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Abstract: All solanaceous crops cultivated in Sri Lanka except chilli cv. Ml 1 were
found to be susceptible to biotype 3 of Pseudomonas solanacearum. Bacterium was
also proven pathogenic to some of the improved cultivars of AVRDC tomato seleo
tions. Organic manure (chicken manure, cowdung, and Gliricidia leaves) when
incorporated into inoculated soil significant increase in number of propagules of
P. solanacenrum and severity of wilt disease in subsequent tomato cv. marglobe
were observed in contrast to chemical treatments (lime, acetic acid, Benomyl and
Gaptan). Significant reduction of bacterial population and disease severity was
seen in Captan and Benomyl treated soil only. Organic manure treatments stimulated growth of both P. solanacearum and other saprophytic bacteria. The ratio
of P. solanacearum to other bacteria showed a d~rectrelationship to percentage wilt
in a subsequent tomato crop.

1. Introduction

The bacterial wilt caused by Pseudonzonas solanacearum E.F. Smith is one of the
major constraints in the production of solanaceous crops. Bacterium survives in
soils for varying periods of time even in the absence of the host.1° The ability of
the primary inoculum to survive during the non-crop period is therefore one of the
important aspects to be considered in disease control. Survival of the pathogen
may depend on the genetic and environmental factors it is subjected to. An attempt
has been made to simulate a control practice based on the survival of P. solanacearum in soil under control conditions.
2. Materials and Methods

Highly virulent isolate of Pseudomonas solanacearum E.F. Smith biotype 3 sensu
Hayward was used throughout these experiments. Pathogen was isolated from
potato and its pathogenicity to potato plants was confirmed by stem and soil inoculation.
The nutrient medium used for the isolation of the bacterium and its routine
culture was glucose peptone agar (Glucose 5.0 g, Peptone 5.0g, Yeast extract 2.0 g,
KHPOI 0.2 g, MgS04.7H200.2 g, CaC03 0.1 g, Agar 18.0 g in 1 litre'of distilled

water). Virulence of the isolates were maintained by passing the cultures at least
once in 6 weeks through tomato (Lycopersicon esculenturn Mill) cv. marglobe. Cultures in agar or as suspensions in sterile distilled waterwere maintained at 21 & l C C
in Precision low temperature incubators.
2.1 Pathogenicity tests

Pathogenicity of the bacterial isolates were confirmed by re-inoculating tomato
plants. Five weeks old tomato cv. Marglobe plants raised in sterile soil were stem
inoculated with the bacterial suspension containing 106 cellslml. Bacterial suspension was prepared with 48 h cultures grown in glucose peptone agar. Three, lop1
drops of the suspension were placed on the axil of the third leaf from the top and
the stem was then pricked with a syringe needle (gauge 25) through the inoculum
drop.
Inoculated plants were placed in a green house (24°C night 28 - 33°C day).
Plants were observed for the wilt and yellowing after three days from inoculation.
2.2 Evaluation of control measures
Cultivars of popular solanaceous crops were screened for resistance to P. solanacearum infection. Plants were inoculated either directly by stem inoculation or by
transplanting into soil inoculated with P. solmzacearum. In the latter to each plast~c
pot (diameter 15.5 cm) filled with 1.3 kg of sand loam soil (about 550 nll), 25 ml
of P. solanacearum suspension 108 cells/ml was added. Soils were mixed thoroughly
and left in the green house for three days before transplanting the test plants. Host
plants used were tomato (Lycopersicon esculentunz Mill.) cv. Marglobe, Katugastota
selection and cvs. AVRDC selection No. CL 141.0.10.3, CL 113.2.4, CL 1561.6.0.
22.4, CL 1591.5.0.1.6, CL 1591.5.0.1.7, CL 1094, F4-57, CL lld.0.12.1, L1 and
L 387. Egg plant (Solanum melongenae) cv. SM 164, Chilli (Capsictim annuum).
cv. MI 1, (Capsicum annuum var. grossurn) cv. CA 8, Potato (Solanum tuberosum).

2.3 Chemical and cultural methods
A sand loam soil collected from virgin land under a thick cover of grass near
Meewatura research station of the Faculty of Agriculture was used. The physical
analysis of soil reveals the following mechanical composition. Sand 75.40%,
silt 10.32%, clay 14.32% and C = 3.05 %. The soil was passed through a 2 mm
sieve (End Cott. Ltd., London) prior to inoculation with P. solunacearum. Soil
was inoculated as described above.
Inoculated pots were left in the green house for five days before transplanting
five tomato cv. Marglobe seedlings raised in moist heat sterilized soil. One month
after transplanting dead plant material was incorporated back into soil to develop
"sick" soil. Pots were later emptied and the soil was mixed thoroughly before
refilling the pots with "sick soil" for experimentation.
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The pot trial consists of eight treatments. Each treatment was replicated
five times. To each plastic pot (diameter 15.5 cm) 1.3 kg of "sick" soil was added.

In organic manure treatments 26 g of either sun-dried cattle manure, poultry
manure or leaves of Gliricidia maculata was added to each pot. Two fungicides
Captan and Benlate were used in addition to lime and acetic acid as chemical treatments. To each pot either 0.5 g in 100 ml of Captan (a.i. N-trichloro methyl
lhio tetrahydrophthalimide), 8.3 g in 100 ml water of Benlate (Dupont, Methyl
(1-butjlPcarbamoy1) benzimidazol -2-ylcarbamate or Benomyl), 15 g of CaCO, or
25 ml of 10% acetic acid was added. Inoculated and uninoculated controls were
used. Five weeks old tomato cv. Marglobe was transplanted as a test plant.
Each treatment was replicated five times and pots were kept in the green house
in completely randomized design.
2.4

Quantitative assessment of microflora

Population levels of AspergilSus sp., Penicilliunt, sp., Pythium, Trichoderm~and P.
ss!anaccarum were estimated.
Five soil samples were taken from each pot at two weeks interval for 2 months
using a No. 5 cork borer. Samples from all the pots were bulked together to form
a composite sample. These samples were collected in polypropylene wide neck
bottles and mixed by agitating on a Vortex Genie mixer before taking sub samples
for the preparation of soil suspensions. Five sub samples were taken from each
composite sample using No. 1 cork borer. This soil was used to make soil dilution
B04 (w/v) in sterile distilled water.
Population of Aspergillus spp., Trichoder~znspa., and other fungi were
estimated by the dilution plate technique using Martin's medium.ll One ml
aliquots from the soil dilution (1 :lO4) were pipetted into sterile petri dishes followed
by 10 mi autoclaved Martin's medium to each plate and the soil suspension was
mixed thoroughly with melted agar by swirling the freshly poured plates. Plates
were incubated at 25OC in Precision low temperature incubator for 5-7 days and
number of colonies of Aspergillus spp., Penicilliunz spp., Trichoderma spp. and other
fungi were counted. Different species were identified by the characters described
by Barnett3 and GiPnian.7
Population of actinomycetes were estimated by procedure adopted by William
and Cross.ls Inoculated plates were incubated for 8 - 10 days at 25OC before
counting the number of actinomycital colonies per plate.
The survival of P. solanacearum in soils under different treatments was studied
by monitoring the population Ievels at 3 weeks intervals. Selective medium proposed by Karganilla and Buddenhagens was used for the estimation of the bacterial
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populations. Colony counts as an avcrage of five replicates at
recorded. Number of tomato cv. Marglobe plants wilted as
recorded as estimates of pathogenicity.
3.

dilution were
percentage was

Results and Discussion

Results of the pathogenicity tests showed that all cultivated varieties of Solanacea
except chilli (pepper) cv. MI 1 are susceptible to P. solanacearum infection. Although
initial symptoms of wilt appeared on the 3rd day after axil inoculation in most
susceptible cultivars of the crops tested 100% wilt was recorded at a very earIy
stage in commonly cultivated potato variety Arka 1 (Figure 1).
All the improved cultivars of tomato supplied by AVRDC and almost
all other solanaceous crops tested were found to be susceptible to biotype 3 of
P. solanacearum. It was found that 100% of the plants were wilted on the 13th day
after axil inoculation. Since biotype 3 has an island-wide distribution and especially
in tomato growing areas2 any attempt to introduce new cultivars without proper
soil sterilization or control measures will not be desirable.
Bacterial wilt thus remains potentially the most serious bacterial disease in
solanaceous crops.
Effect of incorporation of organic manures and chemicals on the final disease
severity in tomato plants are summarized in Table 1. There was a significant
reduction in disease severity in Poultry manure treatment in comparison to control,
although it remained at a high % of 40. However all organic manure additions
have increased the disease severity.

TABLE1. Effect of various soil treatments on the population of Pseudomonas solanacearum, other
bacteria and bacterial wilt of Tomato (Marglobe) plants

PH

Treatment

P. sol an ace arum^
x 1 Os/g soil

Other
bacteriaa

OB!PS
ratio

%wilt

Poultry manure
Cowdung
Glyricidia
Lime
Benlate
Captan
Acetic acid
Control
LSD at P = 0.01
0.05

8.02
6.05

a. Mean of 5 replicates after 9 weeks from treatments.

22.6
18.7

5.84
5.10
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FIGURE

1 - Rate of wilting of few selected solanaceous crops artificial inoculation with
Pseudomonas solnnacearum (Smith) biotype III.
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Benomyl, Captan and Acetic acid applications to soil have significantly
(P=0.05) reduced the disease level in subsequent tomato crops. It is evident from
Table 1 that pH had little effect in disease development. The literature concerning
the importance of pH however is contradictory.1° In some respects it appears
that the disease is more severe in soils with moderate to acid pH values (pH 5.0-5.5)
but it also may be severe in alkaline soil with pH 7,0 - 7.5."
0kabe13 reported that P. solanacearum reproduces in soils with a pH of 5.0
but that the population decreased with an increase in soil pH. Untreated, inoculated control soil with pH 6.6 produced 65% wilt compared to Benomyl treated
or lime incorporated soils with pH 7.3 - 7.4 (Table 1). However pH changes due
to organic matter incorporation had no direct relationship with percentage wilt.
0kabe13 attributed low bacterial population at pH 7.1 - 7.7 to greater activity of
microflora. The pH changes in organic matter incorporated soils are temporary
changes and could be easily reversed to its original pH with time.

%@.'

Since the sola~laceouscrops are short age irrigated and are commonly cult;vated it is vital to know the behaviour of P. solanacearum in a short period of non
crop seasons in the field. Further examinations of treated soil for the survival
of P. solanacearunz and the biology of other common microorganisms in soil revealed
that addition of organic matter to soil was favourable for the multiplication and
survival P. solanacearum (Figure 2). Table 1 shows that the change in population
of other bacteria was similar to that of P. solanacearum. This indicates that various
organic manure used in tomato-vegetable cultivation provide favourable soil
environment for the multiplication of bacteria and their survival. However, it is
interesting to note the ratio of P. solanacearum to other bacteria was directly related
to the disease level. This could be due to the saprophytic competition offered
by the non-pathogenic bacteria.
When the microflora was studied it was found that percentage wilt was not
directly related to P. solanacearum in soil but its relative density in soil with respect
to saprophytic bacteria (Table 1). Percentage wilt showed direct relation to other
bacterialp. solanacearum ratio (OBIPS) in all treatments except in acetic acid
treated soil (Figure 3). This was probably due to extremely low pH 5.0 toxic effect
of acid treatment that completely inhibited bacterial multiplication. Poultry manure
in soil at pH 7.5 gave a OB/PS ratio 10. All soils with a OB/PS ratio higher than 10
were suppressive for wilt production.

Gliricidia leaves when incorporated into soil had a boosting effect on the
P. solanacearum population. In almost all organic manure treatments it remains
significantly higher than control even after 9 weeks. Although P. solanacearum

OBPS RATIO
(Number of other bacteria/No. of P. solmacearunr)

FIGURE3

- Relationship
between (No. of other bacteria/No. of PseuTowonas solanacearum OB/SP
ratio and percentage wilt increased in tomato cv. Marglobs.
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Acctic
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Control

FIGURE4 - Distribution of saprophytic fungi in soils treated with chemicals on the 3rd and 9th
week after treatment.
P - Penicillium spp.
A - Aspergillus spp.
T - Trichodema spp.
Py - Pythium spp.
U - Unidentified fungi
'

numbers in chemical amended soils were reduced, a significant reduction (at P=0.05)
was obtained only in Captan, Acetic acid and Benomyl treatments (Figure 2).
Effect of acetic acid could probably be due to its low pH and toxicity and therefore
not desirable as a control practice.
The behaviour of P. solanacearum population in Captan and Benomyl treatments needs further discussion. Initial increase in bacterial population in Captan
treatment was very prominent (Figure 2). A Captan spray on apple leaves was
reported to increase the relative abundance of b a ~ t e r i a . ~Subsequent reduction
in P. solanacearum and severity (%) of wilt could be due to biological suppression1
control initiated by the chemical.' They suggested that Captan may stimulate
saprophytic Penicillium Trichorderma, Fusarium, Actinonzycetes spp and bacteria.
Captan was reported to be toxic to fungi, bacteria, higher plants and even insects."
Domsch6 observed that it has no effect on bacteria. Picci15 however noted its
toxic properties on nitrifying and ammonifying bacteria. Rich16 and Dienner
and Carlton4 reported that Captan controls Stewarts wilt in Maize (Xanthontonas
stewarti) and bacterial spot of peach respectively.
It is suggested that the reduction in P. solanacearum levels in soil could be
due to Captan initiated biological control probably by actinomycetes or saprophytic
fungi (Figure 4).

('

However, a gradual decline in P. solanacearum population was shown in
Benomyl treated soil (Figure 2), which is probably due to to a direct effect on bacteria.
Fassanhtated that Benomyl had direct erect on soil bacteria and might cause shift
in bacterial flob of the soil. It is also known to reduce Rhizobia in soil.12
1

The numerous materials and the microbial habitats available in soil to serve
as energy sources provide a range of niches for plant pathogenic bacteria. Most
patllsgenic bacteria however could be easily displaced by more efficient nutrient
utilizing saprophytes. Therefore the control of P. solanacearum may be achieved
by selective stimulation of saprophytic population by the use of Captan or Benomyl
rather than incorporation of organic matter. -
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