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ABSTRACT

serves as the primary foci from where it is spread (Jiang
et al., 2017). Farmers do not have enough knowledge
about the disease and the best way to manage it. They
often unconsciously aid in dispersal of the bacterium
through irrigation activities and routine performance of
cultural practices and this has been reported in Embu,
Kiambu, Nakuru, Nyandarua, Nyeri and Kirinyaga. Rs
has a wider host range affecting sweet peppers, eggplant,
brinjals, potatoes (Kago et al., 2017). Some races have
also been reported on bananas. Management of bacterial
wilt in tomatoes has been a great challenge to Kenyan
farmers. Some recommended methods to suppress the
disease in the field include the use of biological controls
like Trichoderma asperellum, Bacillus subtillis, planting
resistant cultivars and the use of clean seed (Konappa et
al., 2018). The objective of this study was to determine
the current occurrence of Bacterial wilt in Kajiado and
Kirinyaga counties of Kenya, the counties were chosen
because of their high production of tomatoes.

Bacterial wilt (Ralstonia solanacearum) is among the
major diseases affecting tomato production. It causes
the crop to wilt and completely die reducing the yield
per acreage. The objective of this study was to be
determine the status of bacterial wilt in Kajiado and
Kirinyaga County. Out of 60 farmers identified, a sample
of 30 farmers were chosen using a multistage sampling
technique. Plant, water and soil samples were picked
from their farms for isolation of Ralstonia solanacearum
(Rs) bacteria in the plant pathology laboratory at Kenya
Agricultural Livestock and Research Organization. Data
was analyzed by finding frequencies using excel and SPSS
software. Over 90% of the respondents from Kajiado and
Kirinyaga counties reported to have experienced bacterial
wilt of tomatoes in their fields. The disease was found
to be important in Kirinyaga and moderately important
in Kajiado counties. Crop rotation and fallowing were
the main methods used to manage bacterial wilt. Many
soil samples from Kirinyaga County turned positive
for bacterial wilt, unlike those from Kajiado County.
Farmers from both Kirinyaga and Kajiado counties should
therefore be taught the most appropriate, effective and
environmentally friendly methods of controlling bacterial
wilt of tomatoes in their fields.

MATERIALS AND METHODS
Study area
The survey was carried out among tomato farmers in
Kirinyaga and Kajiado counties of Kenya. Kajiado county
lies between Latitude: -2° 00’ 0.00” S and Longitude: 36°
52’ 0.12” E. It receives a bimodal rainfall with two rainy
seasons (Mutuma et al., 2020). The rainfall is however
not uniform with some areas like Ngong receiving higher
amounts precipitation of about 1,454 mm; Isinya 896 mm;
Kajiado west areas like Magadi receives least rainfall of
about 450 mm (Amwata et al., 2015). Temperatures in
Kajiado range from 12.2 0C to 27.8 0C. The county has
4 Geological regions; Quaternary volcanics, Quaternary
sediments, basement systems and Tertiary volcanics.
Agriculture is conducted in the agricultural Zone IV
and V of Kajiado County. Kirinyaga County (0.6591° S,
37.3827° E) (Nakhungu et al., 2019) receives an annual
rainfall of between 900 to 1400 mm. Temperatures ranges
from14 0C to 25 0C. The county has volcanic andosols that
support growth of a wide range of crops. The altitude of

Keywords: Bacterial wilt, Kajiado, Kirinyaga, Ralstonia
solanacearum.

INTRODUCTION
Among the most important diseases that pause a
great challenge to tomato farmers is the bacterial wilt
caused by Ralstonia solanacearum (Rs) on tomatoes
(Solanum lycopersicum L.). Bacterial wilt of tomatoes
causes losses of between 10 to 100% in both field and green
house production systems. Incidence of bacterial wilt of
tomatoes in the fields occurs in localized areas which
#
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the county is between 1480 meters and 6800 meters at the
peak of the mountain.
Survey and sampling
Farmers were recruited using multistage sampling
technique. An agricultural extension officer assisted in the
selection of 60 farmers who had been growing tomatoes in
the respective regions consistently for at least the last five
years. A semi structured questionnaire was used to collect
data from the farmers during the interview. Out of the 60
farms, 30 were randomly selected. Plant samples were
selected from the farms to screen for presence of bacterial
wilt, with at least 15 plants picked from every farm.
The sample size was calculated using the following
formulae

Where Z= Z score (1.96), P= Standard of deviation
(0.0475), e = Margin of error (0.05)

Figure 1. Isolates of Rs in Tetrazolium media

The coordinates of the points from which samples were
collected were documented. The samples were picked
after careful screening to observe the symptoms. Bacterial
streaming was done in the field to confirm the disease and
both soil, water and plant samples were carried to Kenya
Agricultural Livestock Research Organization (KALRO)
pathology laboratories the same day of collection.

Dilutions 103, 105 and 107 were plated using pour plate
method on Tetrazolium chloride media (Pontes et al.,
2017) and incubated at 28 oC for 48 hours.
Confirmation of the pathogen
Rs inoculum was prepared by washing the plates with
distilled water to suspend the bacteria. Colonies of bacteria
were scrapped with a microscope slide to dislodge all the
colonies. The concentration of the stock solution was
determined by serial diluting it to 107, plating the samples
for 48 hours using pour plate method and counting the
colonies (Singh et al., 2018). To get a concentration of
107, adjustments were done by dividing the number of
colonies forming units gotten by dilutions 107. Four
tomato varieties were planted in a screen house, watered
daily and were inoculated with the Rs. Inoculation was
done by trimming roots and adding 15 ml of inoculum per
pot at the base of the tomato. Symptoms were observed
for 21 days and symptomatic plants counted.

Isolation of Ralstonia solanacearum (Rs)
The bacteria was extracted on 2,3,5-triphenyl-2Htetrazolium chloride (C₁₉H₁₅ClN₄) media. Tetrazolium
chloride medium was prepared using Casamino acid 1g,
Peptone 10 g, Glucose 5g, agar 17 g, and dissolved in
pure distilled sterile water 1000 ml. Infected tomato plant
samples were chopped into 1cm pieces, surface sterilized
in 1.5% sodium chloride (NaOCl) and rinsed three
times in dH2Owater (Razia et al., 2021). The samples
were blotted on sterilized filter papers and placed on
the tetrazolium chloride media and the plates incubated
for 48 hours. The colonies appeared dark red in color.

Data analysis

Approximately 1g of soil from each field was suspended
in 10 ml of pure dH2O and then shaken vigorously.
Approximately 1 ml from the stock solution was added to
9 ml in the next universal bottle and serial diluted to 107.

Data were analyzed using excel and the separation
of means was done by analysis of variance while
computation of frequencies of the responses was done
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in SPSS. Prevalence and incidences of bacterial wilt was
done using the following formulae.

wilt virus of tomatoes was the least and observed only in
Kajiado County.

Bacterial wilt prevalence =

A good proportion of the respondents reported to have
observed bacterial wilt of tomatoes in their farms in both
Kajiado and Kirinyaga counties. Less than 10 percent of
the respondents reported not to have seen bacterial wilt in
their tomatoes (Figure 3).

Bacterial wilt incidence =

At least 75 percent of the respondents in Kirinyaga reported
that bacterial wilt of tomatoes was a very important disease
in the county. Forty six percent in Kajiado and 14 percent
in Kirinyaga reported that bacterial wilt was of moderate
importance. However, 53% and 10% in Kajiado and
Kirinyaga Counties, respectively thought that bacterial
wilt of tomatoes was not a very important disease.

Severity of the disease was calculated as the ration of
infected fields out of 100.

RESULTS
From the study, the proportion of bacterial blight of
tomatoes was the same for both Kirinyaga and Kajiado
counties (Figure 2). This was the most prevalent tomato
disease affecting farmers in the two counties. Blossom
end rot also had a prevalence of about 80% and was not
significantly different between the two counties. Bacterial
wilt was the most prevalent disease affecting tomatoes in
Kirinyaga and Kajiado counties. About 10%of of spotted

Most farmers had reported to have observed bacterial
wilt in their field in the last 2 years. However, there those
farmers who had seen the disease for the last six years
in their tomato farms especially in Kirinyaga County. It’s
only in Kirinyaga County where bacterial wilt of tomato
had been prevalent for over 10 years (Figure 5).

%Disease count

Tomato diseases were among the major constraints

Figure 2: Disease response in Kajiado and Kirinyaga County
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Figure 3: Percentage response of farmers who observed bacterial wilt of tomatoes in their fields in Kajiado and Kirinyaga counties

Figure 4: Importance of Bacterial wilt of tomatoes in Kajiado and Kirinyaga County.

Figure 5: Percentage response of the number of years farmers have observed bacterial wilt of tomatoes in farmer’s
fields
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affecting tomato farmers in Kirinyaga and Kajiado County
by 80% and 83% respectively. Other major production
constraints reported were labor, market, fertility and wild
animals (Table I).

Farmers in Kirinyaga County controlled bacterial wilt of
tomatoes mainly by crop rotation and rouging. With 50
percent preferring to remove and burn infected plants
from the field. A few of the famers, 10% leave their fields
fallow for some time (Table II).

TABLE I- PRODUCTION CONSTRAINTS IN TOMATO PRODUCTION IN KAJIADO AND
KIRINYAGA COUNTIES IN KENYA.
County
Production constraints
Total
Kajiado
Kirinyaga
Count
22
29
51
Pests
% Within County
73.3%
96.7%
Disease
Labour
Market prices

Fertility

Wild animals’
Total

Count

24

25

49

% Within County

80.0%

83.3%

Count

4

0

% Within County

13.3%

0.0%

Count

6

1

% Within County

20.0%

3.3%

Count

5

0

% Within County

16.7%

0.0%

Count

4

0

% Within County

13.3%

0.0%

Count

30

30

4
7

5

4

60

Percentages and totals are based on respondents.
a. Dichotomy group tabulated at value 1

TABLE II- FARMERS MANAGEMENT OF BACTERIAL WILT
Management methods

Frequency

%

Crop Rotation

21

36.2

Rouging

30

51.7

Spraying Herbicides

1

1.70

Fallowing

8

10.4

Total

60

100.0
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The soils samples collected from Kirinyaga County
recorded presence of Rs Out of the 30 samples collected,

21 had Rs colonies. However, 9 farms whose soil was
sampled had no bacterial colonies (Table III).

TABLE III- MWEA SOIL SAMPLE ANALYSIS
Sample No

10^-2

10^-3

10^-4

Mean

2

0

0

0

0a

6
7
12
13
16
26
29
30

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0a
0a
0a
0a
0a
0a
0a
0a

5

967

567

833

789 ab

19

1400

833

500

911 ab

17

1567

1133

1933

1544.3 ab

27

3367

1767

1233

2122.3 abc

25

4933

1767

2867

3189 abc

20
3
14
22
24
4
28

5033
1867
4433
4733
6200
1900
7067

2733
1267
3233
4200
2600
3967
3700

1867
6933
2833
1633
2033
5233
1433

3211 abc
3355.7 abc
3499.7 abc
3522 abc
3611 abc
3700 abc
4066.7 abc

9

6767

3200

3500

4489 abc

15

10100

2467

1933

4833.3 abc

23

9667

2833

4100

5533.3 abc

10
18

8500
10533

2500
5400

5667
3967

5555.7 abc
6633.3 abc

21

13833

2800

4500

7044.3 bc

11

15933

4700

5433

8688.7 c

8

35867

5533

9167

16855.7 d

1

29400

9333

12300

17011 d

Mean

3672.2

LSD

3436.8

CV%

100.6

P value

<.001
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CFU dilutions 10^-2, 10^-3 and 10^-4 for the samples 5,
19 and 27 showed significant differences. The number of
colonies reduced as the dilution factor increased as shown

with sample 19 and 27. Sample 27 had the highest number
of colonies as compared to sample 5 and 19 as shown in
figure 6.

Figure 6: CFU dilutions 10^-2, 10^-3 and 10^-4 for the samples 5, 19 and 27
TABLE IV- LOITOKTOK SOIL SAMPLE ANALYSIS
Dilution
Sample
10^-2
1
0.0
2
0.0
3
0.0
4
0.0
5
0.0
6
0.0
7
0.0
8
0.0
9
0.0
10
0.0
11
0.0
12
0.0
13
0.0
14
0.0
15
0.0
16
0.0
17
0.0
18
0.0
19
0.0
20
0.0
21
0.0
22
60.0
23
160.0
24
180.0
25
250.0

10^-3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
116.7
60.0
103.3
93.3

10^-4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
76.7
40.0
73.3
73.3

Mean
0a
0a
0a
0a
0a
0a
0a
0a
0a
0a
0a
0a
0a
0a
0a
0a
0a
0a
0a
0a
0a
84.4 ab
86.6 ab
118.8 abc
138.8 bcd

26

280.0

160.0

226.7

222.23 cde

27
28
29
30

426.7
283.3
113.3
363.3

113.3
273.3
463.3
250.0

143.3
146.7
210.0
240.0

227.7 cde
234.4 cde
262.2 de
284.4 e
55.3
69.56
135.2
<.001
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Loitoktok samples (9) showed colonies of Ralstonia
solanacearum while 21 samples had no inoculum of
bacterial wilt (Table IV).

gets water from underground boreholes (Nakhungu et al.,
2019). Water from underground is mostly clean unlike the
moving river that collects inoculum from different fields
as they meander on land. Other tomato diseases reported
included blight, blossom end rot and spotted wilt of
tomato. Kajiado County especially Loitoktok experienced
less infections of bacterial wilt disease because of the
number of farming years of tomato. Respondents in
Kirinyaga traced observation of bacterial wilt of tomatoes
in their fields for over 10 years while those in Kirinyaga
observed for a period of between 0-2 years (Nakhungu
et al., 2019). Only a few of the farmers in Kajiado had
reported the disease in their field for the last 3-6 years.

DISCUSSION
Bacterial wilt of tomato is a serious disease in the major
tomato growing regions of Kenya such as Kirinyaga
and Kajiado Counties. A survey conducted by Kago
et al. (2016) concluded that bacterial wilt was a major
constraint to production of tomatoes in Kenya. It affects
both large-scale and small-scale tomato farmers, those
growing tomatoes in the open field and those growing
in the high tunnels. Aloyce. (2019) did research on the
severity and incidence of bacterial wilt of tomatoes and
found that the disease was much severe in greenhouse than
in the open field (Aloyce et al., 2019). Most farmers are
aware of the disease especially the symptoms but do not
know the biology of the pathogen, hence is widely spread
in the regions (Tafesse et al., 2018). Others implemented
management strategies that are not effective due to the
limited information they have about the disease. The
farmers practice production strategies that aid in the spread
of bacterial wilt in one field or even between fields such as
irrigation which they use without sterilizing equipment’s.
In addition, use of seeds and seedlings from non-certified
sources were reported among the farmers as contributing
to ease of spread of the bacteria. According to Aloyce et
al. (2017), irrigation water aids to the spread of bacterial
wilt from one individual farm to the other. Farmers often
grow susceptible varieties without their knowledge which
puts them at risk of losing a good amount of their final
produce.

Most farmers in Kirinyaga County saw bacterial wilt of
tomato as a very important disease. About 14% reported
that disease was moderately important while 10% did not
consider bacterial wilt of tomato to be important disease.
The reasons why a huge percentage of the farmers felt
that bacterial wilt was a very important disease is because
they practice tomato farming for commercial purpose.
Presence of bacterial wilt makes them experience yield
losses of about 88 % which is so significant (Mamphogoro
et al., 2020). The results were contrary to those in Kajiado
who mostly scored bacterial wilt to be of moderate
importance and no importance at all. The farmers in
Kajiado experienced slightly lower cases of bacterial wilt
and therefore the losses incurred were less causing no
significant losses.
Tomato diseases affected farmers so much that over
80 percent of the respondents put it among the major
constraint in tomato cultivation. The soils from the major
tomato growing regions had R. solanacearum causing
crop cultivation to be difficult even when management
strategies are implemented. There were however a few
fields that were still clean reporting no bacterial colonies.
This was true for both Kajiado and Kirinyaga counties.
Most of the samples from Kirinyaga however had Rs
compared to those from Kajiado County. The amount of
Rs on the soil determines the incidence of bacterial wilt in
tomato field (Lee et al., 2020).

Rs is spread in both Kirinyaga and Kajiado counties of
Kenya and a good number of the farms where samples
were collected produced R. solanacearum colony forming
units. In a study conducted by Kago. (2016), bacterial wilt
of tomatoes is widely extensive in about 60% of the farms.
Over 90% of the farmers who were interviewed in both
Kirinyaga and Kajiado counties reported that they had
observed bacterial wilt in their fields. This study revealed
that proportion of bacterial wilt of tomatoes was higher
in Kirinyaga than Kajiado County. The differences might
be due to a wide range of factors like availability of clean
tomato seeds and how the farmers conduct their agronomic
activities. Tomato farmers in Kirinyaga county gets their
water from Rivers like Nyamindi while those in Kajiado

CONCLUSION AND RECOMMENDATIONS
It was found that bacterial wilt of tomato was a major
constraint of tomato production in Kirinyaga and Kajiado
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counties affecting nearly all the farmers. Most of the fields
in Kirinyaga were contaminated by Rs inoculum with only
a few farms being clean which was attributed to the main
method of irrigation water which is the river. However,
Kajiado farmers had clean fields with no inoculum
incidences which was also attributed to their source of
water being underground boreholes. It was also found that
bacterial wilt of tomato had been in Kirinyaga County for
a longer period of time above 10 years unlike in Kajiado
County. Farmers in Kirinyaga and Kajiado Counties ought
to be taught the best integrated management measures
to help curb the spread of bacterial wilt inoculum from
contaminated fields to clean fields. They also need to
know the best methods to manage bacterial wilt to reduce
on the resultant losses on the tomato crop.
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