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Detection of latent infection by Ralstonia solanacearum
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The potential of using stems for the detection of latent infection caused by Ralstonia solanacearum (Rs)
was studied. Forty plants each were collected from four farms with bacterial wilt incidence below 4% in
two growing seasons (season A and season B of 2005). The tubers of all the selected plants including
10 cm of the all lower stems were collected. Samples were taken to the laboratory for indexing against
R. solanacearu (Rs) using ELISA techniques. The Rs status of each of the composite samples of all the
tubers and of stems was determined and then correlation coefficients computed. There was a notable
difference in the percentage number of samples per farm with particular categories of R. solanacearum
status. When stems were compared to tubers for detection of Rs, an average r – value of 0.4 was
obtained when r-values for the four different farms were averaged. The lowest r-value recorded was 0.2
while the highest was 0.5. When individual farms were considered it was only in one farm out of the four
that r was not significant (p = 0.2). Overall the r-value was significant (p < 0.05). These results indicate
that there is scope for adoption of stems as an alternative sample to tubers for indexing against R.
solanacearum in potato tuber seed certification schemes more so in screening for presence of R.
solanacearum in seed potato fields. However, although significant, the low r-value calls for more
investigations to be done prior to final recommendation on use of stems from potato fields.
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INTRODUCTION
Bacterial wilt (BW) is caused by Ralstonia (Burkholderia,
Pseudomonas) solanacearum and is considered the
second most damaging disease of potato worldwide. The
disease is particularly damaging in humid climates and at
low and medium elevations in tropical and subtropical
regions (Hayward, 1991, 1996). In Kenya, the pathogen
has been reported at both low and higher elevations
(Nyangeri et al., 1984). Yield losses caused by bacterial
wilt are estimated at 50 - 100 % in traditional potato
production areas (Ajanga, 1993).
Bacterial wilt is, after late blight, the most important
biotic constraint to potato production in Kenya (Barton et
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al., 1997). The disease was observed in Kenya in 1940
and has spread to altitudes as high as 3440 m (Bekele,
1996). Yield losses due to Bacterial wilt average about
50% with occasional losses of 75% on seed potato
(Ajanga, 1993). It is therefore necessary that appropriate
measures be taken without much delay. Bacterial wilt has
remained a major constraint to potato production
because most of the traditional potato fields are
contaminated by R. solanacearum and good quality seed
is unavailable to most farmers in Kenya (Michieka, 1993;
Kinyae et al., 1994; Barton et al., 1997). When good
quality seed is available, it is either too expensive or
inaccessible to many potato growers (Kinyua et al.,
2001). Most farmers recycle their own seed potato or
purchase from nearby markets or neighbours (Barton et
al., 1997). Such seed is of unknown quality with respect
to tuber-borne diseases such as bacterial wilt and those
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caused by viruses. Additionally, most potato growers
hardly practice field sanitation or crop rotation procedures, perhaps due to limited land sizes and
inadequate information to the farmers on the cause,
spread, perpetuation and control options of bacterial wilt
and other diseases (Barton et al., 1997). These factors
have led to a general increase in incidence of various
diseases and low potato yields (Nyangeri et al., 1984;
Eden-Green, 1991; Ajanga, 1993). Since the pathogen is
transmitted through tuber seed, the most effective means
to control it is use of healthy planting materials (Adipala
et al., 2001).
Bacterial wilt (BW) of potato is a devastating disease
worldwide (Hayward, 1991). In cool conditions, such as
those found in the tropics at altitudes above 2500 m,
infected but symptom-less plant may harbour the bacterium and transmit it to progeny tubers as latent infection.
This may lead to severe disease outbreaks when the
tubers are grown at warmer sites (Ciampi et al., 1980;
Hayward, 1991). Therefore, the use of healthy planting
material is the most effective means to control the
disease (Hayward, 1991). Original planting material used
in formal or traditional multiplication schemes must
therefore be tested for latent infection by R.
solanacearum.
One drawback within the potato seed production
system in sub-Saharan Africa is lack of rigorous seed
health testing and certification programme (Nortje, 1997;
Kakurhenze et al., 2000). The classical detection method
of tuber infection consists of incubating tubers for 3 to 4
weeks at 30°C and observing oozing from the eyes or
stolon ends, or cutting the tubers to observe oozing from
the vascular ring. However this method is time and space
consuming and may not reveal low infection rates (Priou
et al., 1999). Therefore a more economical and efficient
detection technique for routine use in quarantine
procedures and seed certification scheme is necessary.
The aim of this study was to evaluate the potential use of
stems in detection of latent infections due to R. Solanacearum for use in seed potato certification and quarantine
procedures.
MATERIALS AND METHODS
Sample collections
Samples were collected from four different farms in Meru at two
different seasons (short rain 2005 and long rain 2005/06 seasons).
Season one, sample one
Sampling was done in mid August, 2005 from a potato farm in
Katheri location, Meru. The farm belonged to Margaret Meruh at
GPS reading 2039 m N00002.226’, E0370 34.530’. The crop was at
three months age of variety Asante. Seed were bought from other
farmers from the region. The potato crop was preceded by maize.
Bacterial wilt incidence was below 1%. Plant population estimate
was about 4870 plants.
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Symptomatic plants
Five wilted plants were sampled. All the tubers from the wilted
plants were dug up and put into khaki paper bags. The corresponding lower parts of the stems with the root system intact were
also put into each bag and labelled accordingly. The upper parts of
the stem were chopped off at about 10 cm from the soil surface.
Symptomless plants adjacent to symptomatic plants
Three adjacent symptomless plants for every wilted plant were
sampled. All the tubers from each symptomless adjacent plant were
placed into a khaki paper bag. The corresponding lower parts of the
stem with root system intact chopped off at about 10 cm above the
soil surface was also placed into the bag and the bag labelled
accordingly.
Symptomless plants positioned away from symptomatic plants
Thirty plants per potato field were sampled. All tubers from plants
with no symptoms of bacterial wilt and positioned such that no
wilted plant was within a radius of two meters were dug up and put
in well labelled khaki paper bags. The corresponding lower part of
the stems with root system intact were chopped as above and put
into the khaki paper bag.
Season one - sample two
sampling was done in a second farm belonging to Stephen Mworia
at GPS reading 2051m, NOOo’ 02.271’, E0370 34.541. The crop
was around 4 months old of the variety Asante. Bacterial wilt
incidence was below 2%. Seeds had been bought from other
farmers in the area. Maize preceded the sampled potato crop. Plant
population was about 2540 plants. The same sampling procedures
used in the first farm were applied.
All the samples were then transported to the KARI-NARL, Plant
pathology section laboratory for ELISA analysis.
Season two - sample one and sample two
Sampling was done in mid January, 2006 from two potato farms at
Katheri village Meru belonging to the same farmer at GPS reading
2046 m, NOOo’ 02.186’, E0370 34.461. Farm 1 had potato crop
variety Asante intercropped with maize on approximately half an
acre plot. Bacterial wilt incidence was below 3% in a plant population of about 4800 plants. Farm 2 had potato crop variety
Komesha also intercropped with maize on approximately half an
acre plot. Bacterial wilt incidence was below 4% in a plant population of around 5200 plants. Sampling was done in a similar
manner to what was done in season one. All samples were taken to
the laboratory for analysis.
Stems analysis
From each plant sample the main stems were separated from each
other and any soil/dirt washed of thoroughly with tap water. Each of
the main stems was then cut at the point of the uppermost roots
and on the other end to get a 7 - 10 cm fragment. The segments
were disinfected in 0.5% sodium hypochlorite for 3 min, then rinsed
with sterile distilled water and allowed to dry on clean serviette
tissue paper. Then 2 cm of the lower and upper portion of the
fragment was chopped off and discarded. Four, 1 cm piece was cut
from the remaining fragment and put in plastic crushing bags for
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sample extraction. Three milliliters of sterile citrate buffer per gram
of stem tissue were then added and the tissues crushed with a
wooden roll. From each stem sub-sample, 0.5 millilitres of the
aliquot was added to 0.5 milliliters of modified SMSA broth for
enrichment. Then 0.2 millilitres of aliquots from each stem subsample per plant were mixed together in a plastic bag, making a
composite sample from which aliquots were also placed into two
SMSA broth tubes for enrichment. After enrichment, the subsamples and composite samples were analyzed using DAS-ELISA
techniques for the detection of R. solanacearum (Priou, 2004).

in tubers only with farm - B of 2005 having a significantly
high percentage of 36.0% and farm - A of the same year
having a significantly low percent of 2.0%. There was
also a significant difference within the farms for samples
negative to bacterial wilt in both stems and tubers where
farm B of 2005 had a significantly low percent of 4.0%
while the other farms had above 50.0% with farm – A of
2006 having the highest percent of 57.5% (Table 1).

Tubers analysis

Correlation analysis results

From each plant sample, tubers were thoroughly washed in tap
water to remove soil/dirt. The tubers were then disinfected in 0.5%
sodium hypochlorite for 3 min and then rinsed in sterile distilled
water and allowed to dry on clean serviette tissue. From each plant
sample, each tuber separately had five cross-sections cut and
vascular rings removed from the stolon end. Five vascular rings
from each tuber were put into a plastic bag. Each tuber constituted
a sub-sample of the main plant sample. Three millilitres of sterile
citrate buffer per gram of tuber tissue were added and the tissues
crushed with a wooden roll. Half a millilitres of extract from each
sub - sample was put into 0.5 millilitres of SMSA - broth tube for
enrichment. For each lot of tubers from one plant, 0.2 millilitres
aliquots from each sub sample were placed into a plastic bag and
mixed to form a composite sample. 0.5 millilitres each for the
composite samples were placed into two SMSA-broth tubes for
enrichment. To ascertain the sensitivity of ELISA the enriched sub samples from season one were indexed against R. solanacerum
through NCM-ELISA technique (CIP 2001), while the enriched sub samples from season two were indexed against R. solanacerum
through DAS - ELISA technique (Priou, 2004). This was to ensure
that two different sets of results - one based on visual judgement
and the other based on ELISA reading were obtained for analysis.
Analysis of samples of season one and two were done at different
times.
Data analysis
Data on the R. solanacearum status of each sample was recorded.
Data for 2005 samples were transformed by converting the values
to base of the natural logarithm (e). Correlation coefficients of each
set of data (2005 and 2006) were calculated and analyzed through
Fisher Z - test.

RESULTS
Bacterial wilt status for the samples
There were significant differences observed in the percentages for the bacterial wilt status of the samples in
each category per farm. Farm - A of year 2005 had a
significantly low number of samples positive for bacterial
wilt in both stems and tubers at 10.0%, while farm - B of
the same year had a significantly high number of samples
in the same category at 58.0%. Significant differences
were observed in the bacterial wilt positive samples in
stems only category where farm - A of 2005 had the
highest percent of 32.0%, while farm B of the same year
had the lowest percent of 2.0%. There was a significant
difference in the percentage number of samples positive

There were significant differences in the r - values from
the four farms with farm A of 2006 having significantly
high r - value of 0.5 compared to farm B of 2005 (r = 0.2).
Farm B of 2006 also had a significantly higher r - value of
0.5 compared to farm B of 2005 (r = 0.2). The r - value
was not significant in farm B of 2005 (p > 0.05), while in
the other three farms the r - values were significant (p <
0.05). The p- value was significantly high in farm B of
2005 (p > 0.05) (Table 2).
The scatter and regression graph for farm A 2005
indicates that positive correlation exist between stems
and tubers in the detection of R. solanacearum (Figure
1).
The scatter and regression graph for farm B 2005
indicates that positive correlation also exists between
stems and tubers in the detection of R. solanacearum
(Figure 2).
The scatter and regression graph for farm A 2006
indicates that positive correlation exist between stems
and tubers in the detection of R. solanacearum (Figure
3).
The scatter and regression graph for farm B 2006 also
indicates that positive correlation exists between stems
and tubers in the detection of R. solanacearum (Figure
4).
DISCUSSION
One of the main constraints to developing strategies to
efficiently control bacterial wilt has been the absence of
rapid and accurate methods to detect the pathogen in
large numbers of plants on a routine basis (French et al.,
1995).
The aim of the third experiment was to determine the
suitability of using stems instead of tubers in testing for
latent infection by R. solanacearum. When the samples
from four farms were analyzed, four sets of samples
based on status were identified. There were those
positive in stems and tubers, those positive only in stems,
those positive only in tubers, and those negative in both
stems and tubers (Table 1). From three farms the
percentage number positive in stems only was higher
than those positive in tubers only. In one farm those
positive in tubers only were significantly higher than those
positive in stems only. The mean percentage for each

Mwangi et al.

1647

Table 1. Percentage number of samples for each Ralstonia solanacearum status for samples from four farms collected
from Meru for bacterial wilt correlation analysis between tubers and stems.

Year-farm

Farm no.

2005-A
2005-B
2006-A
2006-B
Mean
L.S.D.0.05

1
2
3
4

Positive in tubers
and stems
10.0
58.0
12.5
17.5
24.5
35.9

Positive in stems
only
32.0
2.0
22.5
25.0
20.4
20.5

Positive in
tubers only
2.0
36.0
7.5
2.5
12.0
25.8

Negative in both
stems and tubers
56.0
4.0
57.5
55.0
54.5
46.5

Table 2. Correlation coefficient factors between stems and tubers for samples from four farms
collected from Meru for bacterial wilt detection correlation analysis between tubers and stems.

Year-farm
2005-A
2005-B
2006-A
2006-B
Mean

Farm no.
1
2
3
4

Calculated r- value
0.4
0.2
0.5
0.5
0.4

P- value
0.01
0.17
0.00
0.00
0.04

S ca tte rpl o t o f S te m s vs Tu be rs
1 .0

Ste ms

0 .8
0 .6
0 .4
0 .2
0 .0
0 .0

0 .2

0 .4

0 .6

0 .8

1 .0

Tu be rs

Figure 1. Scatter and regression graph for stems vs. tubers in detection of Ralstonia solanacearum
for farm A in 2005.

particular category were however not significantly different (Table 1). These observations point to the fact that
an infected plant can have both healthy tubers and
diseased stems or diseased tubers and healthy stems. In
relation to this, further research should be done to
determine the relationship between inoculums (infection)
source and the detection of R. solanacearum in either
stems or tubers.
When r – values were considered, there was none
indicating perfect positive correlation for the four farms

which had a range of 0.2 – 0.5 (Table 2). On average, the
correlation coefficient indicated some positive correlation,
which is an indication that there is scope for adoption of
stems as a sample instead of tubers for testing of latent
infection due to R. solanacearum in seed certification
schemes. This would be through developing a protocol
for screening seed potato fields for presence of latent
infection due to R. solanacearum. If achieved, this would
save the loss incurred when classical method is used, as
the fate of the crop will be determined before harvesting.
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Figure 2. Scatter and regression graph for stems vs. tubers in detection of Ralstonia
solanacearum for farm B in 2005.
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Figure 3. Scatter and regression graph for stems vs. tubers in detection of Ralstonia
solanacearum for farm A in 2006.

Scatte rplot of ste ms vs tube rs
0.9
0.8
0.7
0.6
Ste ms

1648

0.5
0.4
0.3
0.2
0.1
0.0
0.050

0.075

0.100

0.125
Tube rs

0.150

0.175

0.200

Figure 4. Scatter and regression graph for stems vs. tubers in detection of
Ralstonia solanacearum for farm B in 2006.
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Conclusions and recommendations
From the study on suitability of using stems in detection
of R. solanacearum, it can be concluded that there was a
positive correlation between tuber and stem testing.
However, the correlation coefficient factors were between
0.2 – 0.5, which is low considering that bacterial wilt is a
quarantine disease. This may be as a result of the fact
that an infected plant can contain both healthy and clean
tubers, as well as both healthy and clean stems. The
outcome of the study therefore indicates that care should
be taken in the analysis of results from both stem and
tuber testing. There is, however, scope for the adoption
of stem testing to develop a protocol for screening of
seed potato fields for bacterial wilt infections. This would
be useful in seed certification schemes and would save
valuable seed potato and allow for the results to be
available faster.
From the correlation results, it was recommended that
further research be done to establish the relationship
between inoculums’ source and detection of R.
solanacearum in stems and tubers before adopting the
use of stems as alternative samples to tubers for indexing
against R. solanacearum for latent infections in potato
seed certification programs. However, there is a strong
indication that a protocol for screening seed potato fields
using stems can positively be developed.
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