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Abstract

Pseudomonas aeruginosa, a plant growth promoting rhizobacterium and Paecilomyces
lilacinus, an egg parasite of root knot and cyst nematodes inhibited the growth of Macrophomina
phaseolina, Fusarium solani and F. oxysporum in dual culture plate assay. Application of P.
aeruginosa with a medicinal plant Launaea nudicaulis @ 0.5% as soil amendment resulted in
maximum reduction in M. phaseolina infection on mungbean roots in screenhouse experiments.
Launaea nudicaulis @ 0.5 and 1% w/w also significantly suppressed infection by M. phaseolina.
Use of P. aeruginosa alone or with L. nudicaulis @ 0.1% resulted in complete control of
Rhizoctonia solani infection. Significant control of F. solani was also achieved by the application
of P. aeruginosa and P. lilacinus alone and by the combined use of P. aeruginosa and P. lilacinus
with different dosages of L. nudicaulis. Greater plant height resulted when P. lilacinus was used
alone followed by P. aeruginosa used with L. nudicaulis @ 0.1%. Significant increase in fresh
shoot weight resulted when P. lilacinus and P. aeruginosa were used alone or P. aeruginosa used
with L. nudicaulis @ 0.1%

Introduction

There is an increasing awareness that pesticides and fertilizers cause damage to the
environment and effect human health (Perkins & Patterson, 1997). As a consequence,
there is a trend toward finding ways to minimize the use of fungicides (Maas & Galletta,
1997). The use of biocontrol agents (Elad & Shtienberg, 1996) and alternative treatments
(e.g., cultural practices, cover crops, organic amendments) are perceived to be less
harmful than conventional fungicides and may be an alternative in controlling plant
diseases (Cutler & Hill, 1994). With the growing interest in the introduction of biocontrol
microbes into the rhizosphere, it becomes of particular importance to characterize the
effective biocontrol agents under different conditions. The biocontrol agents are
frequently found to be ineffective because of microbial competition or adverse
environmental conditions (Lazarovits & Nowak, 1997) and combinations of more than
one method provide more protection than either component alone (Ehteshamul-Haque et
al., 1995; Izhar et al., 1995).

Management and manipulation of natural communities of antagonistic
microorganisms through organic amendments have received less attention, in spite of the
fact that these strategies have resulted in highly effective forms of biological control
(Hoitink & Boehm, 1999). Soil amendments have the potential to provide disease control
through a variety of mechanisms, including chemical, such a producing antimicrobial
compounds during decomposition (Brown & Morra, 1997, Tenuta & Lazarovits, 2002)
and biological (Chen et al., 1988, Mazzola, 2004).

Plants with therapeutic effects have received the attention of scientists as an alternate
method of disease control which would also protect our environment from the use of
hazardous chemicals. Launaea nudicaulis L., a common medicinal plant of Pakistan
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(Baquar, 1989) has shown anti-fungal and antibacterial activity (Rashid et al., 2000). It is a
common weed of field crops with allelopathic affect, but its effect on root infecting
organism has yet not been investigated. The present report describes the effect of soil
amendment with L. nudicaulis on the efficacy of biocontrol agent Pseudomonas aeruginosa
and Paecilomyces lilacinus in reducing the infection by root-infecting fungi on mungbean.

Materials and Methods

Biocontrol agents and antifungal activity: Paecilomyces lilacinus was isolated from
rhizosphere soil of Luffa aegyptica collected from an agricultural field of Hub,
Baluchistan, using soil dilution technique. Pseudomonas aeruginosa was isolated from
rhizosphere soil of mungbean collected from a farmer’s field at Malir, Karachi on S1
medium (Gould et al., 1985).

Pseudomonas aeruginosa was streaked on one side of the Petri dish containing
Czapek’s Dox Agar, pH. 7.2. On the other side of the Petri dish a 5mm diam., disc of
root-infecting fungi viz.,, M. phaseolina, R. solani, F. oxysporum, F. solani was
inoculated (Drepeau et al., 1973). The dishes were incubated at 28°C and radial growth of
test organisms and zone of inhibitions measured daily upto 10 days. A 5 mm disc of
actively growing culture of P. lilacinus was inoculated and remaining test was identical
as for P. aeruginosa.

Screenhouse experiment: Dry powder of L. nudicaulis was mixed in sandy loam soil, pH
8.0, @ 0.1, 0.5 and 1.0% w/w. The soil was naturally infested with 3-7 sclerotia of
Macrophomina phaseolina g* of soil as determined by wet sievingand dilution
plating (Sheikh & Ghaffar 1975), 2-6% colonization of Rhizoctonia solani on sorghum
seeds used as baits (Wilhelm, 1955) and 3000 cfu g' of soil of a mixed
population of Fusarium oxysporum and F. solani as determined by soil dilution (Nash &
Snyder, 1962). Amended soil was transferred to 8 cm diam plastic pots each containing 300
g soil. Pots were kept at 50% W.H.C by watering daily (Keen & Raczkowiski, 1921). After
three weeks of tissue decomposition, aqueous suspensions of P. aeruginosa (3.8 x108
cfu/mL) grown on KB agar and P. lilacinus (1.1x10% cfu/mL) grown on potato dextrose
agar were drenched onto amended and non-amended soil in pots at 25 ml per pot. Aqueous
suspension (100 ppm) of a fungicide, benomyl was also drenched at 25 ml per pot. Six
seeds of mungbean (Vigna radiata (L.) Wilczek) was sown in each pot. After germination
4 seedlings were kept per pot and excess were removed and discarded. Pots without
amendment/antagonists or fungicides served as controls. Each treatment was replicated 4
times and pots were placed in a screen house in a randomized complete block design.

Determination of fungal infection and growth parameter: To assess the efficacy of P.
aeruginosa and P. lilacinus in suppression of root disease, plants were uprooted after 6
weeks of growth. To determine the incidence of fungi, roots were washed with running
tap water then surface disinfested with 1% Ca (OCI), and 1 cm long root pieces from tap
roots, (5 from each plant) were plated onto potato dextrose agar plates amended into
penicillin (100,000 units/litre) and streptomycin (0.2 g/litre). After incubation for 5days
at 28°C, the incidence of root infecting fungi was recorded. Infection percentage for each
pathogen was calculated using the formula:

Number of plants infected by a pathogen

Total number of plants X 100

Infection % of a pathogen =
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Table 1. Growth inhibition of Macrophomina phaseolina, Rhizoctonia solani, Fusarium
solani and F. oxysporum by Pseudomonas aeruginosa and Paecilomyces lilacinus

Bacterium/Fungus Host M. phaseolina [R. solani | F. solani | F. oxysporum
Zone of inhibition (mm)
P. aeruginosa Vigna radiata 2 * 6 10
P. lilacinus Luffa aegyptica 7 A 9 2

A = Colonies inhibited by each other
* = No inhibition

Table 2. Effects of Launaea nudicaulis, Pseudomonas aeruginosa and Paecilomyces lilacinus
on the development of root rot disease of mungbean caused by Macrophomina phaseolina,
Rhizoctonia solani and Fusarium solani.

Treatments Infection %
M. phaseolina | R.solani | F.solani

Control 75.0 43.7 50.0
L. nudicaulis at 0.1% w/w 81.2 43.7 18.7
L. nudicaulis at 0.5% w/w 43.7 375 12.5
L. nudicaulis at 1.0% 375 25.0 0.0
P. aeruginosa 56.2 0.0 125
P. lilacinus 93.7 50.0 125
Benomyl 56.2 6.2 6.2
L. nudicaulis at 0.1% w/w + P. aeruginosa 81.2 0.0 25.0
L. nudicaulis at 0.1% w/w + P. lilacinus 68.7 25.0 0.0
L. nudicaulis at 0.1% w/w + Benomyl 56.2 25.0 25.0
L. nudicaulis at 0.5% w/w + P. aeruginosa 25.0 18.7 25.0
L. nudicaulis at 0.5% w/w + P. lilacinus 375 12.5 6.2
L. nudicaulis at 0.5% w/w + Benomyl 81.2 62.5 0.0
L. nudicaulis at 1.0% w/w + P. aeruginosa 375 43.7 25.0
L. nudicaulis at 1.0% w/w + P. lilacinus 56.2 81.2 0.0
L. nudicaulis at 1.0% w/w + Benomyl 62.5 56.2 12.5

LSDo.os; Treatments = 25.7%; Pathogens = 9.92
!Mean values for treatments in columns showing differences greater than the LSD value are significantly
different at p<0.05
2Mean values for pathogens in rows showing differences greater than the LSD value are significantly different
at p<0.05

Plant growth parameters, such as plant height and fresh weight of shoot, were also
recorded. The experiment was conducted twice.

Statistical analysis: Data were analysed and subjected to analysis of variance and means

were separated using Fisher’s least significant difference (LSD) according to Gomez &
Gomez (1984).

Results

In vitro growth inhibition of root-infecting fungi: Pseudomonas aeruginosa inhibited
the radial growth of M. phaseolina, F. solani and F. oxysporum by producing a zone of
inhibition of 2, 6 and 10 mm respectively. P. lilacinus also showed a inhibitory effect on
these root infecting fungi and produced 7, 9 and 2 mm zone of inhibition respectively
against M. phaseolina, F. solani and F. oxysporum (Table 1).
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Table 3. Effects of Launaea nudicaulis, Pseudomonas aeruginosa and Paecilomyces lilacinus
on the growth of mungbean.

Treatments Plant height (cm) Fresh shoot weight (g)
Control 9.3 3.2
L. nudicaulis at 0.1% w/w 9.1 35
L. nudicaulis at 0.5% w/w 9.5 3.9
L. nudicaulis at 1.0% 9.8 2.9
P. aeruginosa 12.4 47"
P. lilacinus 10.5 4.9
Benomyl 114 3.8
L. nudicaulis at 0.1% w/w + P. aeruginosa 12.1" 4.8"
L. nudicaulis at 0.1% w/w + P. lilacinus 9.7 35
L. nudicaulis at 0.1% w/w + Benomyl 9.7 45
L. nudicaulis at 0.5% w/w + P. aeruginosa 115 3.7
L. nudicaulis at 0.5% w/w + P. lilacinus 10.6 35
L. nudicaulis at 0.5% w/w + Benomyl 9.9 35
L. nudicaulis at 1.0% w/w + P. aeruginosa 10.9 35
L. nudicaulis at 1.0% w/w + P. lilacinus 8.7 4.7
L. nudicaulis at 1.0% w/w + Benomyl 11.8 4.0
LSDo.0s 2.5! 1.52

1 Mean values for treatments in columns showing differences greater than the LSD value are significantly
different at p<0.05
* = Significant at p<0.05

Screenhouse experiment: Application of L. nudicaulis @ 0.5 and 1% w/w, P.
aeruginosa alone and L. nudicaulis @ 0.5% with P. aeruginosa and P. lilacinus
significantly (p<0.05) suppressed infection by Macrophomina phaseolina. Maximum
suppression of M.phaseolina was achieved where L. nudicaulis @ 0.5% used with P.
aeruginosa (Table 2). Complete control of R. solani was found by the application of P.
aeruginosa alone or with L. nudicaulis @ 0.1%. Use of the fungicide, benomyl and
microbial antagonist P. lilacinus used with L. nudicaulis also significantly (p<0.05)
inhibited R. solani (Table 2).

Significant (p<0.05) control of F. solani was achieved by the application of P.
aeruginosa, P. lilacinus or benomyl alone and by the combined use of P. aeruginosa, P.
lilacinus or benomyl with different dosages of L. nudicaulis. The addition of L.
nudicaulis @ 1%, P. lilacinus used with L. nudicaulis @ 0.1 & 1% and benomyl with L.
nudicaulis @ 0.5% resulted in complete control of F. solani infection (Table 2).

Greater plant height resulted when P. lilacinus was used alone followed by P.
aeruginosa used with L. nudicaulis @ 0.1% (Table 3). Significant increased in fresh shoot
weight resulted when P. lilacinus and P. aeruginosa were used alone or P. aeruginosa used
with L. nudicaulis @ 0.1% and P. lilacinus also used with L. nudicaulis @ 1% (Table 3).

Discussion

Control of root-infecting fungi using antagonistic plants and phytochemicals offers
an alternate strategy to the prevalent use of synthetic pesticides. A wide variety of plant
materials have been found effective against plant parasitic fungi associated with crop
plants (Ehteshamul-Haque et al., 1995; 1996). In the present study application of L.
nudicaulis significantly suppressed the infection by M. phaseolina and F. solani on
mungbean. There is report that latex of L. nudicaulis is used in constipation, leaves to
relieve fever in children, treatments of itches, cuts, ulcer and eczema (Rashid et al.,
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2000). The plant also showed hypoglycaemic effect on rats (Shabana et al., 1990).
Similarly antibacterial and antifungal activity of L. nudicaulis has also been reported
(Rashid et al., (2000).

In this study application of L. nudicaulis with the PGPR P. aeruginosa and microbial
antagonist P. lilacinus, significantly suppressed infection by M. phaseolina, R. solani and
F. solani. PGPR have been reported to improve plant growth either through direct
stimulation or by suppression of pathogens (Weller, 1988; Weller et al., 2002). Of the
various rhizosphere bacteria, fluorescent Pseudomonads are aggressive colonizers of the
rhizosphere of various crop plants and have broad spectrum antagonistic activity against
plant pathogens (Parveen et al., 1998; Weller et al., 2002; Raajimakers & Weller 1998).
Species of Pseudomonas are also reported to induce systemic resistance in plants against
invading pathogens (Zhou & Paulitz 1994; De Meyer et al., 1999). Similarly P. lilacinus
an egg parasite of root knot nematode (Jatala, 1986) has also been reported to suppress
the infection by root infecting fungi (Ehteshamul-Haque et al., 1995).

In this study application of P. aeruginosa and P. lilacinus with L. nudicaulis
significantly increased their suppressive potential respectively against M. phaseolina and
F. solani and R. solani. The delivery of microbial antagonists with urban and agricultural
wastes as mulches were found to be very effective in suppressing root pathogens of
avocado and citrus (Casale et al., 1995). Similarly addition of some composts to soil
increased the population of PGPR in the tomato rhizosphere exhibiting antagonism
towards Fusarium oxysporum f.sp. radicis-lycopersici, Pyrenocheta lycopersici, Pythium
ultimum and Rhizoctonia solani (Alvarez et al., 1995). Application of PGPR or P.
lilacinus in combination with common medicinal weed L. nudicaulis holds promise for
the control of root infecting fungi of mungbean.
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