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Abstract
In most developing countries, farmers lack sufficient supply of certified or healthy potato seed tubers. Hence, they often plant
their own saved ware potato tubers, a practice that is known to contribute to spread and increase the prevalence of plant viruses. In
this study, we proposed options for managing the virus based on the knowledge obtained from surveys of virus prevalence and
distribution in potato cultivars grown under such conditions. Potato leaf samples randomly collected from 354 farms in fivemajor
potato-growing counties in Kenya were tested for six potato viruses; potato virus Y (PVY), potato leaf roll virus (PLRV), potato
virus X (PVX), potato virusM (PVM), potato virus A (PVA) and potato virus S (PVS) through DAS-ELISA. Virus prevalence in
the fields was high; 72.9% of the samples were positive for at least one of the six viruses; and 55.9% showed multiple infections.
A follow-up survey conducted during three consecutive seasons, in two of the five counties, revealed that virus prevalence
fluctuated across seasons. This suggested that updated information on virus prevalence might be of value for designing a virus
control strategy. Distribution maps showed the presence of the viruses restricted to specific geographic regions, an indication of
where control efforts should be directed. Four cultivars, Sherekea, Shangi, Kenya Karibu and Asante, grown at a high virus-
prevalent area, showed low values of average ELISA absorbance (OD), suggest a field resistance to the viruses. This study
demonstrated that knowledge of prevalence and distribution may be of value to identify and recommend virus resistant cultivars
to replace susceptible ones, especially in the virus hotspot areas.
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Introduction

Potato (Solanum tuberosum L.) is globally ranked as the
fourth most important food crop after wheat, rice and maize.
The crop is distributed worldwide in over 100 countries and is
considered an important crop in all continents (Birch et al.
2012). Over the past five decades, the crop has increased its
importance in East and Central Africa (Scott et al. 2013). In
Kenya, potato is the second most important food crop after
maize and plays an important role in ensuring food security of
the country (MoALF 2016). Despite its importance, average

potato yield in the farmer’s fields is low (8.7 T/ha) as com-
pared to the leading potato producers in the world which pro-
duce between 40 to 60 T/ha (FAOSTAT 2017) under well-
established seed systems, pest and disease surveillance and
effective virus control (Whitworth and Davidson 2008;
Wang et al. 2011). High incidence of pests and diseases are
a big challenge in potato production, causing low profitability
and consequently threatening food security (Thomas-Sharma
et al. 2016).

Viruses are also among the most important vector and
seed-borne diseases of the potato crop (Salazar 1996). Out
of over 40 viruses which can infect potato (Whitfield et al.
2015), the six best known viruses: potato virus Y (PVY, genus
Potyvirus), potato leaf roll virus (PLRV, Polerovirus), potato
virus X (PVX, Potexvirus), potato virus A (PVA, Potyvirus),
potato virus S (PVS, Carlavirus) and potato virus M (PVM,
Carlavirus) have been reported to be most important in Kenya
(Were et al. 2003; Muthomi et al. 2009; Were et al. 2013) and
even in the neighbouring countries Ethiopia, Uganda and
Tanzania (Gildemacher et al. 2011; Priegnitz et al. 2019).
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PVY, PLRV and PVX have attracted more attention than
PVM, PVS and PVA due to high losses they cause on yield
(Taliansky et al. 2003) generally associated with more symp-
toms. In the farmer’s fields, multiple infections commonly
occur with an increased synergistic effect on the crop, subse-
quently leading to higher yield losses (Brandolini et al. 1992;
Kerlan and Moury 2008). In susceptible potato cultivars,
the viruses cause general poor vegetative growth and
loss in tuber yield, coupled with symptoms such as leaf
roll, mosaic, leaf drop, chlorosis, stunted growth and
necrosis and production of undersized tubers and some-
times death of the whole plant (Jayashige et al. 1989;
Beukema and van der Zaag 1990).

In addition to being tuber-borne, all six potato viruses are
transmitted by various aphid species except PVX which is
transmitted through contact (Whitfield et al. 2015) and PVS,
which can also have aphid-transmitted strains (Kreuze et al.
2020). Some of the aphid species that transmit potato viruses
have been found to occur with high incidence in potato-
growing regions in Kenya (Olubayo et al. 2010; Muthomi
et al. 2009; Were et al. 2013). Existence of alternative weed
host plants of the viruses in or around potato fields is among
the factors that contribute to further spread of the viruses
(Were et al. 2003; Nyamwamu et al. 2014; Smith et al.
2012). Among the seed producers, viruses lower the quality
standards of the various classes of seed potato, and in cases
where virus prevalence exceeds legal limits of the
phytosanitary authorities, the seed lot is normally rejected
and seed producer’s loose profitability (Kaguongo et al.
2014; Soliman et al. 2012; Kim and Kwon 2019). In Kenya,
certified seed tubers are scarce (< 5% of seed tubers planted), a
fact that may be contributing to high virus prevalence in the
farmer’s fields (NPCK 2017). Planting such low quality seed
tubers leads to transmission and accumulation of viruses over
subsequent seasons of replanting virus-infected tubers (Onditi
et al. 2013). High prevalence and rapid spread of potato virus-
es normally occur in cases where effective measures are not
put in place for virus control (Frost et al. 2013; Yadav and
Khurana 2015). Knowledge of prevalence, geographical dis-
tribution and relative economic impact of the different potato
viruses can be essential in implementation of control strategies
(Tesfaye et al. 2011). This study was therefore conducted to
(a) describe prevalence and spatial distribution of the six ma-
jor viruses and (b) make inferences about virus resistance in
particular cultivars from virus prevalence surveys and (c) sug-
gest cultivars, regions and viruses that should be given prior-
ities in potato virus control in Kenya.

Materials and methods

A survey was conducted in farmer’s fields in the five major
potato-growing regions in Kenya administratively demarcated

as Bomet, Nakuru, Kiambu, Nyandarua and in Meru counties
(see Figs. 3, 4, 5, 6, 7 and 8). In these regions, there are two
main potato-growing seasons in a year; the short rains
(October–December) and long rains (April–July).

Potato leaf samples were collected from a total of 354
farms (80 in Bomet, 65 in Nakuru, 64 in Kiambu, 65 in
Nyandarua and 80 in Meru) during the main potato-growing
season of 2016 (long rains 2016). Four samples (tested as one
composite) were taken randomly from within each farm with-
out bias on symptomatic or asymptomatic plants. Leaf sam-
ples were collected from the third leaf from the top of the plant
and at a time when the potatoes were at early vegetative stage
towards flowering (30 to 60 days after planting). Simple ran-
dom sampling was used to identify survey sites. The survey
sites were randomised using the QGIS software (QGIS 2019)
according to the total number of samples for each of the five
counties. Potato farms which fell on or closest to the QGIS-
generated GPS coordinates were identified for the survey. To
compare virus prevalence over the consecutive seasons, sam-
pling continued in two of the five potato-growing regions
(Nyandarua and Meru) during the short rains 2016 and long
rains 2017 with the same number of samples from the same
field per region every season.

Data were collected on the cultivar sampled and the geo-
graphic positioning systems (GPS) coordinates (longitudes
and latitudes) of the farms using the UTM geo map android
application. Actual GPS coordinates of the farms where sam-
ples were collected were used to generate distribution maps
using QGIS software (QGIS Development Team 2019) to
visualise the virus distribution patterns. Leaf samples were
collected in the field in plastic bags which were transported
in ice cold styrofoam boxes to the research station where they
were stored at 4 °C and analysed within 3 days after collection
by DAS-Enzyme Linked Immuno-Sorbent Assay (Double
Antibody Sandwich ELISA) (Clark and Adams 1977). The
antibodies for the potato six viruses (PVY, PLRV, PVX,
PVM, PVA and PVS), the kit and instructions for ELISA
detection were obtained from the International Potato Centre
(CIP), Lima, Peru. The samples were tested at Kenya
Agricultural and Livestock Research Organization
(KALRO), Potato Research Centre, Tigoni, Kenya. ELISA
coating solution was prepared by diluting the coating antibody
for each of the six viruses (PVY, PLRV, PVX, PVM, PVS and
PVA). Coating solution consisted of 35 μl of the antibodies
(IgG) in 10 ml of coating buffer (0.2 g Na2CO3, 0.44 g
NaHCO3, 0.03 g NaN3pH 9.6 in 120 ml of distilled water).

Wells of the ELISA plates (Thermo Scientific, Denmark)
were loaded with 100 μl of the coating solution and incubated
overnight at 4 °C. The plates were washed 3 times with a 3-
min rinse between the washes. The washing buffer consisted
of 8.0 g NaCl, 0.2 g KH2PO4, 0.2 g KCL, 1.13 g NaH2PO4,
0.29 NaN2 and 0.05% of Tween 20 in 1 l of distilled water,
pH 7.4 (PBS-T). Leaf samples were macerated in 1:2 w/v ratio
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with ELISA extraction buffer (0.2% egg ovalbumin, 2%
PVP40, 0.05% Tween-20 and 0.05% NaN3 in 0.01 M PBS).
Samples (100 μl) were loaded in duplicates (side by side) in
the ELISA plate including three positive and six negative
controls and incubated overnight at 4 °C. Because of the large
number of samples collected tested for each virus (354), sam-
ple loading was conducted on multiple ELISA plates but fol-
lowing the same procedure. Buffer solutions were prepared
and stored using the same protocol for all the samples. The
same positive and negative controls were used for each test
plate. The ELISA OD values of the controls from the different
plates were comparable: within three times the standard devi-
ation of their value. This low variation on the control OD
values among microplates, allowed a comparison of results
obtained from the different ELISA plates. Positive controls
were potato leaf samples previously tested in ELISA and
found infected with each of the six viruses respectively, and
a negative control was a potato leaf sample confirmed to be
without infection of any of the six viruses and stored at −
20 °C. Positive and negative controls were of the same phys-
iological age at the time of sample collection. After three plate
washings, alkaline phosphatase (IgG-AP) conjugate antibody
(1000 times diluted in extraction buffer) of each of the respec-
tive six viruses was added (100 μl) and incubated overnight at
4 °C. Colour development was done by adding 100 μl of
substrate solution [0.75 mg/ml of paranitrophenylphosphate
(pNPP) in substrate buffer (97 ml of diethanolamine, pH 9.8
in 1000 ml of distilled water)] and incubating at room temper-
ature for 60 min. An ELISA reader (Biotek 88TS, Vermont,
USA) was then used to take optical density (OD) reading at a
wavelength of 405 nm. ELISA positive samples were calcu-
lated as those with values equal or greater than the mean of the
negative controls plus three times the standard deviation.

Potato virus prevalence was calculated as the proportion of
samples that tested positive for the viruses against the total
number of samples tested. Analysis of variance (ANOVA)
was on ELISA OD values and a least significant difference
(LSD) of 5% was used to compare means using the R statis-
tical package. This was also used to summarise the differences
in means of cultivars, regions and viruses and to make deci-
sion on the relative importance of the viruses.

Results

Prevalence of the six viruses

The virus prevalence’s in five major potato-growing counties
(Nyandarua, Kiambu, Nakuru, Meru and Bomet) as based on
354 potato leaf samples analysed in an ELISA assay for six
viruses are summarised in Fig. 1. Virus infections were found
in 72.9% of all the samples analysed, while the rest (27.1%)
tested negative for all the six viruses. Each of the six viruses

was detected in all the counties with the exception of Nakuru
where PVY was not detected. The virus prevalence varied
from within one county to another. In the total of all the sam-
ples analysed, PVX was the most prevalent virus (54.8%)
followed by PVS (47.5%) and PVM (13.0%). PVY (8.2%),
PLRV (6.8%) and PVA (2.5%) occurred at lower prevalence.

Within each of the five counties, PVX and PVS were still
the most prevalent while the rest of the viruses occurred at
lower prevalences. In Nyandarua County, there was 86.2%
PVS, 66.2% PVX, 6.2% PVM, 3.1% PVY, 1.5% PLRV and
1.5% PVA. In Nakuru County, PVX (67.9%) and PVS
(52.3%) were still the most prevalent viruses followed by
PVM (18.5%), PLRV (1.5%) and PVA (1.5%) while PVY
was not detected. Virus prevalence in the other three counties
were as follows: 83.8% PVX, 35.0% PVS, 18.8%
PVY,11.3% PLRV, 5.0% PVM and 2.5% PVA in Meru
County, 50.8% PVS, 38.5% PVX, 29.2% PVM, 7.7% PVY,
3.1% PVA and 1.5% PLRV in Kiambu County and 83.8%
PVX, 35.0% PVS, 18.8% PVY,11.3%PLRV, 5.0%PVMand
2.5% PVA in Bomet County.

Occurrence of multiple infections

The different combinations of infections of six viruses that
occurred in the 354 samples from the five potato-growing
counties are presented in Table 1. Three categories of the
samples analysed were found, namely: multiple infections,
single infection and those samples which were negative for
all the six viruses (Table 1). Multiple infections occurred in 24
different combinations of the six viruses in 55.9% of the sam-
ples. The most common type of multiple infection was that
involving a mixture of PVX and PVS which occurred in
23.4% of the samples. Other types of multiple infections in-
cluded a mixture of PVX, PVM and PVS (6.2%), PVM and
PVS (2.5%), PVY and PVS (1.1%), PLRV and PVX (1.1%)
while the rest occurred at lower prevalence of less than 1.0%.
Single infections were found in 27.7% of the samples and only
for PVX (19.8%) and PVS (9.0%). None of the six viruses
was detected in 27.1% of the samples analysed.

Potato virus prevalence across the consecutive
seasons

Prevalence of the six viruses were analysed for three consec-
utive seasons in two (Meru and Nyandarua) of the five
counties. Potato leaf samples (65 in Nyandarua and 80 in
Meru) were collected in the same farms during the long rains
2016, short rains 2016 and long rains 2017 (Fig. 2). Virus
prevalence was found to be changing over time especially
with PVX and PVSwhich was found to occur with the highest
overall prevalence. There was an overall decreasing trend in
PVX prevalence from 37.7 to 28.1 to 22.8% over the three
seasons. Even though PLRV prevalence was relatively lower
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than that of PVX, there was still a decreasing trend from 3.4 to
3.1 to 2.8%. In contrast, there was an increase in PVS preva-
lence from 29.0 to 33.1 to 36.9% over the seasons. Though

with a lower prevalence than that of PVX, there was an in-
crease in PVY from 4.1 to 4.7 to 7.2% over the seasons. PVA
and PVM occurred at lower prevalence than the rest of the

Table 1 Prevalence of potato
virus Y (PVY), potato leaf roll
virus (PLRV), potato virus X
(PVX), potato virus M (PVM),
potato virus A (PVA) and potato
virus S (PVS) in single and mul-
tiple infections in the total of 354
potato leaf samples collected from
five major potato-growing re-
gions in Kenya

Type of multiple infection No. of samples Virus prevalence (%)

No virus detected 96 27.1

PVX + PVS 83 23.4

PVX 70 19.8

PVS 32 9.0

PVX + PVM+ PVS 22 6.2

PVM+ PVS 9 2.5

PVY + PVS 4 1.1

PLRV+PVX 4 1.1

PVY + PVX+ PVS 3 0.8

PVY + PLRV+PVX 3 0.8

PVY + PLRV 3 0.8

PVY + PLRV+PVX+ PVM 2 0.6

PVY + PLRV+PVS 2 0.6

PVY + PLRV+PVM+ PVS 2 0.6

PVY + PLRV+PVM+ PVA 2 0.6

PVY + PVM+ PVX 2 0.6

PVY + PVM 2 0.6

PVX + PVA 2 0.6

PLRV+PVM+ PVS 2 0.6

PVY + PLRV+PVM+ PVS 2 0.6

PVY + PVX 1 0.3

PVY + PLRV+PVX+ PVM+ PVS 1 0.3

PVY + PLRV+PVX+ PVA+ PVS 1 0.3

PVX + PVM+ PVA+ PVS 1 0.3

PLRV+PVX+ PVM+ PVA+ PVS 1 0.3

PLRV+PVM+ PVA+ PVS 1 0.3

PVA + PVS 1 0.3

Total 354 100
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Fig. 1 Prevalence in percentages
of potato virus Y (PVY) potato
leaf roll virus (PLRV), potato vi-
rus X (PVX), potato virus M
(PVM), potato virus A (PVA) and
potato virus S (PVS) within each
of the five major potato-growing
areas in Kenya as based on DAS-
ELISA assays on a total of 354
potato leaf samples randomly
collected from these regions
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viruses with small variations in prevalence between the sea-
sons and without any clear trend of increase or decrease.

Distribution patterns of six potato viruses in five
potato-growing regions

Figures 3, 4, 5, 6, 7 and 8 show the distribution of the six
potato viruses in the five major potato-growing areas as plot-
ted from the geographical coordinates of the sampling sites.
PVY, PLRV and PVX were found to be localised only in

specific sub-counties within the counties surveyed. PVY
(Fig. 3) and PLRV (Fig. 4) were mainly localised to one sub
county (Imenti South) in Meru County and in Konoin sub-
county in Bomet. PVY was detected in Kiambu and
Nyandarua counties but sparsely distributed. PVY was not
found in Nakuru County. Apart from being localised in
Bomet and Meru counties, PLRV was very sparsely distribut-
ed in the rest of the counties.

PVX occurred in almost all counties although it was more
densely localised in some particular counties than others and

Fig. 3 Map of the distribution pattern of potato virus Y (PVY) in five potato-growing counties in Kenya. Survey points shown in red in the maps
represent sites where samples collected were PVY positive while those in green were PVY negative
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Fig. 2 Prevalence in percentages
of potato virus Y (PVY), potato
leaf roll virus (PLRV), potato
virus X (PVX), potato virus M
(PVM), potato virus A (PVA) and
potato virus S (PVS) in Meru and
Nyandarua counties over 3 con-
secutive seasons of long rains
2016, short rains 2016 and long
rains 2017 (seasons 1, 2 and 3
respectively)
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Fig. 4 Map of the distribution pattern of potato leaf roll virus (PLRV) in five potato-growing counties in Kenya. Survey points shown in red in the maps
represent sites where samples collected were PLRV positive while those in green were PLRV negative

Fig. 5 Map of the distribution pattern of potato virus M (PVM) in five potato-growing counties in Kenya. Survey points shown in red in the maps
represent sites where samples collected were PVM positive while those in green were PVM negative
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Fig. 7 Maps of the distribution pattern of potato virus A (PVA) in five potato-growing counties in Kenya. Survey points shown in red in the maps
represent sites where samples collected were PVA positive while those in green were PVA negative

Fig. 6 Map of the distribution pattern of potato virus S (PVS) in five potato-growing counties in Kenya. Survey points shown in red in the maps represent
sites where samples collected were PVS positive while those in green were PVS negative
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also within some sub-counties than others (Fig. 8). PVX was
densely localised in Molo sub-county in Nakuru County and
in Kinangop and Kipipiri sub-counties of Nyandarua County.
In Meru County, PVX was found mainly in Imenti south just
like in the case of PVY and PLRV. PVX was randomly dis-
tributed in Bomet County and in other regions of Meru
County. Dense PVX distribution in Kiambu County was
skewed towards the western side of the county cutting across
different counties. PVM (Fig. 5) was sparsely distributed all
over the five counties and even within the sub-counties. It
however, occurred densely towards western region of
Kiambu County. PVS (Fig. 6) was found to be randomly
distributed in all counties and within the sub-counties of the
potato-growing regions. PVA (Fig. 7) had similar random
distribution across the counties but very more sparsely distrib-
uted unlike PVS.

Prevalence of the six potato viruses in different
potato cultivars

Prevalence of the six potato viruses in each of the 13 different
potato cultivars grown in five major potato-growing counties in
Kenya are summarised in Table 2. The majority of the potato
crops in the farmer’s fields were mainly from cultivars Shangi
(60.5%) and Kombere (15.5%). The rest of the cultivars were
found only in a few farms (each at < 5%). Cultivars Sherekea,

Asante, Kenya Karibu, Unica, Thimathuti, Tigoni and Kalucy
were not infected with PLRV and PVY. Shangi was found with
a low prevalence (1.4% and 1.9% respectively) of both viruses.
The highest PVY prevalence was found in cultivars Nyayo
(66.7%), Dutch Robyjn (50.0%) and Nderamwana (50.0%),
Kombere (27.3%) and Desiree (14.3%). The same cultivars
(Dutch Robyjn, Nderamwana, Nyayo, Kombere and Desiree)
were also found with high PLRV prevalence of 57.1%, 50.0%,
33.3%, 16.4% and 14.3% respectively. PVX infections were
found in 11 out of the 13 cultivars with the exception of
Thimathuti and Nyayo. All the samples collected from cultivars
Tigoni and Kalucy were 100% infected with PVX. Other cul-
tivars found with high PVX prevalence included Asante
(92.9%) Kombere (85.5%), Unica (80%), Sherekea (57.1%),
Nderamwana (50.0%), Shangi (45.8%), Kenya Karibu
(40.0%), Desiree (28.6%) and Dutch Robyjn (28.6%).

Sherekea was the only cultivar that was not found with any
PVM infection. The rest of 12 cultivars were all infected with
PVM with varying prevalences. This virus was detected in
100% of the samples collected from cultivars Nderamwana,
Nyayo, Kalucy and Thimathuti. PVM infections occurred in
Dutch Robyjn, Tigoni, Kombere, Unica, Desiree, Kenya
Karibu, Asante, Sherekea and Shangi with prevalences of
78.6%, 54.5%, 7.3%, 20%, 14.3%, 40.0%, 14.3 and 4.2%
respectively. PVS was found in all the cultivars with 100%
infection in cultivars Nderamwana, Kalucy, Nyayo and

Fig. 8 Maps of the distribution pattern of potato virus X (PVX) in five potato-growing counties in Kenya. Survey points shown in red in the maps
represent sites where samples collected were PVX positive while those in green were PVX negative
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Thimathuti. PVS prevalence in almost all cultivars was rela-
tively high prevalence of 64.3%, 54.5%, 43.6%, 60.0%,
71.4%, 50.0%, 14.3%, 42.9% and 46.7% in Dutch Robyjn,
Tigoni, Kombere, Unica, Desiree, Kenya Karibu, Asante,
Sherekea and Shangi respectively. Out of the 13 cultivars,
PVA occurred in the least number of cultivars (only in four)
and at relative lower prevalence with 21.4% in Dutch Robyjn,
20% in Unica 14.3% in Desiree and 3.6% in Kombere.

ELISA OD values of the six potato viruses in the
cultivars

The average ELISAOD values representing concentrations of
each of the six potato viruses in the 13 potato cultivars are
presented in Fig. 9. Cultivars with the lowest ELISA OD
values considering all the six potato viruses (Fig. 9) were
Sherekea, Kenya Karibu, Shangi, Asante and Unica as com-
pared to the rest of the cultivars. Thimathuti, Dutch Robyjn,

Nyayo, Kombere, Desiree, Kalucy and Tigoni had moderate
concentrations of the viruses.

The average ELISA OD values in samples found infected
were highest in PVS (0.73) followed by PVX (0.57), then
PVM (0.42), PLRV (0.16), PVY (0.12) and PVA (0.06) were
lowest. The cultivar-virus combination with the highest aver-
age ELISA OD value was found in cultivar Kalucy with PVX
(1.992). This was followed by Nderamwana with PVS
(1.836), Thimathuti with PVM (1.773), Thimathuti with
PVS (1.431), Kombere with PVX (1.408), Nyayo with PVS
(1.190), Dutch Robyjn with PVS (1.096), Desiree with PVS
(1.063) and Nderamwana with PVM (1.016).

Discussion

In Kenya, the first organised field survey on potato viruses
was conducted during the potato-growing seasons of 1996 and

Table 2 Virus prevalence per
cultivar in percentages of the 354
samples tested for potato virus Y
(PVY) potato leaf roll virus
(PLRV), potato virus X (PVX),
potato virus M (PVM), potato vi-
rus A (PVA) and potato virus S
(PVS) in 13 potato cultivars
grown in Kenya

Cultivar No. of samples % of samples PVY PLRV PVX PVM PVA PVS

Nderamwana 2 0.6 50.0 50.0 50.0 100.0 0.0 100.0

Dutch Robyjn 14 4.0 50.0 57.1 28.6 78.6 21.4 64.3

Kalucy 2 0.6 0.0 0.0 100.0 100.0 0.0 100.0

Nyayo 3 0.8 66.7 33.3 0.0 100.0 0.0 100.0

Tigoni 11 3.1 0.0 0.0 100.0 54.5 0.0 54.5

Thimathuti 1 0.3 0.0 0.0 0.0 100.0 0.0 100.0

Kombere 55 15.5 27.3 16.4 85.5 7.3 3.6 43.6

Unica 5 1.4 0.0 0.0 80.0 20.0 20.0 60.0

Desiree 7 2.0 14.3 14.3 28.6 14.3 14.3 71.4

Kenya Karibu 10 2.8 0.0 0.0 40.0 40.0 0.0 50.0

Asante 14 4.0 0.0 0.0 92.9 14.3 0.0 14.3

Sherekea 16 4.5 0.0 0.0 57.1 0.0 7.1 42.9

Shangi 214 60.5 1.4 1.9 45.8 4.2 0.5 46.7

Total 354 100.0
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Fig. 9 The average ELISA OD
values for potato leaf-roll virus
(PLRV), potato virus Y (PVY),
potato virus X (PVX), potato vi-
rus (PVM), potato virus S (PVS),
potato virus A (PVA) and potato
virus S (PVS) in samples collect-
ed from 13 potato cultivars grown
in five major potato-growing
counties in Kenya
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1998 in four regions (Nyamira, Kisii, Meru and Kiambu) on
80 leaf samples which were tested in ELISA only for PLRV.
PLRV prevalence was 7.7% based on ELISA and 8.9% based
on virus symptoms (Were et al. 2003). Almost a decade later
(in 2006), another field survey was conducted in Nakuru,
Kirinyaga, Nyeri, Laikipia, Meru, Nyeri and Nyandarua re-
gions, but on only for PVY, PLRV, PVX and PVA. In this
survey, PVYwas the most prevalent virus with 77.6% follow-
ed by PLRV (74.0%), PVX (57%) and PVA (42%)
(Gildemacher et al. 2009). Two years later (in 2008), another
survey was conducted involving all the six potato viruses
(PVY, PLRV, PVX, PVM, PVS and PVA) for the first time.
The most prevalent viruses were PVS (99.0%), PLRV
(80.0%) and PVY (70.0%). PVX, PVA and PVM were found
with a lower prevalence of 45%, 40% and 26% respectively
(Muthomi et al. 2009). A more recent survey was done in
2011 and only one virus (PVY) was tested for in ELISA.
Highest PVY prevalence was found in Meru (77.8%), follow-
ed by 73.3% in Kiambu and 64.0% in Nyandarua
(Nyamwamu et al. 2014).

Organisation and implementation of previous surveys were
not the same in terms of the number of samples collected,
types of samples (tubers or leaves), number of regions sur-
veyed, method of virus diagnosis (visual or serological), time
intervals of conducting the surveys and types of sampling
(whether on all plants or on only symptomatic plants). This
makes their results difficult to compare and use in making
recommendations for virus control. In the absence of an
organised and consistent surveillance system, it would be dif-
ficult to manage the virus problem (Frost et al. 2013; Yadav
and Khurana 2015; Okonya et al. 2019) and this can be a
predisposing factor for further virus spread. Therefore, we
provided the status in the year 2016 of the six most important
potato viruses from the major potato-growing regions and
linked the overall virus prevalence figures to actual virus dis-
tribution patterns while exploring options for virus control in
the agronomically important cultivars in these regions.

We started off by finding out the extent of the potato virus
problem in the country. The overall prevalence of the six
viruses was high (72.9% of the samples were found with at
least one of the six viruses) just as reported in past virus prev-
alence surveys. This implies that there is a need to set up a
strategy for virus control. Contrary to the previous surveys
which found PVY and PLRV as the two most prevalent vi-
ruses, we found PVX and PVS with highest prevalence of
54.8% and 47.5% respectively.

We wanted to find out if virus prevalence was changing
over the consecutive potato cropping seasons in the regions.
To confirm this, we conducted a survey across three consec-
utive seasons, and we found major changes in virus preva-
lence. Due to the changing virus prevalence over time, the
most recent information about virus prevalence should be con-
sidered most reliable for decision making in virus control.

Such changes in virus prevalence may be influenced largely
by the changes in cultivars preference (with varying levels of
virus resistance). Over the past few decades, there have been
major changes in the types of potato cultivars grown by the
Kenyan farmers. For instance, Shangi which was grown by
only 5% of farmers in 2008 is now (2016) the main cultivars
grown by 60.2% of the farmers (Crissman 1993; Kaguongo
et al. 2008; Onditi 2020).

The viruses were found to occur mainly (55.9%) as multi-
ple infections. This has also been reported in the previous
virus prevalence surveys in Kenya. Research in other coun-
tries has shown that such multiple virus infections can cause a
synergistic increase in their pathogenicity resulting to even
higher crop losses (Brandolini et al. 1992; Kerlan and
Moury 2008). Due to the high prevalence of multiple infec-
tions, we recommend breeding for multiple resistance to vi-
ruses rather than focusing on only one virus.

Virus distribution in the potato-growing counties were
found to occur only in specific geographic localities. For in-
stance, we identified PVY and PLRV to occur primarily in
specific sub-counties of Meru and Bomet counties.
Differential spread of potato viruses in different potato-
growing localities may be influenced by a variety of factors
like the cultivars grown by farmers, availability of healthy
potato plantingmaterial, vector activity and vector abundance,
different cultural farming practices, availability of sources of
virus inoculum like potato volunteers and alternative host
plants of the viruses (Kreuze et al. 2020). In this study,
Bomet County is separated geographically from Nyandaraua
and Kiambu counties by The Rift Valley, which passes
through most of Nakuru County, a lower altitude area (not
suitable for potato cultivation) where potato is not grown over
a distance of about 100–200 km.Meru County is on the slopes
of Mt. Kenya and is separated from the rest of the counties by
about 200–300 km (Figs. 3, 4, 5, 6, 7 and 8). This geograph-
ical separation coupled with varying climatic conditions in the
different potato-growing regions could be one of the reasons
for the variation in prevalence and distribution of the six vi-
ruses, though no research has been conducted to confirm this
in Kenya. The ethnic group farmers in Bomet County are
culturally different from those in Nyandarua, Kiambu and
Nakuru and those in Meru, same as their farming practices
which may also affect potato virus epidemiology and control.
KALRO Centre based at Tigoni, Kiambu County and
Agricultural Development Corporation (ADC) based at
Molo in Nakuru County and private seed producers have been
multiplying and distributing certified potato seed to the
farmers (NPCK 2017). Due to lack of data on quantity and
the regions where certified potato seed has been distributed in
the past, it is difficult tomake inferences as how distribution of
certified seed may have influenced virus prevalence and dis-
tribution in the farmer’s fields as shown in this study. Further
research therefore needs to be conducted to understand
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reasons for the dynamics of virus prevalence and distribution
in Kenya.

The knowledge of variation in virus distribution can help in
targeting virus control in those specific regions to cut the cost
and logistics of virus control. Training of farmers and dissem-
ination of virus control technologies can therefore be targeted
specifically to regions identified with high virus problem. One
of the things that can be done in those regions is to advice
farmers to avoid growing cultivars identified with high virus
prevalence and replace them with those recommended as re-
sistant in this study like Sherekea, Kenya Karibu, Shangi,
Asante and Unica. In such regions, farmers can also practice
positive selection to improve quality and health of the tubers
they plant over seasons (Gildemacher et al. 2009; Schulte-
Geldermann et al. 2012; Kanguoungo et al. 2014; Onduru
et al. 2019; Priegnitz et al. 2019) and subsequently improve
potato tuber yields. Because certified seed tubers available to
the farmers in Kenya is scarce with only 5% of the total de-
mand currently produced (NPCK 2017), the little available
certified seed tubers can be targeted for distribution to specific
regions identified with high virus prevalence. This being the
first time the map of the prevalence of the six viruses in the
region was constructed, it would be useful to conduct similar
surveys in the future to trace and contain virus spread.

Due to observed variations in virus prevalence in cultivars,
this study intended to identify virus resistant cultivars from
virus prevalence surveys as a faster alternative way of getting
information that can be used in virus control. Virus resistance
in cultivars was therefore deduced by quantifying the concen-
tration of the viruses in the infected plants using ELISA OD
values and from overall virus prevalence in each of the culti-
vars. There is often higher concentration of viruses and higher
prevalence of viruses in susceptible cultivars than in resistant
ones as reviewed by Solomon-Blackburn and Barker (2001).
We identified four cultivars with fairly low average concen-
trations of all the six viruses (Fig. 9): Unica, Sherekea, Shangi
and Kenya Karibu. Three of these cultivars (Unica, Sherekea
and Kenya Karibu) were also found without infection of the
two viruses (PVY and PLRV) that causes major yield losses.
Just as found in this study, preliminary screening for virus
resistance in the three cultivars at CIP, Lima prior to their
introduction and release in Kenya indicated that they are re-
sistant both to PLRV and PVY (NPCK 2017). Shangi and
Sherekea were recently found not infected with PVY and
PLRV after four season’s field exposure to the viruses in
Kenya (Onduru et al. 2019). Shangi, the main cultivars grown
by farmers was found with a very low prevalence of 1.4% and
1.9% of the two viruses.

Deductions about the levels of virus resistance in the culti-
vars from the virus prevalence surveys were based on the
following assumptions: (1) The potato crops grown have been
exposed to natural sources of virus infections in the field over
several seasons. The screening for resistance from virus

prevalence surveys in this case was based on the fact that the
majority (95%) of Kenyan famers do not plant certified seed
tubers implying that they replant their own saved seed tubers
over several seasons (NPCK 2017). This practice exposes the
cultivars grown in the field to both aphid and seed tuber trans-
mission of virus (Thomas-Sharma et al. 2016) and also simu-
lates a field exposure trial for screening for virus resistance
(Davies et al. 1975). Virus-resistant cultivars under such field
exposure trials are normally found without or with very low
prevalence of the viruses (Davies et al. 1975; Solomon-
Blackburn and Barker 2001). From this study, the fact that
the cultivars had been exposed to natural sources of virus
infection was confirmed by the high virus prevalence ob-
served particularly in virus susceptible cultivars like
Kombere, Nyayo, Dutch Robyjn and Nderamwana
(Table 2). Cultivars with virus resistance are known to with-
stand degeneration of crop quality resulting from virus infec-
tions in the field (Davies et al. 1975) and can give fairly high
yields despite exposure to different sources of virus infections
like in the Kenyan situation. Such virus-resistant cultivars can
be recommended to reduce virus prevalence among the
Kenyan farmers; (2) The number of samples from the different
cultivars is statistically representative for the geographical re-
gion where the samples were collected. Kenyan farmers were
found to grow mainly two cultivars (Shangi 60.2% and
Kombere 15.5%) while the rest of the cultivars were grown
only in few farms. It is therefore difficult to draw conclusions
about possible levels of resistances in the cultivars which were
underrepresented; and (3) The results obtained in this study
were also confirmed by in a separate controlled virus resis-
tance screening experiment for PVY, conducted both in the
greenhouse and in the field (Onditi 2020). Cultivars were in-
oculated with PVY and grown both in the greenhouse and in
the field while replanting harvested tubers over three consec-
utive seasons (Onditi 2020). The same cultivars were found
with the lowest infections of PVY as in this study.

Because all the above assumptions were met for the case of
cultivar Shangi, we can conclude that resistance as observed
was more cultivar based rather than based on specific virus
control measures as possibly implemented by the farmers.
However, we cannot be certain about resistance in the rest of
cultivars because they were only grown by a few farmers and
hence the samples analysed may have not been statistically
representative. For this method of screening for virus resis-
tance to work best, larger number of samples need to be col-
lected to ensure that cultivars grown only by few farmers are
adequately represented. Future experiments could also consid-
er using sources of antibodies (test kits) that have been vali-
dated to be equally specific for the different PVY strains to
prevent any bias in resistance assessment.

As a long-term solution to the virus problem, there is need
to develop new improved cultivars with traits that respond to
the needs of Kenyan farmers with major focus on
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incorporating multiple virus resistances. Successful screening
for virus resistance from prevalence surveys in cultivars can
provide useful information for virus control within the shortest
duration of time and is cheaper as compared to developing
new cultivars with virus resistance. It is also easy to imple-
ment because the cultivars identified as resistant are already
adopted by farmers. Apart from utilising host resistance, there
is also a need to improve production of certified seed pro-
duced as a way of lowering virus prevalence in farmer’s fields.
Further research however needs to be conducted to provide
further information on other methods of virus control and to
identify the reasons for the dynamics in virus prevalence, dis-
tribution and relative importance as identified in this study.
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