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ABSTRACT

Survival of Ralstonia solanacearum in a environment or ecosystem depends on many factors, such as the race or strain
of the pathogen, physical, chemical, biological soil factors and presence or absence of a host and non-hosts plants. The
objectives of this study were to assess the effect of one and two season rotation sequences on the development of
tomato bacterial wilt; and the survival ability of R. solanacearum in the rhizosphere and roots of presumable hosts and
non-host crops in Ethiopia. A one season crop rotation involving tomato- maize-tomato, tomato- common beans -
tomato and two season rotations consisting of tomato - maize- common bean-tomato, tomato —-common beans -
maize-tomato and tomato - tomato- tomato were established at Melkassa in Ethiopia. The effect of the system was
evaluated on bacterial wilt of tomato under field conditions using a susceptible tomato cultivar (Marglobe). In one
season rotation treatment involving common bean and maize after tomato resulted in a reduction of an average 6%
and 16% final wilt incidence, respectively. Similarly, in the two seasons rotation sequence growing tomato after bean-
maize and maize-bean resulted in about 29% average final wilt incidence reduction. The onset of wilt incidence was
also delayed by one week in the two season rotations with common bean and maize compared to continues tomato
growing and one season rotation with non-host crops. Survival of ability of R. solanacearum, strain designated as
TomNa3 biovar 1 race 1 was studied under soil rhizosphere and roots of presumably non-host and hosts of different
crops under glasshouse conditions. The pathogen was detected in rhizosphere soils and roots of presumable non-host
and hosts for the pathogen after 120 days after inoculation. The population of bacterial pathogens was recorded in a
declining trend but detectable in the rhizosphere soils and roots of presumable non-host crops at 30, 45, 60, 90 and
120 days after inoculation.
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INTRODUCTION 1991; Michel and Mew, 1998; Van Elsas et al.,, 2000;).

Bacterial wilt caused by Ralstonia solanacearum is a
serious disease and a major constraint in the production
of tomatoes and many other crops in tropical,
subtropical, and warm temperate regions of the world
(Hayward, 1991). The pathogen is soil-borne and its
survival in a particular environment or ecosystem
mainly depends on many factors, such as the race or
strain of the pathogen, physical, chemical and biological
soil factors, presence or absence of hosts and presumed
non-hosts (Granada and Sequeira, 1983; Hayward,

* Corresponding Author:
Email: getachew_ayana@yahoo.com
© 2016 ESci Journals Publishing. All rights reserved.

81

Information on the fate pathogen between cropping
seasons and its effective spread to uninfected plants are
crucial aspects of the plant disease cycle and
management approaches. Bacterial wilt is among the
most difficult bacterial diseases to control (Sadler,
2005), and the efficacy of current tactics for
management of the disease is highly localized. No
conventional bactericides are known to provide effective
control of this soil-borne pathogen. Recommended
control methods of soil-borne diseases like bacterial wilt
include the use of non-chemical methods such as host
resistance, organic amendments, crop rotation, soil
solarization, and various cultural practices (Michel and
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Mew, 1998; Katan, 2000). The use of resistant varieties,
however, is constrained by the high variability of
pathogen strains and by environmental factors such as
temperature, soil moisture, and the presence of root-
knot nematodes (Wang and Lin, 2005).

Crop rotation is among the various cultural practices
that can be used both for soil- borne pathogens (Katan,
2000). Several kinds of grass and other crops such as
sweet potato have been reported for their effect in
reducing bacterial wilt incidence (Akiewand Trevorrow,
1994; Lemaga et al., 2001; Saddler, 2005). The number
of seasons that a rotation crop should be grown depends
on the level of infestation, the survival capacity of the
pathogen in local soils and prevailing climate, and other
factors. In some cases, a single year of rotation can
significantly reduce bacterial wilt (at least in the short
term), but the usual recommendation is for a two or
more years rotation schedule (Abdullah and Sijam,
1992). Bare fallowing and flooding can also reduce the
pathogen soil population (Hartman and Elphinstone,
1994), but generally are not feasible. Unfortunately,
farmers often do not adopt effective rotations or
intercropping because of limited land availability and
pressure to produce a subsistence crop or one with high
cash value (Michel et al, 1997; Lemaga et al, 2001;).
However, it is generally considered that crop rotation
with a non-host crop is one of the recommended control
options (Lemaga et al, 2001, Michel et al, 1997).
Nevertheless, use of crop rotation for the control of
bacterial wilt has been reported to be a strain, crop or
region specific (Akiew and Trevorrow, 1994; Saddler,
2005). Due to the wide range of crop and weed hosts of
the pathogen of bacterial wilt (Hayward, 1994), it is
essential to identify the crops, which can best fit for such
purposes. At the same time, it is important to provide
information on the extent of pathogen survival under
prevailing local conditions.

Therefore, the objectives of this study were to assess the
effects of one and two seasons rotation sequences on the
development of tomato bacterial wilt; and the survival
ability of R. solanacearum in the rhizosphere and roots of
presumable hosts and non-host crops at Melkassa
condition in Ethiopia.

MATERIALS AND METHODS

Study site and field conditions: The experiments were
carried out at Melkassa Agriculture Research Center
(MARC), Ethiopia located at 8024’985 N latitude and
39019.529 ‘E longitudes, an altitude of 1,550 meters
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above seas level. The total average annual rainfall at the
centre is 763 mm, about 70% of which is received during
the main rainy season from June to September. The
annual average maximum temperature is 28.4°C and the
minimum average temperature is 149 C, The soil texture
of the experimental field plot is loamy type with 32%
sand, 42% silt and 26% of clay, pH = 7.9, organic matter
(1.18%), available phosphorous (P) (14.22 ppm), cation
exchange capacity (CEC) of 32 milliequivalent (meq/100
g of soil). Carbon to nitrogen ratio (C/N) is 10 and
exchange cation (meq/100) of 0.72, 4.1, 18.5 and 3.37
for Na*i, K+, Ca**2 and Mg*2 respectively. The
experimental field plots were observed to be free of
bacterial wilt disease caused by R. solanacearum.

Bacterial strain and field inoculation: A highly
virulent bacterial strain, designated as TomNa3 isolated
from tomato in Ethiopia belonging to biovar 1/race 1
phylotype 1II, resistant to the rifampicin antibiotic
(50ppm) was used for artificial field inoculation. The
bacterial strain was maintained as suspension in sterile
distilled water in an Eppendorf tube at room
temperature and revived by streaking on triphenyl
tetrazolium chloride (TTC) agar medium (Kelman, 1954)
containing (10 g Bacto peptone, 5 g D-glucose, 1 g
casamino acids, 15 g Bacto agar, 1000 ml distilled water
and 10 ml of filter-sterilized solution of 0.5% (w/v)
2,3,5-triphenyl tetrazolium chloride (Sigma, Germany)
was added to the medium after autoclaving. A single
colony of the strain was further multiplied on nutrient
glucose agar (NGA) medium containing 0.3% beef
extract, 0.5% Bacto peptone, 0.25% D-glucose and 1.5%
agar incubated for 48 h at 30 °C. Inoculum suspension of
an optical density (ODezonm = 0.06 corresponding to
approximately 108 CFU/ml (colony forming units per
milliliter) was inoculated as soil drench at a rate of 1
liter/m?) to freshly field transplanted tomato seedlings
as described by Michel et al. (1997) on same day of
transplanting. Seedlings of the susceptible tomato
cultivar (Marglobe) were raised on seedbed and
transplanted to field plots on June 18, 2007. To maintain
soil moisture and enhance the development of bacterial
wilt, all plots were watered through furrow irrigation by
taking precaution and avoiding over the flow of water
from one plot to the others. The incidence of bacterial
wilt was monitored starting 4 days post inoculation
(dpi) up to 30 dpi where no further disease development
occurred. The average final wilt incidence reached
85%=4 in inoculated plots after 30 days post inoculation
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and then the plants were chopped and mixed with the
soil and beds were re-cultivated manually and ready for
rotation sequence treatments.
Experimental design and rotational sequences: Two
independent rotation sequence experiments were setup
as one and two season rotations in the field plots of
artificially inoculated fields as described in section 2.2.
The one season rotation sequence was grown from
September- December 2007 and the rotation effect was
monitored during February-March, 2008. The two
season rotation sequences were grown during
September-December, 2007 and February-April, 2008.
The two season rotations effect was monitored during
May- June 2008. A field plot of 4.20 m x 4 m was
demarcated and arranged in a randomized complete
block design (RCBD) and replicated four times. A one-
season rotation treatment consisted of: (1) tomato-
maize- tomato, (2) Tomato - common bean - tomato (3)
Tomato - tomato - tomato and the two season rotations
treatments included (1) tomato - maize- common bean -
tomato, (2) tomato -common beans - maize - tomato (3)
tomato - tomato - tomato - tomato. Maize (Melkassa-1),
common bean (Awash-1) and tomato moderately
resistant genotype (King Kong 2) were used. The
susceptible tomato cultivar (Marglobe) was planted to
monitor bacterial wilt disease development at the end of
each rotation sequences.
Assessment of disease development: In each
treatment, bacterial wilt symptom development was
evaluated daily until the fourth-day post inoculation and
then at 7, 10, 14, 21, 30 and 45 days after transplanting.
The two central rows of plants per plot were labelled
and disease severity was assessed for each plant in all
plots. A six-point rating scale (0-5) modified from
Winstead and Kelman (1952) was used for wilt severity
scoring, where 0 = no wilt symptoms, 1 = one leaf wilted,
2 = two or more leaves wilted, 3 = all leaves except the
tip wilted, 4 = whole plant wilted and 5 = death
(collapse) of the whole plant. Disease incidence was
assessed as a percentage of wilted plants within each
treatment and percent severity index (PSi) was
calculated according to Cooke (2006).

PSi = (scores*100)/ NPR* MS
where, NPR = number of plants rated MS = maximum
scale of the score.

The area under disease incidence progress curve
(AUDiPC) and area under percent severity index
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progress curve (AUPSiPC) for each treatment and
experiment were calculated on the basis of wilt
incidence and percent severity index using the trapezoid
integration of the disease progress curve over time with
the following formula adopted from Shaner and Finney(
1977) and Jeger and Vijanen-Rollinson ( 2001).

The AUDIPC (area under disease incidence progress
curve) was estimated as follows:

AUDIPC=S (1, + 1)1/ 2x[t; ~t,]

in which Ii = mean wilt incidence at the ith observation, ti
= time (days) at the ith observation, n = total number of
observations. Similarly, the area under percent severity
index progress curve (AUPSiPC) was calculated as:

AUPSIPC = 3" [(PSi, , + PSi)]/ 2x[t;,, -]
i=1

i+l

in which PSii = mean of disease percent severity index at
the ith observation, ti = time (days) at the ith observation,
n = total number of observations.

Survival of R. solanacearum under Rhizosphere Soils
and Roots of crops

Growth of seedlings, bacterial strain and
inoculation: of R in the
rhizosphere soils and roots of various crops was studied
under glasshouse conditions using seedlings of
presumable hosts and non-host crops of the pathogen.
The same R. solanacearum strain, TomNa3 used for field
infestation in crop rotation experiment was used for
survival study. The hosts of R. solanacearum, hot pepper
(Marekofana, local cultivar) and tomato (King Kong 2)
and the presumable not- host crops, maize (cultivar
Melkassa-1) and common bean (Awash-1) were used in
the study. Seeds of each crop species were sown on a
plastic tray containing unsterilised sandy loam soil
obtained from same field plot as used for crop rotation
experiment but supplemented with commercial fertilizer
[Urea and DAP (di-ammonium phosphate)]. Seedlings of
each crop species were transplanted into an individual
16 cm diameter plastic pot containing same soil type as
above 20-30 after days sowing. The seedlings were
uprooted and roots were washed in tap water, then
dipped into freshly prepared bacterial suspension with
an optical density of ODezonm = 0.06, corresponding to
108 colonies forming unit per ml water (CFU/ ml)
prepared as described in section 2.2 in a big flask. From
each crop species, 20 seedlings were inoculated in two
repetitions. Five seedlings from each crop species were

Survival solanacearum
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included as a control. After inoculation pots were placed
in a glasshouse with temperature ranging from 25-27 °C
and relative humidity of 60 to 70% and watered daily.

Sampling and quantification of R. solanacearum:
Determination of R. solanacearum in rhizosphere soils
was performed by the method of Granada and Sequeira
(1983) and Pradhanang et al.( 2000) on modified semi-
selective media (SMSA) (Englebercht, 1994) consisting
all ingredients of TTC and supplemented with antibiotics
dissolved in 70% of ethanol. The volume of antibiotics
added were 0.5 ml of 1% of crystal violet, 10.0 ml of 1%
polymixin B sulfate, 2.5 ml 1% of bacitracin, 0.5 ml of 1%
chloromycetin, 0.5 ml of 1% penicillin and 2.5 ml 1%
cycloheximide. Determination of the bacterial
population was performed at a regular interval of 30, 45,
60, 90 and 120 dpi. At each test interval, three seedlings
from each crop species were used to determine the
presence of R. solanacearum in the rhizosphere soil and
roots. Seedlings were completely uprooted and the
rhizosphere soil clenching to the root system was
shaken into a clean beaker. About 10 g soil samples were
suspended in 100 ml distilled sterile water in a clean
polyethylene bag, shaken vigorously for 1-2 minutes,
and allowed to stand for 1-2 minutes to settle. One
milliliter of the supernatant was then removed and
serially 10-fold diluted in distilled sterile water. One
hundred micro-liter aliquots of least two dilutions were
spread on modified SMSA in replicate per dilution. Plates
were then incubated for 48-72 hours at 30° C. Typical
characteristics features of Ralstonia solanacearum
colonies were evaluated as bold, fluidal and creamy-
white in colour on SMSA agar to distinguish from
colonies of other bacteria and presumptive colonies
were marked and counted and calculated as CFU/g soil.
Similarly, determination of R. solanacearum from the
root was done from the same uprooted seedlings for the
rhizosphere soil quantification. The roots were washed
thoroughly with tap water to remove adhering soil, and
1 cm sections were cut from upper, middle and lower
parts of the underground tap and lateral roots.
Approximately 0.5-1 g root tissues were weighed and
surface sterilized by submerging the sample in 70%
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alcohol for about 5 minutes, rinsed two to three times in
distilled sterile water and blotted dry with paper towel.
The tissues were then macerated in 20 ml of distilled
sterile water and allowed to stand for about 20 minutes.
From each macerated milliliter
suspension was removed and serially a ten-fold dilution
was prepared. From the least two dilutions 100 pl were
spread on TTC media in replicate and incubated at 30°C
for 48 hours. Numbers of typical colonies as irregular
with a characteristic red centre and whitish periphery
on TTC medium (Kelman, 1954) were counted were
counted per plate and the number of colonies forming
units was calculated as CFU/g fresh root weight. All
materials such as beakers, Eppendorf tubes and pipette
tips were sterilized by autoclaving before use.
Calculation and statistical analysis: Data of bacterial
colony counts from the rhizosphere soils and roots at the
different test intervals were logarithmically transformed
into logio (CFU +1) before performing analysis of
variance. The effect of rotation sequence on bacterial
wilt incidence, percent severity index, area under
disease incidence progress curve and area under percent
severity index progress curve analyzed using SAS
general linear model procedure (SAS,2003 for Windows,
1999-2003, SAS Institute, carry, USA) and means
separation was based on the least significance difference
at 5% using the Waller-Duncan K-ratio t -test.

RESULTS

Effect of one and two season crop rotation: The
bacterial wilt incidence, the percent severity index, the
area under disease incidence progress curve and the
area under the percent severity index curve were
generally significantly reduced (P < 0.05) in both one
season and two season rotations after common beans
and maize in comparison to continues tomato cultivation
(Table 1). In the one season rotation treatments
involving common beans and maize after tomato, a
reduction of 6% and 16% incidence,
respectively was observed. Similarly, in the two season
rotations growing tomato after common bean-maize and
maize-common bean, the final wilt incidence was
reduced by 29%.

suspension one

final wilt
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Table 1. Effect of one season (A) and two season rotations (B) on tomato bacterial wilt incidence (Wi), percent

severity index (PSi) 45 days after planting (dap) and expressed as area under wilt incidence progress curve (AUDiPC)
and area under percent severity index progress curve (AUPSiPC), Melkassa, Ethiopia.

Season 1
Treatment Wi PSi AUDiPC AUPSiPC
Tomato-common bean-tomato 70.92A 15.31B 1475.9B 298.00B
Tomato-maize-tomato 63.63B 16.32B 1404.5B 300.88B
Tomato-tomato-tomato 75.78A 23.89A 1860.4A 438.74A
Mean 70.54 18.92 1601.83 353.01
Ccv 5.97 17.55 10.10 14.03
LSD (P < 0.05) 6.33 4.99 241.34 73.19

Season 2

Treatment Wi PSi AUDiPC AUPSiPC
Tomato-common bean-maize-tomato 50.10B 23.03BA 1345.70B 419.09B
Tomato-maize-common bean-Tomato 50.46B 19.16B 1360.79B 434.49B
Tomato-tomato-tomato 71.45A 28.49A 2018.44A 691.08A
Mean 57.45 23.55 1574.98 514.88
Ccv 8.55 19.27 6.84 10.78
LSD (P < 0.05) 7.44 7.63 160.85 83.67

Means followed by a same letter(s) in same columns under the same heading are not significantly different at (P < 0.05) using the
Waller-Duncan K-ratio t -test.

Comparison of disease progress in one season and two (Figure.1). However, after the onset of wilt, the disease

season rotations, the later involving common bean-maize-
tomato and maize-common bean-tomato sequences
resulted in delayed onset of wilt incidence up to 10 days

after planting in comparison to tomato with out rotation
100 -

average wilt incidence (%)

progress followed an increasing trend in all treatments
but with significantly lower final wilt incidence for two
season rotation in common bean-maize and maize-
common bean rotation sequences (Figurel).

—— Bearn-Tomato

—s— [\laize-Tomato

- = - Tomato-Tomato

G earHlal ze-Tomato

—— Maiz-Bean-Tomaio

—— Tomato-Tomato-
Tomato

4 T 10 14 21
Days after planting

<0 45

Figure 1. Development of wilt incidence under one and two season crop rotation and with out rotation on tomato at

Melkassa, Ethiopia.

Survival of R. solanacearum Strain in Soil
Rhizosphere and Crop Roots: R. solanacearum was
detected in the rhizophere soils and roots of presumable
non-host during all test intervals at 30, 45, 60, 90 and
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120 days after inoculation. However, the population of R.
solanacearum in the rhizosphere soils and roots of non-
host crops was significantly lower (P<0.005) as
compared to presumable host crops at all sampling
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dates. (Table 2). The overall bacterial population showed
a declining trend but was detectable up to 120 days after

inoculation both in the rhizosphere soils and roots of
common bean and maize.

Table 2. Population of R. solanacearum [Logio CFU+1/ g soil or fresh root weight] in rhizosphere soils and roots of
tomato, common bean, maize and hot-pepper plants after 30, 45, 65, 90 and 120 days post-inoculation (dpi) under

glasshouse conditions.

Logio [CFU+1]/g soil or fresh root weight]

No Sample 30 dpi 45 dpi 60dpi 90dpi 120 dpi
1 Bean-rhizosphere 5.19B 5.35C 5.41D 4.73B 4.00B
2 Bean roots 5.04B 5.74B 5.46D 4.59B 4.26B
3 Maize-rhizosphere soils 5.11B 5.35C 5.41D 4.69B 4.00B
4 Maize -roots 5.18B 5.37C 5.43D 4.69B 4.32B
5 Tomato-rhizosphere soils 7.87A 8.04A 7.59BC 6.74A 6.51A
6 Tomato-roots 7.93A 8.00A 7.51C 6.86A 6.62A
7 Hot-pepper-rhizosphere soils 7.84A 7.95A 7.74BA 6.87A 6.47A
8 Hot-pepper-roots 7.90A 7.98A 7.85A 6.92A 6.53A

Mean 6.51 6.72 6.55 5.76 5.34
Cv 1.95 3.02 1.97 1.88 5.06
LSD 0.22 0.35 0.22 0.19 0.47

Means followed by a same letter(s) in same columns are not significantly different at (P<0.01) using the Waller-

Duncan K-ratio t -test. on LSD test.

DISCUSSION

A reduction in bacterial wilt incidence and associated
wilt parameters measured in this study was achieved in
crop rotation using non-host crops to R. solanacearum.
Similar results were reported on the reduction of tomato
bacterial wilt severity by rotation with corn, lady’s finger
and cowpea (Adhikari and Basnyat 1998). The study of
Lemaga et al. (2001) on potato bacterial wilt indicate a
reduction of wilt incidence with one and two season
crop rotation under different infestation levels using
potato- common bean- maize-potato rotation sequences.
Furthermore, the result also is in good agreement with
the available document on the beneficial effect of crop
rotation with non-host crops for bacterial wilt of tobacco
(Melton and Powell, 1991). In spite of the statistically
significant reduction in bacterial wilt incidence and
associated parameters assessed in one season and two-
season rotation in this study, the practice could not be
recommended as sufficient means for tomato bacterial
wilt disease management when a susceptible tomato
cultivar is used and the initial wilt incidence is very high.
In one season rotation, the wilt incidence of 63 and 70%
of bean and maize respectively indicate the inefficiency
of the practice to minimise the disease completely or
reduce it. Similarly, in the two season rotation, the final
wilt incidence was 50% both after bean-maize and
maize-bean rotation sequences. Therefore, crop rotation
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either as one season or two seasons sequence was not
satisfactory to achieve bacterial wilt control. It requires
an evaluation of more than one season rotations or other
supplementary disease management options such as soil
amendment with silicon (Diogo and Wydra, 2007)
intercropping and more resistant cultivar (Michel et al,
1997). Similarly, Abdullah & Sijam (1992) reported an
increase in the bacterial population after the planting of
tomato and decreased when all other non-host vegetable
crops were grown in rotation sequence with tomato but
bacterial populations persisted to detectable levels.
However, a single or double sequence of non-host plants
did not reduce wilt disease even though the population
decreased significantly after each planting of the non-
host crop. This indicates that more than two plantings of
non-host crops in any combination are necessary to
decrease the bacteria population to a low level and
reduce bacterial wilt incidence.

R. solanacearum persisted for more than 120 days in the
rhizosphere soils and roots both of under presumable
non-host and hosts for the pathogen, however, with a
declining trend in the case of non-host crops. One reason
for this reduction in the population over time could be
that association of the pathogen to roots of non-host
plants remain localized without expression of symptoms
and that the total population of bacteria multiplied from
non-host plants is not as high as from susceptible ones
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(Granada and Sequeira, 1983). Furthermore, the long-
term survival of R. solanacerum strain for an extended
period under host debris and live plants has been
documented by Granada and Sequeira (1983). Hence,
the ability of R. solanacearum to colonize the roots of
non-hosts plants such as corn and other plants
previously thought not to maintain a pathogen
population accounted for the failure of crop rotation for
the control of R. solanacerum in short-term condition
(Granada and Sequeira, 1983).
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