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Abstract

The tomato is an important crop in Nakuru County, Kenya. However, its production has been declining, causing massive losses
to the farmers. A survey was conducted in major tomato-growing regions to investigate the causes of losses. Tomato production
was constrained by diseases such as late blight, early blight and bacterial wilt. Data was collected from one hundred and seventy-
one farmers who were randomly selected within the regions and interviewed using a structured questionnaire. Data collected
included production systems, varieties of tomatoes grown and diseases that hinder production, and control methods. Data was
analyzed using R software version 4.4.1. Data was tabulated to calculate frequencies and their percentages from the counts of
each response. One-way ANOVA was used to test for overall significance among the groupings. The result indicated that the
majority of the farmers (96.4%) were using an open field production system compared to a greenhouse system (3.6%). The most
grown varieties were Cal J (Kamongo) (20.6%), DRD F1 (20.0%), and Rio Grande (15.8%). The most important diseases
affecting the tomato crops were late blight (Phytophthora infestans) (26.8%), early blight (Alternaria solani) (25.5%), and
bacterial wilt (Ralstonia solanacearum) (25.0%). Farmers had access to information from sources, making them knowledgeable
of farming, though there are still major gaps in knowledge of insect pests, diseases, and control methods.
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1. Introduction

Kenya, like other Sub-Saharan African nations, still de-
pends heavily on agriculture for both food and economic
growth. [25]. This industry is a major driver of the economy,
accounting for 24% of the GDP at home and almost 65% of
exports. [24]. With farms ranging in size from 0.2 to 3 hec-
tares, smallholder farmers predominate the sector and ac-
count for more than 70% of all agricultural output [21].
Vegetables account for 60% of exports and 80% of horti-

cultural growers, highlighting their dominance in agricul-
tural sector [34]. Tomatoes are a popularly grown vegetable
that comes in second place after potatoes in terms of both
production and value [15].

Tomatoes (Solanum lycopersicum L.) contribute 7% of all
horticultural produce and 14% of the total vegetable produce
[8]. The vegetable is also one of the most consumed in most
Kenyan households, providing lycopene and vitamins A and
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C[1]. Additionally, the crop has potential for employment cre-
ation, improving living standards, generating income in rural
areas, and serving as a source of foreign exchange [30]. Farm-
ing of horticultural products is the main economic activity
in Nakuru County. Tomato is one of the key vegetable
crops grown in the county, contributing to 410,033 tonnes
of produce in Kenya [7]. Other crops grown include maize,
beans, potatoes, green peas, French beans, cabbages, and
kales.

Tomato production has intensified, though yields have re-
mained low due to many challenges such as abiotic (drought,
excessive rainfall, and high temperature) and biotic factors
(insect pests and diseases) [25]. Additionally, it was reported
by [33] that the amount of land available for agricultural pro-
duction has decreased as a result of significant population
growth, widespread soil degradation, and increased land frag-
mentation, all of which have lowered productivity.

The benefits of greenhouse crop farming include increased
yields, year-round crop production, crop protection, the ability
to produce vegetables on smaller plots of land, and superior
quality produce [31, 23]. Large-scale horticultural farms in
Kenya often and successfully use greenhouses [11], while
small-scale farmers are gradually adopting these practices to
cultivate vegetables for food security [26, 27, 29]. Large-scale
horticultural and floricultural farmers have been successful in
greenhouse farming for many years, but smallholder green-
house farming has numerous difficulties that have caused
some of these greenhouses to be abandoned. The main reason
that caused abandonment of greenhouses by tomato farmers in
Nakuru County was bacterial wilt disease. The disease also
affected farmers who grew tomatoes in open fields, and this
has caused tomato farmers to get demoralized, making them
abandon greenhouses and even the tomato production. Bacte-
rial wilt (Ralstonia solanacearum) is a major and the most
widespread disease in tomato production, causing significant
yield losses [2, 14]. In Kenya, bacterial wilt causes 64% losses
on crops grown in open fields and 100% losses on crops grown
in the greenhouse [4]. Management of the disease is very dif-
ficult since the pathogen can survive long in the soil even in
the absence of host plants. Being a soil-borne disease makes
it difficult to control. Small-scale farmers rely heavily on syn-
thetic chemicals in the management of biotic factors (insect
pests and diseases) [1, 19, 20]. However, synthetic pesticides
are associated with side effects such as produce contamination,
health hazards to producers and consumers, harm to non-tar-
get organisms, and pollution of the environment [10, 12, 28].
High residue levels of the synthetic chemicals on export prod-
ucts limit tomato market access [18]. The objective of this
study was, therefore, to assess the challenges and constraints
in greenhouse and open-field tomato production by small-
scale farmers in Nakuru County, Kenya. Gaining insight into
the obstacles that farmers experience will help develop sus-
tainable solutions that smallholder tomato producers need to
implement to boost yield and revenue.
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2. Materials and Methods

2.1. The Study Area

A survey was conducted in May 2024 in Nakuru County
situated in Rift valley region of Kenya. This study was con-
ducted in Rongai, Njoro, Subukia and Naivasha sub counties
of Nakuru County which are the major tomato growing zones.
Rongai is found on LH4 (lower highlands -4) lies between
017°05” S and 3585°53” E receiving 650 to 800 mm/annum
with an altitude range of 1890 to 2110 m ASL. Njoro lies be-
tween 037° 43” S and 3594’ 49 E, Subukia lies between
037> 43” S and 3594’ 49” E, Naivasha lies between 092’
10” S and 3644°73” E and are all located on LH3 (lower
highland -3) which receives a rainfall of 1890 and 2190
mm/annum with an altitude range of 800 to 900 m ASL.

2.2. Sample Size and Sampling Procedure

The study adopted a multistage sampling technique to
choose tomato farmers for the survey. In the first step, four
sub-counties were purposively picked from the eleven sub-
counties in Nakuru County based on their predominance in to-
mato production. This ensured that areas with considerable to-
mato farming activities were properly represented in the study.
In the second step, tomato growers within the designated sub-
counties were stratified into two groups according to the pro-
duction system used, namely open-field tomato production
and greenhouse tomato production. Stratification was needed
to illustrate any changes in production restrictions between the
two farming systems. Because greenhouse tomato farmers
were exceptionally rare in the research area, they were pur-
posively included in the sample to insure proper representa-
tion. Open-field tomato growers, who formed the bulk of pro-
ducers, were randomly selected from farmer lists supplied
from local agricultural extension administrations and farmer
associations within the indicated sub-counties. A total of 150
tomato farmers participated in the survey. Data were acquired
using a standardized questionnaire, which includes infor-
mation on tomato production methods, disease occurrence,
and management measures, with specific emphasis on the pre-
vention of bacterial wilt caused by Ralstonia solanacearum.

2.3. Data Analysis

Data on production systems, tomato types farmed, diseases
affecting tomatoes, and management techniques were entered
and arranged in Microsoft Excel and analyzed using R soft-
ware version 4.4. 1. Descriptive statistics were generated, and
responses were summarized as frequencies and percentages.
For comparisons among groups, one-way analysis of variance
(ANOVA) was employed to assess for significant variations in
the mean frequencies of responses across the four groupings.
Where significant differences were observed, Tukey’s Honest
Significant Difference (HSD) post-hoc test was employed to
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separate the means at a 95% confidence level (p < 0.05). The
results of the Tukey HSD test were shown using Compact Let-
ter Display (CLD) to indicate statistically significant differ-
ences across group means. In addition, chi-square tests of in-
dependence were employed to investigate relationships be-
tween categorical variables collected from the survey re-
sponses. Graphical representations of the results were devel-
oped in R using bar charts based on the frequencies of replies.

3. Results and Discussions

3.1. Tomato Production Systems

The data demonstrate that most smallholder farmers in Na-
kuru County planted tomatoes in open fields (96.4%), while
just 3.6% grew them in greenhouses (Figure 1). The fact that
very few smallholder farmers in the area employ greenhouse
systems shows that protected farming is still not very wide-
spread.

One of the main reasons for this poor adoption is that estab-
lishing and keeping up a greenhouse takes a lot of money up
front, which many smallholder farmers can't afford [6]. Even
though greenhouse manufacturing could considerably en-
hance productivity [13], the expenses and skills needed to set
it up may make it less popular. For instance, greenhouse to-
mato plants can generate substantially larger yields per plant
than plants grown in the open field because the growth envi-
ronment is regulated and resources are used more efficiently
[30]. Research indicates that greenhouse tomato culture can
yield many times higher than that of open-field cultivation,
suggesting a potentially lucrative production strategy for
farmers with enough finance and technical expertise [3].

Even while these benefits could be helpful, not many indi-
viduals in Kenya have adopted greenhouses, and statistics
claim that between 30% and 70% of them fail [27]. There are
a lot of reasons why these failures happened, such as inade-
quate greenhouse design, farmers not getting enough training
in how to manage greenhouses, not being able to access ex-
tension services, and having problems selling high-value
products. Farmers also have a hard time controlling pests and
diseases in greenhouses. For example, Ralstonia solanacea-
rum causes Bacterial Wilt, which can affect tomato yield a lot.

Field observations during the survey suggested that farmers
engaged in greenhouse production often specialized only in
tomato growing, but open-field farmers frequently exploited
crop diversification, including the cultivation of crops such as
cabbage. In open-field settings, cultivating different crops
may minimize production risks because farmers can still gen-
erate money from other crops if tomato production fails. On
the other side, greenhouse systems are riskier because the
building is usually only used for one crop.

Another reason why farmers might favor open-field agri-
culture is that it affords them more alternatives for dealing
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with disease outbreaks. When illnesses like bacterial wilt arise
in open-field systems, producers can relocate their tomato
crops to a different field in the next season. However, in green-
house systems, it can be tougher to control disease outbreaks
since the environment for growing plants is limited and soil-
borne pathogens may linger in the building.

Farmers also reported that they had problems gaining credit
for greenhouse upkeep, high input costs, not enough technical
knowledge, and not enough extension support. These obsta-
cles collectively prolong the prevailing superiority of open-
field tomato agriculture in Nakuru County, notwithstanding
the anticipated improvements in productivity associated with
greenhouse farming.

Production System based on Occurrence
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Figure 1. Production Systems by Nakuru Small Scale Tomato
Farmers.

3.2. Tomato Varieties Grown by Farmers

The results show that tomato production in Nakuru County
is largely concentrated among a few dominant varieties (Cal J,
20.6%). Cal J (Kamongo) was the most frequently grown to-
mato variety, cultivated by 20.6% of small-scale farmers in
Nakuru County. This was closely followed by DRD Fl1
(20.0%), while Rio Grande accounted for 15.8% of farmers.
Ansal accounted for 10.3% (Figure 2). The close percentages
between Cal J (Kamongo) and DRD F1 suggest comparable
levels of farmer preference of the two varieties. Farmers men-
tioned that these tomato varieties were favored by customers
due to their sizes and longer shelf life. Some farmers were also
embracing hybrid tomato varieties like Ansal F; and Eden F1
and the two varieties there documented to be high yielders and
disease resistant. This study was in agreement with the study
by [19] in Mwea West sub-county, where farmers planted a
wide range of tomato varieties with different preferred attrib-
utes like disease and pest resistance and high yield and that
have longer harvesting periods, which leads to increased to-
mato production.


http://www.sciencepg.com/journal/aff

Agriculture, Forestry and Fisheries

http://www.sciencepg.com/journal/aff

Tomato Varieties Propagated based on Occurrence

801
—
~c0-
360
'
()
e
@ 401
=
-
-
0
O
O 20+
0 4—— --IIlIIII
e ARER i i i ey e 7 sy i
UL OU O (pll UL "GLSXOULL UL LLLL %LU._S:_LLLLU_ EILLLO2L LT 5
[=]=] © OXsTSm FEOEXT CcO@E>Cm© [ =) oo
2026525 S SR EPOTE ETERE RS E STO 2EEDCERIRSG
023 I50x0C8 Bg2 NERLOSET  aillc UgSgET OHE
g8090-525r EpE WG TE0 © NoGhrotle 8
Faattisle) T s o wmoochm () - 7 X
=
Q
Variety

Figure 2. Tomato Varieties grown by small scale farmers in Nakuru County.

3.3. Diseases That Affect Tomato Crop

One of the major causes of loss in tomato production was
found to be diseases. The most important diseases recorded
was late blight (26.8%) and early blight (25.5%) followed by
bacterial wilt disease (25.0%). Fusarium wilt (6.3%), root knot
nematodes (5.4%) and septoria leaf spot (4.5%) were moder-
ately reported. Bacterial canker (3.9%) and anthracnose (2.7%)
were less frequently mentioned, while other diseases ac-
counted for 4.1% of the responses (Figure 3).

Together, early blight (Alternaria solani) and late blight

(Phytophthora infestans) are thought to be responsible for
(95.8%) of Kenyans pre harvest tomato crop losses [32]. Late
blight disease might be related to an abundance of rain that
provided a climate favorable for fungus that causes the disease,
leading to low yields. Bacterial wilt disease might be linked
with scarce rainfall causing prolonged drought, which favors
the disease’s development. It was also found that some farm-
ers irrigated their fields with water from rivers infected with
Ralstonia solanacearum, introducing the disease to their
farms. This soil borne disease can be spread by water, farm
tools, infected seed and previously infected crop residue [18].

Distribution of Diseases Based on Occurrence
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Figure 3. Diseases affecting Tomato Production in Nakuru County.
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3.4. Management of Bacterial Wilt

Management of bacterial wilt has remained a challenge, es-
pecially among smallholder farmers in Kenya. Most farmers
who experienced bacterial wilt just did nothing (52.5%). Up-
rooted the infected plant (22.9%) to avoid spreading of the
disease and it’s also inexpensive. Chemical control measures
such as use of pesticides and fungicides accounted for (6.8%).
Bacterial wilt is a soil borne disease and has a wide host range,
therefore, management of the disease is a challenge leading to
widespread and high incidence. Numerous strategies have
been documented for the control of bacterial wilt, including
crop rotation, the use of resistant types, grafting with disease
free wild rootstock, soil fumigation, pesticides etc. [9]. Most
farmers in open field and greenhouse just uprooted the in-
fected tomato plants and practiced crop rotation, rotating to-
mato crop with non solanaceous crops to break tomato disease

cycle [18]. The tolerance of various tomato types to the path-
ogens that cause bacterial wilt varies. Use of the disease re-
sistance varieties reduces the degree and rate of disease occur-
rence. Since Ralstonia solanacearum is a soil borne pathogen
that spreads through seeds, the two main methods for preven-
tion are to plant in healthy soils and utilize disease free plant-
ing material [5]. Farmers have continuously used synthetic
chemical as other methods alone are often ineffective and
chemicals are more economically viable in the short term [22].
However, use of synthetic chemicals is associated with chem-
ical residues on the products, harm on non-target beneficial
organism [16] and environmental pollution. Synthetic chemi-
cals are also expensive to a small scale farmers as compared
to the other methods because farmers applied them frequently
to combat the disease.

Bacterial Wilt Control Methods based on Occurrence
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Figure 4. Control Methods Used by Nakuru Small Scale Farmers to Control Bacteria Wilt.

4. Conclusion

This study revealed that tomato production among small-
holder farmers in Nakuru County is constrained by significant
biotic and production system challenges, with open-field
farming being more dominant than greenhouse production due
to high establishment costs, technical limitations, and frequent
greenhouse failures mainly caused by bacterial wilt. Major
diseases identified included bacterial wilt, early blight, and
late blight, while key insect pests were Tuta absoluta, white-
flies, leaf miners, and spider mites, all of which contributed
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substantially to yield losses. Farmers largely relied on uproot-
ing infected plants, crop rotation, and synthetic pesticides for
disease and pest management, though these approaches were
often inadequate when applied independently and raised con-
cerns related to cost, environmental safety, and health risks.
Although farmers accessed information from multiple sources,
notable knowledge gaps persisted in pest and disease identifi-
cation and integrated management practices. The findings un-
derscore the need for strengthened extension services, promo-
tion of integrated pest and disease management strategies,
adoption of resistant or grafted tomato varieties, and improved
soil and water sanitation to enhance sustainable tomato pro-
duction and reduce losses in Nakuru County.
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