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1. Introduction 

Agriculture is considered the main economic driver in Sub-Saharan Africa, employing over 80% 

of rural communities, as well as providing food and nutrition security, income, and foreign 

exchange earnings (AGRA, 2014). In both Kenya and Uganda, the horticultural sub-sector is 

often viewed as one of the promising pathways out of poverty. Comprised of vegetables, nuts, 

flowers, fruits, and medicinal plants, the horticultural sub-sector plays an important role in both 

economies, providing income and food (OECD/FAO, 2016). Uganda is known for producing 

traditional staple foods like bananas, but in recent years the country has experienced a shift 

toward the production of quick maturing vegetables like tomatoes (Owor et al., 2017).  In Kenya, 

vegetables account for 20-35% of the total revenue sector earned through the horticulture sector 

(Research Solutions Africa (RSA), 2015a). The sub-sector contributes significantly to enhanced 

food security and improved living standards of smallholder farmers (HCDA, 2016). 

Tomato (Lycopersicon esculentum), is among the most popular vegetable in Sub-Saharan 

Africa, due to multiple harvests and high profits (Mutayoba et al., 2018). The total World tomato 

production in 2017 was estimated at 182,301,395 tonnes. The crop ranks sixth among the most 

valuable crops in Africa, contributing about 21.5 million tonnes per year. The largest share 

comes from Egypt, with an annual production of about 7,297,108 tonnes. East Africa contributes 

to about 2 million tonnes annually with Kenya producing 283,000 tonnes, while Uganda 

contributes over 40,124 tonnes (FAOSTAT, 2019).  

Although tomato contributes remarkably to both Kenyan and Uganda’s economies, the 

potential production is estimated at 300 tons/ha ( Kenya Climate-Smart Agriculture Project 

(KCSAP), 2019) and 14 tons/acre for the hybrid variety using irrigation, 8 tonnes/acre using 

hybrid variety and 6 tonnes/acre using open pollinated variety (OPV) (Dijkxhoorn et al., 2019) 
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respectively, which has not been achieved due to myriad of challenges. Key among them are 

insect pests and diseases, as well as poor rural infrastructure, unreliable markets, erratic rainfall, 

climate change, post-harvest losses, poor soil fertility among others. The major insect pests 

affecting tomato production in East Africa include Tomato Leaf Miner (T. absoluta), aphids, 

cutworms, thrips, whiteflies, and other nematodes (Nderitu et al., 2018). The major diseases 

include early blight, late blight, and other nutritional related challenges (Mwangi et al., 2015). 

Tomato Leaf miner (Tuta Absoluta) is the most devastating tomato infesting pest. The pest 

mainly invades solanaceous vegetables (such as black nightshade, potatoes, eggplant, pepper 

among other species), with the major host being tomatoes. It can cause between 80-100% loss in 

yield, both in protected and native fields if left uncontrolled (Desneux et al., 2010). Generally, 

the use of synthetic pesticides is the most common method for controlling the pest in Africa, 

chiefly due to the ease of access and the lack of knowledge on alternative control methods 

(Mansour et al., 2018). The amounts and quality of pesticides used to control the pest are not 

usually regulated by most governments, leading to overuse thus resulting in pesticide resistance 

(Roditakis et al., 2018). Acknowledging this resistance problem, the growers opt to use multiple 

pesticide brands seasonally, to increase their effectiveness (Biondi et al., 2018; Muriithi et al., 

2016). Also, the use of several brands of pesticides increases the costs of production, and thus 

reduces farmer’s profits ( Jjumba et al., 2016) 

 Integrated Pest Management (IPM) has been recommended by scientists, policymakers, 

and international development agencies as an alternative crop protection paradigm to hazardous 

synthetic insecticides (Ehler, 2006; Orr, 2003; Pretty & Bharucha, 2015). Although widely 

promoted and used in developed countries, the adoption of IPM in developing countries 

including Africa is limited. The definitions of IPM are numerous, however, all of them involve 
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coordinated integration of multiple complementary practices to manage the pest in a safe, cost-

effective, and environmentally-friendly manner (Birhan, 2018; Ehler, 2006; Morse et al., 2014) 

The positive economic, environmental and social impacts of IPM are evident in Africa. A good 

example is the use of fruit fly suppressing IPM in Mango production (Kibira et al., 2015; 

Midingoyi et al., 2019; Muriithi et al., 2016; Mwungu et al., 2020). These studies demonstrate 

decreased losses associated with the pest and thus higher yield and income, as well as reduced 

risks of pesticides to human health and the environment. Previous studies on IPM use in the 

management of tomato infesting pests and diseases have equally demonstrated positive impacts. 

For example, Gajanana et al. ( 2006) in their study on tomato production in India, find that 

adoption of integrated pests and disease management practices using various cultural and 

biological methods. The study alo found that IPM increased tomato yield by 46%, reduced the 

cost of cultivation by 21% and increased net returns by 119%. In Africa, the International Centre 

of Insect Physiology and Ecology (icipe) in collaboration with development partners seeks to 

introduce an IPM strategy for suppressing tomato infesting T. absoluta. This study was 

conducted before disseminating the IPM approach to the farmers to assess the knowledge, 

attitude, and practices of smallholder tomato farmers as regard to T. absoluta, and determine the 

potential demand of the IPM strategy for sustainable management of the pest, using the case of 

Kenya and Uganda.  

2. Materials and methods 

2.1 Study area and data 

The study was conducted in Kenya and Uganda (Figure 1 and 2 respectively), the benchmark 

sites for the project. Two counties in Kenya (Kirinyaga and Kajiado Counties) and two Districts 

in Uganda (Mbale and Masaka districts) were purposively selected due to their predominance in 
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tomato production. These areas have generally rich fertile soil and a favorable climate for tomato 

production (KNBS, 2019; UBOS, 2014, 2017).  

 

Figure 1: Map of Kenya showing the study sites 
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Figure 2: Map of Uganda showing the study areas 

After selecting the counties and districts, the sub-counties and locations where tomatoes 

are produced were identified. A list of the tomato growers was then developed with the support 

of the front-line extension workers. The lists provided sampling frames from which a sample of 

316 and 346 tomato growing households were randomly selected and successfully interviewed in 

Kenya and Uganda respectively. The sample sizes were computed following the standard 

procedure outlined by (Bartlett et al., 2001). A semi-structured, pre-tested questionnaire was 

utilized to collect data. Data collection was carried out between June and May 2019 in both 

countries.  
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The questionnaire captured broad information on tomato production and marketing 

including farmers’ knowledge and perception of tomato infesting pests and diseases, knowledge 

and willingness to use the proposed IPM practices, yield, marketed surplus, and other contextual 

characteristics. The responses for the knowledge and practices were coded yes and no. To 

capture the farmer’s knowledge, the respondents were asked about their awareness of non-

pesticide practices for the management of T. absoluta (Table 3) and the symptoms of the T. 

absoluta infestation (Table 2).  To capture the practices, the farmers were asked their use of non-

pesticide practices for T. absoluta (Table 3).  A correct (yes) response was given a score of one 

(1) while a wrong (no) response and don’t know was given a score of zero (0). The respondents’ 

knowledge scores and practice scores were then calculated from a total sum of correct (yes) 

responses. These scores were then categorized into levels, where a higher score indicated a high 

knowledge/good practice and a lower score indicated low knowledge/bad practice. Farmer’s 

attitude was captured through some perception questions on T. absoluta where a correct response 

was coded with 1 for agreeing while the wrong response (disagree) or ‘don’t know’ was zero (0). 

These scores were then summed up to give the attitude scores, which were then categorized into 

good/bad attitude. The individual knowledge, attitude, and practice levels were calculated based 

on the above-the mean cut-off point. A 50% or 80% cut-off point. which is commonly used by 

most studies (Dhimal et al., 2014; Harapan et al., 2018; Saied et al., 2015) in our case, was not 

suitable since a majority of the respondents had a lower level making the results biased.  

The willingness to adopt was elicited based on its effects to the farmer in terms of 

profitability, health, and environmental effects. The farmers were subjected to hypothetical 

situations consisting of three parts. The farmers were given the background information and the 

expected costs and benefits of IPM and asked if they will be willing to use the IPM. This 
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consisted of information on pesticides and the IPM strategy. Informed statements on the 

pesticides' prices, their health, and environmental effects were provided.   

 Secondly, the farmers were asked a closed-ended willingness to adopt question (yes/no). 

This was based on IPM information given as a sustainable alternative, its’ impact on pest 

invasion reduction, and its’ ability to increase income as seen in other studies. Lastly, the farmers 

who were willing to adopt were then asked how soon they were willing to adopt the strategy. 

2.2 Empirical analysis 

2.2.1 Potential demand for T. absoluta IPM  

Farmers are rational and thus seek strategies and technologies to minimize the losses and costs 

caused by pest 

s. Several studies modeling the potential (ex-ante) adoption of agricultural technologies mainly 

use binary models. Such studies include; Groote et al., (2008) who used contingent valuation in 

estimating the potential demand of IR maize seed, Kolady & Lesser, (2005) used bivariate probit 

to estimate the probability in the adoption of Genetically Modified eggplant (Bt eggplant) in 

India. Similar to the work of (Beck & Gong, 1993) our study categorized the farmers into 

adopters and non-adopters then fitted into binary probit regression.  

 

We model the adoption of IPM based on a random utility approach. Faced with two options 

(adopt/not adopt), a farmer is assumed to choose the alternative with the highest expected utility, 

and the utility of a choice depends on its attributes (Horowitz et al., 2014). In our case, the non-

priced inputs are the IPM technology. Let the farmer’s willingness to pay for the IPM strategy be 

denoted by Y, while the alternative was denoted by X. Random utility categorizes utility into 

deterministic and random variables; 
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�� = ��� + ��              (1)  

�	 = ��
 + ��                             (2) 

Where;  

� is the utility derived from being an adopter or a non-adopter. 

��
	is the explanatory variable 

�� is the error term  

If the farmer assumes Ux >	Uy then the probability of the farmer choosing X over Y is:  

P� = P�ε�� − ε�� < D�� − D���                                                                                     (3) 

The probability of choosing Y over X is 

P� = P�ε�� − ε�� < D�� − D���                                                                                                 (4) 

The error terms are assumed to obey the property of independence from alternative variables. 

The probability that an individual will choose the IPM strategy is: 

��
 = �(������ )

"#�(������ )
             (5) 

The binary logit response takes two values. It is preferred since it does not assume normality, 

linearity or homoscedasticity of data (Kwak & Clayton-Matthews, 2002). This model can be 

represented as follows linearly: 

Logit = ln +,
"-+,

= β/ + β"X" + β1X" + β2X2 +⋯+ β4X4 + Ɛ�	                                              (6)                                         



9 

 

Where p� is the probability of being an adopter and 1 − P� i the probability of being a non-

adopter. β8 is the constant, β" − β4 are the correlation coefficients of the independent variables 

while the X"-	X4 are the observable characteristics of the tomato farmers that are likely to affect 

adoption. 

The response category had two states that is the non-adopters and the adopters. The non-adopters 

(Po) were elicited from the farmers who were either not planning on purchasing the IPM strategy 

or those who were willing to purchase the IPM strategy later than 2 years, while the adopters (P1) 

are the individuals are were planning on purchasing the IPM strategy and using it immediately or 

within one year. This was elicited from an open-ended question on how soon the farmers were 

willing to adopt the strategy. 

The choice of the independent variables was guided by existing literature on adoption and 

willingness to pay for agricultural innovations, and the study context. The socioeconomic 

variables affecting the potential demand for IPM included; household characteristics (age, sex, 

and education of the household head, household size, and farming experience), household 

resources ( the proportion of income from tomato farming, farm size, livestock owned in tropical 

units (TLU), off-farm income, and credit constraint), and access to market and institutional 

information (distance to inputs, distance to the nearest trading center, distance to the nearest 

extension officer, and training).  Besides, the knowledge, attitude, and practice as regard tomato 

infesting pests were also considered as important factors that affect the potential adoption of 

IPM. Social capital and network captured using the number of people that can be relied on, group 

membership, confidence in agricultural extension, and location were also considered (Blase, 

1960; Gebre et al., 2019; Martey et al., 2013; Mozzato et al., 2018; Muriithi et al., 2020) 
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To forecast adoption, the Bayesian analysis was used. This method is based on the Bayes rule 

which assumes that the independent variables are random, therefore, providing a number of 

likelihood models and prior distributions for post estimation. Selected variables, which were 

likely to affect demand in the short run were then fitted on a bayesian logistic regression. These 

variables were chosen based on their likeliness to change as a result of IPM strategy promotion 

and dissemination efforts. They include; knowledge level on symptoms and non-pesticides use, 

practice levels on non-pesticides, attitude on the effects of T.Absoluta, and training Muriithi et 

al., 2020). Sensitivity analysis was then carried out where each variable was subjected to various 

scenarios while the remaining variables were held constant, to get the best possible level of 

adoption. 

2.2.2. Knowledge, Attitude, and Practice 

A binary probit regression was used to determine the relationship between the separate KAP 

scores (high and low) for knowledge and (good and bad) for attitude and practice, against the 

socioeconomic characteristics. Let Y represent the individual’s knowledge, attitude, and 

practices while X represents the set of explanatory variables. The model estimates how a change 

in the Y variable causes a change in the X variable. Therefore the probit response probability can 

be expressed in the form: 

9:;<	 =	 = "
�> = Φ	(xβ)                                                                                                                      

(11) 

Where Φ indicated the cumulative standard normal cumulative function, x represents the 

independent variables while β is the correlation coefficients of the independent variables. The 

selection of the independent variables were guided by existing literature on KAP which are 
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similar to the ones in the adoption model above (Allahyari, 2017; Alobuia et al., 2015; Atreya, 

2007; Dhimal et al., 2014; Eghbali-Babadi et al., 2018; Harapan et al., 2018; Hashim et al., 

2018; Piñero & Keay, 2018)                                   

3. Results and discussion 

3.1 Descriptive statistics 

3.1.1 Farmer’s awareness and perceived severity of tomato infesting insect pests 

To determine the awareness of tomato infesting insect pests, farmers were asked to identify the 

major insect pests and diseases affecting their production and the level of severity. T. absoluta 

was identified as the major pest affecting tomato production reported by about 45% and 32% of 

the respondents in Kenya and Uganda respectively (Table 1). These results are supported by 

Nderitu et al., (2018), in whose study 90% of the farmers reported T. absoluta as a major pest.  

Other major pests reported by the respondents included whiteflies (20.11%), red spider mite 

(15.11%), and thrips (14.66%) in Kenya and cutworm (19.73%), bollworm (15.87%), and aphids 

(13.57) in Uganda. Approximately (36%, 7%) of the total tomato production was perceived to be 

lost to tomato leaf miner infestation while (22%, 6%) was lost to all the other pests in Kenya and 

Uganda respectively.  

Table 1: Tomato infesting insect pests reported by sampled farmers in Kenya and Uganda  

Pests 

Proportion of farmers (percent) 

         Kenya           Uganda 

Leaf miner (T. absoluta) 44.86 32.36 

White flies           20.11 9.60 

Red spider mite 15.11 2.09 

Thrips  14.66 6.16 

Cut worm  5.23 19.73 

Ballworm 5.11 15.87 

Aphids  2.95 13.57 
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Other leaf miners 0.80 0.00 

Leaf eaters            0.34 0.42 

3.1.2 Farmer’s knowledge on Leaf miner (T.Absoluta) infestation symptoms  

The farmers who were able to pick out T. absoluta as an invasive pest were then tested on their 

ability to identify the symptoms of the pest damage. The two major symptoms identified were; 

creating mine/galleries had Kenya 23.41%, Uganda 44.83% and young larvae penetrate the 

leaves for feeding and development Kenya 21.35%, Uganda 7.80%. As seen in a study done by  

(Shree et al., 2018), these symptoms can easily be seen as it happens at the larval stage, causing a 

lot of destructions on the leaves and fruits. Approximately, 12.6% of the respondents in both 

countries identified female oviposit on all plant parts of tomatoes with a preference for leaves, 

this can be easily found on the upper and lower parts of the leaf  (Shiberu & Getu, 2017). Heavy 

infestation leads to leaf defoliation and death of the plant and mining damage on the stem causes 

malformation of the plant were the two least common symptoms. This outcome could be a result 

of the immediate use of pesticides during the larval stage before the increased destruction of the 

plant.  

 

Table 2: Farmer’s knowledge on symptoms of tomato T. absoluta infestation 

 Symptoms of T. Absoluta Kenya (%) Uganda (%) 

Create mines/galleries 23.41 44.83 

Young larvae penetrate the leaves for feeding and development 21.35 7.80 

Female oviposit on all plant parts of tomatoes with a preference for leaves 12.64 12.59 

The pest attacks all aerial parts of the plant 14.61 8.40 

Larvae also attack stem, young shoots, flowers, apical buds and fruits 16.20 5.70 

Heavy infestation leads to leaf defoliation and death of the plant 6.84 10.94 
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3.1.3 Management practices of Tomato infesting T. absoluta 

To establish the knowledge and practice of farmers, the households were asked several questions 

on non-pesticide components they knew and were using. The results are presented in Table 3. A 

higher percentage of tomato farmers in Uganda (91%) were more aware of the non-pesticide 

control practices of T. Absoluta compared to tomato farmers in Kenya (76%). In both countries, 

the majority of the farmers were aware of the cultural control practices, these include; crop 

rotation with a non-host crop, Kenya 76%, Uganda 91%, planting resistant/tolerant varieties 33% 

Kenya, 86% Uganda, soil tillage Kenya 25%, and Uganda 83%, pick and destroy the infected 

plants or plant parts Kenya 18%, Uganda 89%. This practice was reported as the most commonly 

known and can be attributed to its low level of technicality and its ability to reduce the 

infestation levels (Peshin & Dhawan, 2009) compared to the knowledge of biological control. 

Similar results were observed in a study done by (Piñero & Keay, 2018) where cultural practices 

were known by the majority of farmers while biological control was the least known. The use of 

parasitosis/natural enemies recorded the least awareness. The knowledge on pheromone traps for 

scouting, monitoring, and mass trapping and sticky traps were fairly known to both farmers in 

Kenya and Uganda.  

From the farmers who were aware of non-pesticides, their use and practice of this 

strategy was measured. A larger portion of the sample in both counties were found to use crop 

rotation with a non-host crop, while the least was found to use biological control using 

parasitosis/natural enemies. These results were in agreement with their level of knowledge. 

Cultural methods such as; soil tillage, planting resistant/tolerant varieties, picking and destroying 

infected plants or plant parts, grow tomato under insect net or net house, selecting healthy seeds 

or sanitizing seed treatment, orchard sanitation (collecting fallen infested fruits and disposing 
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away from the farm), adjusting planting/harvesting dates to reduce pest damage and adjusting 

irrigation timing/amount to reduce pest damage, were found to be the most commonly used type 

of non-pesticides. This can be attributed to the low costs and low level of technicality required 

compared to monitoring and mass trapping (Use Pheromones traps for scouting, monitoring, and 

mass trapping, hanging sticky traps, and using water traps)  and biological control (Apply 

Biopesticides and Biological control using parasitosis/natural enemies), hence its low diffusion 

and use (Allahyari, 2017).  

Table 3: Farmers’ awareness and use of non-pesticide practices for management of T. absoluta 

  
Kenya 

 

Uganda 

 

Non-Pesticide practice for suppressing T.  absoluta 
Aware 

(%) 

Use 

(%) 

Aware 

(%) 

Use 

(%) 

Planting resistant/tolerant varieties   33 18 86 69 

 Selecting healthy seeds or sanitizing seed treatment   21 14 61 46 

Soil tillage  25 25 83 75 

Crop rotation with non-host crop 76 72 91 87 

Adjust planting/harvesting dates to reduce pest damage 10 7 41 31 

Adjust irrigation timing/amount to reduce pest damage 5 5 30 22 

Grow tomato under insect net or net house  10 10 77 57 

Pick and destroy the infected plant or plant parts 18 14 89 80 

Orchard sanitation  12 7 59 48 

Use Pheromones traps for scouting, monitoring and mass 

trapping 
41 10 12 2 

Hang sticky traps  29 4 14 3 

Apply Bio pesticides  28 3 53 16 

Biological control using parasitosis/natural enemies  5 1 6 1 

Using a barrier crop  4 2 18 8 

Using water traps  9 4 9 4 

 

3.1.4 Farmer’s response to knowledge, perception, and practices towards tomato infesting T. 

absoluta 

The head and the spouse were given a series of knowledge and perception statements to test their 

attitude of T. absoluta. A higher percentage of farmers in both Kenya and Uganda had a positive 
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attitude on the perception and knowledge statements. In both countries, the head and the spouse 

agreed that T. absoluta was a threat to tomato production and its effects affected the market 

value of tomatoes. They also all agreed that T. absoluta laid its eggs on all parts of the plant 

especially the leaves. A higher percentage of the respondents believed that pesticides had an 

immediate effect on all insects that is, Kenya had 96% heads and 93% spouses with Uganda 

having 75% heads and 63% spouses. A lower percentage of the respondents agreed that mixing 

different pesticides make them more effective. the results show that 69%and 47% of Kenyan 

head and spousal respondents respectively and Uganda’s 53% of the household heads and 35% 

of the spouses  reported that the use of chemical pesticide alone can effectively control T. 

absoluta, Kenya’s 48% of the head and 55% of the spouses and Uganda’s 43% head and 33% 

spouse report a lower percentage agreed on reporting T. absoluta infestation to government 

agricultural extension officers and the effectiveness of the extension officers in offering adequate 

advice on the management of T. absoluta. Most farmers believed that non-pesticide (IPM) are a 

better alternative to synthetic chemicals since they were concerned about the short-term and 

long-term health effects on animals as well as on the environment. 

Table 4: Farmers’ attitude on Tomato infesting T. absoluta 

  Kenya Uganda 

Perception/ Attitude Statements (1=Agree 0=Otherwise) 
Head 

(%) 

Spouse 

(%) 

Head 

(%) 

Spouse 

(%) 

T. absoluta species are a threat to the horticulture industry 100 100 97 89 

T. absoluta reduces the tomato quality 100 100 99 91 

T. absoluta results in a high loss of market value 100 100 97 86 

T. absoluta is a trade quarantine problem 83 80 27 17 

T. absoluta eggs are laid on all plant parts of tomato with a preference for leaves 77 83 77 51 

I prefer using pesticides that kill all insects immediately 96 93 75 63 

I am concerned about the short-term human health effects of using pesticides 

e.g. headache 
88 93 78 73 

I am concerned about the long-term human health effects of using pesticides 86 90 72 71 
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such as cancer 

Synthetic chemicals present a major risk to aquatic animals, birds, mammals, 

and useful insects like bees. 
77 87 72 61 

Synthetic chemicals present a major risk to the surface and groundwater. 78 87 66 58 

Mixing different pesticides can make them more effective 69 47 53 38 

The spread of T. absoluta can be prevented 61 73 88 72 

Non-pesticide (IPM) are better alternative to synthetic chemicals 60 67 61 49 

Chemical pesticide alone can effectively control T. absoluta 48 43 55 33 

Adult T. absoluta do not feed on fruits 33 37 14 44 

Report T. absoluta infestation to gov. agric. extension officers 32 30 37 43 

Extension officers offer adequate advice on the management of T. absoluta 24 33 27 25 

 

3.1.5 Potential adoption of Tuta absoluta IPM  

Table 4 shows the potential T. absoluta IPM adoption patterns among tomato farmers in Kenya 

and Uganda based on the willingness to pay responses on year and how soon they were willing 

to use the IPM strategy. In the non-adopter classification, we had 5% in Kenya and 33% in 

Uganda. The adopter category had 95% in Kenya which is higher than 66% in Uganda. 

Compairing the two countries a larger number of farmers in Kenya were willing to adopt the 

IPM strategy compared to Uganda. 

Table 5: Potential adoption patterns of Tomato leaf miner IPM by tomato farmers in Kenya and 

Uganda 

  Kenya   Uganda   

  N       % N % 

Non adopters 16      5 116 33 

Adopters 300      95 229 66 

Total 316      100 345 100 
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3.1.6 Selected socio-economic characteristics that influence KAP and IPM adoption 

Selected socio-economic characteristics of the sampled households were presented in Table 7. A 

t-test was carried out to determine the significance of the independent variables in relation to the 

model. Some variables were significantly different between the two potential tomato IPM 

adoption groups while others were not. Regarding the household characteristics, in the two 

countries sex, was found to be significantly different among the two categories showing a higher 

percentage were willing to adopt the IPM strategy, this differs from existing literature which 

shows that there is no significant difference between the rate of adoption and the sex of the 

household head (Gebre et al., 2019). Whereas age, education, household size, and the experience 

was found not to be significantly different. In Uganda, access to off-farm income was found to 

be significantly different in the two adoption groups. This can be attributed to the fact that 

households with access to increased income have more disposable income for adoption 

compared to households without (Blase, 1960; Mozzato et al., 2018). Access to infrastructure 

and institutional information, in both countries, training and distance to the nearest source of 

inputs was found to be significantly different between the two adoption groups. In Kenya 

distance to the nearest government extension officer was also found to be significantly different 

between the two adoption groups. This difference can be attributed to the easier access to 

information, the farmers who lived far from these infrastructures were more likely to be non-

adopters compared to those with close proximity (Kumar et al., 2020). The same case applies to 

those who attended the training. Knowledge attitude and practice levels, the attitude level in both 

countries and the knowledge level in Uganda, was found not to be significantly different between 

the two groups. In Kenya attitude level was found to be significantly different in the two 

adoption groups and this is in agreement with existing literature (Aryal et al., 2009; Etriya et al., 
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2018; Hudson & Hite, 2003) socio-capital and network, group participation and the number of 

people that can be relied during critical times was found not to be significantly different in both 

countries. Finally, in the location dummies, the counties were found not to be significantly 

different in Kenya while in Uganda the two districts were found to be significantly different. 
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 Table 6: Selected farm and farmer characteristics of tomato farmers in Kenya and Uganda 

 Kenya Uganda 

 Non adopters 

 

Adopters 

 

 Non adopters 

 

Adopters 

 

 

 Mean Standard 

Deviation 

Mean Standard 

deviation 

t-tests Mean Standard 

Deviation 

Mean Standard 

deviation 

t-tests 

Household characteristics           

Sex 43.438 11.501 43.840 11.487 0.892 42.914 12.283 42.621 12.048 0.833 

Age 0.875 O.342 0.927 0.261 0.040** 0.750 0.435 0.860 0.384 0.011** 

Education 9.313 2.892 8.680 3.477 0.476 7.226 3.869 7.181 3.385 0.911 

Household size (adult equivalent) 2.244 0.931 2.346 0.764 0.607 2.772 0.918 2.905 1.022 0.238 

Experience 12.250 8.466 12.633 8.066 0.854 10.543 8.624 10.934 9.653 0.713 

Household resources           

Proportion of income from tomatoes 44.563 25.187 48.393 24.491    0.543 39.509 18.686 37.544 21.275 0.402 

Total Farm size 2.789 2.991 4.096 5.651 0.360 3.445 5.201 3.349 5.622 0.878 

Livestock owned in Tropical Livestock 

Units (TLU) 

1.818 1.791 3.617 3.228 0.569 1.062 1.131 1.174 1.136 0.510 

Credit constraint 0.250 0.447 0.363 0.482 0.947 0.466 0.501 0.491 0.501 0.625 

Have access to off-farm income 0.125 0.342 0.280 0.450 -0.176 0.707 0.457 0.576 0.495 0.018** 

Access to market and institutional 

information 

          

Distance to inputs 23.750 18.013 45.480 44.497 0.053* 115.069 74.558 68.825 64.469 0.000*** 

Distance to the nearest trading Centre 22.750 16.340 37.977 39.824 0.129 18.089 16.559 24.625 21.640 0.245 

Distance  to the nearest agricultural office 172.938 139.614 92.647 87.815 0.000*** 87.655 94.527 84.947 66.664 0.758 

Attended training 0.188 0.403 0.457 0.499 0.035** 0.220 0.416 0.392 0.489 0.001*** 

Knowledge attitude and practices           

Knowledge  level 0.250 0.447 0.407 0.492 0.214 0.371 0.485 0.572 0.496 0.000*** 

Attitude level 0.250 0.447 0.687 0.465 0.000*** 0.578 0.496 0.677 0.469 0.069** 

Practice level 0.250 0.447 0.453 0.499 0.111 0.603 0.491 0.511 0.501 0.104 

Social capital and networks           

Tomato group membership (1 = Yes, 0 = 

No) 

0.000 0.000 0.020 0.140 0.569 0.009 0.093 0.022 0.147 0.374 

Number of people that can be relied on in 5.188 5.540 5.370 7.993 0.928 3.784 2.657 3.930 2.697 0.634 
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critical needs (number) 

Confidence in extension officers 0.188 0.403 0.270 0.445 0.468 0.310 0.465 0.246 0.431 0.200 

Location Dummies           

Kirinyaga and Kajiado County 0.939 0.241 0.959 0.200 0.425      

Mbale and Masaka districts      1.362 0.483 1.539 0.500 0.001*** 

Note: Source: Household survey; * p < 0.1; ** p < 0.05; *** p < 0.01. 



21 

 

3.2 Empirical results  

3.2.1 Factors affecting potential demand for T. absoluta IPM 

Explanatory variables described in section 2.2.2 were used to evaluate the factor affecting 

potential demand for T. absoluta. Table 9 below shows the results for Kenya and Uganda. In 

Kenya, the main factors influencing the potential demand were distance to inputs, training, 

knowledge, and practice levels while in Uganda the factors affecting potential demand include, 

sex, distance to the nearest government extension agricultural office, and attitude score. Sex had 

a positive relationship with the potential demand in Uganda, meaning the males were more likely 

to be early adopters compared to the females. This is because men are usually involved with the 

decision-making while women are mostly involved in domestic activities. Distance to inputs and 

attended training had a positive relation with adoption. The probability of being an adopter was 

closely related to distance. The individuals who were further from the source of inputs were less 

likely to be adopters compared to individuals in close proximity (Muriithi et al., 2020). Long 

distances lead to increased costs through transaction costs to farmers. Farmers who attended the 

training were more likely to be early adopters compared to farmers who never attended the 

training. Knowledge level contrary to our expectations was found to have a negative relation 

with potential demand. This is probably because knowledgeable on the symptoms, occurrence 

and non-pesticides individuals were more cautious of the effectiveness of the IPM strategy 

before they adopt it. The practice level was positively correlated with the potential demand, 

meaning that, the individuals who had good practices (were currently using some elements of the 

IPM) were more likely to be early adopters compared to the farmers who had bad practices.  

In Uganda, distance to the nearest government agricultural extension office was found to be 

negatively related to the potential demand, this differs from the expected results. The individuals 
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who were located further from the agricultural extension offices were more likely to be adopters 

compared to those located close by. This is contrary to the expected results (Martey et al., 2013). 

The attitude score had a positive relation with the potential adoption. The farmers having a good 

attitude were more likely to be adopters compared to the individuals who had a bad attitude.  

Table 7: Binary logit analysis of potential demand of IPM strategy in Kenya and Uganda. 

  Kenya Uganda 

  Coefficients 
Standard 

error 

Marginal 

effects  
Coefficients 

Standard 

error 

Marginal 

effects 

Household characteristics             

Sex 0.000    0.021 0.000 0.001 0.008 0.000 

Age 1.058    0.447 0.022 0.246* 0.209 0.079 

Education -0.100 0.062 -0.001 -0.034 0.025 -0.012 

Household size (adult equivalent) 0.005 0.282 0.000 0.085 0.090 0.028 

Experience 0.001 0.027 0.000 -0.002 0.009 0.000 

Household resources             

Proportion of income from tomatoes 0.002 0.008 0.000 -0.002 0.004 -0.002 

Total Farm size 0.105 0.079 0.001 0.007 0.023 0.000 

Livestock owned in Tropical 

Livestock Units (TLU) 
-0.003 0.012 0.000 -0.009 0.053 -0.002 

Credit constraint -0.098 0.374 -0.001 -0.030 0.169 0.000 

Have access to off-farm income 0.677 0.53 0.004 -0.246 0.174 -0.090 

Access to market and institutional 

information 
            

Distance to inputs 0.014** 0.014 0.000 -0.004 0.001 -0.002 

Distance  to the nearest agricultural 

extension office 
-0.004 0.002 0.000 -0.001** 0.001 0.000 

Attended training 0.329** 0.387 0.002 0.498 0.183 0.158 

Knowledge attitude and practices             

Knowledge  level -0.316** 0.612 -0.003 0.626 0.193 0.190 

Attitude level 1.158 0.421 0.014 0.144** 0.176 0.038 

Practice level 1.059** 0.631 0.007 -0.509 0.187 -0.153 

Social capital and networks             

Number of people that can be relied 

on in critical needs  
-0.01 0.018 0.000 0.008 0.007 0.003 

Confidence in extension officers 0.165 0.42 0.001 -0.225 0.190 -0.192 

Location Dummies             

Kirinyaga and Kajiado County 0.153 0.411         

Mbale and Masaka districts       0.243 0.208 0.343 
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Constant -0.427 1.49   0.249 0.665   

Number of observations 316     343     

LR chi2(40) 44.52     71.310     

Pseudo R2 0.3516     0.163     

Log pseudo likelihood -41.055981     -183.801     

Note: Source: Household survey; * p < 0.1; ** p < 0.05; *** p < 0.01. 

3.2.2 Factors affecting KAP towards Tomato leaf miner (T. absoluta) management  

In regards to KAP scores, 40% of the respondents in Kenya and 50% in Uganda were above the 

mean on the knowledge score hence high knowledge. Similarly 67% of the respondents in Kenya 

and 64% in Uganda had an attitude score above the mean having a good perception and 44% of 

the respondents in Kenya and 54% in Uganda had a non-pesticide practice score above the mean 

therefore, having good practices. In the binary regression between the individual KAP variables 

and the selected socioeconomic characteristic of the respondents, regarding the knowledge level. 

The results show that in Kenya the male farmers had a positive correlation to good knowledge 

level compared to the female farmers. This can be explained by a study done by (Atreya, 2007) 

which showed that pest management decisions are male-dominated. In both countries education 

was found to be significant. In Uganda the level of education was directly related to the level of 

knowledge compared to Kenya where it was found to be negative, individuals with higher years 

in education were found to have lower knowledge of T. absoluta. Harapan et al., (2018) supports 

the results in Uganda where he found the odds of having good knowledge was correlated with 

the level of education. In Kenya, distance to the nearest trading centre and to the nearest 

government agricultural office were found to be negatively correlated with the knowledge score. 

In Uganda distance to inputs was negatively correlated to the knowledge level while training was 

positively related to the knowledge score. Training leads to improved knowledge (Eghbali-
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Babadi et al., 2018). Location dummies in both countries was found to be negatively related with 

the knowledge score.  

In reference to the attitude level, sex and training was found to be positively related. Distance to 

the nearest government office was found to be negatively related. Knowledge level was also 

found to be positively related to the attitude score. In Uganda, age was found to be negatively 

related while experience was found to be positively related. Location dummy was found to be 

negatively related to the attitude level. 

Regarding the practice level, in Kenya, knowledge level was found to be positively related to the 

practice score, this is because, individuals will practice what they have more knowledge on 

(Alobuia et al., 2015).   In Uganda distance to the nearest trading centre and training was found 

to be negatively related to the practice level.  
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Table 8: Binary probit model showing the relationship between knowledge attitude and practices on socioeconomic characteristics 

  Knowledge level  

  

Attitude level 

  

  

Practices level 

  

  

  
Kenya 

  

Uganda 

  

Kenya 

  

Uganda 

  

Kenya 

  

Uganda 

  

  Coef. SE Coef. SE Coef. SE Coef. SE Coef. SE Coef. SE 

Household characteristics                         

    Age 0.010 0.013 0.003 0.011 -0.001   0.0140 -0.006 0.012      0.012 0.021 -0.011 0.012 

Sex 0.355 0.376 0.617 0.325 1.614*** 0.379 0.504 0.325 0.948   0.651 -0.156 0.338 

Education -0.024* 0.040 0.108** 0.037 0.043 0.042 0.105** 0.039 0.043 0.061 0.013 0.040 

Household size (adult equivalent) -0.036 0.185 0.168 0.136 -0.033 0.190 0.182 0.143 -0.072 0.284 -0.111 0.147 

Experience -0.014 0.018 0.018 0.014 0.024 0.020 0.034* 0.015 0.024 0.028 -0.004 0.015 

Household resources                   

Proportion of income from tomatoes -0.008 0.005 0.001 0.006 -0.009 0.006 -0.003 0.006 0.008 0.009 0.006 0.007 

Total Farm size -0.023 0.026 0.027 0.035 -0.007 0.027 -0.010 0.027 0.004 0.040 0.024 0.031 

Livestock owned in Tropical Livestock 

Units (TLU) -0.002 0.004 -0.100 0.076 0.001 0.005 
0.024 0.079 

-0.003 0.007 
0.061 

0.092 

Credit constraint             -0.135 0.428 0.172 0.270 

Access to market and institutional 

information 
                

Distance to inputs 0.005 0.004 -0.004* 0.002 0.006 0.004 0.002 0.002 0.004 0.005 0.003 0.002 

Distance to the nearest trading Centre -0.020*** 0.006    0.003 0.004 -0.006 0.004 -0.005 0.004 -0.005 0.007 -0.011* 0.005 

Distance  to the nearest agricultural office -0.004* 0.002    0.001 0.002 -0.003* 0.002 -0.001 0.002 0.000 0.002 0.003 0.002 

Attended training -0.381 0.264 0.565* 0.261 0.785** 0.286 0.198 0.281 -0.247 0.412 -0.585* 0.286 

Knowledge attitude and practices                 

Knowledge  score         0.585* 0.289 0.488 0.264 4.788*** 0.488 2.069*** 0.290 

Attitude score             0.236 0.437 -0.339 0.290 

Practice score                 

Social capital and networks                 

Tomato group membership (1 =Yes, 0=No) 1.005 0.945 0.828 0.977 -1.222 0.959 1.456 1.223 -0.388 1.340 0.931 1.145 

    Confidence in extension officers -0.345 0.299 0.161 0.282 0.208 0.312 0.067 0.295 0.196 0.456 0.349 0.301 

Location Dummies                         

    Kirinyaga and Kajiado County -0.717* 0.285 -0.226 0.311 0.040 0.453 

    Mbale and Masaka districts 0.570 0.291 1.052*** 0.315 0.066 0.343 

    Constant 1.759 0.954 -2.956** 0.990 -0.903 1.020 -2.839** 1.011 -4.358** 1.612 -0.416 1.022 

Number of observations 316                                        343 316 343 316 343 

LR chi2(40) 43.770 40.880 51.470 45.670 236.260 76.730 

Pseudo R2 0.103    0.091 0.128 0.108 0.544 0.173 

Log pseudolikelihood -190.623 -205.370 -175.861 -188.783 -98.849 -183.396 

Note: Source: Household survey; * p < 0.1; ** p < 0.05; *** p < 0.01.
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3.2.3 Marginal effects 

The marginal effect is useful in showing the effect on the covariate due to a change in the 

independent variables. The marginal effects were calculated as shown in the Table 7 above. In 

reference to the household characteristics, being male increased the probability of IPM adoption 

by 2.2% in Kenya and 7.9% in Uganda. In both countries, a one year increase in household head 

had no effect on the probability of IPM adoption. An increase in distance to inputs in Kenya had 

a zero effect on the IPM adoption while in Uganda it led to a 0.2%. Increase to the distance to the 

extension services in both countries had zero effect on the adoption of IPM. An increase in 

training in Uganda had 15.8% effect to the probability to IPM adoption while in Kenya, it had a 

0.2% effect. A 1% increase in Knowledge leads to a 0.3% increase in the probability in non-

adoption in Kenya, while in Uganda it leads to a 19% increase in IPM adoption. A 1% increase 

in perception leads to 1.4% in Kenya and 3.8% increase in Uganda in IPM adoption. In practices, 

a 1% increase causes 0.7% increase in Kenya and 15.3% in Uganda. 

3.2.4 Forecasting adoption 

Table 9: Bayesian logit analysis and conditional probability on adoption by key sensitive 

variables 

  Baseline means Bayesian analysis means Conditional probability margins 

  Kenya Uganda Kenya Uganda Kenya Uganda 

Knowledge level 0.399 0.504 0.322 1.118 0.963 0.786 

Attitude level 0.665 0.643 1.734 0.907 0.976 0.690 

Practice level 0.443 0.542 1.164 0.249 0.979 0.639 

Training 0.443 0.322 1.267 0.703 0.984 0.774 
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As shown in Table 9 above, based on a default prior normal (0, 10000), generally, the means 

from the bayesian analysis are slightly higher compared to the baseline means. Using a 95% 

confidence interval, the mean probability of a farmer´s knowledge, attitude, practice, and training 

likely to influence demand is 0.322, 1.734, 1.164, and 1.267 respectively in Kenya. While in 

Uganda, the mean probability is 1.118, 0.907, 0.249, and 0.703 for knowledge, attitude, practice, 

and training respectively. Showing that the selected variables have a higher probability on 

improving the adoption decision of the farmer, from being a non-adopter to an adopter. 

Forecasting was done by comparing the means of the existing scenario to that of a hypothetical 

one. Through the ongoing tomato IPM promotion and dissemination efforts, we hypothesized the 

following; the knowledge level of the farmers was to increase to 100%, attitude level to increase 

to 80% practice level to increase to 90%, and finally, training was hypothesized to increase to 

100%. 

As shown in Table 9 above, in the short run, as a result of these hypothesized values, knowledge 

in Kenya is going to increase the probability of demand by 96% and Uganda by 79%. Similarly 

increase in the perception level, practice level, and training will lead to a significant increase in 

adoption probability. As seen previously in Table 8, the level of these selected variables to 

farmers in the two countries have an impact on the potential adoption. As seen in a study done by  

(Clausen et al., 2017)  which showed that increased diffusion of knowledge on IPM in Uganda 

contributed to reduced use of pesticides. This is supported by a study done by (Gautam et al., 

2017) which showed that training of vegetable farmers in Bangladesh led to proper use of 

synthetic pesticides and improved IPM adoption resulting in higher yields and gross margin. 

4. Conclusion and policy implications 



28 

 

This study was aimed at estimating the potential adoption of the IPM strategy by the tomato 

farmers for the control and suppression of T. absoluta using time as the basis of adoption. We 

classified farmers as non-adopters and adopters based on the willingness to adopt and the 

quickness of using it. Results from both descriptive and empirical analysis show there is a 

significant difference in the two groups (adopters and non-adopters).  

Results indicated that the major tomato pest in both countries was T.Absoluta. The main method 

to control this pest was the use of synthetic pesticides with the majority of respondents in both 

countries were not aware of the negative effects of the synthetic pesticides and a smaller 

percentage were not aware of the IPM strategy. The major factor affecting the farmers potential 

adoption was sex, distance to inputs, distance to the nearest agricultural extension office, 

training, knowledge level, attitude level, and practice level. The study showed at least a 65% 

probability of adopting the IPM strategy in both countries. 

Forecasting adoption results contributed significantly to the IPM programs on the T. absoluta 

programs. To improve adoption in the short run, it is important to direct our attention on 

improving the KAP since they are important drivers in farmer adoption decisions. This can be 

done by creating awareness, increasing dissemination programs and training.  
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Appendix 

Table 9: Knowledge, attitude and practice statements 

Knowledge Statements 

 

 Symptoms of Tomato leaf miner (Tuta absoluta) 

 

1. Create mines/galleries 

2. Young larvae penetrate the leaves for feeding and development 

3. female oviposit on all plant parts of tomatoes with a preference for leaves 

4. The pest attacks all aerial parts of the plant 
5. Larvae also attacks stem, young shoots, flowers, apical buds and fruits 

6. Heavy infestation leads to leaf defoliation and death of the plant 

7. Mining damage on the stem causes malformation of the plant 

Non-pesticide management practices 

 

1. Crop rotation with non-host crop 

2. Planting resistant/tolerant varieties  

3. Soil tillage 

4. Pick and destroy infected plant or plant parts 

5. Apply Bio pesticides (e.g. neem et al)   
6. Selecting healthy seeds or sanitizing seed treatment  

7. Grow tomato under insect net or net house  

8. Orchard sanitation (collecting fallen infested fruits and disposing away from the farm) 

9. Adjust planting/harvesting dates to reduce pest damage 

10. Use Pheromones traps for scouting, monitoring and mass trapping 

11. Hang sticky traps  

12. Adjust irrigation timing/amount to reduce pest damage 

13. Using a barrier crop  

14. Using water traps  

15. Others non-pesticide control methods (specify) 

16. Biological control using parasitosis/natural enemies  

Practices (for non-pesticide  

Tuta management practices) 
Non-pesticide management practices 

 

1. Crop rotation with non-host crop 
2. Planting resistant/tolerant varieties  

3. Soil tillage 

4. Pick and destroy infected plant or plant parts 

5. Apply Bio pesticides (e.g. neem et al)   

6. Selecting healthy seeds or sanitizing seed treatment  

7. Grow tomato under insect net or net house  

8. Orchard sanitation (collecting fallen infested fruits and disposing away from the farm) 

9. Adjust planting/harvesting dates to reduce pest damage 

10. Use Pheromones traps for scouting, monitoring and mass trapping 

11. Hang sticky traps  

12. Adjust irrigation timing/amount to reduce pest damage 

13. Using a barrier crop  

14. Using water traps  

15. Others non-pesticide control methods (specify) 

16. Biological control using parasitosis/natural enemies  

Perception Perception Statements 

 

1. T. absoluta species are a threat to horticulture industry  

2. T. absoluta reduces the tomato quality   

3. T. absoluta results to high loss of market value  

4. T. absoluta are a trade quarantine problem 

5. T. absoluta eggs are laid on all plant parts of tomato with a preference for leaves 

6. I prefer using pesticides that kill all insects immediately  

7. I am concerned of the short-term human health effects of using pesticides e.g headache 
8. I am concerned of the long-term human health effects of using pesticides such as cancer  

9. Synthetic chemicals present a major risk to the aquatic animals, birds, mammals and useful insects like bees.    

10. Synthetic chemicals present a major risk to the surface and ground water.  

11. Mixing different pesticides can make them more effective  

12. Spread of T. absoluta can be prevented 

13. Non-pesticide (IPM) are better alternative to synthetic chemicals  

14. Chemical pesticide alone can effectively control T. absoluta 

15. Adult T. absoluta do not feed on fruits  



38 

 

16. Report T. absoluta infestation to gov. agric. extension officers 

17. Extension officers offers adequate advice on management of T. absoluta 

 

Table 10: Correlation of Socioeconomic factors on Knowledge attitude and practices 

Kenya 

Knowledge 

score 

Attitude 

Score 

Practice 

Score 

knowledge score 1     

Attitude Score 0.0721 1   

Practice Score 0.7066 0.0646 1 

Uganda       

knowledge score 1     

Attitude Score 0.1908 1   

Practice Score 0.6371 0.1131 1 

 

Table: Correlation of Knowledge attitude and Practice levels  

Table 12: Heteroscedasticity of the socio economic factors on Knowledge attitude practice and potential 

demand 

  Kenya   Uganda   

  
chi2(1) Prob > chi2 chi2(1) Prob > chi2 

Knowledge 4.58 0.0323 0.08 0.7727 

Attitude 14.23 0.0002 6.56 0.0104 

Practices 5.73 0.0167 4.38 0.0365 

Potential Demand 126.81 0 15.03 0.001 

 

Table 13: Multicollinearity of the socioeconomic factors affecting KAP and Potential Demand 

  Kenya   Uganda   

  VIF 1/VIF  VIF 1/VIF 

Sex 1.200 0.834 1.090 0.921 

Age 1.600 0.625 1.380 0.726 

Education 1.200 0.830 1.250 0.797 

Household size (adult equivalent) 1.340 0.744 1.310 0.764 

Experience 1.500 0.665 1.210 0.826 

Proportion of income from tomatoes 1.220 0.819 1.120 0.891 

Total Farm size 1.210 0.828 1.080 0.922 

Livestock owned in Tropical Livestock Units (TLU) 1.190 0.839 1.150 0.871 

Credit constraint 1.130 0.886 1.130 0.884 
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Have access to off-farm income 1.100 0.909 1.120 0.893 

Distance to inputs 1.530 0.655 1.190 0.838 

Distance to the nearest trading Centre 1.520 0.659 1.110 0.897 

Distance  to the nearest agricultural office 1.240 0.808 1.280 0.781 

Attended training 1.160 0.861 1.120 0.889 

Knowledge  level 2.980 0.335 1.420 0.702 

Attitude level 1.200 0.831 1.170 0.854 

Practice level 2.830 0.353 1.290 0.777 

Tomato group membership (1 = Yes, 0 = No) 1.130 0.886 1.120 0.896 

Number of people that can be relied on in critical 

needs (number) 1.140 0.878 1.080 0.926 

Confidence in extension officers 1.120 0.893 1.100 0.908 

Kirinyaga and Kajiado County 1.390 0.722     

Mbale and Masaka districts     1.800 0.555 

Mean VIF 1.430   1.220   
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