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ABSTRACT

Onssite assessment and detection of plant diseases is a prerequisite to inspect the health status of seed potatoes and
to make costeffective disease management decisions. The present study was conducted in 60 major seed potato
producing cooperatives of Ethiopia to assess the extent of potato bacterial wilt disease and to generate information
on current status of R. solanacearum. The field assessment and inspection survey was conducted during 2015/16 for
3 seasons in 140 potato fields covering 123.30 hectares of seed potato. Symptomatic plants were confirmed for R.
solanacearum by Agri Strip kit, potassium hydroxide (KOH) test and vascular flow (VF) techniques. The results of
the study indicated that out of 140 seed potato fields assessed, 26 (equivalent to 18.57%) or some 33.3% of seed
cooperatives were infested by bacterial wilt. The highest disease incidence (82.5%) was recorded in Jeldu district
followed by Wonchi district (60%) where most of seed potato is being distributed to the country. Based on the
results of three disease confirmation tools (Agri Strip, KOH and VF) implemented, 34.75 (28.18%) hectares of the
fields showed positive results. Disease prevalence ranged from 0 to 100%. In some districts like Cheha, Doyo-gena
and Shashamane, the disease prevalence was 100%, whereas 50% disease prevalence was recorded in Arsi-Negelle
and Kofole districts. This study describes the current infestation level of bacterial wilt in major seed producing
cooperatives of Ethiopia and potato production is highly threatened by Ralstonia solanacearum in most of the areas
addressed by this survey.

Keywords: Agristrip; Bacterial wilt; Disease incidence; Seed cooperatives; Seed potato

INTRODUCTION

disease in plants, which has a vast influence on yield and quality of
many economically important crop plants around the world [10].
Potato (Solanum tuberosum L.) is an important food security crop  The host range of this pathogen is continuously increasing due to
with great potential for poverty alleviation and one of the major root

and tuber crops in the highlands and central highlands of Ethiopia.

exhaustive agricultural practices at the global level [10].

The crop has a considerable role in Ethiopia and used as a source of Latently infected planting materials (seed potatoes) becoming a

food and cash for approximately 4 million farming households [1]. source of bacterial wilt, ensure transmission from place to place

in many developing countries, including Ethiopia, where there is

However, potato bacterial wilt (Ralstonia solanacearum) is becoming ) I
no organized seed certification system [2,3,11-13]. The pathogen

the threatening constraint of potato production in Ethiopia [2-4]. o i ]
. . . stagnates in diseased plant debris, propagative organs such as
The disease caused by Ralstonia solanacearum has wide host range, )
. . ) . tubers, rhizomes, suckers, or seeds of some crops [8]. Potato
persistent nature and genomeplasticity, which enabled Ralstonia to o ) ) ) i
. . production in most developing nations including Sub-Saharan
one of economically important plant pathogens of the world [5,6]. ) o : )
) i ) Africa (SSA) is being challenged by many production constraints
Ralstonia solanacearum has been listed as one of the top ten bacterial )
. ) . L . such as Ralstonia solanacearum [14,15].
species based on their scientific and economic importance in

plant disease [7]. Moreover, no high level of resistance to bacterial
wilt exists in potato cultivars, though all cultivars are not equally
susceptible to the disease and some of them can give high yields in
the presence of the disease [8,9]. R. solanacearum causes serious wilt

The disease incidence of bacterial wilt in improved and local
varieties of potato in Ethiopia in some disease belt areas (around
Shashamene) was 3.98% to 20.93% in the 1st cycle and 26 to 53%
in the 4th cycle of potato [16]. They also reported that bacterial
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wilt caused yield loss of 4 to 7% in improved and local varieties
of ware potato in the 1st cycle and 21 to 32% in the fourth cycle,
respectively. The yield loss was 5.34 and 20.78% on improved and
local varieties; whereas in the 4th cycle the loss was raised to 28.6
and 67.34%, respectively, in seed potato production. According to
Ayano [17] bacterial wilt disease caused a serious yield loss of 24.3
to 50% in potato during 2015 in the Chencha area of the Southern
Nations Nationalities Regional State. In Kenya, infection of potato
crops with bacterial wilt affects 77% of potato farms and causing
up to 100% vyield loss [18].The direct yield losses by bacterial wilt
disease vary widely according to the host, crop cultivars, climate,
soil type, cropping pattern, and strain of R. solanacearum [19,20].
For instance, yield losses varied from 33 to 90% in potato and the
global damage due to this serious disease exceeded $ 950 million

in 2004/05 [21].

In recent years, the disease prevalence of bacterial wilt increased
significantly and it was probably aggravated by the distribution
of latently infected seed from region to region [2,11]. The study
by Bekele B, et al. also indicated that potato bacterial wilt was
rapidly distributed from highly infested regions to new, hitherto
uninfected areas of the country [12].

Disease prevalence of 97% was reported in 2015 [3] in the Chencha
area and 80 to 90% disease prevalence was reported in 2015/2016
[22] in most seed potato production highlands of the country,
areas where bacterial wilt distribution was low in the past decades.
The problem was exaggerated due to lack of well-organized seed
certification and regulations governing the distribution of seed
tubers to any part of the country and then, combined with weak or
nil seed potato quarantine system [23]. Detection of plant disease
and assessment of the extent on individual plants as well as plant
populations is prerequisite where crop loss must be related to
disease, for plant disease inspections, for plant breeders to assess
host susceptibility, to make costeffective disease management
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decisions in crop production and to better understand many basic
biological host-pathogen processes [24]. Using these important
criteria, the study was conducted in major seed potato producing
areas of Ethiopia to assess the extent of potato bacterial wilt disease
and to generate information on current status of Ralstonia in most
of the seed source highlands and central highlands of the country.

MATERIALS AND METHODS

Study sites and sampled districts

A three season survey was conducted in major seed producing
cooperatives of Ethiopia in 2015/16. A total of 140 potato fields in
60 seed producing cooperatives of 14 Districts were assessed in the
study during the three seasons of two main cropping (Meher) and
irrigation (Belg) season production (Figure 1). During potato seed
inspections, all relevant data such as seed source, variety, disease
symptoms, disease incidences (%), altitude of each location and
their corresponding geographical position using the geographical
position system (GPS, Garmin) were collected. The field
assessment survey was conducted at an altitude range of 2026 to
3154 m.a.s.l located at 071029.8 N and 0384444.0 E to 074851.5
N and 0375755.6 E. Due emphasis was given to inspecting major
seed potato producing cooperatives located in 14 districts of the
country. These highland potato domains or seed belt districts have
been supported by the research centers and used for generating
and disseminating huge amount of seed potato to many regions of
the country.

Sampling techniques used

In total, 100 potato plants from each potato field was cross checked
using a ‘W’ sampling pattern (modified cross with 10 arms and 10
potato plants were sampled at each of sampling points (Figure 2a).
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Figure 1: Map of the study districts in the field assessment at three cropping seasons.
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The length of the individual arms within a field was proportional
to the size of the field. Plants within the sampling points were
checked in visual observation for the presence/absence of bacterial
wilt symptoms in the foliage at their flowering stage (Figure 2b).

Scoring the symptomatic plants and assessment of disease
severity and incidence

After field assessment and finding plants showing the wilting
symptoms from that sampling point (10 plants per sampling point)
were selected randomly and rated for bacterial wilt severity. Severity
was evaluated based on a O - 4 disease scale [25]; Where: (0 = no
symptoms of wilting, 1 =0 to 25% of plants showing wilting, 2 = 26
to 50% of plants showing wilting, 3 = 51 to 75% of plants showing
wilting, 4 = 76 to 100% of plants showing wilting.

Furthermore, data on wilt incidence were recorded in a maximum
of 3-5 fields for each District. Then the percent wilt incidence was
calculated by the formula:

% Wiltincidence = Numberof potatofields with bacterial wilts x 100
Total number of fields assessed

Disease prevalence was determined from confirmed samples and
expressed as a percentage of the number of positive fields over the
total number of fields assessed as adopted from Mwaniki et al. [26].

OPEN aACCESS Freely available online

Disease prevalence % = Number of wilted plant in each field x 100

Total number of plants in each field

Disease detection methods implemented during the
assessment

If symptoms were observed during the field inspection, for instance
Figure 3, the next step was to confirm the presence or absence
of Rs from stem samples. Plant stems displaying wilt symptoms
were taken from each point for the confirmation of the pathogen,
employing three confirmation techniques (Poket Diagnostic KIT,
KOH and Vascular flow) to check for the presence or absence of
the pathogen. Strict sanitation measures were implemented during
sample collection, detection and confirmation with the tools, to
eliminate the possibility of cross-contamination. Ethanol 70% was
used for disinfecting all tools, hands and other equipment.

Agri strip: is intended to confirm the presence of a specific
pathogen onssite in suspicious plant samples within minutes. The
reagents used for this Agri Strip were made against Rs isolate RAC
3854 from potato (originally NCPPB 3854 from the UK). This
test specifically reacts with Rs with detection limits approximately

10°cfu/ml [27].

Procedure: Potato stem, with petiole end approximate to 0.1 g

Figure 3: Bacterial wilt symptomatic plants on the field from different districts.
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(I cm) was placed into an extraction bag and 3 ml of Agri strip
extraction buffer B was added to the bag using a disposable pipette
(1:30 w/v). The tissue was homogenized manually by hand with
a few movements for about 3-4 seconds. Stems and petioles were
crushed with a small conical flask glass (Figure 4a) to facilitate the
release of bacterial cells into the buffer. Then 1 drop of extract
was dropped into a cuvette and diluted with 3 drops of extraction
buffer. The end of the strip marked «sample» was inserted into the
cuvettes. Based on the observation of color forming bands, the
result of the sample was confirmed as positive or negative (Figure 4b).

Potassium hydroxide (KOH) test: was the second confirmation
procedureused to support the other two techniques (Figure 4b).
A sample of 5 to 10 plants/field was taken and tested by cutting
the wilted stem. Two drops of 3% KOH solution (3 g/100 ml
of distilled water) was placed on the cut surface and drawn apart
slowly. Based on the study by Ahmad et al. & Suslow et al. [28,29]
the presence or absence of Ralstonia was checked by observing a
fine threat of bacterial slime string and noting the viscosity, after
stretching the stem to a short distance before breaking.

Vascular flow detection procedure: This technique is the oldest
disease detection method and was implemented to support the
above two disease confirmation methods. Five plants per sampling
point were tested by cutting 5-10 cm stem of potato and immersed
in a clear glass beaker (Figure 4c). The vascular tissue turns brown;
then suspend the infected plant part in water and observe the ooze
that comes out of the xylem as whitish bacterial exudates.

RESULTS

Disease incidence and prevalence in seed potato fields

The results of the present study, including the status of the disease
severity in seed producing cooperatives with their respective
districts are presented in Tables 1 and 2, and Figures based on
descriptive data analysis. Out of 140 seed potato fields assessed,
26 (18.57%) showed bacterial wilt infection (Tables 1 and 2). The
results of the survey study in seed potato fields also indicated that
wilt severity varied from O to 3.27 on a 0-4 scale disease severity
score. The highest disease incidence (82.5%) was recorded in Jeldu
district followed by Wonchi district (60%), from where most of seed
potato is being distributed to the country (Table 1). The highest
mean bacterial wilt incidence was observed in season one (30.67%)

(@)

Figure 4: (a & b) Sample crushing and preparation on field and (c) checking by vascular flow.
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followed by season three (19.38%), whereas the minimum disease
incidence was observed in season two (16.14%).

Based on the results obtained from these three disease confirmation
tools (Agri Strip, KOH and VF), 34.75 hectares of the study fields
showed positive results whereas, 88.55 hectares of the study fields
showed negative results from a total of 123.30 hectares of potato
fields (Table 2; Figure 4c and 5). This indicates that almost 28.18%
of the area was confirmed as bacterial wilt infected and these fields
could infect the next season crop if Solanaceae family crops are
to be planted on those fields. The overall mean severity score for
bacterial wilt disease symptoms, based on the scale 0-4, was 1.18;
however the severity score ranged from O to 3.27 in individual

districts (Table 1).

The disease prevalence of bacterial wilt in the study districts was
also calculated after confirmation of the presence or absence of
the disease. Disease prevalence was ranked from 0 to 100%. In
some districts like Cheha, Doyo-gena and Shashamane, the disease
prevalence was 100%, whereas 50% disease prevalence was recorded
in Arsi-Negelle and Kofole districts. In the other districts disease
prevalence fell between 6.25 to 33.33% (Figure 6). The present
study also indicated that the highest bacterial wilt prevalence was
observed on potato fields for crops grown in the Belg season (off-
season) production it might be due to irrigation/water source, high
temperature that imposes the bacterium to manifested itself, etc.

Disease symptoms and confirmation techniques

The potato fields were assessed starting from 9:30am morning
to 5:00 pm when the pathogen expresses itself well, following
This facilitates the
identification and scoring of the wilting state of the potato plants

evaporation of the dew from plant leaves.

and confirmation of the presence or absence of the pathogen by the
different tools mentioned above. Regarding the tools or techniques
used for disease confirmation after visualization of the symptom,
Agri Strip was the latest confirmation tool and more sensitive
than the other two disease detection or confirmation techniques.
This is because AgriStrip could be used to specifically react with
Ralstonia with a detection limit approximately 10°cfu/ml [27].
Potassium hydroxide (KOH) test was performed on site to confirm
the presence or absence of bacterial wilt in potato stem sample in
the field. After pouring a 3% solution of KOH on the stem cutting,
observation of a fine threat of viscous bacterial slime, produced by

(b) (c)
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Table 1: Bacterial wilt disease incidence (%) and severity in seed potato fields during 2015/16 in major seed producing districts of Ethiopia.

Number of fields with incidences and

Districts Altit'ude m.a.s.l. Area sampled Nurfnber of fields severity
(in range) (ha) inspected Wilt incidence (%) Wilt severity (0-4)
scale
Season 1 Aug 6-20/2015)
Jeldu 2777-2948 65.50 51 82.5 3.27
Wonchi 2495.2719 9.25 16 60.00 2.12
Welmera 2454-2660 11 13 10.87 1.00
Gumer 2791-2935 4 7 0.00 0.00
Geta 2791 0.25 1 0.00 0.00
Mean 30.67 1.28
Season 2 (June 7-20/16)
Cheha 24172572 1.25 2 23.12 2.01
Gumer 2864-2943 5.575 11 0.00 0.00
Geta 2791-2883 1.5 2 0.00 0.00
M/Azernet 2577-3154 2.5 6 0.00 0.00
Misha 2482-2748 3.5 4 0.00 0.00
Lemu 2229 0.5 1 0.00 0.00
Doyo-gena 2127-2161 0.5 2 42.5 2.15
Shashamane 2026 0.5 1 41.25 2.20
A/Negelle 2504-2621 1 2 29.5 2.05
Kofelle 2662-2672 1 2 25.00 1.98
Mean 16.14 1.10

Table 2: Bacterial wilt confirmation based on AgriStrip kit, KOH and vascular flow tools at field level in 2015/16 in major seed potato districts of Ethiopia.

Districts A.ltitude m.a.s.l. Area sampled fe:i e rp:(idiu‘fi;lgs *Number of fields tested tfco; rf;::::sd results from different testing
(in range) (ha) X with (A, K and VF)
inspected Positive Negative
Season 1 Aug 6-20/2015)

Jeldu 2771-2948 65.50 15 51 12 (26.25) 39 (39.25)

Wonchi 24952719 9.25 3 16 1(0.5) 15 (8.75)

Welmera 2454-2660 11 2 13 2(1) 11 (10)

Gumer 2791-2935 4 3 7 0 74

Geta 2791 0.25 1 1 0 1(0.25)

Sub-total 90 24 88 15 (27.75) 73 (62.25)

Season 2 (June 7-20/16)

Cheha 2417-2572 1.25 2 2 2 (1.25) 0
Gumer 2864-2943 5.515 4 11 0 11 (5.575)
Geta 2791-2883 1.5 2 2 0 2 (1.5)
M/Azernet 2577-3154 2.5 4 6 0 6(2.5)
Misha 2482-2748 3.5 3 4 0 4(3.5)
Lemu 2229 0.5 1 1 0 1(0.5)
Doyo-gena 2127-2161 0.5 1 2 2 (0.5) 0
Shashamane 2026 0.5 1 1 1(0.5) 0
A/Negelle 2504-2621 1 2 2 1(0.5) 1(0.5)
Kofelle 26622672 1 2 2 1(0.5) 1(0.5)
Sub-total 17.825 22 33 7(3.25) 26 (14.575)

*A=Agri Strip, K=Potassium Hydroxide (KOH), VF=Vascular Flow

** Numbers in parenthesis are area of fields infected with bacterial wilt

of an infected plant sample was suspended in a transparent beaker
of water. Within a few minutes, fine milky white threads, consisting
of bacterial slime, were observed in positive samples (Figure 4c).

stretching the stem to a short distance before breaking, was used to
identify positive or negative samples. The vascular flow method is
old and less reliable than the other two methods. A stem clipping
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Figure 5: Negative and positive samples confirmed with Agri strip kits.
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Figure 6: Bacterial wilt prevalence in major seed producing cooperatives/districts of Ethiopia in 2015/16.

DISCUSSION

This study describes the current infestation level of bacterial wilt
in major potato seed producing cooperatives of Ethiopia (Figure
6). The purpose of the study was to inspect and identify the status
of bacterial wilt progress in major seed potato source areas of the
country where huge amount of seed potato is being disseminated
to different parts of the country. Based on the results of study,
the production of potato in Ethiopia is highly threatened by
Ralstonia solanacearum. The disease is spreading suddenly from
latently infected seed potato from one corner of the country to the
other corner through seed exchange (2,12]. The disease prevalence
reached up to 100% in some seed producing cooperatives/districts.
In previous study by disease prevalence was 97% in Chencha
district of Ethiopia in 2015 [3]. Mwaniki et al. reported bacterial
wilt prevalence of 35.7 to 100% and wilt incidence of O to 41% in
Nakuru County of Kenya [26]. On the other study by 100% disease
severity and incidence was reported on potato in Rwanda [30].

The highest disease prevalence in most of seed producing
cooperatives and districts could be due to lack of organized disease

] Plant Pathol Microbiol, Vol. 11 Iss. 5 No: 497

management actions used by seed cooperatives, potato farmers
or other responsible bodies. In similar study by lack of elaborate
disease management measures and poor seed system were key
contributors to the extreme spread, high prevalence (68.57%) and
high incidence (17.74%) of bacterial wilt on highland and low
land solanaceous crops in Kenya [15]. In Ethiopia infected seed
distribution was identified as major contributors for the spread
of bacterial wilt from one parts of the country to the other part
through latently infected seeds [3]. Lack of adequate extension
services and weak contacts between potato farmers and extension
officers was also identified as one reason of skill or knowledge
limitation on bacterial wilt management and prevention methods
among potato farmers in the Chencha district of Ethiopia [17].
Similarly, Mwaniki PK, et al. also reported that seed source, potato
variety, lack of seed renewal etc. were major contributing factors to
bacterial wilt spread in Nakuru County in Kenya [26].

Onssite confirmation of symptomatic plants was undertaken from
potato stems by using different Ralstonia confirmation tools. Agri
Strip was one of the primary disease detection tool used for the
confirmation of symptomatic samples. The Agri Stripkit used was
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a rapid diagnostic test designed to be used in the field, nursery
or glasshouse. The test was simple and performed to confirm the
samples within minutes to identify whether the samples were
positive or negative (Figure 5). The other disease confirmation
tool used on-site was the KOH test and it supported our detection
precision by exposing the stem cutting to KOH and releasing
viscous threads in positive samples.

Similar results were reported by Rahman MS et al, who confirmed
that Gram negative bacteria had viscous threads when a glass slide
was lifted and when mixed with 3% KOH [31]. Ahmed et al. also
reported that after exposing a plant sample to a 3% solution of
KOH, the outer membrane of Gram-negative bacteria was readily
disrupted releasing the viscous DNA, confirming the presence of R.
solanacearum in potato in Bangladesh [28].

The last confirmation method was vascular flow technique, which
was performed by inserting stem cuttings of symptomatic plants
to clean distilled water in clear glass beakers and observing white
colored flow to the glass in positive samples. Smoke-like milky
threads that streamed downward from the stem end in the glass
beaker was an indicator of potato bacterial wilt in the sample [30].

The disease symptom and confirmation result indicated that there
was variation in disease prevalence among the study districts and
fields within a district. This might be due to the population of
the bacterium in the soil, types of successive crops as pre-crop to
potato, production season, cropping pattern used or knowledge
within the seed producing cooperatives/farmers regarding potato
bacterial wilt, access to extension services, seed source they used,
the disease dynamics and strain of R. solanacearumin each districts

(3,17,19,20,32-34].
CONCLUSION

Ralstonia solanacearum diseases continue to cause significant yield
losses in more than 200 plant species including potato worldwide.
This result provides vital information on the current status of
bacterial wilt in major seed producing cooperatives of Ethiopia. As
the study was conducted on seed producing and distributing belts
of the highlands and central highlands of the country, it could be
used to provide preliminary information for seed producers, policy
makers and other research institutions to mitigate bacterial wilt
disease by commissioning further studies and appropriate disease
management approaches.

RECOMMENDATIONS

This study was conducted as a preliminary field assessment and
onssite confirmation of potato bacterial wilt and could be used as
an indicator of the current bacterial wilt infestation level in major
seed potato cooperatives/districts of the Ethiopian highlands,
based on field inspection and on-site detection techniques. Further
extensive molecular characterization study of the bacterial wilt
pathogen that covers wider potato domain agro-ecologies of the
country, including resource poor and non-cooperative individual
potato farmers, could be very crucial in reducing or managing the
current sudden expansion of bacterial wilt disease at nationwide
level.

All seed producing cooperatives are not equally knowledgeable
about potato bacterial wilt severity and its management techniques.

] Plant Pathol Microbiol, Vol. 11 Iss. 5 No: 497
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Hence well-organized training and an experience sharing platform
must be designed and applied in a certain time interval that
mobilizes the potato farmers to take action on bacterial wilt
disease. Strong and organized teams in all levels, from government
officials, research institution, agricultural extension officers,
higher education institution, non-governmental organizations,
stake holders and seed producing cooperatives as well as individual
potato farmers should unite together to take action on disease
management.

Strengthening disease management and legislation rules of plant
quarantine system as a short time plan and thereby as a long term
strategy thinking of the development and release of wilt resistant
potato varieties should be implemented simultaneously. Finally,
strong national seed certification system supported with strict seed
testing procedure and sound quarantine rules, accompanied by a
formal seed system must be implemented, with the ultimate goal of
pathogen eradication from the country.
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