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Abstract: A poly house experiment was carried out to determine the antagonistic effect of rhizosphere bacteria
against root rotting fungi and root knot nematodes on Chilli. The association of Fusarium species with
Rhizoctonia solani or root knot nematodes (Meloidogyne spp.) caused huge losses. In this study, seven
strains of Pseudomonas aeruginosa were isolated from the chili plants growing under field condition. In vitro
test, cell free culture filtrate of some strains showed nematicidal activity against root knot nematode,
Meloidogyne incognita by killing the 2  stage juveniles and by retarding the egg hatching. In dual culturend

plate assay, one strain of P. aeruginosa inhibited the radial growth of root rotting fungi Rhizoctonia solani and
F. oxysporum by producing the zone of inhibition. While other strains also caused growth inhibition. In screen
house, application of some of these bacterial strains caused significant suppressive effect on root rotting fungi
and root knot nematode infecting chili plants in the form of reduction in percent root infection by fungi and
nematode population. Some Pseudomonas aeruginosa strains also showed positive impact on plant growth
by increasing the plant height and fresh shoot weight and were found to produce indole-acetic acid and HCN
at varying degree.
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INTRODUCTION losses [2]. Rhizosphere microorganisms may provide

Chili (Capsicum annuum L.) is an important vegetable and rhizosphere are colonized or otherwise occupied by
and spice crop worldwide, produced and consumed as many microorganisms. Plant growth promoting bacteria
fresh or processed. The chili wilt has been found as the produce plant growth promoting substances and
most    frequently   encountered   disease  problem. antibiotics. They are capable of providing protection
Several  microorganisms  may be involved in causing wilt against nematode diseases [3, 1, 5]. The plant growth
diseases in chili. The four diseases that  lead  to  wilting promoting rhizobacteria such as P. aeruginosa has been
in chili are Phytophthora root rot, Verticillium wilt, recognized as a potential biocontrol agent against cyst
Rhizoctonia root rot and Fusarium  wilt.  Rhizoctonia and root knot nematode. Many species of Pseudomonas
root rot caused by Rhizoctonia solani generally affects reduce the population of root knot nematode and promote
seedlings, but R. solani can also infect mature plants and plant growth [6]. Although chemical nematicides are
induce root rot, which leads to wilting and death of chili primary means for the control of plant parasitic nematodes
plants.  Species  of  Fusarium   like   F.  oxysporum  and including Meloidogyne spp. but their residual effect and
F. solani are most common species of Fusarium found health hazardous nature led to a total ban or restricted [4]
associated with vegetables including chili. [1, 2]. The and  an  alternate safe and effective strategy in the form of
association of Fusarium species with R. solani or root biological control is required which could provide
knot nematodes (Meloidogyne spp.) is causing huge

defence against pathogen attack [3, 1, 4]. The rhizoplane

substantial protection to the crops against plant parasitic
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nematodes. Consequently, rhizobacteria have been plate method was used to determine the antifungal
evaluated for their biocontrolling effect on a variety of activity of bacterial strains [9]. The bacterial strains/
plant parasitic nematode including root knot nematode isolates were streaked on one side of the Petri dishes
Meloidogyne incognita [7] and M. javanica [8]. containing Czapek’s Dox agar. On the other side of Petri

The present investigation aimed to investigate the dishes, a 5 mm diameter disc of root rotting fungi like
potential of P. aeruginosa against root rot fungi and root Rhizoctonia solani and Fusarium oxysporum were
knot nematode, in chilli. The vegetative growth and inoculated. The dishes were incubated at 28°C and zone
development parameters of Capsicum annuum have also of inhibition were recorded from 3-7 days.
been elaborated in a pot trial study.

MATERIALS AND METHODS Produced by Pseudomonas Aeruginosa: Production of

Collection and Isolation of Rhizobacteria, Pseudomonas
Spp: Pure culture of Pseudomonas aeruginosa isolated acetic acid (IAA) production was observed [10].
from the farmer’s fields from Aligarh region and its
adjoining areas. The culture tubes, each containing 10 ml
King’s ‘B’ (Broth) were autoclaved for 30 min at 1 kg/cm (Capsicum annuum) seedlings of equal size, raised in2

pressure. After the culture tubes were cooled, each tube steam sterilized soil in 35-cm diameter earthen pots were
was inoculated with a single colony of P. aeruginosa used in this experiment. Pseudomonas aeruginosa strains
strain Pf-1 from pure bacterial culture maintained on grown on King’s B medium at room temperature (25-30°C)
King’s ‘B’ agar. The culture tubes were then placed in a for 3 days, were scrapped with the help of a sterilized bent
BOD incubator for 48 h at (30±1) °C for the multiplication spatula after adding 10 ml sterilized 0.5% gum arabic in
of P. aeruginosa. For mass production, one-liter conical each plate and pooled in a beaker. Roots of seedlings
flasks containing 500 ml King’s ‘B’ (Broth) were were dipped in each P. aeruginosa strain suspension viz.,
autoclaved at the same pressure and time as mentioned
above. After the flasks were cooled, each flask was Ps-H-1 (2 x 10  cfu/ml),
inoculated with 1.0 ml of P. aeruginosa cultured broth. The Ps-H-2 (2 x 10  cfu/ml),
flasks  were  kept  at (30±1) °C in the BOD incubator for Ps-H-3 (2 x 10  cfu/ml),
120 h and were shaken two times a day. Inoculum culture Ps-H-4 (2 x 10  cfu/ml) and 
was mixed with talc at ratio of 1:4 and then the amount of Ps-H-5  (2  x  10   cfu/ml)  for 1 hour, then transplanted in
talc was adjusted so that the final CFU of P. aeruginosa 12 cm diameter earthen pots (each containing 1 kg soil) at
was maintained at 2×10  CFU/ml. 1plant per pot.8

Preparation of Inoculum of Rhizoctonia Solani and Each treatment was replicated 3 times in a completely
Fusarium Oxysporum: Pure culture of F. oxysporum and
Rhizoctonia solani isolated from the infested plants from
the field was maintained on PDA (Potato Dextrose Agar)
in petriplates at (27±5)°C in order to mass-produce pure
culture of the fungus to be transferred to flasks
containing sorghum seeds soaked overnight in 5% (m/V)
sucrose solution. The flasks were incubated in a BOD
(Biological Oxygen Demand) incubator at a temperature of
(27±1)°C for 10 d. During incubation, the flasks were
shaken three times in a day, to ensure proper growth of
the fungal mycelium on the sorghum seeds. Spore
suspension was made from the colonized sorghum seeds
so that final CFU (colony forming units) of F. oxysporum
was maintained at 10 CFU/ml.8

In vitro Test Against Root Rotting Fungi: Dual culture

Determination of Indole Acetic Acid (Iaa) and Hcn

Hydro cyanic acid production (HCN) was determined by
the modified method of Miller and Higgins) while Indole

Polyhouse  Experiment:  Three  weeks  old  chili

8

8

8

8

8

randomized block design and watered daily so that each
pot got about 500 ml water. After 4 d i.e. at two-leaf stage
of seedlings all the pots except the 3 untreated pots were
inoculated with 2000 freshly hatched second stage
juveniles  of  M. incognita and 2 ml spore suspension of
F. oxysporum and R. solani into 1 cm holes around the
base of the plant which were then filled with soil.
Uninoculated pots served as controls.

Recording of Data: To assess the efficacy of
Rhizobacteria in suppression of root disease, plants were
uprooted 60 days after nematode inoculation and roots
were washed under tap water. Nematode infection was
determined by counting the number of galls per root
system  [11].   To   determine   nematode   penetration  and
infection by root infecting fungi, roots from each plant
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were cut into 1-cm long pieces and five pieces of tap roots
from each plant were used for assessment of fungal
infection. The remaining roots were mixed thoroughly and
1-gram sub-sample was wrapped in muslin cloth and
dipped in boiling 0.25% acid fuchsin stain for 3-5 minutes.
Roots were left in the stain to cool and then washed under
tap water to remove excess stain. Roots were transferred
to vials containing glycerol and water (1:1 v:v) with a few
drops of lactic acid. Roots were macerated in an electric
blender for 45 seconds and the resulting suspension was
suspended in 50 ml water.Numbers of juveniles and
females in five 5 ml sub samples were counted with the aid
of dissecting microscope and numbers of nematode/g root
were calculated [12, 5]. In order to determine the extent of
F. oxysporum and R. solani infection washed roots of
inoculated plants were cut into 1.0 cm pieces, then treated
with 10% KOH solution and finally kept at 90°C for 1 h.
These root segments were washed again with distilled
water, then acidified and stained with trypan blue (0.5%
(V/V) in lactophenol) as described by (Pandey et al., 1998)
Five stained pieces of each taproot were mounted on
slides in lactophenol and presence of mycelium of the
fungus was estimated. The root infection was calculated
by measuring the infected portion in relation to total
length of root pieces [13].

RESULTS

In vitro Antifungal Activity of Pseudomonas aeruginosa:
Pseudomonas aeruginosa strains isolated from healthy
roots of chili plants were tested for antifungal activity
against four highly pathogenic root rotting fungi
Rhizoctonia solani and F. oxysporum, isolated from
diseased chili. Pseudomonas aeruginosa strain PS-H--110
inhibited the tested fungi by producing zone of inhibition.
PS-H--110 also caused lysis of mycelium F. oxysporum
and R. solani (Table 1). Where as PS- H--2, PS-H--3, PS-H-
-4 and PS-H--5, 6 and 7 were also inhibited the radial
growth of and F. oxysporum and R. solani producing
zone of inhibition. 

In Vitro Nematicidal Activity of Endo-root Fluorescent
Pseudomonas: Culture filtrates of Rhizobacteria strains
showed significant nematicidal activity by killing second
stage larvae of Meloidogyne incognita at varying
degrees  (Table  2).  Maximum  killing  was observed by
PS-H--1 followed by PS-H--4 and PS-H--5.

Table 1: In vitro growth inhibition of root rotting fungi Rhizoctonia solani
and F. oxysporum by the strains of Pseudomonas aeruginosa

Zone of Inhibition (mm)
--------------------------------------------------------

Treatment R. solani F. oxysporum
Ps-H-1 19.6* 19.3*
Ps-H-2 22.0 26.6
Ps-H-3 23.3* 24.6
Ps-H-4 24.6* 25.0
Ps-H-5 27.6 25.0
Ps-H-6 27.5 21.4
Ps-H-7 28.3* 22.3

* = Fungal mycelium lysed

Effect of Pseudomonas on Hatching of Nematode’s Eggs:
Cell free culture filtrate of PS-H- caused retardation of
nematode’s egg hatching. After 48 hours, no egg was
found hatched exposed to PS-H--1. Whereas PS-H--5
exposed egg masses showed 5-hatched larvae per egg
mass compared to 72 larvae per egg mass in untreated
control (Table 2).

Production of Indole Acetic Acid (Iaa) and Hydrocynic
Acid (Hcn) by Pseudomonas: Ps-H-1 strain was found a
very strong HCN and indole acetic acid producer.
Although all the Pseudomonas strains produce Hydro
Cynic Acid (HCN) and indole acetic acid (IAA) at varying
degrees (Table 3).

Polyhous Experiment: Application of P. aeruginosa
strains  caused  suppression  of  root  rotting  fungi on
chili  roots.  Ps -H - 1 was found highly effective against
F. oxysporum and R. solani (Table 4). Bare-root dip
treatment of chili seedlings with P. aeruginosa also
caused a suppressive effect on nematode infection by
reducing the gall formation on roots and nematode’s
penetration in roots (Table 4). Although all the treatments
caused significant reduction in nematode population and
enhanced the plant growth. PS-H-1 caused maximum
reduction in gall formation on roots and shows highest
plant growth followed by Ps-H-2, Ps-H-5, Ps-H-4 and Ps-
H-3 whereas PS-H-3 treated plants showed minimum
nematode’s penetration in roots (Table 4).

DISCUSSION

In the present study, some strains of fluorescent
Pseudomonas, P. aeruginosa showed significant activity
against  root  rotting  fungi and root knot nematode both
in vitro and In vivo. Of the various rhizospheric bacteria,
the   bacteria    belonging   to   fluorescent  Pseudomonas,
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Table 2: In vitro nematicidal activity of cell free culture filtrates of P. aeruginosa on Meloidogyne javanica after 48 hours
Treatment Juveniles mortality (%) No. of juveniles hatched/ egg mass
Control (Distilled water) 0.0 82 86
Control (KB broth) 18.0 12.0 72.0 60
Ps-H-1 71.0 68.0 0.0
Ps-H-2 32.0 28.0 12.0 5.0
Ps-H-3 19.0 16.0 15.0 10
Ps-H-4 64.4 56.0 38.0 35
Ps-H-5 55.0 52.0 5.0 2.0
Ps-H-6 47.0 44.0 8.0 5.0
Ps-H-7 51.0 48.0 6.0 3.0

Table 3: Characteristics of isolated strains of fluorescent pseudomonads from chilli rhizosphere
P. aeruginosa strains IAA HCN
Ps-H-1 + +a
Ps-H-2 + -
Ps-H-3 + +b
Ps-H-4 + +c
Ps-H-5 + +b
Ps-H-6 - -
Ps-H-7 + +c
Control - -
*IAA negative, + IAA positive, 
**+a strong HCN production, +b moderate HCN production, +c low HCN production

Table 4: Effect of Pseudomonas aeruginosa on the infection of F. oxysporum, R. solani and nematode population and growth of chili plants
Percent root infection (%)
-------------------------------------

Treatments Plant height (cm) Fresh shoot weight (g) Galls/ root system No. of Juveniles/g root F. oxysporum R. solani
Control 14.4 1.59 26.1 75.2 62.5 31.2
Ps-H-1 20.6 2.89 6.9 33.6 25 18.7
Ps-H-2 19.4 2.32 18.1 30.5 37.5 18.7
Ps-H-3 14.2 1.98 12.5 46.3 68.7 37.5
Ps-H-4 15.1 1.01 9.5 29.4 31.2 18.7
Ps-H-5 15.4 0.98 15.2 33.6 43.7 12.5
LSD0.05 3.49 0.721 5.98 4.32 5.62 2.9
Mean values in column showing differences greater than LSD values a re significantly different at p< 0.051

which colonize roots of a wide range of crop plants, are nutritional status [23]. Rhizospheric bacteria isolated from
reported to be antagonistic to soil borne plant pathogens cotton, caused  significant  reduction  in root galling by
[3, 14, 15, 16]. The production of certain antibiotics [17] M. incognita [3, 14, 22].
and siderophores [18] by P. aeruginosa has been Endo-parasitic nematodes like Meloidogyne spp.,
regarded as one of the mechanism involved in form specialized feeding cells in the plant tissue and
antagonism. remains embedded in the tissue, whereas parasitic fungi

In this study Pseudomonas aeruginosa was found also proliferate inside the host tissues and absorbs the
active against root rotting fungi and root knot nematode nutrients. Due to protection by surrounding plant tissue,
infecting chili, which is in agreement with our previous they are difficult to control by soil and rhizosphere
study [1, 16] Pseudomonas aeruginosa has been reported microorganisms. Therefore endophytic microorganisms
to suppress root knot infection on chili [19], watermelon, colonizing plant root tissue may be better able to manage
guar and pumpkin [20] on okra [2, 21] and on tomato [16]. endo-parasitic nematode and fungi due to fact that both
There are several reports that plant growth promoting occupy the same ecological niche and are close contact
rhizobacteria are involved with host plants in mutual [24]. The use of rhizobacteria for the control of root
interaction [22, 17]. They promote plant growth directly or rotting fungi and plant parasitic nematodes is a relatively
indirectly, via production of phytohormones, biocontrol new approach. Application of these rhizobacteria may be
of host  plant  diseases or improvement of plant suitable manipulated to provide an economical alternative
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for the control of plant-parasitic nematodes and root 11. Taylor, A.L. and J.N. Sasser, 1978. Biology,
rotting fugus, which is less disturbing to agro ecosystems
than conventional nematicides.
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