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a b s t r a c t 

Tomato is among the promising commodities in horticultural production in Kenya. Over 

the years, tomato production in Kenya has intensified. Yields, however, continue to remain 

low due to a myriad of constraints. This paper describes production practices and identifies 

challenges and opportunities for increased tomato productivity in smallholder production 

in Kenya. The study uses plant health clinics as primary providers of data. Association be- 

tween variables is tested using multinomial logistic regression, and Goodness-of-fit test 

used to examine how well the model fits the data. In addition, ANOVA and Student’s t -test 

were used to compare group means. Smallholder tomato production in Kenya is charac- 

terised by a decline in the area under tomato cultivation. Furthermore, production is dom- 

inated by male farmers while participation by youth is minimal. Coupled with these, a 

diverse range of biotic constraints impede tomato production, and for their management, 

use of conventional synthetic pesticides is the preferred practice by farmers. The findings 

of this study underscore the need to increase women and youth participation in tomato 

production. In addition, there is a need to explore initiatives that enable farmers to access 

available technologies such as improved seed. For the management of biotic constraints, 

smallholder farmers should be encouraged to consider alternatives other than an overre- 

liance in the use of synthetic pesticides. 

© 2018 The Authors. Published by Elsevier B.V. on behalf of African Institute of 

Mathematical Sciences / Next Einstein Initiative. 

This is an open access article under the CC BY license. 

( http://creativecommons.org/licenses/by/4.0/ ) 

 

 

Introduction 

Agriculture is central to Kenya’s economy accounting for 24 percent of the country’s gross domestic product (GDP). In

addition, it is estimated that 75% of the population, either directly or indirectly, depend on the sector [29] . In particular,
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Table 1 

Agro-ecological zones in the study area. 

Agro-ecological zone Average altitude in m Annual average mean 

temperature in °C 
Annual average rainfall 

in mm 

No. of locations 

Upper Highland Zones (humid) – UH1 2,250 – 2,755 14.9 – 11.7 1,245 – 1,788 2 

Upper Highland Zones (sub-humid) – UH2 2,290 – 2,670 14.9 – 12.9 1,413 – 1,904 2 

Lower Highland Zones (humid) – LH1 1,904 – 2,226 17.2 – 15.1 1,364 – 1,669 4 

Lower Highland Zones (sub-humid) – LH2 1,908 – 2,256 17.5 – 15.2 1,082 – 1,329 13 

Lower Highland Zones (semi-humid) – LH3 1,942 – 2,196 17.1 – 15.4 885 – 1,105 17 

Lower Highland Zones (transitional) – LH4 1,783 – 1,977 17.8 – 16.6 823 - 953 4 

Lower Highland Zones (semi-arid) – LH5 1,980 – 2,040 16.2 – 15.7 650 - 850 3 

Upper Midland Zones (humid) – UM1 1,578 – 1,802 19.3 – 18.0 1,355 – 1,675 3 

Upper Midland Zones (sub-humid) – UM2 1,523 – 1,755 19.7 – 18.3 1,140 – 1,410 4 

Upper Midland Zones (semi-humid) – UM3 1,425 – 1,675 20.2 – 18.7 990 – 833 26 

Upper Midland Zones (transitional) – UM4 1,477 – 1,704 20.0 – 18.7 983 – 1,173 11 

Upper Midland Zones (semi-arid) – UM5 1,446 – 1,677 20.3 – 18.7 608 – 760 1 

Upper Midland Zones (arid) – UM6 1,500 – 1,770 19.9 – 17.7 500 – 650 2 

Lower Midland Zones (sub-humid) – LM2 1,337 – 1,457 21.4 – 20.7 1,419 – 1,594 3 

Lower Midland (semi-humid) – LM3 1,158 – 1,312 22.1 – 21.1 970 – 1,158 8 

Lower Midland Zones (transitional) – LM4 1,114 – 1,297 22.3 – 21.2 786 – 904 11 

Lower Midland Zones (semi-arid) – LM5 939 – 1,238 23.4 – 21.7 692 – 803 5 

Lower Midland Zones (arid) – LM6 1,200 – 1,300 21.5 – 20.9 400 - 500 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the horticulture sub-sector of agriculture has grown to be a vital source of income for smallholder farmers, government

revenue, and foreign exchange earnings. Furthermore, the sub-sector contributes immensely to food security, as well as

being a crucial source of raw materials for the manufacturing sector [15] . Smallholder production accounts for 80 percent of

all growers and produces 60 percent of horticultural exports [18] . The main horticultural crops produced include vegetables,

fruits, herbs, root crops (Irish and sweet potatoes), spices and cut flowers [23] . 

Tomato ( Lycopersicon esculentum L), a popular and extensively cultivated vegetable, is among the promising commodities

in horticultural production in Kenya. The crop is eaten by nearly all of the households as a source of vitamins A and C and

lycopene [3] . In terms of production, Kenya is amongst the leaders in sub-Saharan Africa producing 410,033 tonnes of the

produce [9] . Additionally, the crop constitutes 7% of the total horticultural produce in Kenya and 14% of the entire vegetable

produce [13] . 

Over the years, tomato production in Kenya has intensified [9] . Yields, however, have remained low due to a myriad of

impediments, key among them being abiotic (high temperature, erratic rainfall, poor soils, etc.) and biotic factors. Biotic

factors of notable economic value in tomato production in Kenya comprise arthropod pests, fungal, bacterial and viral dis-

eases [2,34,36] . For the management of biotic constraints, overreliance and indiscriminate use of chemical products among

smallholder farmers has been reported [3] . This dependency on pesticides potentially poses a health hazard to growers and

consumers besides associated environmental effects [3] . Another constraint leading to low tomato yields is the failure of

smallholder farmers to take advantage of available technologies such as use of improved seeds [13] . The use of improved

seeds could potentially aid farmers attain the utmost achievable yield level [3] . In appreciation of this, effort s have gone

towards improving tomato production by means of developing improved varieties that are high yielding, resistant to pests

amongst other qualities. 

A missing component in studies on tomato production in Africa is characterisation of smallholder tomato producing

households and determination of their technical efficiency [3] . Besides describing tomato farmers, it is necessary to inves-

tigate the causes of technical efficiency and productivity among them. Knowing this will highlight the extent to which

inputs such as improved varieties and other factors account for disparities in yield. This paper thus seeks to charac-

terise tomato producing households in Kenya by (1) describing demographic characteristics of sampled farmers, (2) in-

vestigating production practices and (3) identifying challenges and opportunities for increased productivity on smallholder

production. 

Materials and methods 

Study area 

This paper aggregates results from 121 locations over a four-year period (June 2013 to May 2017). The range of these

locations represented 18 different production potentials (Agro-ecological zones) ( Table 1 ) and fell within 14 counties of

Kenya: Nyeri, Kirinyaga, Embu, Tharaka Nithi, Machakos, Kiambu, Nakuru, Trans Nzoia, Bungoma, Elgeyo Marakwet, Kajiado,

Siaya, Narok and West Pokot. In relation to their prominence, the 14 counties account for only 11 percent of total land

in Kenya, but for 23 percent of arable land. In addition, the 14 counties are the major tomato growing areas in Kenya

( Table 2 ). 
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Table 2 

Production of tomato in Kenyan counties from 2012 to 2014. 

County 2012 2013 2014 

Area (Ha) Volume (MT) Value (Million KES) Area (Ha) Volume (MT) Value (Million KES) Area (Ha) Volume (MT) Value (Million KES) 

Kirinyaga 1,903 59,464 1,159 1,796 30,774 750 1,648 48,560 1,156 

Kajiado 1,603 35,937 921 1,668 50,884 962 1,680 47,368 1,624 

Bungoma 1,344 39,232 1,221 1,474 41,568 1,228 1,700 50,399 1,611 

Kisumu 822 12,219 347 1,537 14,307 4 4 4 1,477 16,720 328 

Kisii 876 15,590 331 951 16,985 364 937 16,664 351 

Kiambu 964 18,029 811 691 9,169 419 964 18,029 812 

Trans 

Nzoia 

480 9,270 129 623 17,395 302 628 14,848 416 

Machakos 547 10,335 222 724 11,548 323 447 6,189 356 

Nakuru 509 6,745 602 495 8,668 516 633 17,511 347 

Makueni 431 17,582 651 486 22,560 991 558 21,096 857 

Others 9,706 139,702 3,992 10,540 160,010 5,353 13,402 142,820 3,945 

Total 19,185 364,105 10,386 20,985 383,868 11,652 24,074 400,204 11,803 

Source : Horticultural Crops Directorate (HCD) validated report 2014; Mi- million, MT- metric tons, Ha- hectare. 

Table 3 

Stages in the plant clinic data management system process and actors involved. 

Data management system category Data management system step Actors involved 

Data collection 1. Recording Plant doctors 

2. Transfer Plant doctors, via data entry hubs 

3. Data entry Data clerks 

Data processing 4. Harmonization Researcher 

5. Validation Researcher. 

Data use 6. Analysis Researcher 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study overview 

From each location smallholder farmers visiting plant clinics (coordinated by Plantwise Kenya) were sampled. Plantwise

is a global programme that is led by Centre for Agriculture and Biosciences International (CABI). The programme supports

farmers to mitigate their losses on account of crop pests. By collaborating with government agricultural advisory services,

the programme promotes the establishing of networks of community-based plant clinics where farmers are able to benefit

from plant health advice. 

The community-based plant clinics operate as a demand-driven extension tool. Plant clinics operate one day in a week or

after every two weeks in locations that are convenient to smallholder farmers. At the plant clinic, a farmer brings a sample

of the affected crop. The farmer then deliberates with a knowledgeable agricultural extension agent regarding the problem.

Upon making a diagnosis, the experienced agricultural extension agent recommends, verbally and in writing, an appropriate

management strategy for the plant health problem. 

Agricultural extension agents manning plant clinics (also known as “plant doctors”), undertake four areas of capacity

building and training to enable them, among other things, collect plant health data. 

During the period under review a total 37,051 smallholder farmers visited plant clinics in 121 locations. Of these, 4,907

were tomato farmers. To avoid bias, records of repeat visits by farmers were omitted from the data that was considered in

this study, meaning ‘one farmer one record’. 

Data management system 

The process of data collection and management was divided into stages. Table 3 displays the stages and actors involved.

Data collection 

At the point of collecting data, ‘plant doctors’ utilised the Plantwise prescription form to capture information about farm-

ers’ queries. Besides recording information about the farmer and the plant clinic, the ‘plant doctors’ recorded information

about the crop, variety, symptoms and diagnosis and pest management practices. Upon completion, the filled prescription

forms were collated and transported to the national data hub in Nairobi. Data entry was achieved by means of an Excel-

based form resembling the prescription form. 

Data processing 

Harmonization of data involved cleaning of digitized data (diagnoses and crop names, plant doctor names and location

details). At data validation stage, the researcher reviewed all the 4,907 plant clinic records to check the accuracy of the

diagnoses. Validating diagnoses was done by checking that: (1) a diagnosis was recorded in the form; (2) it was specific to
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Table 4 

Demographic characteristics of farmers involved in smallholder tomato production in Kenya. 

(a) Categorical variables 

Number of farms ( n = 4,907) Percentage (excluding missing values) 

Farmer’s gender 

Male 3,297 68.8 

Female 1,493 31.2 

Missing value 117 –

Farmer’s age 

Youth 303 22.9 

Adult 971 73.3 

Senior 50 3.8 

Missing value 3,583 –

Farm location 

Rural 3,571 72.8 

Peri-urban 1,336 27.2 

(b) Continuous variable 

Mean Median Range 

Farm size (acres) 0.292 0.131 0.006 – 2.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

at least sub-group level (e.g. mites, mealybugs, thrips, etc.); (3) it was plausible (i.e. known to affect the host crop and has

previously been reported in the country); (4) key symptoms of the diagnosed pest were recorded and; (5) it was defini-

tive (symptoms were not easily confused with other causes); and (6) the picture of the sample accompanying the record

confirmed the diagnosis. 

Data analysis 

Analysis of data was executed using a statistical programme, SPSS, version 16 [33] . The analyses included assessing trends

over time, and reviewing recommendations from prescription forms. To gauge the comparative frequency of variables, cross

tabulation was employed and assessed for significance using the Pearson Chi-square test. Associations between nominal

dependent variables (seed variety, pest type and pest management intervention) and many independent variables (seed

variety – cost of seeds, growth habit of tomato plant, and tomato use; pest type – time, location and tomato variety; and

pest management intervention – time, location and causative agent) were examined using multinomial logistic regression, 

and Goodness-of-fit test used to examine how well the model fits the data. ANOVA and Student’s t -test were deployed to

compare group means. Significance was defined as a p value ≤ 0.05. 

Results 

Farm demographics 

Farm demographic data is summarised in Table 4 . The study indicated male dominance in tomato production in Kenya.

A majority of the smallholder tomato farmers were male (69%). Of the smallholder farmers who provided their age, 23%

were between the ages 20 – 35 years. On the other hand, 73% of the farmers were between 36 and 60 years while the

rest (4%) were above 60 years. The area under tomato production ranged from 0.006 acres – 2 acres with a majority of

the farmers planting tomatoes in an eighth of an acre or less ( Fig. 1 ). There were significant (p ≤ .05) differences between

areas under tomato cultivation by male farmers (0.32 acres) and those under cultivation by female farmers (0.24 acres),

t (4788) = 7.220, p < 0.001 ( Table 5 ). Also, over time, there was a statistically significant (p ≤ .05) difference in the area

under tomato cultivation as determined by one-way ANOVA (F (3, 4903) = 13.542, p < 0.001) ( Table 5 ). Further analysis

indicated that the areas under tomato cultivation significantly declined in the third and fourth years of the study ( Table 5 ).

Areas under tomato cultivation, however, was not significantly affected by the location of the farmer (rural/peri–urban) (t

(4905) = 0.983, p = 0.326) as well as the age of the farmer (youth/adult/senior) (F (2, 1321) = 1.625, p = 0.197) ( Table 5 ) 

Access to high quality seeds 

The three main tomato varieties grown in Kenya and their corresponding percentage of farmers involved in their cultiva-

tion are Rio grande (32%), Cal J (16%) and Kilele F1 (11%) ( Fig. 2 ). It is more likely that the choice of tomato variety cultivated

was influenced by the cost of the seeds, the growth habit of the tomato plant (determinate vs indeterminate), and tomato

uses (processing vs fresh market types) ( Table 6 ). Most of the smallholder farmers (64%) opted for cheaper tomato varieties

(cost less than KES 1,0 0 0). Over time, however, the numbers progressively declined. This culminated in nearly half of the

farmers, by fourth year of the study, going for varieties that were medium priced (cost KES 1,0 0 0 – 10,0 0 0). Conversely,

the number of smallholder farmers (13%) opting for expensive varieties (cost greater than KES 10,0 0 0) remained the same

throughout the duration of the study. There was an overwhelming (84%) preference for determinate varieties compared to
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Fig. 1. Area under tomato cultivation in Kenya. 

Table 5 

Descriptive statistics for farm size in smallholder tomato production in Kenya. 

n Average farm size (acre) SD Student’s t -test 

Farmer gender 

Male 3297 0.32 0.35 t(4788) = 7.220, p < 0.001 

Female 1493 0.24 0.30 

Farm location 

Rural 3571 0.29 0.34 t(4905) = 0.983, p = 0.326 

Peri-urban 1336 0.30 0.35 

Farmer age 

Youth 303 0.24 0.33 ( F (2, 1321) = 1.625, p = 0.197) 

Adult 971 0.26 0.33 

Senior 50 0.17 0.26 

Study period 

Year 1 (Jun 2013 – May 2014) 766 0.30ab 0.32 ( F (3, 4903) = 13.542, p < 0.001) 

Year 2 (Jun 2014 – May 2015) 1329 0.33a 0.36 

Year 3 (Jun 2015 – May 2016) 1439 0.30ab 0.34 

Year 4 (Jun 2016 – May 2017) 1373 0.25c 0.32 

∗Means, within a column, followed by the same letter are not significantly different from each other at p ≤ 0.05 

(Fisher’s Least Significant Difference Test). 

Fig. 2. Preferred tomato varieties by smallholder farmers in Kenya. 
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Table 6 

Summary of results of Multinomial Logistic Regression for re- 

lationship between test variables (farmers’ location and gen- 

der; cost of seeds; plant growth type; and plant use) and 

choice of tomato variety. 

Test variables Chi-Square df Sig. 

Location 7.632 12 .813 

Gender 14.106 12 .294 

Cost of Seeds 574.514 12 < 0.01 

Growth habit 70.734 12 < 0.01 

Crop uses 736.134 12 < 0.01 

Goodness-of-Fit (analysis) 219.985 372 1.0 0 0 

Table 7 

Summary of results of Multinomial Logistic Regression for re- 

lationship between test variables (study period, farmers’ loca- 

tion, tomato variety) and incidences of biotic and abiotic con- 

straints. 

Test variables Chi-Square df Sig. 

Study period 135.441 39 < .001 

Location 32.908 13 .002 

Variety 273.956 130 < .001 

Goodness-of-Fit (analysis) 948.554 1105 1.0 0 0 

Table 8 

Cross tabulation showing frequencies and percentages (represented in brackets) of various biotic and abiotic constraints among an array of varieties 

in smallholder tomato production in Kenya. 

Bacteria Fungi Insects Mites Nematodes Nutrient deficiency Viruses Water moulds Others 

Rio grande 177 (11%) 407 (26%) 523 (33%) 156 (10%) 45 (3%) 136 (9%) 61 (4%) 38 (2%) 16 (1%) 

Cal J 106 (13%) 198 (25%) 220 (27%) 86 (11%) 19 (2%) 135 (17%) 19 (2%) 7 (1%) 8 (1%) 

Kilele F1 62 (12%) 100 (19%) 213 (40%) 32 (6%) 7 (1%) 63 (12%) 19 (4%) 16 (3%) 11 (2%) 

Anna F1 55 (16%) 69 (20%) 135 (38%) 14 (4%) 12 (3%) 48 (14%) 4 (1%) 8 (2%) 7 (2%) 

Tylka F1 17 (8%) 42 (20%) 90 (43%) 13 (6%) 2 (1%) 31 (15%) 3 (1%) 1 (0%) 6 (3%) 

Eden F1 31 (20%) 26 (17%) 55 (35%) 7 (4%) 2 (1%) 27 (17%) 1 (1%) 3 (2%) 6 (4%) 

Onyx F1 17 (12%) 34 (25%) 46 (34%) 13 (9%) 2 (1%) 15 (11%) 4 (3%) 4 (3%) 3 (2%) 

Elgon 2 (2%) 17 (16%) 60 (57%) 16 (15%) 4 (4%) 3 (3%) 1 (1%) 2 (2%) 1 (1%) 

Rambo 15 (15%) 24 (25%) 31 (32%) 1 (1%) 2 (2%) 14 (14%) 5 (5%) 3 (3%) 2 (2%) 

Prostar F1 9 (14%) 15 (23%) 20 (31%) 5 (8%) 1 (2%) 11 (17%) 2 (3%) 0 (0%) 1 (2%) 

Others 95 (16%) 138 (24%) 188 (32%) 38 (7%) 6 (1%) 70 (12%) 20 (3%) 13 (2%) 18 (3%) 

Local 5 (11%) 9 (20%) 13 (28%) 5 (11%) 3 (7%) 7 (15%) 2 (4%) 1 (2%) 1 (2%) 

Unknown 28 (13%) 46 (22%) 82 (38%) 19 (9%) 4 (2%) 22 (10%) 7 (3%) 5 (2%) 0 (0%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

indeterminate varieties (16%), and this phenomenon was reflected throughout the duration of the study. A majority of the

smallholder farmers (63%) selected varieties ideal for processing while the remaining 37% cultivated fresh market tomatoes.

Tomato production constraints and intervention 

Constraints 

A diverse range of constraints impede tomato production. These include pests and abiotic factors. The major groups of

pests and abiotic factors impeding tomato production were insects (34%), fungi (23%), bacteria (13%), nutrient deficiencies

(12%), mites (8%), viruses (3%), nematodes (2%), and water moulds (2%). It is highly likely that frequencies of biotic and

abiotic constraints were influenced by time, tomato variety and location ( Table 7 ). Incidences of pests showed considerable

inter-year differences, particularly for insects, bacteria, fungi, nematodes and viruses. Over time, incidences of insect pests

increased (from 26% [2013] to 36% [2017]) while incidences of bacteria (from 12% [2013] to 11% [2017]), fungi (from 27%

[2013] to 22% [2017]), nematodes (from 3% [2013] to 1% [2017]) and viruses (from 5% [2013] to 2% [2017]) decreased. On the

other hand, incidences of mites (10%), nutrient deficiencies (12%) and water moulds (2%) marginally varied over time. Certain

tomato varieties were more susceptible to infestation by arthropod pests or diseases attack than other varieties ( Table 8 ).

For instance, while Elgon variety had the highest incidence of insect pests, it recorded the least incidence of fungal diseases.

Pests damage was variable and site-specific. There were more reported cases of bacteria and insects in peri–urban locations

(15% and 36%, respectively) than in rural locations (12% and 34%, respectively) while more cases of mites were recorded in

rural locations (9%) than in peri–urban areas (7%). 
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Table 9 

Summary of results of Multinomial Logistic Re- 

gression for relationship between test variables 

(time, farmers’ location and gender, and prob- 

lem type) and choice of pest management prac- 

tice. 

Test variables Chi-Square df Sig. 

Study period 576.373 15 < .001 

Location 23.916 5 < .001 

Gender . 5 . 

Variety . 60 . 

Problem type 1.607E3 65 < .001 

Table 10 

Cross tabulation showing frequencies and percentages (represented in brackets) in of problem type among the various 

intervention measures employed in smallholder tomato production in Kenya. 

Cultural Fertilizer application Fungicides Insecticides Local knowledge None 

Bacteria 50 (8) 0 (0) 241 (39) 6 (1) 6 (1) 316 (51) 

Fungi 11 (1) 0 (0) 743 (66) 11 (1) 0 (0) 349 (31) 

Insects 17 (1) 9 (0) 34 (2) 1073 (64) 0 (0) 570 (34) 

Mites 4 (1) 0 (0) 8 (2) 275 (68) 0 (0) 117 (29) 

Nematodes 10 (9) 2 (2) 0 (0) 0 (0) 0 (0) 97 (89) 

Nutrient deficiency 29 (5) 29 (5) 52 (9) 0 (0) 0 (0) 477 (82) 

Viruses 1 (1) 1 (1) 38 (26) 13 (9) 0 (0) 93 (63) 

Water moulds 1 (1) 1 (1) 24 (24) 1 (1) 0 (0) 74 (73) 

Birds 1 (33) 0 (0) 1 (33) 0 (0) 0 (0) 1 (33) 

Mammals 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (100) 

Phytophthora 0 (0) 0 (0) 0 (0) 1 (17) 0 (0) 5 (83) 

Weeds 2 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Others 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) 56 (95) 

Unknown 0 (0) 0 (0) 5 (22) 0 (0) 0 (0) 18 (78) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interventions 

There were varied interventions for biotic constraints. At the point of consulting the agricultural extension officer at

the plant clinic, almost half of the farmers (45%) had not initiated any intervention measures for control of pests. Although

farmers, who had attempted to control the problem prior to visiting a plant clinic, used some non-chemical control methods

and occasionally applied homemade botanical (e.g. neem extract) and non-botanical (e.g. ash) pesticides (3%), pest manage-

ment was mainly by the use of synthetic pesticides (insecticides and fungicides) (52%). The choice of intervention measure

(including the option not to act) was most likely influenced by the time, location and problem type ( Table 9 ). Over time,

the number of farmers attempting to intervene in the management of crop pests increased leading to the heightened use

of insecticides and fungicides. While only 49% of farmers failed to attempt to intervene in the management of crop pests

in 2013, by 2017, the number had reduced to 21%. Also, more farmers in rural areas (58%), relative to their counterparts

in peri–urban areas (47%), made an attempt to manage the pests prior to visiting a plant clinic. Finally, more farmers, be-

fore visiting a plant clinic, attempted to manage mite, fungal, and insect pests, than they did for the other pest categories

(e.g. nematodes) ( Table 10 ). 

Discussion 

Farm demographics 

Male dominance in tomato production could be attributed to the fact that, tomato production requires a lot of capital

investments and, in Kenya, men compared with women have higher levels of access to human and physical capital [19,27] .

In addition, production of tomato is considered a risky undertaking and women tend to be risk averse [8] . Finally, this

phenomenon could also be credited to variations in the quality of land cultivated by women and men, (including topography,

soil quality, and nearness to access points such as housing, water sources and roads) and shadow prices of inputs and credits,

leading women’s production limit to lie below men’s frontier [24] . 

Insufficient youth participation in tomato production could be the result of, among other things, scarcity of land (lack

of land access). Land remains a challenge for most young people since a considerable number of them do not have land of

their own to cultivate. Additionally, young people have limited access to improved farm inputs - aggravated by the fact that

they are not targeted by government-sustained input programmes; and lack viable markets and targeted extension support.

Impeding participation of youth in tomato production, also, is the widespread perception that agriculture is not rewarding

and the resulting benefits are long term. Stemming from this, young people tend to choose urban salaried employment than

farming [4,7,20] . 
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The progressive decline in the area under tomato cultivation could be the result of more farmers adopting high-yielding

varieties and other modern technologies which ensure increased production using less land [21] . Disaffection by farmers

in the cultivation of tomato may be another possible reason explaining the decline in areas under tomato cultivation. This

disaffection may be the result of institutional limitations such as poor post-harvest technologies; poorly organised urban

and rural market infrastructures permitting volatile price fluctuations [13] . 

Access to high quality seeds 

Given the array of high-yielding varieties available to smallholder farmers, and the association between adoption of im-

proved seed and cost, limited adoption of high-yielding varieties could be the result of smallholder farmers’ preference for

traditional varieties, as an alternative to expensive varieties [14,17] . According to Kassie et al. [14] , wealthier households are

more likely and able to fund the procurement of expensive inputs, including improved seeds. 

Preference for determinate tomato types could be premised on the fact that indeterminate types require staking, tying

and hedging during the crop cycle. These cultural practices are costly, time consuming and require more labour. In addi-

tion, farmers prefer to grow determinate types in order to have concentrated fruiting, and relatively larger fruits [6,11,12,32] .

Similarly, preference for processing tomatoes over fresh market tomatoes by smallholder farmers may have had cost consid-

erations. Compared to processing tomatoes, fresh market tomatoes have larger production cost [5,31] . 

The maintenance of a wide genetic base, typified by farmers’ cultivating a wide array of varieties, reduces the threat of

crop loss occasioned by biotic and abiotic stressors specific to particular strains of the crop [1] . 

Tomato production constraints and intervention 

Constraints 

Consistent with previous studies, tomato production is highly limited by biotic and abiotic constraints, including dis-

eases and insect pests [25,28] . Higher incidences of insect pests, particularly migrant pests, are recorded whenever there

are increases in temperature occasioned by various inter-related processes, including amplified rates of population growth,

development and migration. As a result of climate change, migrant pests are colonizing new habitats. This is because, the

progressive, ongoing increase in atmospheric carbon dioxide impacts pests species directly (the carbon dioxide fertilization

effect) and indirectly (through interactions with other environmental factors) [1] . 

Tomato production in the study was influenced by multiple biotic and abiotic factors whose incidences varied between

years, location and variety. The spatio-temporal distribution of insects could be the result of numerous factors, includ-

ing their high biotic potential, the artificial selection of insecticide-resistant populations, the enormous array of their host

plants (intensifying their endurance in tilled areas), and intra-continental dispersion enablement due to their ability to drift

and spread quickly into a new area, and due to human transport. Moreover, the lack of natural enemies that have co-

evolved could explain why changes in pests populations, particularly for migratory insect pests (such as tomato leaf miner

– Tuta absoluta ) in the newly ravaged areas are faster than in the innate area, where natural enemies are more common

[28,37] . During the study period, Africa was experiencing significant impacts from T. absoluta which threatened tomato pro-

duction in the continent [26] . 

The influence of tomato variety on pests infestation could be tied to presence/absence of genes (within the cultivars)

controlling the production of chemicals that kill or deter arthropod pests and pathogens [16,22] . In the natural environ-

ment, plants encounter numerous pests, and how they respond to attack by such organisms leads to tolerance or resistance

mechanisms enabling the plant to survive. According to Lattanzio et al. [16] , resistance mechanisms denote characteristics

that avert or reduce attack. On the other hand, tolerance mechanisms do not prevent attack, instead, they minimize or

counterbalance the effects on the plant fitness by altering the plant’s physiology thereby cushioning the effects of herbivory

or diseases. Tolerance ordinarily encompasses some measure of compensation for pest injury. Conversely, resistance strate-

gies include techniques that quickly clear herbivory or infection (hypersensitive response), and mechanisms that reduce the

distribution of damage within the host [16] . 

Intervention 

Much as smallholder tomato farmers used some cultural control practices and sporadically some homemade botanical

and non-botanical pesticides, pest management was mainly through the use of synthetic pesticides. The high dependence

on synthetic pesticides could be indicative of the fact that the farmers may not have been aware of other pest control tactics

that are inexpensive, effective and favourable to the environment [30] . 

The choice of intervention differed significantly between years, location and causative agent. With the passage of time,

more and more farmers attempted to manage crop pests and abiotic stressors, albeit unsuccessfully. Increase in the number

of farmers instituting management practices has been credited to public agricultural extension services and mass commu-

nication media. Both have been credited for introducing farmers to new technologies and farming practices [35] . Beyond

the introduction of new technologies and farming practices to farmers, little investments may have been made in farmer

education, in the wide sense of growing their abilities to comprehend, innovate and adapt to the changing dynamics. This

lack of care may have led to smallholder farmers employing sub-optimal management practices which, in turn, may have

resulted in increased incidences of crop pests [10,35] . 



Willis.N. Ochilo, Gideon.N. Nyamasyo and D. Kilalo et al. / Scientific African 2 (2019) e0 0 014 9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The increase in incidences of certain categories of biotic and abiotic stressors (such as insects), over time, may have led

to heightened use of specific chemical pesticides (e.g. insecticides) in their management [1] . 

Conclusion and recommendations 

There is male dominance and insufficient youth participation in the smallholder tomato production in Kenya. Coupled

with this, a majority of smallholder farmers cultivate tomatoes in areas not exceeding an eighth of an acre. When it comes

to the choice of tomato varieties, most smallholder farmers opt for cheaper tomato varieties. Also, there is an overwhelming

preference by smallholder farmers for determinate varieties and varieties ideal for processing. Furthermore, a diverse range

of constraints impede tomato production. These include pests and abiotic factors. The major groups of pests and abiotic fac-

tors impeding tomato production are insects, fungi, bacteria, nutrient deficiency, mites, virus, nematodes and water moulds.

Factors influencing the occurrence of biotic and abiotic constraints include time, tomato variety and location. Finally, for

the management of biotic pests, much as smallholder tomato farmers used some cultural control practices and sporadi-

cally some homemade botanical and non-botanical pesticides, pest management was mainly through the use of synthetic

pesticides. The choice of intervention (including the option not to act) is mostly influenced by time, location and problem

type. 

Much as women in Kenya play a crucial part in satisfying the food and nutrition requirements of their families by means

of food production, economic access to food, and nutrition security, they are inadequately resourced. Thus, removing con-

straints confronting them and granting them access to resources available to their male counterparts could significantly

impact their participation in tomato production. To increase women participation in tomato production, the government,

both at the national and in the devolved units, must take policy steps to increase women’s physical and human capital.

This may include safeguarding women’s traditional rights to land, provision of effective agricultural extension services to

women, increasing education for girls, particularly in rural areas, and supporting the training of more women in agricultural

and related sciences. In addition, both national and county governments should be deliberate in increasing women’s ability

to generate and control income and in protecting women’s health and nutritional status. Increasing youth participation in

tomato production is equally crucial since young people are both a source of labour and a potential entrepreneurial force

for job creation. Towards this, there is need to rebrand agriculture as the new uncharted territory for growth in business

prospects and not as a last resort for those unable to make a livelihood elsewhere. Access to land and finance are the

main factors impeding youth participation in agriculture. Consequently, effort s should be made towards motivating young

entrepreneurs in agriculture through the development of financial packages tailored to varied conditions of the sector, with

the government, both national and county, providing guarantee schemes that would underwrite the uncertainties surround-

ing such packages. In addition, the government should promote land reforms and formulation of laws that ensure young

people are not disenfranchised when it comes to land ownership. 

Implementing deliberate strategies of competitiveness along the crop’s value chain is crucial in poverty mitigation. This,

in turn, will facilitate the transformation of tomato production from subsistence production to market-oriented production.

Consequently, the government should explore public-private partnerships that enable farmers’ to access and fully exploit

available technologies such as improved seeds and other inputs. Such partnerships would involve bulk purchasing and local

manufacturing of inputs; investments in transport infrastructure corridors linking productive zones and main markets within

and across the regions; creation in rural areas of partnership opportunities for market-related infrastructure investments that

will integrate smallholder farmers into local and export value chains; and encouragement of private investment in market-

related infrastructure to hasten integration of smallholder farmers into the value chain. 

The high proportion of smallholder farmers attempting to control crop pests shows they are cognizant of the losses at-

tributed to biotic stressors. The predominant management practice reported by the smallholder farmers was the application

of synthetic pesticides. However, in applying synthetic pesticides, smallholder tomato farmers appeared unable to distin-

guish pest control chemicals (particularly for the management of pathogens). Diversification of management strategies is

likely to improve the effectiveness of control and perhaps lead to the reduction in the costs associated with managing bi-

otic and abiotic stressors. Smallholder tomato farmers, therefore, need to know an array of management options, including

biological control agents (BCAs). BCAs are a crucial component of integrated pest management (IPM) strategy for the con-

trol of diseases, arthropod pests and weeds. Traditionally, cost and availability have been at the heart of limited uptake of

BCAs by farmers. To address this, the country requires a wider array of registered, affordable and available BCAs. This can

be expedited by development, by the government, of a regulatory pathway appropriate for BCAs. 

Acknowledgement 

CABI and its partners are grateful for the major funding support for Plantwise from core and lead donors including

the European Commission, Department for International Development (DFID), UK, the Swiss Agency for Development and

Cooperation (SDC), the Directorate-General for International Cooperation (DGIS), the Netherlands, Irish Aid, the International

Fund for Agricultural Development and the Australian Centre for International Agricultural Research. The authors thank the

members of Plantwise Kenya National Data Validation and Analysis team and the University of Nairobi academic staff for

their technical insights and contributions in the development of this paper. 



10 Willis.N. Ochilo, Gideon.N. Nyamasyo and D. Kilalo et al. / Scientific African 2 (2019) e0 0 014 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary material 

Supplementary material associated with this article can be found, in the online version, at doi: 10.1016/j.sciaf.2018.e0 0 014 .

References 

[1] M.A. Altieri , P. Koohafkan , Enduring Farms: Climate Change, Smallholders and Traditional Farming Communities (Vol. 6, Third World Network (TWN),
Penang, 2008 . 

[2] M.A. Anastacia , K.K. Thomas , W.N. Hilda , Evaluation of tomato (lycopersicon esculentum l.) variety tolerance to foliar diseases at kenya agricultural

research institute centre-kitale in north west kenya, Afr. J. Plant Sci. 5 (11) (2011) 676–681 . 
[3] B. Asante , M. Osei , A. Dankyi , J. Berchie , M. Mochiah , J. Lamptey , J. Haleegoah , K. Osei , G. Bolfrey-Arku , Producer characteristics and determinants of

technical efficiency of tomato based production systems in ghana, J. Dev. Agric. Econ. 5 (3) (2013) 92–103 . 
[4] S. Bezu , S. Holden , Are rural youth in ethiopia abandoning agriculture? World Dev. 64 (2014) 259–272 . 

[5] H. Boriss , H. Brunke , Commodity Profile: Tomatoes, Fresh Market, University of California Agricultural Issues Center, 2005 No . 
[6] D.J. Cantliffe , N.L. Shaw , S.A. Sargent , C. Simms , A. Berry , E.L. Kan , L. Puentes , J. Scott , The determinate ‘tasti-lee’tomato competes with indeterminate,

greenhouse cultivars for yield, fruit quality, and sensory analysis when produced hydroponically, in: Proc. Fla. State Hort. Soc, 2009 . 

[7] B Chinsinga , M Chasukwa , Youth, agriculture and land grabs in malawi, IDS Bull. 43 (6) (2012) 67–77 . 
[8] V. Clottey , N. Karbo , K. Gyasi , The tomato industry in northern ghana: Production constraints and strategies to improve competitiveness, Afr. J. Food

Agric. Nutr. Dev. 9 (6) (2009) . 
[9] FAO, Food and agriculture organisation of the United Nations, Faostat. Stat. Database (2018). 16/03/2018 http://www.fao.org/faostat/en/#data/QC . 

[10] A.M. Fermont , P.J. Van Asten , P. Tittonell , M.T. Van Wijk , K.E. Giller , Closing the cassava yield gap: an analysis from smallholder farms in East Africa,
Field Crops Res. 112 (1) (2009) 24–36 . 

[11] F. Fufa , P. Hanson , S. Dagnoko , M. Dhaliwal , Avrdc-the world vegetable center tomato breeding in sub-saharan africa: lessons from the past, present

work, and future prospects, I All Africa Horticultural Congress 911, 2009 . 
[12] G. Gao , B. Bergefurd , B. Precheur , in: Growing Tomatoes in the Home Garden Fact Sheet: Agriculture and Natural Resources, Ohio State University

Extension, 2010, p. 8292. TDD No (800-589) . 
[13] S.K. Geoffrey , N.K. Hillary , K.M. Antony , M. Mariam , M.C. Mary , Challenges and strategies to improve tomato competitiveness along the tomato value

chain in kenya, Int. J. Bus. Manage. 9 (9) (2014) 205–212 . 
[14] M. Kassie , M. Jaleta , B. Shiferaw , F. Mmbando , M. Mekuria , Adoption of interrelated sustainable agricultural practices in smallholder systems: evidence

from rural tanzania, Technol. Forecasting Social Change 80 (3) (2013) 525–540 . 

[15] KENDAT, Kenya network for dissemination of agricultural technologies, Hortic. Value Chains Kenya (2015). https://goo.gl/VxXkYW . 
[16] V. Lattanzio , V.M. Lattanzio , A. Cardinali , Role of phenolics in the resistance mechanisms of plants against fungal pathogens and insects, Phytochemistry

661 (2006) 23–67 . 
[17] R. Lunduka , M. Fisher , S. Snapp , Could farmer interest in a diversity of seed attributes explain adoption plateaus for modern maize varieties in malawi?

Food Policy 37 (5) (2012) 504–510 . 
[18] (MMA) Match Maker Associates, Horticulture study: phase 1 - mapping of production of fruits and vegetables in kenya, 2017. https://goo.gl/WQ597j . 

[19] M.W. Mwangi , J.W. Kimenju , R.D. Narla , G.M. Kariuki , W.M. Muiru , Tomato management practices and diseases occurence in mwea west sub county, J.

Nat. Sci. Res. 5 (20) (2015) 119–124 . 
[20] B.A. Naamwintome , E. Bagson , Youth in agriculture: prospects and challenges in the sissala area of ghana, Net J. Agric. Sci. 1 (2) (2013) 60–68 . 

[21] H. Odame , P. Musyoka , J. Kere , Kenya: maize, tomato, and dairy, Agribus. Innovation Syst. Africa (2009) 89 . 
[22] F.A. Oliveira , D.J.H. da Silva , G.L.D. Leite , G.N. Jham , M. Picanço , Resistance of 57 greenhouse-grown accessions of lycopersicon esculentum and three

cultivars to tuta absoluta (meyrick)(lepidoptera: Gelechiidae), Sci. Hortic. 119 (2) (2009) 182–187 . 
[23] B.O. Ongeri , Small scale horticultural farming along the kenyan highways and local economic development: exploring the effect of factor prices, Int.

Rev. Res. Emerging Markets 1 (3) (2014) 102–119 . 
[24] A . Peterman , A . Quisumbing , J. Behrman , E. Nkonya , Understanding the complexities surrounding gender differences in agricultural productivity in

nigeria and uganda, J. Dev. Stud. 47 (10) (2011) 1482–1509 . 

[25] M. Picanço , L. Bacci , A. Crespo , M. Miranda , J.C. Martins , Effect of integrated pest management practices on tomato production and conservation of
natural enemies, Agric. Forest Entomol. 9 (4) (2007) 327–335 . 

[26] C.F. Pratt , K.L. Constantine , S.T. Murphy , Economic impacts of invasive alien species on african smallholder livelihoods, Global Food Secur. (2017) No . 
[27] AR Quisumbing , LR Brown , HS Feldstein , L Haddad , C Peña , Women: the key to food security, Food Policy Statement 21 (1995) No . 

[28] A.N. Retta , D.H. Berhe , Tomato leaf miner–tuta absoluta (meyrick), a devastating pest of tomatoes in the highlands of northern ethiopia: a call for
attention and action, Res. J. Agric. Environ. Manage. 4 (6) (2015) 264–269 . 

[29] (RSA) Research Solutions Africa Limited, Report of a study on fresh vegetables market in Kenya, 2015. https://goo.gl/hS7rcN . 

[30] T. Sibanda , H. Dobson , J. Cooper , W. Manyangarirwa , W. Chiimba , Pest management challenges for smallholder vegetable farmers in Zimbabwe, Crop
Prot. 19 (8) (20 0 0) 807–815 . 

[31] A.H. Simonne , B.K. Behe , M.M. Marshall , Consumers prefer low-priced and highlycopene-content fresh-market tomatoes, HortTechnology 16 (4) (2006)
674–681 . 

[32] E. Simonne , S.A. Sargent , D. Studstill , A. Simonne , R. Hochmuth , S. Kerr , in: Field performance, chemical composition and sensory evaluation of red
and yellow grape tomato varieties Proceedings, 118, Tallahassee, Florida State Horticultural Society, 2005, pp. 376–378 . 

[33] Released, Spss for Windows, version 16.0, SPSS Inc, Chicago, 2007 . 

[34] F. Toroitich , M. Knapp , J. Nderitu , F. Olubayo , M. Obonyo , Susceptibility of geographically isolated populations of the tomato red spider mite (tetrany-
chus evansi baker & pritchard) to commonly used acaricides on tomato crops in kenya, J. Entomol. Acarol. Res. 46 (1) (2014) 18–25 . 

[35] H. Van den Berg , J. Jiggins , Investing in farmers—the impacts of farmer field schools in relation to integrated pest management, World Dev. 35 (4)
(2007) 663–686 . 

[36] H.J. Wright , W. Ochilo , A. Pearson , C. Finegold , M. Oronje , J. Wanjohi , R. Kamau , T. Holmes , A. Rumsey , Using ict to strengthen agricultural extension
systems for plant health, J. Agric. Food Inf. 17 (1) (2016) 23–36 . 

[37] N. Zekeya , M. Chacha , P.A. Ndakidemi , C. Materu , M. Chidege , E.R. Mbega , Tomato leafminer (tuta absoluta meyrick 1917): a threat to tomato production

in africa, J. Agric. Ecol. Res. 10 (1) (2017) 1–10 . 

https://doi.org/10.1016/j.sciaf.2018.e00014
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0001
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0001
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0001
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0002
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0002
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0002
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0002
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0003
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0003
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0003
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0003
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0003
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0003
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0003
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0003
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0003
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0003
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0004
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0004
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0004
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0005
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0005
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0005
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0006
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0006
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0006
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0006
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0006
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0006
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0006
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0006
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0006
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0007
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0007
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0007
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0008
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0008
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0008
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0008
http://www.fao.org/faostat/en/#data/QC
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0010
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0010
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0010
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0010
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0010
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0010
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0011
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0011
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0011
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0011
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0011
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0012
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0012
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0012
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0012
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0013
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0013
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0013
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0013
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0013
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0013
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0014
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0014
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0014
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0014
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0014
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0014
https://goo.gl/VxXkYW
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0016
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0016
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0016
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0016
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0017
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0017
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0017
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0017
https://goo.gl/WQ597j
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0019
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0019
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0019
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0019
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0019
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0019
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0020
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0020
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0020
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0021
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0021
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0021
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0021
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0022
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0022
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0022
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0022
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0022
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0022
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0023
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0023
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0024
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0024
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0024
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0024
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0024
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0025
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0025
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0025
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0025
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0025
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0025
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0026
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0026
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0026
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0026
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0027
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0027
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0027
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0027
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0027
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0027
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0028
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0028
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0028
https://goo.gl/hS7rcN
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0030
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0030
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0030
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0030
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0030
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0030
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0031
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0031
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0031
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0031
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0032
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0032
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0032
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0032
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0032
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0032
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0032
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0033
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0034
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0034
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0034
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0034
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0034
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0034
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0035
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0035
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0035
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0036
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0036
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0036
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0036
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0036
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0036
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0036
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0036
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0036
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0036
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0037
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0037
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0037
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0037
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0037
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0037
http://refhub.elsevier.com/S2468-2276(18)30111-X/sbref0037

	Characteristics and production constraints of smallholder tomato production in Kenya
	Introduction
	Materials and methods
	Study area
	Study overview
	Data management system
	Data collection
	Data processing
	Data analysis


	Results
	Farm demographics
	Access to high quality seeds
	Tomato production constraints and intervention
	Constraints
	Interventions


	Discussion
	Farm demographics
	Access to high quality seeds
	Tomato production constraints and intervention
	Constraints
	Intervention


	Conclusion and recommendations
	Acknowledgement
	Supplementary material
	References


