scored between 8 to 9 points higher 

than AEAs. Although we don’t have assessment data for these two groups before the current 

plant doctors were trained the first time (i.e., we don’t have baseline data that allows us to 

implement a DD strategy for the current plant doctors), it is encouraging that these estimates are 

very similar to the effect of training that we find for new plant doctors in 2015. For instance, 

whereas the estimated effect of the programme in 2014 using a regression-adjusted single 

difference is 8.32 points, the DD estimate of the programme in 2015 is 7.39 points, a difference 

that is not statistically significant.   

Lastly, the results for the interaction of being a current plant doctor and the 2015 dummy reveals 

that current plant doctors outperformed AEAs in 2015 by approximately more than 5 points 

(=9.28-3.43), which is equivalent to 0.5 standard deviations, again a significant and large 

difference. However, the achievement difference in 2015 is more than 3 points lower relative to 

the impact estimated in 2014 for these two groups, although this decrease is only statistically 

significant at the 10 percent level. The results suggest that there may be a loss of the impact of 

PW-K trainings on knowledge over time, something that could be prevented through refresher 

trainings to current plant doctors.  

Noe that the data from POMS had not been validated at the time we wrote this report. It is 

important to determine to what extent plant doctors who perform better in the assessment are 

also more likely to have higher rates of valid prescriptions given to farmers at clinics. We will 

conduct this analysis once the 2015 POMS validated data are available.  

 

c) Identifying Farm-Level Impact  

Identification Strategy 

To conduct a valid assessment of the impact of PW-K on farmers’ income and cultural practices, 

it is necessary to establish a clear counterfactual. This requires rigorous methodologies that 

enable us to determine what would have happened to program beneficiaries in the absence of the 

intervention. In this study, we implement a longitudinal RCT which is the strongest design for 

making causal claims about programme impacts.  

When treatment and comparison units are randomly selected as they were with PW-K and their 

characteristics are perfectly balanced, the simple mean differences are usually sufficient to derive 

unbiased estimates of programme impact. We present tables of these simple differences in 

Appendix 4. As those analyses correspond to the simple comparison of treatment and control 

means at 12-months, they do not use the baseline data.  

In large-scale social experiments, it is typical to estimate program effects by using the 

experimental data within a difference-in-differences design (DD), which compares the average 

change over time for the treated group to the average change over time for the control group to 

increase the efficiency of the estimates by reducing the residual variance in the model. DD 

entails calculating the change in an outcome, such as income, between the baseline and follow-
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up period for treatment and control group units and comparing the magnitude of these changes. 

This method is discussed in more detail in Appendix 5. The key assumption underpinning the 

DD is that there is no systematic, unobserved, time-varying difference between the treatment and 

comparison groups, an assumption that is satisfied given that treatment status was randomly 

assigned.  

Both the simple differences and DD represent intention-to-treat estimates, the average impact of 

being assigned to the treatment group (i.e., the average impact of being assigned to PW-K area). 

Because the assignment was random, we know that farmers assigned to PW-K are on average 

similar to farmers assigned to the control. This similarity ensures that our estimate of the impact 

is unbiased. However, this analysis does not account for whether the treatment farmers attended 

the clinics, and thus it does not represent the impact of the plant clinics themselves. To better 

address this question, we also estimate the local average treatment effect (LATE) with an 

instrumental variable (IV) approach where we use the random assignment as an instrument for 

clinic attendance. This approach allows us to estimate the effect of PW-K on the farmers who 

adopt the intervention due to the exposure they received from being part of the treatment group. 

In Appendix 6 we describe the LATE method in more technical detail. Because the LATE 

method estimates the impact of PW-K for those farmers in the treatment group whose 

assignment into the treatment induced them to attend the clinic, the effect size is larger.  

Impact 

The theory of change suggests that a behavioural response is possible from the farmers. If 

farmers attend the plant clinics and other related extension activities and internalize the 

information they obtain from participating in these activities, then the programme should induce 

farmers to adopt new production practices. Proper diagnosis of plant conditions should then lead 

to a better investment in productive inputs. Improved input management should decrease crop 

losses and improve plant health and quality. Crop diversity may increase if concerns about pest 

and disease limit entry into the production of certain crops. In general, improved plant health can 

increase sales and prices.  

Tables in this section follow a format that provides information about programme impacts at 12 

months as well as baseline and 12 month statistics. Column (1) in each of these tables shows the 

intent-to-treat or reduced form (RF) impact of PW-K between baseline and 12 months. Column 

(2) shows the LATE estimate of PW-K between baseline and 12 months calculated using the 

random assignment as an instrument for clinic attendance. Because it was neither possible nor 

desirable to restrict the usage of the PW-K plant clinics to the treatment group only, there is 

some control group usage of the clinics in our sample (see Table 5.2). The IV approach is useful 

as it ensured we are able to account for the control group’s usage of the plant-clinics. 

Column (3) in the tables shows the baseline mean value of the indicator mentioned at the 

beginning of each row, and columns (4) and (5) show the mean values for the treatment and 

control groups at 12 months. These are important in assessing the absolute levels of consumption 

for the two groups, because the impact estimates in columns (1) and (2) indicate differences in 

levels between baseline and 12 months. The t-statistic, shown in parentheses under the impact 



 

American Institutes for Research   PW-K: 12-Month Follow-Up Report—57 

estimate, is used to help determine statistical significance.
15

 All of the regressions use county 

fixed effects; however, no other covariates are included. First we present the impact estimates for 

all of the crops regardless of land size. Then we present the impact estimates for annual and 

perennial crops that were produced on an area of land greater than 1/32 of an acre. 

Overall, the quantitative results of the impact evaluation suggest that there are little to no 

differences between the treatment and control groups. Our reporting signifies statistical 

significant differences with the standard convention of one, two, or three asterisks. While the 

coefficients were generally positive, the lack of asterisks on programme impact estimates across 

all tables suggests that no statistically significant differences existed between the treatment and 

control group. That is, although the treatment group’s outcomes were larger, they were not 

statistically different from the control group’s outcomes. The lack of effects could be due to the 

fact that only one year has passed since the intervention began. This relatively short time horizon 

may not have been enough time for an effect to occur. Alternatively, the lack of effects may be 

due to the low adoption of the intervention, which could be addressed by improved coordination 

and increased promotion of the plant clinics. 

Table 5.7 presents results for crop diversity and production for all crops (annual, perennial, and 

crops planted in areas smaller than 1/32 of an acre).  Crop diversity, production areas, and 

diversity indexes are similar between the treatment and control groups. The treatment group 

produced 8.0 crops on average while the control group produced 7.35. The treatment group has 

an area that is just 0.2 acres larger than the comparison group, although this difference is not 

statistically significant. The impacts for the harvest values are very close to zero and gross 

margins are positive but not statistically different from zero.  

Table 5.7. Crop Diversity and Production DD ITT & IV - Panel All Crops 

Dependent Variable 12-Month 12-Month Baseline 12M Treated 12M Control 

 RF Impact IV Impact Mean Mean Mean 

 (1) (2) (3) (4) (5) 

No. crops produced 0.489 4.621 5.936 8.004 7.356 

 (0.830) (0.804)    

No. Crops Produced (Large) 0.200 1.887 3.072 3.772 3.561 

 (1.084) (1.031)    

Area in Acres 0.204 1.933 2.436 3.093 2.936 

 (0.862) (0.859)    

% Area planted  0.002 0.017 0.998 0.998 0.998 

 (0.600) (0.607)    

Shannon index 0.029 0.275 0.656 0.815 0.782 

 (0.841) (0.815)    

Simpson index -0.010 -0.091 2.202 2.285 2.275 

 (-0.182) (-0.183)    

                                                 
15

 Statistical significance means that the observed impact is unlikely to be 0. The t-statistic is a standardized version 

of the impact estimate. When the t-statist is greater than a specified number (based on the alpha level, or level of 

confidence to avoid false positive results), then the underlying impact estimate is called statistically significant. 
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Dependent Variable 12-Month 12-Month Baseline 12M Treated 12M Control 

 RF Impact IV Impact Mean Mean Mean 

 (1) (2) (3) (4) (5) 

Value of harvest consumed -142.7 -1,349 11,563 10,700 11,053 

 (-0.070) (-0.071)    

Value of harvest sold -41.7 -394 23,567 22,475 22,461 

 (-0.007) (-0.007)    

Value of total harvest -823.1 -7,783 39,669 35,413 35,793 

 (-0.121) (-0.122)    

Gross margins 13,028 123,203 20,641 15,174 2,181 

 (0.906) (0.918)    

N 2,503 2,503 2,503 845 1,658 

 Notes: Estimations use difference-in-difference modeling. For IV results, clinic attendance is instrumented with a treatment 

clinic dummy. Robust t-statistics clustered at the clinic level in parentheses. Only panel observations are included. All 
estimations control for county fixed effects. 

 

Tables 5.8 and 5.9 report results for crop diversity for annual and perennial crops.  For both crop 

types, the level of diversity of crops produced in the treatment group is similar to the level in the 

control group. The treatment group produced 3.8 (5.5) annual (perennial) crops on average while 

the control group produced 3.5 (5.5). Similarities between the groups also existed for the other 

crop diversity measures. The coefficient for the impact is positive in most cases for annual crops, 

but the lack of statistical significance prevents us from declaring an increase in crop diversity. 

Table 5.8. Crop Diversity DD ITT & IV - Panel Annuals  

Dependent Variable 12-Month 12-Month Baseline 12M Treated 12M Control 

 RF Impact IV Impact Mean Mean Mean 

 (1) (2) (3) (4) (5) 

No. crops produced 0.195 1.829 3.075 3.751 3.541 

 (1.037) (0.989)    

No. Crops Produced (Large) 0.066 0.624 1.851 2.027 2.012 

 (1.085) (1.031)    

Area in Acres 0.187 1.753 2.293 2.665 2.551 

 (1.199) (1.163)    

% Area planted  -0.001 -0.011 0.885 0.862 0.869 

 (-0.070) (-0.071)    

Shannon index 0.020 0.187 0.507 0.596 0.583 

 (0.793) (0.769)    

Simpson index -0.010 -0.090 1.559 1.486 1.501 

 (-0.442) (-0.435)    

N 2,403 2,403 2,403 820 1,583 

 Notes: Estimations use difference-in-difference modeling. For IV results, clinic attendance is instrumented with a treatment 

clinic dummy. Robust t-statistics clustered at the clinic level in parentheses. Only panel observations are included. All 

estimations control for county fixed effects. 
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Table 5.9. Crop Diversity DD ITT & IV - Panel Perennials  

Dependent Variable 12-Month 12-Month Baseline 12M Treated 12M Control 

 RF Impact IV Impact Mean Mean Mean 

 (1) (2) (3) (4) (5) 

No. crops produced -0.049 -0.482 4.756 5.490 5.485 

 (-0.174) (-0.176)    

No. Crops Produced (Large) 0.011 0.106 1.597 1.923 1.944 

 (0.076) (0.078)    

Area in Acres -0.043 -0.426 0.846 1.433 1.553 

 (-0.099) (-0.099)    

% Area planted  0.008 0.074 0.456 0.419 0.437 

 (0.187) (0.187)    

Shannon index -0.016 -0.154 0.453 0.537 0.548 

 (-0.364) (-0.358)    

Simpson index 0.015 0.144 1.200 1.139 1.150 

 (0.604) (0.569)    

N 553 553 553 196 357 

 Notes: Estimations use difference-in-difference modeling. For IV results, clinic attendance is instrumented with a treatment 

clinic dummy. Robust t-statistics clustered at the clinic level in parentheses. Only panel observations are included. All 

estimations control for county fixed effects. 

 

To the extent that PW-K alleviates concerns about pest and disease, the intervention has the potential 

to facilitate farmer adoption of new crops, assuming those concerns limited entry into crop 

production. However at this time we do not find an effect on the various measures of crop diversity, 

despite the positive direction of coefficients. 

Intermediate Outcomes 

PW-K’s primary focus is on crop protection, which allows households to avoid and reduce damage 

from pests and disease. In the short term, farmers in the treatment group are expected to have 

improved crop husbandry practices and reduced crop damage as a result of changing cultural 

practices and using inputs (e.g., fertilisers and pesticides) more efficiently. The most relevant 

intermediate outcomes are: indicator variables for cultural practices used, value of seed planted, use 

and value of organic and inorganic fertilisers, use and value of pesticides used, use and value of 

biological protection, and quantity and value of labour used. The results for cultural practices are 

shown in Tables 5.10 and 5.11 indicate that there is no difference between the treatment and 

control groups in their likelihood of using the various cultural practices. Furthermore the 

coefficients are economically similar to zero and are relatively evenly split between positive and 

negative signs. 
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Table 5.10 Cultural Practices DD ITT & IV - Panel Annuals  

Dependent Variable 12-Month 12-Month Baseline 12M Treated 12M Control 

 RF Impact IV Impact Mean Mean Mean 

 (1) (2) (3) (4) (5) 

Organic fertilizer used  0.040 0.373 0.398 0.440 0.421 

 (1.047) (1.020)    

Inorganic fertilizer used  -0.003 -0.027 0.704 0.826 0.816 

 (-0.091) (-0.091)    

Pesticide use  0.005 0.046 0.216 0.239 0.260 

 (0.106) (0.107)    

Rotate crops 0.025 0.231 0.284 0.250 0.255 

 (0.519) (0.520)    

Use resistant variety  0.042 0.397 0.313 0.407 0.384 

 (0.932) (0.916)    

Improved planting material  0.012 0.113 0.660 0.740 0.712 

 (0.253) (0.253)    

Certified planting material  0.011 0.099 0.729 0.832 0.806 

 (0.211) (0.211)    

Residue removal  -0.005 -0.047 0.809 0.888 0.878 

 (-0.155) (-0.155)    

Plant early 0.007 0.066 0.860 0.804 0.826 

 (0.250) (0.248)    

Intercrop 0.011 0.099 0.511 0.613 0.589 

 (0.214) (0.215)    

Weed in timely manner -0.007 -0.068 0.975 0.967 0.973 

 (-0.628) (-0.646)    

Remove volunteer crops  -0.066 -0.622 0.725 0.693 0.694 

 (-1.269) (-1.241)    

Remove infested/ damaged 

material 

-0.010 -0.090 0.687 0.617 0.606 

 (-0.236) (-0.238)    

Mulch  -0.010 -0.093 0.069 0.052 0.078 

 (-0.533) (-0.550)    

Apply ash  -0.014 -0.131 0.036 0.040 0.051 

 (-0.891) (-0.888)    

Spray/sprinkle with chillies? -0.005 -0.049 0.030 0.018 0.021 

 (-0.346) (-0.347)    

Stake 0.011 0.099 0.032 0.050 0.045 

 (0.801) (0.777)    

Use sand -0.005 -0.043 0.050 0.018 0.023 

 (-0.185) (-0.187)    

Use trap crops 0.004 0.037 0.018 0.010 0.011 

 (0.507) (0.505)    

Burn crop residue to control pest 0.011 0.108 0.053 0.070 0.055 

 (0.589) (0.572)    

Use traps 0.011 0.102 0.033 0.023 0.023 

 (1.041) (1.019)    

Cover with leaves for protection 0.008 0.079 0.024 0.015 0.013 

 (0.985) (0.976)    

N 2,403 2,403 2,403 820 1,583 

 Notes: Estimations use difference-in-difference modeling. For IV results, clinic attendance is instrumented with a treatment 

clinic dummy. Robust t-statistics clustered at the clinic level in parentheses. Only panel observations are included. All 
estimations control for county fixed effects. 
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Table 5.11. Cultural Practices DD ITT & IV - Panel Perennials  

Dependent Variable 12-Month 12-Month Baseline 12M Treated 12M Control 

 RF Impact IV Impact Mean Mean Mean 

 (1) (2) (3) (4) (5) 

Organic fertilizer used  0.004 0.034 0.501 0.602 0.608 

 (0.057) (0.057)    

Inorganic fertilizer used  0.018 0.179 0.392 0.413 0.473 

 (0.397) (0.394)    

Pesticide use  0.005 0.053 0.228 0.388 0.403 

 (0.072) (0.072)    

Use resistant variety  -0.013 -0.129 0.325 0.408 0.412 

 (-0.118) (-0.120)    

Improved planting material  0.043 0.425 0.416 0.316 0.277 

 (0.597) (0.581)    

Certified planting material  0.027 0.264 0.414 0.316 0.283 

 (0.347) (0.345)    

Intercrop 0.083 0.814 0.230 0.393 0.389 

 (1.045) (0.920)    

Weed around crop -0.008 -0.076 0.915 0.883 0.885 

 (-0.170) (-0.171)    

Remove damaged material 0.029 0.289 0.703 0.582 0.543 

 (0.393) (0.391)    

Mulch  0.052 0.510 0.072 0.148 0.090 

 (1.000) (0.977)    

Apply ash  0.010 0.099 0.033 0.066 0.067 

 (0.310) (0.309)    

Spray/sprinkle with chillies? 0.028 0.277 0.024 0.061 0.062 

 (0.797) (0.770)    

Prune 0.098 0.967 0.524 0.719 0.714 

 (0.962) (0.920)    

Change cycle 0.005 0.053 0.045 0.071 0.073 

 (0.115) (0.117)    

Use trap crops 0.017 0.170 0.025 0.020 0.003 

 (0.888) (0.833)    

Burn crop residue to control 

pest 

0.035 0.340 0.042 0.097 0.095 

 (0.857) (0.839)    

Use traps 0.015 0.150 0.074 0.046 0.011 

 (0.479) (0.475)    

Cover with metal or plastic 0.001 0.005 0.009 0.005 0.003 

 (0.048) (0.048)    

Grease 0.014* 0.133 0.007 0.010 0.000 

 (1.956) (1.835)    

N 553 553 553 196 357 

 Notes: Estimations use difference-in-difference modeling. For IV results, clinic attendance is instrumented with a treatment 

clinic dummy. Robust t-statistics clustered at the clinic level in parentheses. Only panel observations are included. All 
estimations control for county fixed effects. 
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The cultural practices outcomes represent behavioural responses we would expect the farmers to 

make assuming improved overall service and availability of plant clinics and increased clinic usage 

by farmers. However, behavioural changes typically require time to occur. Thus, the lack of effects 

on cultural practices could be due to the relatively short time horizon (1-year) for this mid-term 

evaluation or they could be due to challenges associated with the service and availability of the plant 

clinics or the farmer usage of the plant clinics. 

Final Outcomes 

Beyond these immediate indicators, the survey allows us to assess whether plant clinics have an 

impact on the diversity of crop production and production variables such as value of harvest and 

gross margins, which are calculated using the market values along with input expenditures such as 

fertilisers, pesticides, and labour, for crops cultivated in an area larger than 125 square metres (or 

1/32 acre). As was the case with the intermediate outcomes, there are no statistical differences 

between the treatment and control group in terms of the final outcomes related to production. Tables 

5.12 and 5.13 present the production results for annuals and perennials, respectively, and show that 

while the estimates were generally positive the treatment and control groups were statistically 

indistinguishable. 

Table 5.12. Production DD ITT & IV - Panel Annuals  

Dependent Variable 12-Month 12-Month Baseline 12M Treated 12M Control 

 RF Impact IV Impact Mean Mean Mean 

 (1) (2) (3) (4) (5) 

No. family labour days 1.4 12.8 23.6 38.7 39.6 

 (0.3) (0.3)    

No. paid labour days 0.4 3.8 6.1 16.1 15.8 

 (0.2) (0.2)    

Cost of seed planted  -195 -1,834 8,451 21,203 23,648 

 (-0.0) (-0.0)    

Cost inorganic fertilizer 1,157 10,882 5,581 6,907 6,533 

 (1.6) (1.5)    

Cost Pesticide 2,423 22,779 10,677 7,940 7,848 

 (0.4) (0.4)    

Cost paid labour -210 -1,981 3,155 5,060 4,473 

 (-0.4) (-0.5)    

Value of harvest consumed -207 -1,951 11,460 10,763 11,319 

 (-0.1) (-0.1)    

Value of harvest sold 945 8,891 20,388 17,449 18,347 

 (0.2) (0.2)    

Value of total harvest 713 6,704 33,046 29,273 31,010 

 (0.1) (0.1)    

Gross margins 14,049 132,072 20,274 17,727 6,159 

 (1.0) (1.0)    

N 2,403 2,403 2,403 820 1,583 

 Notes: Estimations use difference-in-difference modeling. For IV results, clinic attendance is instrumented with a treatment 

clinic dummy. Robust t-statistics clustered at the clinic level in parentheses. Only panel observations are included. All 
estimations control for county fixed effects. 
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Table 5.13. Production DD ITT & IV - Panel Perennials  

Dependent Variable 12-Month 12-Month Baseline 12M Treated 12M Control 

 RF Impact IV Impact Mean Mean Mean 

 (1) (2) (3) (4) (5) 

No. family labour days 10.976* 108.099 29.484 44.028 34.949 

 (1.707) (1.937)    

No. paid labour days 2.621 25.811 6.712 12.535 8.764 

 (0.775) (0.738)    

Cost inorganic fertilizer 529 5,214 2,276 1,807 2,403 

 (1.111) (1.009)    

Cost Pesticide 1,305 12,857 13,306 19,948 26,098 

 (0.094) (0.095)    

Cost paid labour 2,211 21,777 2,282 4,206 2,220 

 (1.267) (1.080)    

Value of harvest consumed 59 582 1,792 400 342 

 (0.090) (0.091)    

Value of harvest sold -1,850 -18,226 15,817 19,582 17,666 

 (-0.352) (-0.349)    

Value of total harvest -2,747 -27,059 30,173 21,706 22,027 

 (-0.446) (-0.447)    

Gross margins -9,388 -92,463 3,799 -8,776 -6,790 

 (-0.886) (-0.837)    

N 553 553 553 196 357 

 Notes: Estimations use difference-in-difference modeling. For IV results, clinic attendance is instrumented with a treatment 

clinic dummy. Robust t-statistics clustered at the clinic level in parentheses. Only panel observations are included. All 
estimations control for county fixed effects. 

 

We would expect improved production practices to occur if farmers receive appropriate 

diagnoses from the plant clinics which they could use for improved investments and inputs. The 

low usage of the plant clinics by the farmers makes it unlikely that they received advice that could 

translated into improved production outcomes. 
 

d) Cost Analysis 

We conducted a preliminary cost analysis as part of the baseline report, and the structure of the 

programme remains as discussed in that report. The summary of the costs assessed in that report 

is included as Appendix 7. We concluded that the plant clinic costs will rise in absolute and 

relative terms if the programme continues to expand. While the costs of national coordination 

and managing the data will also rise in absolute terms with expansion, the primary increase will 

likely be in the plant clinics.  

At this stage, we determined there is no evidence to suggest that costs will be unreasonable or 

exorbitant. However, if the benefits of PW-K extend only to those in the plant clinic areas, these 

costs may not be justifiable. If the benefits are widespread, however, due to broader system 

change, they will almost certainly exceed the costs. As a result, it is critical that plant clinic data 

collection is used to spur system change and a stronger response to plant health outbreaks and 

chronic issues, both of which will render PW-K cost-effective. 
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Of course, in order to determine whether the expenditures on PW-K are indeed justifiable, one 

must consider the potential benefits— reduced losses as a result of pests and diseases, both now 

and in the future. An actual calculation of these benefits requires quantitative estimates of 

improvements in yields, and the value of these improvements to farmers. Due to the limited 

quantitative impacts at this stage, the benefits calculations will be better estimated using the 

endline data. As a result, a complete analysis is not possible at this time, and we did not conduct 

further analyses on cost.  

However, cost is the primary concern across stakeholders when it comes to the possibility of 

clinic uptake beyond the CABI implementation period. As with during baseline, plant doctors 

continued to express their difficulty obtaining sufficient funds to carry out their daily activities in 

a timely manner – especially with regard to transport. Though some plant doctors did not 

distinguish funds from the county from those from Plantwise, one plant doctor did add, “We get 

paid for transport from Plantwise. We get nothing from the county for transport.” Another 

official expressed that the funds from Plantwise have been much appreciated to facilitate the lack 

of funds elsewhere. This may mean that plant doctors are having to stretch their Plantwise funds 

to cover other activities as well, which would complicate the ongoing functioning of Plantwise 

(and other) activities moving forward.  

Though one SCAO indicated that county officials had discussed possibilities for where they 

could facilitate the activities – including transport – none of the counties indicated that they have 

concretely begun providing extra facilitation. In addition, multiple sub-county officials indicated 

that they suggest to the county that Plantwise be budgeted for in extension activities, but they 

said that those decisions are made at the county level. County level officials were not specific as 

to how they facilitate activities for Plantwise. 
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6) Conclusions, Implications for PW-K, and Next Steps 

This 12-month report has two main objectives. First, it discusses in detail the different data 

sources that were collected in 2015, which includes qualitative data in four programme counties, 

the 12-month farmers’ follow-up survey, and the results of the plant doctor assessment. Follow-

up data collection was successful and in line with original programme design.  Attrition was 

slightly higher than anticipated but not systematic. The randomized phase-in approach created a 

credible counterfactual that is appropriate for assessing impact. Second, drawing from these data 

sources, it offers short-term insights into the evaluation’s research questions to determine 

whether PW-K has been successful in meeting its stated goal. This objective is considered below 

and includes suggestions for improving PW-K, based on our initial analysis of the programme. 

The next steps in the analysis are also discussed. 

12-month effects of Plantwise-Kenya 

1. Plant Health System Change 

Decentralization and devolution of responsibilities has created additional challenges for the 

programme and requires that Plantwise adapt to the new context. Working under the new model 

will require some rethinking and experimentation with working more directly with county 

officials. Despite these challenges, key informants said that farmer extension would be much 

weaker without the presence of Plantwise. Informants said Plantwise provides critical 

agricultural extension services that the county could not otherwise have because of weaknesses 

at the county level that respondents attributed to devolution.  

Given the context of devolution, sustainability for Plantwise may lie heavily in uptake by county 

officials. Devolution creates the space at a county level for continuation of Plantwise activities, 

and the positive views of the programme expressed by agriculture officials during qualitative 

data collection suggests they may be a positive force. As one sub-county agriculture officer said, 

“Already we have been able to convince our department head and CEC [of the value of 

Plantwise]; now what maybe remains is the whole establishment at the political level in Kenya.” 

Working closely with county officials in order to show a strong connection between plant clinics 

and the local government will also ease the distrust farmers have towards unorganized responses 

to plant health issues.  

Another opportunity for Plantwise to contribute to plant health systems in Kenya might lie in 

further targeting the capacity for county governments to implement extension services like the 

plant clinics. Such support could target financial and logistic management, key areas of 

weakness highlighted by respondents. Plantwise might also continue to help build systems of 

coordination across county institutions and with national bodies. 

To promote a cohesive response to plant health issues PW-K could also spearhead the 

development of a model similar to what KARLO used to organize messaging. Findings from 

baseline indicate that PW-K has already experienced similar success in promoting synergy 

between multiple stakeholders. In addition to PW-K previous success, plant clinics are uniquely 

positioned to act as an intermediary in the dissemination of consistent messaging to farmers.   
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It may be helpful to incorporate technology training into the Plant Doctor training session so that 

doctors are well versed in the tablets and use of the knowledge bank, or to encourage some sort 

of proactive contributions to the website through the knowledge they gain in their work – again 

giving the implementers some agency with individual contributions.  

2. Evaluating the Implementation of PW-K 

A central component of the PW-K process is the POMS. The POMS data provide a wealth of 

information. The analysis of the data provide an opportunity (i) to contribute to the identification 

of plant disease and pest outbreaks and to provide input into the Knowledge Bank, (ii) to monitor 

the use of plant clinics, and (iii) to analyse the validation process. As part of the assessment, the 

POMS data was first used to monitor the use of plant clinics.  

An examination of the POMS data raises some significant concerns about the frequency and use 

of the plant clinics. The data show that most farmers in the sample did not attend the new clinics 

in the period from August 2014 to July 2015. In fact, only 38 percent (326 farmers out of 858) of 

farmers in the treatment group have heard of plant clinics. Of these 326 farmers, only 97 visited 

a plant clinic. And of the 97 who visited a plant clinic, 40 actually brought a sample to be 

analysed.  The limited short-term impact and analysis of POMS data suggests insufficient uptake 

of the programme and the need for Plantwise to expand its marketing of the programme. 

Second, although we are implementing a procedure to continuously invite farmers in treatment 

areas to plant clinic sessions via SMSs, the majority of farmers do not seem to be receiving these 

messages. More specifically, plant clinic cluster coordinators have been asked to send SMSs to 

farmers to remind them of clinic sessions’ purpose, dates, time, and location in order to promote 

plant clinic attendance. Data collected from February 2016 indicate that more than 60 percent of 

treated farmers did not receive an SMS during that month, 20 percent received only one 

message, and the remaining 20 percent received two or three messages. Cluster coordinators 

argue that they do not send SMSs on a more regular basis because farmers have expressed no 

interest in receiving frequent reminders. This issue deserves to be investigated carefully and 

options should be explored to invite farmers in a more effective way.  

The benefits of greater coordination have not been fully realised as the data from the POMS does 

not appear to be utilised in real time to respond to plant health outbreaks. The potential of POMS 

is further limited by the lack of validation. The lack of continuous validation also decreased the 

usefulness of the POMS as an early warning system for plant health problems, suggesting that 

validation is needed in order to have sufficient support for PW-K. Strengthening data collection 

from plant clinics, including through e-clinics, and systems for response could improve the 

benefits of the programme. 

We do find that the plant doctor training has had a large and statistically significant effect on 

plant health knowledge. This has been confirmed in both the baseline and follow-up plant doctor 

assessments. However, there is some evidence that plant doctor's knowledge deteriorates slightly 

over time suggesting the need for updated on-going training. 
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3. Farm-Level Impact 

Overall, the quantitative results of the impact evaluation at the farm level suggest that there are 

little to no differences between the treatment and control groups. While the coefficients were 

generally positive, the lack of statistical significance of the programme impact estimates across 

all indicators suggests that no statistically significant differences existed between the treatment 

and control group. That is, although the treatment group’s outcomes were larger, they were not 

statistically different from the control group’s outcomes. The lack of effects could be due to the 

fact that only one year has passed since the intervention began. This relatively short time horizon 

may not have been enough time for an effect to occur. Alternatively, the lack of effects may be 

due to the low adoption of the intervention, which could be addressed by improved coordination 

and increased promotion of the plant clinics. 

4. Cost Analysis 

At this stage, there is no evidence to suggest that costs will be unreasonable or exorbitant. 

However, if the benefits of PW-K extend only to those in the plant clinic areas, these costs may 

not be justifiable. If the benefits are widespread, however, due to broader system change, they 

will almost certainly exceed the costs. As a result, it is critical that plant clinic data collection is 

used to spur system change and a stronger response to plant health outbreaks and chronic issues, 

both of which will render PW-K cost-effective. 

Suggestions for the Improvement of Plantwise-Kenya 

The results suggest that PW-K has the potential to make significant positive impacts on reducing 

losses from crop pests and diseases, but also suggest the need for continued action. In this 

section, we expand on suggestions presented with the baseline report to offer a number of key 

take-home messages for adjusting PW-K to improve its operation.  

1. Develop systems to provide timely information from the plant clinics to key actors in 

the plant health system.  

The current system—with paper forms for plant health clinic data, data entry requirements, 

infrequent validation, and inadequate systems for data cleaning—is too slow to realise the full 

potential of the information collected. The continued efforts to improve the data collection 

system have followed a logical path and have led to improvements over time. However, they 

seem to have stalled as POMs data validation has all but halted. These efforts must be restarted, 

continued and expanded upon. A key way of doing this is to embrace E-plant clinics and expand 

their use. The current paper-based system is unnecessarily burdensome and slow. The 

implementation and use of POMS needs to be improved to facilitate integration with the 

Knowledge Bank.  Finally, efforts must be made and a system put in place to ensure that the 

information collected through the POMS is transmitted to key actors in the plant health system. 

Given the issues with devolution, continuing to train county officials on the POMS would be 

critical. 
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2. The National Forum needs to create protocols for responding to plant health outbreaks 

and chronic issues when they are identified in the field.  

Providing information on pests and diseases to key actors is only one critical link in improving 

the management of plant health in Kenya. PW-K needs to promote action, which is especially 

critical given the reported devolution and coordination challenges. Protocols need to be put in 

place to ensure that the provided information is used to respond to potential outbreaks and 

chronic issues. These protocols should include the types of action that should take place when a 

significant problem is highlighted through the gathered information. This would necessarily 

entail a plan of action for utilising the differential skills of the various entities throughout the 

system, not just at the higher level but throughout the involved organisations. This should also 

include systems of information sharing and coordination at the national and county level. 

3. Farmers underutilise the plant clinics, and it should be possible to help farmers make 

better use of them. 

Both at the time of the baseline and follow up 2015 reports, farmers have not sufficiently used 

the plant clinics. This may be an issue with the clinics not being regularly operated or it may be 

because farmers are not attending—the source of the issue still needs to be investigated. One 

clear issue is that the marketing approach used to notify local farmers about plant clinics appears 

ad hoc and not particularly targeted. A more systematic approach to marketing would be helpful. 

Given the high level of mobile phone use in Kenya, any marketing strategy should incorporate 

greater use of mobile phone technology to expand the reach of the programme. Specifically, the 

issue of the SMS invitations to the plant clinics deserves to be investigated carefully; Plantwise 

should explore options to invite farmers in a more effective way. Of course, this should just be 

one element of a broader strategy to ensure greater awareness and use of plant clinics. 

4. There is the potential to improve the management of the data collection system. 

Collecting and using actionable data is a key aspect of PW-K, yet the efficiency and use of the 

data collection system could be greatly improved. Currently, the benefits of greater coordination 

have not been fully realised as the data from the POMS does not appear to be utilised in real time 

to respond to plant health outbreaks. First, the use of mobile technology for plant doctors, via E-

plant clinics, is likely to improve the quality of plant doctor diagnoses, reduce errors in data 

collection, and ensure that PW-K receives data in a timely manner. If well managed, it could also 

facilitate speedier verification. However, the use of E-clinics needs to be strengthened. Second, 

the lack of regular and continuous validation needs to be addressed to ensure that POMS can 

serve as an early warning system for plant health problems. Addressing the implementation 

challenges associated with the validation process will help to alter the data verification system so 

that it can provide more timely feedback to end users. Finally, the data management system 

could be used to conduct a broader range of analyses than is currently undertaken in order to 

answer key questions. For example, a representative from the seed industry noted that the 

industry relies on access to accurate data and that more datasets like this would greatly assist 

their efforts. 

5. The selection of plant doctors should be carefully considered. 

At present, the plant doctor selection process seems somewhat arbitrary, in that it appears to be 

conducted in a decentralised manner, with selection linked to responsibilities in the field. This is 
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not necessarily a bad approach, but there seem to be a number of cases where those who are near 

retirement have been selected. Since plant doctor knowledge is linked to both training and 

practice, choosing people near retirement may not be the most cost-effective approach because 

their skill development is lost fairly quickly after it is gained. It might be worthwhile to only 

consider people who are a certain number of years from retirement (e.g., more than five years) 

for training. Furthermore, there is some evidence that Field Extension Officers (FEOs) are better 

at diagnosis (7 percentage points more likely to provide a valid diagnosis) and at providing 

recommendations (10 percentage point more likely to provide valid recommendations) than their 

Agriculture Extension Officer (AEO) counterparts. This suggests that it might be worth 

exploring the reasons for these differences in order to address the shortcomings of AEOs, or 

alternatively worth selecting more FEOs.  

6. There is a need for continuous plant doctor training, based on POMS analysis, and 

improved information provision.  

The plant doctor assessment showed that while long-term plant doctors perform better than other 

agricultural extension officers, their knowledge slightly declines over time. Further, plant doctors 

continually face unfamiliar problems and need regular access to updated information. Providing 

regular trainings will help address the observed deterioration in plant doctor's knowledge over 

time and keep them informed of emerging issues.  Mobile devices that are currently being piloted 

in the field through E-plant clinics appear to improve information access and seem to be a 

worthy investment. Furthermore, as seen in this baseline report, the POMS data can easily be 

used to identify weaknesses among plant doctors and determine what actions might be taken to 

overcome shortcomings. 

7. To ensure government employees have the right incentives, PW-K activities should be 

explicitly incorporated into the performance contracts of government employees.  

While government employees appear to be doing the work that they are required to do under 

PW-K, a number of employees noted that other activities can take precedence. Integrating PW-K 

into performance contracts within public employee work plans would help to ensure that time is 

dedicated to the programme. Decentralization and devolution of responsibilities has created 

additional challenges for the programme and requires that Plantwise adapt to the new context. 

Working under the new model to create the appropriate performance contracts will require some 

rethinking and experimentation with working more directly with county officials. 

8. Plantwise should develop a sustainability plan and begin to put mechanisms in place to 

ensure uptake past the program period.  

Mid-level county officials (i.e., county and sub-county agriculture officers) are not involved in 

Plantwise day-to-day activities and have no concrete plans for integrating the activities into their 

work or sustaining them with county funds. Additionally, officials have not conceptualized the 

program as something that should become theirs. Given CABI’s efforts to involve national-level 

government officials and lower-level extension staff, filling this missing component of mid-level 

involvement may support integration of the program into extension operations at multiple levels. 

This strategy would encourage ownership of the program among stakeholders at higher levels 

than plant doctors, thus enabling the possibility for increased allocation of government funding 

to the program activities.  



 

American Institutes for Research   PW-K: 12-Month Follow-Up Report—70 

Next Steps 

The results presented here represent initial insights. The evaluation of PW-K is ongoing, and the 

next step is the final follow-up data collection, which will include all previous activities in the 

field—KIIs and FGDs in the four selected counties, as well as follow-up data collection through 

the household survey. This final data collection will be completed in 2017 and results of this 

analysis should be available in early 2018. The follow-up analysis is expected to provide greater 

insight into programme impact due to the longer time horizon. The final follow up should allow 

for a long-term estimate of the programme’s impact, as well as clearer conclusions about how 

best to move forward with PW-K. 
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Appendix 1. Mean Differences at Baseline for Attrition 

Analysis 

Table A1.1. Attrition analysis for roster characteristic: Sections A and B  

 Control Treatment Balance Test 

Variables Mean N1 Mean N2 Diff SE p-value 

Household Size 4.11 1,659 4.23 845 0.12 0.17 0.48 

% Age between: 0 and 5 0.10 1,659 0.11 845 0.01 0.01 0.40 

% Age between: 6 and 12 0.14 1,659 0.15 845 0.02 0.01 0.16 

% Age between: 13 and 18 0.12 1,659 0.13 845 0.00 0.01 0.76 

% Age between: 19 and 35 0.29 1,659 0.27 845 -0.02 0.02 0.15 

% Age between: 36 and 55 0.22 1,659 0.22 845 -0.00 0.01 0.78 

% Age between: 56 and 70 0.08 1,659 0.08 845 -0.00 0.01 0.98 

% Age between: 70 or more 0.04 1,659 0.04 845 0.00 0.01 0.72 

Language used by respondent: English 0.05 1,659 0.03 845 -0.02 0.01 0.04 

Language used by respondent: Swahili 0.86 1,659 0.88 845 0.02 0.03 0.58 

Language used by respondent: Other 0.09 1,659 0.09 845 0.00 0.03 0.93 

Household head gender 0.81 1,659 0.80 845 -0.01 0.02 0.65 

Spouse gender 0.01 1,252 0.01 635 -0.00 0.00 0.56 

Household head age 46.79 1,659 47.18 845 0.39 1.10 0.72 

Spouse age 38.94 1,252 38.96 635 0.01 1.06 0.99 

Household head attended school: Never 

attended 

0.06 1,659 0.07 845 0.01 0.02 0.69 

Household head attended school: Previously 

attended 

0.93 1,659 0.93 845 -0.00 0.02 0.82 

Household head attended school: Currently 

attending 

0.00 1,659 0.00 845 -0.00 0.00 0.07 

Spouse attended school: Never attended 0.06 1,659 0.06 845 0.00 0.02 0.92 

Spouse attended school: Previously attended 0.69 1,659 0.69 845 -0.01 0.03 0.86 

Spouse attended school: Currently attending 0.00 1,659 0.00 845 -0.00 0.00 0.99 

Highest grade complete by household head: 

Std 8 

0.19 1,659 0.21 845 0.03 0.02 0.16 

Highest grade complete by household head: 

Form 6 

0.02 1,659 0.02 845 0.00 0.01 0.97 

Highest grade complete by household head: 

University 

0.01 1,659 0.01 845 0.00 0.00 0.65 

Highest grade complete by spouse: Std 8 0.22 1,659 0.24 845 0.02 0.02 0.46 

Highest grade complete by spouse: Form 6 0.00 1,659 0.00 845 0.00 0.00 0.31 

Highest grade complete by spouse: 

University 

0.00 1,659 0.00 845 -0.00 0.00 0.46 

Household head can read 0.92 1,659 0.92 845 0.00 0.02 0.96 

Spouse can read 0.91 1,252 0.91 635 0.00 0.02 0.95 

Household head can write 0.87 1,659 0.85 845 -0.01 0.02 0.50 

Spouse can write 0.84 1,252 0.80 635 -0.04 0.03 0.18 

 Notes: Standard errors clustered at the plant clinic level. 
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Table A1.2. Attrition analysis for time use and labour: Sections C1, C2 and C3  

 Control Treatment Balance Test 

Variables Mean N1 Mean N2 Diff SE p-value 

Household head earnings 146.60 1,618 38.10 815 -108.50 77.47 0.16 

Spouse earnings 106.76 1,245 0.00 635 -106.76 65.36 0.11 

Household head total hours 

worked 

80.63 1,634 82.94 823 2.31 4.46 0.61 

Spouse total hours worked 98.44 1,260 102.89 643 4.45 4.73 0.35 

Household head hours spent on 

crop production 

30.11 1,634 32.39 823 2.28 2.23 0.31 

Spouse hours spent on crop 

production 

29.55 1,260 31.47 643 1.92 2.32 0.41 

Sum gross revenue from 

business 

3,067.99 1,659 2,893.02 845 -174.97 657.94 0.79 

Sum net income from business 1,490.62 1,659 1,244.98 845 -245.65 276.35 0.38 

 Notes: Standard errors clustered at the plant clinic level. 

 

Table A1.3. Attrition analysis for crop production history: Section F1  

 Control Treatment Balance Test 

Variables Mean N1 Mean N2 Diff SE p-value 

Years HH has been farming 18.83 1,654 19.20 843 0.37 1.04 0.72 

F1_2. How many years have 

you been farming in this 

location? 

15.63 1,654 16.29 843 0.66 0.94 0.48 

F1_3. In the last five years, 

have you changed the crops 

that you produce? 

0.09 1,385 0.10 710 0.01 0.03 0.66 

Amount rainfall changed 0.72 1,385 0.72 710 -0.00 0.04 0.94 

Timing rainfall changed 0.84 1,385 0.87 710 0.03 0.03 0.33 

Temperature changed 0.79 1,385 0.83 710 0.04 0.03 0.22 

Number insects increased 0.44 1,385 0.45 710 0.01 0.05 0.80 

Number diseases increased 0.41 1,385 0.44 710 0.03 0.05 0.56 

Crop yields decreased 0.53 1,385 0.55 710 0.02 0.05 0.72 

Pest information improved 0.13 1,385 0.10 710 -0.03 0.03 0.25 

 Notes: Standard errors clustered at the plant clinic level. 

 

Table A1.4. Attrition analysis for household decision making: Section F2  

 Control Treatment Balance Test 

Variables Mean N1 Mean N2 Diff SE p-value 

Making major household 

purchases? 

0.53 1,659 0.44 845 -0.09 0.04 0.03 

Making purchases for daily 

household needs? 

0.45 1,659 0.39 845 -0.06 0.05 0.18 

How to use husband/male 

earnings off the farm? 

0.51 1,659 0.43 845 -0.08 0.04 0.08 

How to use wife/female 

earnings off the farm? 

0.43 1,659 0.38 845 -0.05 0.05 0.27 
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 Control Treatment Balance Test 

Variables Mean N1 Mean N2 Diff SE p-value 

Which crops to produce for 

sale? 

0.45 1,659 0.39 845 -0.06 0.05 0.19 

Which crops to produce for 

home consumption? 

0.44 1,659 0.37 845 -0.06 0.05 0.16 

When to plan the crops? 0.44 1,659 0.37 845 -0.07 0.05 0.12 

What inputs to buy for 

agricultural production? 

0.46 1,659 0.39 845 -0.07 0.04 0.11 

When to apply fertilisers? 0.46 1,659 0.37 845 -0.09 0.05 0.06 

When to apply pesticides? 0.45 1,659 0.38 845 -0.08 0.04 0.09 

Who should work on crops 

being produced? 

0.45 1,659 0.37 845 -0.09 0.04 0.06 

When to harvest? 0.41 1,659 0.35 845 -0.06 0.05 0.19 

What to consume of 

production? 

0.44 1,659 0.36 845 -0.08 0.05 0.11 

What to sell of production? 0.46 1,659 0.38 845 -0.07 0.05 0.12 

Where to seek advice on crop 

production issues? 

0.45 1,659 0.38 845 -0.07 0.05 0.12 

Where to seek advice on plant 

health issues? 

0.47 1,659 0.39 845 -0.08 0.05 0.10 

 Notes: Standard errors clustered at the plant clinic level. Husband/male household member=1 

 

Table A1.5. Attrition analysis for pesticide knowledge: Section F3  

 Control Treatment Balance Test 

Variables Mean N1 Mean N2 Diff SE p-value 

Consider pre-harvest interval 

is important 

0.28 1,659 0.29 845 0.01 0.04 0.86 

Regularly check for plant 

health problems 

0.70 1,659 0.67 845 -0.03 0.03 0.30 

Actions taken when plant 

health problems: Nothing 

0.30 1,659 0.33 845 0.03 0.04 0.50 

Prefers chemical pest control 0.52 1,659 0.44 845 -0.07 0.05 0.15 

Items used when spraying 

pesticides: Gloves 

0.60 1,659 0.64 845 0.05 0.05 0.37 

Items used when spraying 

pesticides: Mask 

0.45 1,659 0.52 845 0.07 0.05 0.18 

Items used when spraying 

pesticides: Goggles 

0.18 1,659 0.22 845 0.04 0.03 0.20 

Practices followed when 

spraying pesticides: Spray in 

morning 

0.60 1,659 0.60 845 0.00 0.04 0.98 

Practices followed when 

spraying pesticides: Wash self 

afterwards 

0.49 1,659 0.52 845 0.03 0.04 0.39 

Practices followed when 

spraying pesticides: Use 

container 

0.17 1,659 0.22 845 0.05 0.02 0.03 

 Notes: Standard errors clustered at the plant clinic level. 
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Table A1.6. Attrition analysis for crop information sources (activity): Section F4  

 Control Treatment Balance Test 

Variables Mean N1 Mean N2 Diff SE p-value 

Anyone in your family receive 

advice on new seed varieties 

0.13 1,659 0.11 845 -0.02 0.02 0.34 

Anyone in your family receive 

advice on pest control 

0.12 1,659 0.11 845 -0.01 0.03 0.65 

Anyone in your family receive 

advice on fertiliser use 

0.12 1,659 0.09 845 -0.02 0.02 0.27 

Anyone in your family receive 

advice on irrigation 

0.02 1,659 0.02 845 -0.00 0.01 0.80 

Anyone in your family receive 

advice on marketing or crop sales 

0.02 1,659 0.02 845 0.01 0.01 0.39 

Anyone in your family receive 

advice on postharvest technologies 

0.01 1,659 0.01 845 -0.00 0.00 0.57 

Anyone in your family receive 

advice on value 

addition/agroprocessing 

0.00 1,659 0.00 845 -0.00 0.00 0.12 

New seed variety information useful 0.90 215 0.95 91 0.04 0.03 0.21 

Pest control information useful 0.96 206 0.92 95 -0.05 0.04 0.28 

Fertiliser use information useful 0.95 192 0.96 78 0.01 0.03 0.74 

Irrigation information useful 0.93 40 0.89 18 -0.04 0.07 0.63 

Marketing information useful 1.00 26 0.83 18 -0.17 0.08 0.05 

Postharvest tech information useful 0.83 18 1.00 7 0.17 0.12 0.18 

Agroprocessing information useful 0.86 7 1.00 1 0.14 0.15 0.38 

 Notes: Standard errors clustered at the plant clinic level. 

 

Table A1.7. Attrition analysis for household amenities and conditions: Section H2  

 Control Treatment Balance Test 

Variables Mean N1 Mean N2 Diff SE p-value 

Roof made of: Iron sheets 0.92 1,659 0.94 845 0.01 0.02 0.50 

Walls made of: Timber 0.25 1,659 0.28 845 0.03 0.06 0.60 

Walls made of: Mud 0.19 1,659 0.19 845 -0.00 0.06 0.99 

Walls made of: Concrete brick 0.11 1,659 0.09 845 -0.02 0.02 0.32 

Floor made of: Mud/earth 0.51 1,659 0.47 845 -0.04 0.06 0.49 

Floor made of: Concrete 0.42 1,659 0.46 845 0.04 0.06 0.51 

Main source of drinking water: 

Directly from river/lake 

0.42 1,659 0.36 845 -0.06 0.07 0.42 

Main source of drinking water: Own 

tap 

0.25 1,659 0.32 845 0.08 0.07 0.27 

Distance from closest drinking source 1.33 1,659 1.34 845 0.00 0.31 0.99 

Household with electricity 0.24 1,659 0.25 845 0.01 0.06 0.84 

Main type of energy used for cooking: 

Collected firewood 

0.80 1,659 0.79 845 -0.02 0.04 0.72 

Main type of toilet facility: Own pit 

latrine with slab 

0.56 1,659 0.53 845 -0.03 0.04 0.43 

 Notes: Standard errors clustered at the plant clinic level. 
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Table A1.8. Attrition analysis for credit access: Section I1  

 Control Treatment Balance Test 

Variables Mean N1 Mean N2 Diff SE p-value 

Borrowed on credit from 

someone outside the HH 

0.08 1,659 0.04 845 -0.03 0.01 0.01 

Debt from loans 

contracted in the past 12 

months 

50,126.60 126 27,552.73 37 -22,573.87 12,600.34 0.08 

Tried to borrow from 

someone outside the HH 

and turned down 

0.01 1,659 0.01 845 -0.00 0.00 0.72 

Would apply for a loan if 

certain he will get it 

0.44 1,659 0.36 845 -0.08 0.04 0.05 

 Notes: Standard errors clustered at the plant clinic level. 

 

Table A1.9. Attrition analysis for external support: Section K1  

 Control Treatment Balance Test 

Variables Mean N1 Mean N2 Diff SE p-value 

HH received money or goods 

from government 

programmes 

0.01 1,659 0.00 845 -0.00 0.00 0.30 

Amount received from 

government programmes 

11,715.00 12 5,333.33 3 -6,381.67 3,665.63 0.11 

HH received money or goods 

from NGO 

0.00 1,659 0.00 845 0.00 0.00 0.82 

Amount received from NGO 5,400.00 5 226.67 3 -5,173.33 2,567.04 0.08 

HH received money or goods 

from individuals not from 

HH 

0.00 1,659 0.00 845 0.00 0.00 0.77 

Amount received from 

individuals not from HH 

7,666.67 3 190.00 2 -7,476.67 6,564.03 0.32 

Total value of assistance 6,733.33 3 100.00 2 -6,633.33 6,993.01 0.40 

 Notes: Standard errors clustered at the plant clinic level. 
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Table A1.10. Attrition analysis for social capital: Section L1  

 Control Treatment Balance Test 

Variables Mean N1 Mean N2 Diff SE p-value 

Member of HH participate in: 

Farmers association 

0.05 1,659 0.05 845 -0.00 0.02 0.96 

Member of HH participate in: 

Cooperatives 

0.06 1,659 0.05 845 -0.01 0.02 0.46 

Member of HH participate in: 

Common interest group 

0.05 1,659 0.03 845 -0.02 0.01 0.16 

Member of HH participate in: 

Water user association 

0.02 1,659 0.01 845 -0.01 0.01 0.36 

Member of HH participate in: 

Religious group 

0.20 1,659 0.14 845 -0.06 0.04 0.09 

Member of HH participate in: 

Community welfare group 

0.02 1,659 0.01 845 -0.01 0.01 0.37 

Member of HH participate in: 

Social/investment group 

0.01 1,659 0.01 845 -0.00 0.00 0.84 

Member of HH participate in: 

Cultural group 

0.01 1,659 0.00 845 -0.00 0.00 0.23 

Member of HH participate in: 

Professional group 

0.00 1,659 0.00 845 0.00 0.00 0.31 

Member of HH participate in: 

Political organisation 

0.01 1,659 0.00 845 -0.00 0.00 0.47 

How often participated in 

meetings: Farmers association 

2.73 82 2.78 41 0.05 0.26 0.85 

How often participated in 

meetings: Cooperatives 

3.37 99 3.63 41 0.26 0.41 0.52 

How often participated in 

meetings: Common interest 

group 

2.23 80 2.50 28 0.28 0.31 0.38 

How often participated in 

meetings: Water user 

association 

2.57 35 2.92 12 0.35 0.55 0.54 

How often participated in 

meetings: Religious group 

1.19 333 1.20 119 0.02 0.07 0.83 

How often participated in 

meetings: Community welfare 

group 

2.77 30 2.00 11 -0.77 0.52 0.15 

How often participated in 

meetings: Social/investment 

group 

4.00 11 2.80 5 -1.20 1.01 0.26 

How often participated in 

meetings: Cultural group 

3.23 13 4.67 3 1.44 1.43 0.34 

How often participated in 

meetings: Professional group 

2.00 1 2.00 2 0.00 0.00  

How often participated in 

meetings: Political 

organisation 

3.67 9 3.33 3 -0.33 1.42 0.82 

 Notes: Standard errors clustered at the plant clinic level. 
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Appendix 2. Updated Baseline Report Tables 

In preparing the analysis of the 2015 data collection, AIR recalculated all the baseline tables and 

found errors in the values reported in three tables, Tables 5.1, Table 5.5, and Table 5.9, in the 

baseline report. The values for these specific tables were misreported in the final document that 

we submitted; below are the corrected values. 

Table A2.1. Updated Baseline Report Table 5.1. Time Use by Activity among Heads 

Hours 
Home 

Chores 

Collecting 

Water 

Collecting 

Firewood 

Production 

household 

crops 

Managing 

livestock 

Non-

agricultural 

business 

School-

related 

activities 

0 23.4% 47.6% 51.8% 12.2% 34.4% 74.5% 87.2% 

1 to 10 15.9% 30.3% 31.2% 13.9% 24.4% 11.0% 8.6% 

11 to 30 31.8% 19.4% 15.5% 28.9% 29.8% 6.3% 3.0% 

31 to 50 12.6% 1.6% 1.1% 21.6% 5.7% 3.1% 0.3% 

> 51 16.4% 1.1% 0.4% 23.5% 5.7% 5.1% 0.9% 
Source: Authors’ calculation using baseline data. Table reports distribution of household head hours by activity in the two weeks 

before the survey. 

 

Table A2.2. Updated Baseline Report Table 5.5. Challenges Facing Farmers 

 Annual Crops 

Source of Problem Local 

maize 

Improved 

maize 

Potatoes Kale Tomatoes Beans All 

crops 

Insect 55.2 38.8 19.8 69.2 61.8 59.3 49.1 

Fungus 3.6 7.7 16.4 1.9 13.2 3.5 6.0 

Virus 0.6 2.5 2.6 0.0 0.0 0.8 1.3 

Bacteria 3.6 3.1 9.5 1.9 0.0 2.0 3.5 

Nematodes 0.0 0.4 0.9 0.0 0.0 0.3 0.2 

Weeds 0.3 0.4 0.0 0.0 0.0 0.3 0.4 

Nutrient deficiency 9.1 6.9 2.6 3.8 1.5 5.0 5.9 

Rodents/birds (other animals) 0.3 2.1 2.6 1.9 0.0 0.0 1.1 

Weather damage or natural 

causes 

4.9 12.5 16.4 5.8 2.9 15.3 11.9 

Don’t know 22.4 25.6 29.3 15.4 20.6 13.8 20.6 

 Perennial Crops 

Source of Problem Bananas Mangoes Coffee Tea Khat/ 

Miraa 

Napier All 

crops 

Insect 47.1 66.7 59.3 0.0 100.0 0.0 57.2 

Fungus 2.9 0.0 1.4 0.0 0.0 0.0 1.4 

Virus 2.9 11.1 2.9 100.0 0.0 0.0 4.3 

Bacteria 2.9 11.1 4.3 0.0 0.0 0.0 3.8 

Weeds 0.0 0.0 0.7 0.0 0.0 0.0 0.5 

Nutrient deficiency 8.8 0.0 4.3 0.0 0.0 0.0 5.3 

Rodents/birds (other animals) 11.8 0.0 1.4 0.0 0.0 50.0 3.4 

Weather damage or natural 

causes 

2.9 0.0 5.0 0.0 0.0 0.0 4.3 

Don’t know 20.6 11.1 20.7 0.0 0.0 50.0 19.7 

Source: Authors’ calculation using baseline data 
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Table A2.3 Updated Baseline Report Table 5.9. Useful Information Received by Source and 

Category 

Information 

Source T
o
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l 
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 c
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p
e
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Gov. agricultural 
extension service  

42.8 43.1 42.2 43.0 53.9 65.6 50.0 20.0 29.2 37.5 18.2 55.0 0.0 

Electronic media: 

(TV, Radio, 

internet, etc…) 

19.4 19.4 18.7 17.9 19.7 13.1 15.4 20.0 37.5 25.0 36.4 15.0 0.0 

Agrodealer 
12.4 12.3 18.0 16.9 1.3 4.9 3.8 2.0 0.0 0.0 0.0 5.0 0.0 

Other farmer 

(neighbour/relati
ve) 

9.3 12.6 8.3 9.9 3.9 4.9 0.0 20.0 4.2 0.0 2.3 5.0 0.0 

Agricultural coop 

or farmers' assoc. 
4.1 4.0 4.3 4.6 0.0 0.0 7.7 8.0 0.0 0.0 11.4 0.0 0.0 

Field days, 
shows, 

fairsorfield 

school 

2.6 1.8 1.8 3.3 3.9 0.0 3.8 6.0 8.3 0.0 4.5 0.0 0.0 

 NGO 
2.5 0.9 1.8 1.0 6.6 1.6 15.4 2.0 0.0 12.5 11.4 15.0 0.0 

Village 

agricultural 

extension 

meeting 

1.7 0.6 1.5 1.3 1.3 0.0 3.8 4.0 4.2 12.5 6.8 5.0 0.0 

Private 

agricultural 
extension service 

1.6 1.2 0.9 0.7 5.3 1.6 0.0 4.0 4.2 0.0 4.5 0.0 
100.

0 

Champion/contac

t farmer 
1.1 0.6 0.9 0.3 1.3 3.3 0.0 10.0 0.0 0.0 0.0 0.0 0.0 

Commodity-
based extension 

services 

0.9 1.5 0.3 0.3 1.3 3.3 0.0 2.0 4.2 0.0 0.0 0.0 0.0 

Agricultural 

training centres 
0.9 1.2 0.9 0.3 0.0 0.0 0.0 2.0 0.0 0.0 4.5 0.0 0.0 

Agricultural 

extension course 
0.6 0.6 0.3 0.3 1.3 0.0 0.0 0.0 4.2 12.5 0.0 0.0 0.0 

Plant clinic 
0.2 0.0 0.0 0.0 0.0 1.6 0.0 0.0 4.2 0.0 0.0 0.0 0.0 

Source: Authors’ calculation using baseline data 
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Appendix 3. Gender Analysis 

In this appendix we describe the main demographic and agricultural characteristics of the 

households surveyed by gender of household head. We present the results by topic in separate 

tables. In each table we report the average and number of observations for female-headed 

households (FHH) and male-headed households (MHH) as well as the p-value of a statistical test 

of equal means by gender. Variables with p-values less than 0.05 are those for which we find a 

statistically significant difference between males and females. 

 

Household Characteristics 

In Table A3.1 we present information on selected household characteristics. At follow-up, there 

were 2,529 households, of which 2,057 were male headed and 472 were female headed, which 

represents 19 percent of all households. On average, FHH have 3.6 members, which is almost 

one member less than MHH. Also, FHH have a slightly higher proportion of adolescent members 

(16 percent of members are aged 13 to 18 compared to 12 percent for MHH) as well as senior 

members (18 percent of members are aged 56 or older compared to 13 percent for MHH). 

Moreover, female heads tend to be older, with an average of 53 years age versus 48 years for the 

average male head. Lastly, female heads have fewer years of education compared to male heads: 

69 percent of female heads had at most primary education compared to 50 percent for male 

heads. Moreover, there is a 5 percentage point difference in the propensity to have tertiary 

education in favour of male heads. There is also a large difference by gender in terms of being 

able to read and write, again in favour of male heads. 

 

Table A3.1. Selected Household Characteristics 
 Female  Male Test: 

Female=Male  

Variables Mean NF Mean NM p-value 

Household size 3.60 472 4.55 2,057 0.00 

% Age between: 0 and 5 0.06 472 0.10 2,057 0.00 

% Age between: 6 and 12 0.14 472 0.15 2,057 0.34 

% Age between: 13 and 18 0.16 472 0.12 2,057 0.00 

% Age between: 19 and 35 0.25 472 0.26 2,057 0.53 

% Age between: 36 and 55 0.21 472 0.24 2,057 0.04 

% Age between: 56 and 70 0.11 472 0.09 2,057 0.13 

% Age between: 70 or more 0.07 472 0.04 2,057 0.01 

Household head age 52.87 472 47.70 2,057 0.00 

Head Education: Primary 0.69 472 0.50 2,057 0.00 

Head Education: Secondary 0.25 472 0.39 2,057 0.00 

Head Education: Tertiary 0.05 472 0.10 2,057 0.00 

Household head can read 0.78 472 0.96 2,057 0.00 

Household head can write 0.74 472 0.93 2,057 0.00 
 Notes: Standard errors clustered at the plant clinic level. 

 

Regarding time use and labour, there are significant differences by gender of household head. 

First, there is a 1,7000-shilling difference in labour earnings from working outside the household 

by gender, which indicates that whereas female heads are more likely to use their time on 

household activities, male heads engage in different types of economic activities outside the 

household. In fact, every two weeks, the average female head uses 91 hours on household 
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activities versus 68 hours for male heads. Moreover, male heads get substantially higher revenue 

and net income from non-farm enterprises. Interestingly, both male and female heads spend 

about the same time on agricultural activities. 

 

Table A3.2. Time Use and Labour 
 Female  Male  Test: 

Female=Male  

Variables Mean NF Mean NM p-value 

Roof made of: Iron sheets 0.93 472 0.92 2,057 0.67 

Walls made of: Timber 0.28 472 0.27 2,057 0.74 

Walls made of: Mud 0.12 472 0.12 2,057 0.14 

Walls made of: Concrete brick 0.11 472 0.09 2,057 0.63 

Floor made of: Mud/earth 0.44 472 0.49 2,057 0.91 

Floor made of: Concrete only 0.49 472 0.46 2,057 0.48 

Main source of drinking water: Directly 

from river/lake 

0.27 472 0.32 2,057 0.80 

Main source of drinking water: Own tap 0.36 472 0.32 2,057 0.69 

Distance from closest drinking source 0.50 472 0.70 2,057 0.14 

Does your household have electricity? 0.34 472 0.29 2,057 0.75 

Main type of energy used for cooking: 

Collected firewood 

0.78 472 0.75 2,057 0.02 

Main type of toilet facility: Own pit latrine 

with slab 

0.55 472 0.49 2,057 0.16 

 Notes: Standard errors clustered at the plant clinic level. 

 

Housing conditions are used to determine household wealth, with better-off households more 

likely to use higher quality materials and have better access to services. Table A3.3 shows that 

there are no statistically significant differences in housing conditions by head’s gender. If 

anything, FHH are slightly more likely to have iron-sheet roofs. 

 

Table A3.3. Household amenities and conditions: Section H2  
 Female  Male  Test: 

Female=Male  

Variables Mean NF Mean NM p-value 

Roof made of: Iron sheets 0.93 472 0.92 2,057 0.67 

Walls made of: Timber 0.28 472 0.27 2,057 0.74 

Walls made of: Mud 0.12 472 0.12 2,057 0.14 

Walls made of: Concrete brick 0.11 472 0.09 2,057 0.63 

Floor made of: Mud/earth 0.44 472 0.49 2,057 0.91 

Floor made of: Concrete only 0.49 472 0.46 2,057 0.48 

Main source of drinking water: Directly 

from river/lake 

0.27 472 0.32 2,057 0.80 

Main source of drinking water: Own tap 0.36 472 0.32 2,057 0.69 

Distance from closest drinking source 0.50 472 0.70 2,057 0.14 

Does your household have electricity? 0.34 472 0.29 2,057 0.75 

Main type of energy used for cooking: 

Collected firewood 

0.78 472 0.75 2,057 0.02 

Main type of toilet facility: Own pit latrine 
with slab 

0.55 472 0.49 2,057 0.16 

 Notes: Standard errors clustered at the plant clinic level. 
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Lastly, we also look at differences in asset ownership by head’s gender and present the results in 

Table A3.4. The results show that male headed households are more likely to have at least one 

plough, wheelbarrow, sprayer, watering can, sickle, hammer, shovel, hand saw, radio, watch, 

bicycle, motorcycle, and car. Overall, the evidence shows that male-headed households have 

more inputs with which to conduct agricultural work. 

 

Table A3.4. Household Asset Inventory: Section H1  
 Female  Male  Test: 

Female=Male  

Variables Mean NF Mean NM p-value 

HH owns…      

Plough 0.05 472 0.09 2,057 0.00 

Animal cart 0.07 472 0.08 2,057 0.25 

Wheelbarrow 0.46 472 0.47 2,057 0.03 

Planter 0.01 472 0.00 2,057 0.62 

Knapsack sprayer 0.34 472 0.40 2,057 0.03 

Motorized sprayer 0.00 472 0.01 2,057 0.14 

Thresher 0.00 472 0.00 2,057 0.78 

Grinder 0.01 472 0.01 2,057 0.88 

Watering can 0.14 472 0.17 2,057 0.01 

Hoe (Jembe) 0.96 472 0.97 2,057 0.41 

Machete (Panga) 0.98 472 0.99 2,057 0.64 

Axe 0.78 472 0.78 2,057 0.55 

Sickle 0.18 472 0.21 2,057 0.03 

Pen 0.49 472 0.50 2,057 0.31 

Trough 0.23 472 0.26 2,057 0.21 

Pick 0.01 472 0.02 2,057 0.11 

Hammer 0.54 472 0.59 2,057 0.02 

Shovel/Spade 0.66 472 0.67 2,057 0.04 

Hand saw 0.14 472 0.18 2,057 0.00 

Sheller 0.00 472 0.00 2,057 0.96 

Tractor 0.01 472 0.01 2,057 0.91 

Chaff cutter 0.02 472 0.02 2,057 0.31 

Greenhouse 0.00 472 0.00 2,057 0.01 

Irrigation equipment 0.04 472 0.06 2,057 0.20 

Water tank 0.38 472 0.29 2,057 0.05 

Bed 0.99 472 0.99 2,057 0.78 

Mattress 1.00 472 1.00 2,057 0.94 

Mosquito net 0.65 472 0.68 2,057 0.95 

Table 0.99 472 0.98 2,057 0.62 

Sofa/lounge set 0.71 472 0.70 2,057 0.25 

Radio/stereo 0.86 472 0.89 2,057 0.04 

Television 0.33 472 0.32 2,057 0.12 

DVD/VCR player 0.20 472 0.20 2,057 0.31 

Computer/laptop 0.02 472 0.02 2,057 0.31 

Smart phone 0.15 472 0.16 2,057 0.20 

Watch 0.13 472 0.16 2,057 0.04 

Clock 0.22 472 0.23 2,057 0.18 
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 Female  Male  Test: 

Female=Male  

Variables Mean NF Mean NM p-value 

Stove (gas/electric) 0.19 472 0.17 2,057 0.77 

Refrigerator] 0.03 472 0.02 2,057 0.24 

AC/Ventilator/Fan 0.00 472 0.00 2,057 0.66 

Electric iron 0.09 472 0.09 2,057 0.75 

Pvt. water pump 0.01 472 0.02 2,057 0.39 

Sewing machine 0.02 472 0.01 2,057 0.09 

Generator 0.01 472 0.02 2,057 0.92 

Mower 0.00 472 0.00 2,057 0.08 

Bicycle 0.08 472 0.15 2,057 0.00 

Motor cycle 0.04 472 0.08 2,057 0.00 

Car 0.02 472 0.04 2,057 0.00 

Small truck 0.01 472 0.01 2,057 0.78 

Large truck 0.00 472 0.00 2,057 0.05 

Van/Minibus 0.00 472 0.00 2,057 0.96 
 Notes: Standard errors clustered at the plant clinic level. 

 

Agricultural characteristics 

We also investigate differences by gender in terms of agricultural characteristics. Regarding crop 

production history, female-headed households have more years of experience than male-headed 

households, which is largely explained by female heads being older. Both male and female heads 

feel that there have been large changes in agricultural conditions, including changes in the 

amount and timing of rainfall, temperatures, and number of insects and diseases. However, there 

are no significant differences by gender in terms of these perceptions. Interestingly, female heads 

are 1 percentage points less likely to respond that pest information has improved relative to male 

heads.  

 

In terms of crops, female heads are 6 percentage points more likely to cultivate improved maize 

than male heads. For the remaining crops, local maize, potatoes, beans, bananas, and coffee, 

there are no meaningful differences in the type of crops cultivated by male and female 

households.   

 

Table A3.5. Crop production history: Section F1  

 Female  Male  Test: 

Female=Male  

Variables Mean NF Mean NM p-value 

Years in farming 26.97 469 21.59 2,042 0.00 

Years farming this location 21.89 472 17.14 2,055 0.00 

In the last five years…      

Crops produced changed 0.16 436 0.20 1,849 0.40 

Amount rainfall changed 0.78 436 0.77 1,849 0.51 

Timing rainfall changed 0.85 436 0.84 1,849 0.31 

Temperature changed 0.77 436 0.77 1,849 0.82 

Number insects increased 0.44 436 0.48 1,849 0.23 

Number diseases increased 0.42 436 0.45 1,849 0.31 

Crop yields decreased 0.59 436 0.58 1,849 0.67 
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 Female  Male  Test: 

Female=Male  

Variables Mean NF Mean NM p-value 

Pest information improved 0.28 436 0.29 1,849 0.06 

Crops produced…      

Local Maize 0.15 472 0.16 2,057 0.91 

Improved Maize 0.77 472 0.71 2,057 0.04 

Potatoes 0.20 472 0.18 2,057 0.16 

Beans 0.67 472 0.62 2,057 0.22 

Bananas 0.34 472 0.31 2,057 0.45 

Coffee 0.22 472 0.18 2,057 0.16 
 Notes: Standard errors clustered at the plant clinic level. 

 

Table A3.6 presents the results with all crops aggregated at the household level, Tables A3.7 and 

A3.8 show the results for annual and perennial crops, respectively. In terms of crop diversity and 

production, there are no statistically significant differences in area, diversity, or value of harvest 

consumed by head’s gender. However, value of total harvest and value of harvest sold is 

significantly higher for male heads than for female heads.  

 

Table A3.6. Crop Diversity and Production – All Crops 
 Female  Male  Test: 

Female=Male 

Variables Mean NF Mean NM p-value 

Diversity       

Crops produced 8.17 470 7.34 2,031 0.67 

Crops produced (>1/32ac)  3.78 470 3.53 2,031 0.66 

Area in Acres 2.49 470 2.66 2,031 0.45 

% Area planted  0.85 458 0.86 1,987 0.08 

Shannon index 0.82 470 0.77 2,031 0.80 

Simpson index 2.31 470 2.26 2,031 0.19 

Production       

Value of harvest consumed 9,424.55 470 10,745.64 2,031 0.18 

Value of harvest sold 16,642.08 470 22,214.26 2,031 0.01 

Value of total harvest 27,735.68 470 35,366.16 2,031 0.01 

Gross margins 196.42 470 6,238.39 2,031 0.91 
 Notes: Standard errors clustered at the plant clinic level. 

 

On the other hand, there are some meaningful differences in input use by gender for both annual 

and perennial crops. For annual crops, male-headed households are 7 percentage points more 

likely to use pesticides, and spend more resources on seeds and inorganic fertiliser relative to 

female headed households. For perennial crops, there is also a significant 6 percentage point 

difference in pesticide use in favour of male-headed households. 

In terms of cultural practices for annual crops, male-headed households are more likely than their 

female counterparts to remove volunteer crops, mulch, burn crop residue to control pest, and 

cover with leaves for protection. For perennial crops, male heads are more likely to use improved 

planting material and traps than female heads. Pruning and applying ash are the only cultural 

practice that are more prevalent among female-headed households than among male-headed 

households. 
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Table A3.7. Crop Diversity, Inputs, and Cultural Practices – Annuals Crops 
 Female  Male  Test: 

Female=Male 

Variables Mean NF Mean NM p-value 

Diversity       

No. crops produced 3.83 458 3.56 1,987 0.70 

No. Crops Produced (Large) 1.98 458 1.98 1,987 0.45 

Area in Acres 2.16 458 2.34 1,987 0.75 

% Area planted  0.85 458 0.86 1,987 0.08 

Shannon index 0.60 458 0.57 1,987 0.51 

Simpson index 1.46 458 1.50 1,987 0.87 

Inputs      

Organic fertiliser used  0.51 458 0.42 1,987 0.21 

Inorganic fertiliser used  0.80 458 0.82 1,987 0.19 

Pesticide use  0.18 458 0.26 1,986 0.00 

No. family labour days 35.02 458 39.04 1,987 0.05 

No. paid labour days 11.96 458 15.44 1,987 0.06 

Cost of seed planted  16,112.41 458 25,062.46 1,987 0.12 

Cost inorganic fertiliser 5,145.13 458 6,453.24 1,987 0.05 

Cost Pesticide 7,485.56 458 6,942.92 1,987 0.79 

Cost paid labour 3,225.52 458 4,335.94 1,987 0.15 

Cultural Practices      

Rotate crops 0.22 458 0.26 1,987 0.36 

Use resistant variety  0.44 458 0.38 1,987 0.24 

Improved planting material  0.73 458 0.72 1,987 0.78 

Certified planting material  0.83 458 0.81 1,987 0.86 

Residue removal  0.90 458 0.88 1,987 0.58 

Plant early 0.82 458 0.81 1,987 0.69 

Intercrop 0.65 458 0.58 1,987 0.10 

Weed in timely manner 0.97 458 0.97 1,987 0.31 

Remove volunteer crops  0.65 458 0.70 1,987 0.06 

Remove infested/ damaged 

material 

0.60 458 0.61 1,987 0.76 

Mulch  0.05 458 0.07 1,987 0.03 

Apply ash  0.04 458 0.05 1,987 0.37 

Spray/sprinkle with chillies? 0.02 458 0.02 1,987 0.87 

Stake 0.04 458 0.05 1,987 0.10 

Use sand 0.02 458 0.02 1,987 0.62 

Use trap crops 0.01 458 0.01 1,987 0.63 

Burn crop residue to control pest 0.05 458 0.06 1,987 0.09 

Use traps 0.02 458 0.02 1,987 0.73 

Cover with leaves for protection 0.01 458 0.02 1,987 0.09 
Notes: Standard errors clustered at the plant clinic level. 
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Table A3.8. Crop Diversity, Inputs, and Cultural Practices – Perennial Crops 

 Female  Male  Test: 

Female=Male 

Variables Mean NF Mean NM p-value 

Diversity       

No. crops produced 5.36 170 5.13 689 0.48 

No. Crops Produced (Large) 1.69 170 1.74 689 0.18 

Area in Acres 1.04 170 1.05 689 0.59 

% Area planted  0.38 170 0.38 689 0.09 

Shannon index 0.49 170 0.47 689 0.42 

Simpson index 1.12 170 1.13 689 0.09 

Inputs      

Organic fertiliser used  0.64 170 0.60 689 0.99 

Inorganic fertiliser used  0.40 170 0.37 689 0.13 

Pesticide use  0.35 170 0.31 689 0.58 

No. family labour days 27.33 170 34.60 689 0.01 

No. paid labour days 8.57 170 9.64 689 0.21 

Cost inorganic fertiliser 1,945.64 170 1,710.80 689 0.87 

Cost Pesticide 9,785.12 170 21,181.11 689 0.01 

Cost paid labour 2,223.60 170 2,601.62 689 0.31 

Cultural Practices      

Use resistant variety  0.40 170 0.37 689 0.34 

Improved planting material  0.25 170 0.30 689 0.08 

Certified planting material  0.26 170 0.29 689 0.25 

Intercrop 0.33 170 0.38 689 0.24 

Weed around crop 0.88 170 0.86 689 0.61 

Remove infested/ damaged 

material 

0.51 170 0.56 689 0.81 

Mulch  0.11 170 0.10 689 0.97 

Apply ash  0.08 170 0.05 689 0.07 

Spray/sprinkle with chillies? 0.02 170 0.05 689 0.13 

Prune 0.69 170 0.60 689 0.09 

Change cycle 0.08 170 0.07 689 0.67 

Use trap crops 0.01 170 0.01 689 0.91 

Burn crop residue to control 

pest 

0.08 170 0.09 689 0.18 

Use traps 0.01 170 0.03 689 0.01 

Cover with metal or plastic 0.01 170 0.01 689 0.74 

Grease 0.01 170 0.01 689 0.39 
Notes: Standard errors clustered at the plant clinic level. 

  



 

American Institutes for Research   PW-K: 12-Month Follow-Up Report—87 

Appendix 4. Simple Difference Impact Estimates 

Table A4.1. Crop Diversity Single Difference - All Crops 

Dependent Variable 12-Month Control 

 Impact Mean 

 (1) (2) 

No. crops produced 0.630 7.356 

 (1.597)  

No. Crops Produced (Large) 0.200 3.561 

 (1.642)  

Area in Acres 0.147 2.936 

 (0.668)  

% Area planted  -0.001 0.998 

 (-0.334)  

Shannon index 0.030 0.782 

 (1.068)  

Simpson index 0.006 2.275 

 (0.146)  

Value of harvest consumed -383.927 11,053.943 

 (-0.396)  

Value of harvest sold 13.870 22,461.450 

 (0.005)  

Value of total harvest -412.225 35,793.214 

 (-0.125)  

Gross margins 13,272.004 2,181.868 

 (1.355)  

N 2,503 1,658 

 Notes: Estimations use single difference modeling. Robust t-statistics clustered at the clinic level in parentheses. All estimations 
control for county fixed effects 

 

Table A4.2. Crop Diversity Single Difference - All Annuals 

Dependent Variable 12-Month Control 

 Impact Mean 

 (1) (2) 

No. crops produced 0.193 3.578 

 (1.554)  

No. Crops Produced (Large) 0.010 2.004 

 (0.145)  

Area in Acres 0.112 2.514 

 (0.574)  

% Area planted  -0.004 0.859 

 (-0.257)  

Shannon index 0.008 0.582 

 (0.283)  

Simpson index -0.010 1.493 

 (-0.535)  

N 2,476 1,637 

 Notes: Estimations use single difference modeling. Robust t-statistics clustered at the clinic level in parentheses. All estimations 
control for county fixed effects 
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Table A4.3. Crop Diversity Single Difference - All Perennials 

Dependent Variable 12-Month Control 

 Impact Mean 

 (1) (2) 

No. crops produced 0.235 5.127 

 (1.473)  

No. Crops Produced (Large) 0.008 1.767 

 (0.107)  

Area in Acres -0.056 1.299 

 (-0.253)  

% Area planted  -0.021 0.390 

 (-0.916)  

Shannon index 0.003 0.482 

 (0.150)  

Simpson index -0.019 1.138 

 (-1.282)  

N 869 566 

 Notes: Estimations use single difference modeling. Robust t-statistics clustered at the clinic level in parentheses. All estimations 
control for county fixed effects 

 

Table A4.4. Cultural Practices Single Difference - All Annuals 

Dependent Variable 12-Month Control 

 Impact Mean 

 (1) (2) 

Organic fertilizer used  0.010 0.432 

 (0.397)  

Inorganic fertilizer used  0.010 0.818 

 (0.311)  

Pesticide use  -0.019 0.259 

 (-0.540)  

Rotate crops -0.002 0.252 

 (-0.049)  

Use resistant variety  0.024 0.385 

 (0.988)  

Improved planting material  0.029 0.714 

 (1.001)  

Certified planting material  0.025 0.809 

 (0.891)  

Residue removal  0.008 0.880 

 (0.575)  

Plant early -0.027 0.827 

 (-1.564)  

Intercrop 0.017 0.589 

 (0.473)  

Weed in timely manner -0.007 0.974 

 (-1.187)  

Remove volunteer crops  -0.000 0.693 

 (-0.000)  

Remove infested/ damaged material 0.017 0.605 

 (0.639)  

Mulch  -0.026** 0.077 

 (-2.326)  

Apply ash  -0.011 0.051 
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Dependent Variable 12-Month Control 

 Impact Mean 

 (1) (2) 

 (-1.212)  

Spray/sprinkle with chillies? -0.004 0.021 

 (-0.571)  

Stake 0.007 0.046 

 (0.774)  

Use sand -0.008 0.024 

 (-0.948)  

Use trap crops -0.000 0.010 

 (-0.084)  

Burn crop residue to control pest 0.017* 0.054 

 (1.698)  

Use traps 0.001 0.023 

 (0.175)  

Cover with leaves for protection 0.002 0.013 

 (0.380)  

N 2,476 1,637 

 Notes: Estimations use single difference modeling. Robust t-statistics clustered at the clinic level in parentheses. All estimations 

control for county fixed effects 

 

Table A4.5. Cultural Practices Single Difference - All Perennials 

Dependent Variable 12-Month Control 

 Impact Mean 

 (1) (2) 

Organic fertilizer used  0.029 0.597 

 (0.768)  

Inorganic fertilizer used  -0.029 0.390 

 (-0.441)  

Pesticide use  -0.020 0.322 

 (-0.368)  

Use resistant variety  -0.000 0.380 

 (-0.009)  

Improved planting material  0.006 0.290 

 (0.163)  

Certified planting material  0.017 0.279 

 (0.457)  

Intercrop -0.006 0.378 

 (-0.118)  

Weed around crop 0.013 0.852 

 (0.510)  

Remove infested/ damaged material 0.053 0.521 

 (1.219)  

Mulch  0.038 0.085 

 (1.341)  

Apply ash  -0.008 0.053 

 (-0.440)  

Spray/sprinkle with chillies? 0.003 0.042 

 (0.107)  

Prune 0.022 0.606 

 (0.481)  

Change cycle -0.005 0.071 

 (-0.193)  
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Dependent Variable 12-Month Control 

 Impact Mean 

 (1) (2) 

Use trap crops 0.011 0.007 

 (1.529)  

Burn crop residue to control pest 0.026 0.081 

 (1.247)  

Use traps 0.024** 0.014 

 (2.231)  

Cover with metal or plastic -0.004 0.007 

 (-0.757)  

Grease 0.006 0.005 

 (1.060)  

N 869 566 

 Notes: Estimations use single difference modeling. Robust t-statistics clustered at the clinic level in parentheses. All estimations 

control for county fixed effects 

 

 

Table A4.6. Production Single Difference - All Annuals 

Dependent Variable 12-Month Control 

 Impact Mean 

 (1) (2) 

No. family labour days -0.707 38.893 

 (-0.200)  

No. paid labour days 0.356 15.628 

 (0.229)  

Cost of seed planted  -4,289.408 24,949.400 

 (-0.629)  

Cost inorganic fertilizer 415.527 6,412.652 

 (0.655)  

Cost Pesticide -69.065 7,785.176 

 (-0.029)  

Cost paid labour 600.917 4,403.256 

 (0.682)  

Value of harvest consumed -459.731 11,115.235 

 (-0.471)  

Value of harvest sold -1,171.977 18,103.868 

 (-0.406)  

Value of total harvest -1,879.366 30,520.969 

 (-0.595)  

Gross margins 13,707.203 4,143.191 

 (1.362)  

N 2,476 1,637 

 Notes: Estimations use single difference modeling. Robust t-statistics clustered at the clinic level in parentheses. All estimations 
control for county fixed effects 
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Table A4.7. Production Single Difference - All Perennials 

Dependent Variable 12-Month Control 

 Impact Mean 

 (1) (2) 

No. family labour days 8.540* 30.347 

 (1.963)  

No. paid labour days 2.432 8.379 

 (1.006)  

Cost inorganic fertilizer -266.916 1,882.509 

 (-0.521)  

Cost Pesticide -5,823.568 19,211.580 

 (-0.739)  

Cost paid labour 1,395.007 1,919.574 

 (1.357)  

Value of harvest consumed 89.671* 266.926 

 (1.691)  

Value of harvest sold 1,178.797 13,495.498 

 (0.429)  

Value of total harvest 1,465.265 16,669.618 

 (0.412)  

Gross margins 430.218 -5,692.023 

 (0.084)  

N 869 566 

 Notes: Estimations use single difference modeling. Robust t-statistics clustered at the clinic level in parentheses. All estimations 
control for county fixed effects 
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Appendix 5. Difference-in-Differences Estimator 

The statistical approach we take to derive average treatment effects of PW-K is the difference-in-

differences (DD) estimator. This entails calculating the change in an indicator (Y), such as 

income, between baseline and follow-up period for treatment and control group units and 

comparing the magnitude of these changes. Figure A5.1 illustrates how the estimate of 

differences in differences between treatment (T) and control (C) groups is computed. The top 

row shows the baseline and postintervention values of the indicator (Y), and the last cell in that 

row depicts the change or difference in the value of the outcome for T units. The second row 

shows the value of the indicator at baseline and postintervention for control group units, and the 

last cell illustrates the change or difference in the value of this indicator over time. The 

difference between these two differences (treatment vs. control), shown in the shaded cell in 

Figure A5.1, is the difference-in-differences or double-difference estimator.  

 

Figure A5.1: The Difference-in-Differences (DD) Estimator 

 Baseline (2014) Post (2015) 1st difference 

Treatment (T) 
Y

T
2014 Y

T
2015 ΔY

T
=(Y

T
2015-Y

T
2014) 

Control (C) Y
C

2014 Y
C

2015 ΔY
C
=(Y

C
2015-Y

C
2014) 

 
Difference in differences 

DD = (ΔY
T
 – ΔY

C
) 

 

The DD is one of the strongest estimators available in the evaluation literature (Shadish et al., 

2002). Two key features of this design are particularly attractive for deriving unbiased 

programme impacts. First, using pre- and posttreatment measures allows us to “difference” out 

unmeasured fixed (i.e., time-invariant) family or individual characteristics that may affect 

outcomes, such as motivation, health endowment, mental capacity, and unobserved productivity. 

It also allows us to benchmark the change in the indicator against its value in the absence of 

treatment. Second, using the change in a control group as a comparison allows us to account for 

general trends in the value of the outcome. For example, if there is a general increase in farmer’s 

income owing to the invention of a new technology, deriving treatment effects based only on the 

treatment group will confound PW-K’s impacts on income with the general trend increase in 

income. 

The key assumption underpinning the DD is that there is no systematic unobserved time-varying 

difference between the T and C groups. For example, if the T group increases its preference for 

new agricultural technologies over time but the C group does not, we would overestimate the 

impact of PW-K rather than attribute the T group’s increase in income to this unobserved, time-

varying change in preferences. In practice, the geographical proximity of the samples and the 

rather short duration between pre- and postintervention measurements will make this assumption 

quite reasonable. 
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Appendix 6. Local Average Treatment Effect (LATE) 

Impact Estimates 

In any experiment, across both the treatment and control groups, there are three types of 

individuals 1) those who always receive the treatment (i.e., some control group farmers attend 

the plant clinic and some treatment farmers attend but would have attended even if they had been 

assigned to the control group); 2) those who never receive the treatment (i.e., some treatment 

group farmers do not attend the plant clinic and some control group farmers do not attend and 

would not have attended even if they had been assigned to the treatment group); and 3) the 

compliers, those who only receive the treatment due to their assignment in the treatment group 

(i.e., the treatment group farmers who attend the plant clinic but would not have attended if they 

had been assigned to the control group and the control group farmers who do not attend the plant 

clinic but would have if they had been assigned to the treatment group). The local average 

treatment effect (LATE) measures the impact of the treatment on this third subset of people, the 

compliers whose treatment status changes as a result of being assigned to the treatment.  

The LATE estimate scales the intention-to-treat estimate by one over the fraction of the sample 

who are affected by the assignment. To see this consider the following algebraic relationships. 

Define the share of those who were always treated as ∅𝐴 and let 𝑌𝐴
1 represent the outcome for the 

always treated when they attend the plant clinic. Define the share of those who had never been 

treated as ∅𝑁 and let 𝑌𝑁
0 represent the outcome for the never treated when they do attend the 

plant clinic. Finally, define the share of compliers as ∅𝐶 = (1 - ∅𝑁 - ∅𝐴); let 𝑌𝐶
0 represent the 

outcome for the compliers in the control group who do not attend the plant clinics and 𝑌𝐶
1 

represent the outcome for the compliers in the treatment group who do attend. With these 

definitions, we can construct the following equations: 

The mean outcome for those assigned to the control group is  

𝑌𝑐 = ∅𝐴𝑌𝐴
1 + ∅𝐶𝑌𝐶

0 + ∅𝑁𝑌𝑁
0        (A6.1) 

The mean outcome for those assigned to the treatment group is  

𝑌𝑇 = ∅𝐴𝑌𝐴
1 + ∅𝐶𝑌𝐶

1 + ∅𝑁𝑌𝑁
0            (A6,2) 

The difference between these is 

 𝑌𝑇 −  𝑌𝑐 = ∅𝐶 ∗ (𝑌𝐶
1 − 𝑌𝐶

0)      (A6.3) 

Thus, the LATE estimate, the impact of the treatment on the compliers, is equal to  

      
(𝑌𝑇− 𝑌𝑐)

∅𝐶
= 𝑌𝐶

1 − 𝑌𝐶
0     (A6.4) 

That is the LATE estimate is equal to the intention-to-treat estimate divided by the fraction of the 

sample who are affected by the assignment. Because the LATE method estimates the impact of 

CABI for those farmers in the treatment group whose assignment into the treatment induced them 

to attend the clinic, the effect size is larger than the intent-to-treat estimates. In the tables below, we 

calculate the LATE using an instrumental variables approach where we use the treatment 

assignment as an instrument to predict whether the farmer attended the plant clinic. The additional 

estimation required in this approach increases the standard error of the estimates; so although the 

LATE impact estimates are larger than the intent-to-treat estimates, they remain statistically 

indistinguishable from zero. 
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Appendix 7. Cost Analysis 

 

Cost category Funding Notes on source of cost 2013 2014 2015 

National Coordination           

 
National-level support activities CABI Cost of events, advocacy and communication 10,965 19,700 44,246 

 

Forum/Steering Committee 

officials’ time 
Kenya 

Attendance at meetings (NF and SC three days a year) and 

additional interaction (5 days a year) for 13 people. 30 people 2 

days + 13 x 7 days * Salary R 

6,401 6,401 6,401 

 
Salary of key PW staff Kenya 

100% of assistant national coordinator and 25% of national 

coordinator. Salary Q and T 
13,214 13,214 13,214 

 

Plantwise key staff additional 

funding 
CABI 

Top-off of salary for national coordinator, Plantwise manager 

and data manager 
15,100 17,708 10,712 

 
CABI staff coordination CABI 

Costs of support by CABI staff in a variety of activities noted in 

CABI budget 
47,070 34,290 65,070 

   
National coordination subtotal 92,750 91,313 139,643 

Cost category Funding Notes on source of cost 2013 2014 2015 

Plant clinics           

 

Plant doctor training--labour CABI Training of trainers and plant doctor training 15,720 11,140 9,700 

 

Plant doctor training--activity CABI Costs to do plant doctor training and training of trainers 62,540 104,016 51,831 

 

Plant clinic establishment/ 

operation 
CABI Cost of materials for clinic—tables, chairs, reference material, etc. 16,150 50,217 57,000 

 

Plant doctor time Kenya 

Salary cost of plant doctor time for training and for running clinics 

and other meetings. 48 days a year per plant doctor. Salary J, K or 

L 

34,170 57,336 69,499 

 

Plant doctor travel/lunch Kenya 

Per diem provided for going to clinic to cover travel and lunch. 

Number of plant doctors times number of clinics. 1000 KSH per 

clinic per doctor 

10,325 17,325 21,000 

 

E-clinic training CABI 
Training for the plant doctors over one week. 30 PD trained in 

2014 and another 30 in 2015. Cost of training 700 per PD. 
0 21,000 21,000 

 

Mobile device CABI Cost of device around 200 per PD 0 6,000 6,000 

 

Mobile device operation CABI 
Cost of air time and data management system (13 per PD) minus 

savings (11 per PD) so total 2 per PD 
0 60 120 

 
  

Plant clinic subtotal 138,905 267,094 236,150 
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Cost category Funding Notes on source of cost 2013 2014 2015 

POMS and Knowledge Bank           

 

CABI staff coordination CABI Coordination of spending and CABI–PW-K interaction 0 2,800 0 

 

POMS management key staff 

funding 
CABI Staff costs of managing POMS including harmonization 10,500 22,000 15,500 

 

POMS equipment CABI Equipment to manage POMS 6,100 4,600 39,000 

 

Validation team time Kenya 
Staff costs of doing validation--15 members, 4 times per 

year, 4 days each, salary Q 
8,378 8,378 8,378 

 

Green and yellow team time Kenya 
Staff costs of green and yellow team--20 members, 3 times 

per year, 4 days, salary Q 
8,378 8,378 8,378 

 

Data team time Kenya 
Staff costs of data team--15 members, 2 times per year, 4 

days, salary Q 
4,189 4,189 4,189 

      POMS subtotal 37,545 50,345 75,445 

   

CABI subtotal 184,145 293,531 320,179 

   

Kenya subtotal 85,055 115,222 131,059 

      Total 269,200 408,753 451,238 


