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SUPPRESSION OF MELOIDOGYNE JAVANICA BY PSEUDOMONAS AERUGINOSA
AND BACILLUS SUBTILIS IN TOMATO

I. A. Siddiqui

Soil Biology and Ecology Laboratory, Departinent of Botany, University of Karachi,
Karachi-75270, Pakistan

Summaty. The effects of two strains of Pseudomonas aeruginosa (IE-6 and Pa-7) and an isolate of Bacillus subtilis on egg hatching,
mortality and infection of Meloidogyre javanica in tomato roots was evaluated under laboratory, greenhouse and field conditions.
Cell-free culture filtrates of the bacterial isolates significantly reduced egg hatching and caused mortality of second stage juveniles
of M. javanica. Better biocontrol was observed in 15 day old seedlings as compared to 30 and 45 day old plants. Culture filtrates of
P. aeruginosa strains IE-6 and Pa-7 resulted in activity similar to that caused by viable and dead cells of P. geruginosa whereas ac-
tivity of the culture filtrate of B. subtilis was greater compared to the dead cells. Introduction of rhizobacteria in the root zone
gave better results than stem injection or foliar application. Under field conditions, the isolates also significantly reduced nema-
tode population densities and subsequent gall formation due to M. javanica.

Fluorescent pseudomonads and bacilli are a group of
bacteria that have often been reported to occur in the
rhizosphere of a wide range of plants (Curl and Tru-
elove, 1986). Many isolates from these groups are
known to possess antagonistic activity against other mi-
cro-organisms of the soil and rhizosphere and, there-
fore, have been intensively used in trials for the biologi-
cal control of soil borne root-infecting fungi (Sharma
and Nowak, 1998; Siddiqui ez al., 2000). Siderophore
activity, suppression of deleterious rhizobacteria, antibi-
otic and toxin production, plant hormone production,
and induced resistance are the mechanisms responsible
for the control of fungal pathogens (Weller, 1988).

The use of rhizosphere bacteria for the biological
control of plant-parasitic nematodes provides a differ-
ent approach to control since, in contrast to many soil
borne root-infecting fungi, plant-parasitic nematodes
that are obligate parasites are dependent on the host
plant for development and reproduction. The rhizobac-
teria based system utilizes microorganisms that alter
hatch, attraction, or host recognition (Qostendorp and
Sikora, 1990). Rhizosphere bacteria have been reported
to produce nematicidal compounds that affect the vitali-
ty of the second stage juveniles of root-knot nematodes
(Becker ez al., 1988). Rhizobacteria applied as a seed
dressing reduce nematode penetration of the root sys-
tem of potato and sugarbeet (Racke and Sikora, 1985;
Qostendorp and Sikora, 1986, 1989),

Pseudomonas aeruginosa, a plant growth promoting
rhizobacterium has potential as a biocontrol agent of
Meloidogyne javanica in tomato (Siddiqui ez al., 2000).
Similarly, Bacllus subtilis has also been reported to con-
trol M. ncognita race-3 in chickpea (Siddiqui and Mah-
mood, 1993). In our recent study, two strains of P
aeruginosa (IE-6 and Pa-7) and B. subtilis isolate caused
marked reduction of M. javanica population densities in
soil and root and subsequent root-knot infection in
mungbean in two years of field experiments (Siddiqui et

al., 2001). In the same study, generic and even strain-
specific differences were evident among bacteria to sup-
press root-knot nematodes (Siddiqui ez al., 2001). The
aim of the present study was to characterize this interac-
tion and provide evidence that it involves a specific in-
teraction between the bacteria and the nematode.

MATERIALS AND METHODS

The technique as suggested by Bashan ez al. (1993)
was used for the isolation of Pseudomonas aeruginosa
(Shroeter) Migula. Roots of sunflower were washed
with running tap water and soaked for 10 min in sterile
phosphate buffer saline (PBS) [10 m M K,HPO,], then
chopped into small pieces and transferred in Petri dish-
es containing Sl medium ((g/l) agar, 18; sucrose, 10;
glycerol, 10 ml; casamino acids (Difco), 5.0; NaHHCO,,
1.0; MgSO,.7H,0O, 1.0; K,HPO,, 2.3; sodium lauroyl
sarcosine (SLS), 1.2 and 20 mg of trimethoprim). Dishes
were incubated for three days at room temperature and
bacterial colonies that showed fluorescent pigment un-
der ultra violet light at 366 nm were purified on King’s
B medium (King ez a/., 1954). Biochemical tests were
performed for the identification of P aeruginosa (Krieg
and Holt, 1984). P. aeruginosa strains were gram nega-
tive rods, produced blue green pigments on KB medi-
um after three days and Bacillus subtilis Cohn was an
endospore forming gram positive bacterium. The strains
of P aeruginosa isolated from sunflower and cotton
were designated as IE-6 and Pa-7 respectively. B. subtilis
strain used in the present study was isolated from sun-
flower and maintained on KB medium.

Aqueous suspension of 5 day old bacterial cultures,
prepared by scrapping the surface with a sterilized bent
glass rod after adding 10 ml sterile distilled water were
maintained on KB medium at room temperature (28+2
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°C). The suspension was stored at 4 °C before use. After
making the dilution, one ml suspension was poured on
KB medium and incubated at 28+2 °C for 3-5 days.
Bacterial colonies growing on the plates were counted
and multiplied by the dilution factor (10, 10 or 107)
that gave cfu/ml of bacteria. Bacterial strains were
grown in KB liquid medium at 30 °C for 48 hrs in dark
and centrifuged twice at 2,800 x g for 20 mins. Pellets
were discarded and the culture filtrate was collected in a
beaker prior to use. The culture filtrate was tested for
the presence or absence of the bacterium as described
above; it did not produce any viable growth of either
bacterium.

Meloidogyne javanica (Treub) Citw. was obtained
from pure cultures maintained on roots of eggplants
(Solanum melongena L.). The entire root system was
dipped in water and soil was removed gently without
detaching any egg sacs. Eggs were extracted by vigorous
shaking of infested roots in a 1% sodium hypochlorite
solution for three minutes. The resulting suspension was
then passed through a range of different mesh sieves
(Hussey and Barker, 1973). The eggs collected on a fine
sieve (38 mm) were washed in tap water to remove all
traces of sodium hypochlorite before use. Seeds of
tomato (Lycopersicon esculentur Mill.), cv ‘SUN 6002
(PVP) after surface sterilization with 1% Ca(OCl),
were washed thoroughly with running tap water and al-
lowed to dry under a laminar flow hood. The seeds
were planted in a 35 cm diam., earthen pots containing
steam-sterilized soil. Three-week-old seedlings were
then used for the experiments.

To determine the effect of bacteria on egg hatching
activity of M. javanica, two ml of the culture filtrate was
transferred in watch glasses into which two medium size
egg masses hand-picked from the knots of eggplant
were placed. Egg masses kept in either distilled water or
KB liquid medium without the bacterium served as con-
trol. After 72 hrs, the numbers of juveniles hatched
were counted with the aid of a stereomicroscope (x 6).
Treatments were quadruplicated and watch glasses were
randomised at room temperature (28+2 °C). The egg
masses from the culture filtrate were then transferred to
sterile distilled water and their hatching in water was
recorded to ascertain whether the egg masses kept in
the culture filtrate had been permanently or temporarily
inactivated. The emergence of juveniles was again
recorded after 72 hrs. The experiment was repeated. To
determine the nematicidal activity, one ml of the freshly
hatched surface sterilized juvenile suspension (30-40 ju-
veniles/ml) with two ml of either autoclaved or non-au-
toclaved culture filtrate of each bacterium were trans-
ferred separately to watch glasses. Juveniles kept in ei-
ther 2 m] of autoclaved or non-autoclaved distilled wa-
ter or KB broth with out the bacterium served as con-
trols. There were four replicates of each treatment and
watch glasses were incubated at room temperature
(28+2 °C). After 48 hrs, the numbers of dead juveniles
were “ounted with the aid of a stereomicroscope (x 6).

Nematodes were considered to be dead if they did not
move when probed with a fine needle (Cayrol et al.,
1989). The experiment was repeated once.

Sandy loam soil (sand:silt:clay, 70:19:11), pH 8.1 ob-
tained from the experimental field of the Department of
Botany, University of Karachi was used. The soil was
screened through a 2-mm sieve to discard non-soil par-
ticles and 350 g samples were potted into 8 cm-diam.,
plastic pots. The soil was naturally infested with 100-
150 juveniles of M. javanica/250 g soil. Four different
experiments were conducted on the glasshouse bench
of Soil borne Diseases Research Laboratory, Depart-
ment of Botany University of Karachi. All the experi-
ments were repeated at least once.

Experiment 1 was designed to determine the efficacy
of bacteria on egg hatching of M. javanica. The soil was
excavated to a depth of 3 cm and 25-ml cell suspension
of the bacterial antagonist containing 2.5 x 10% cfu ml!
was drenched in a pot. Soil drenched with 25 ml sterile
distilled water or KB broth served as control. After
treatment, the surface was covered with soil and three
tomato seedlings were transplanted to each pot. Treat-
ments were replicated four times and the pots were
arranged in a randomised complete block design. One
week after seedling transplantation, a 10 ml egg suspen-
sion of M. javanica containing 1500 surface sterile
eggs/ml was pipetted into three holes made in the rhi-
zosphere of the tomato seedlings. The experiment was
terminated one week after the addition of eggs and
numbers of hatched juveniles were extracted from soil
using a modified Baermann funnel technique (White-
head and Hemming, 1965).

Since little information is available on the duration of
rhizobacteria-mediated root protection against root-
knot nematode, the second experiment was designed to
determine the efficacy of P aeruginosa (1E-6 and Pa-7)
and B. subtilis on root-knot nematode penetration into
tomato roots at three different time intervals. Freshly
hatched second stage juveniles were selected as the in-
oculum because they provide a greater rate of penetra-
tion than egg suspensions. The bacterial cell suspension
(2.0-2.2 x 10®* cfu ml") prepared in sterile distilled water
was drenched separately in each pot. Soil drenched with
25 ml sterile distilled water served as control. After

- drenching, the surface was covered with soil. Three

seedlings were transplanted in each pot which were al-
lowed to established for one week before 2000 freshly
hatched second stage juveniles of M. javanica in 10 ml
water were pipetted into three holes in the soil around
the seedlings. The experiment was set out in a ran-
domised complete block design with 15 replicates for
each treatment. Five replicates from each treatment
were harvested 15 days after nematode inoculation. The
remaining pots were harvested after 30 and 45 days (5
replicates at each harvest). At each harvest, root system
was carefully removed, excess soil was shaken off the
roots which were then washed in running tap water.
Fresh roots were cut into small segments, weighed,



wrapped in a muslin cloth and dipped for 3-5 minutes
in boiling 0.25% acid fuchsine in lactic acid. Roots were
then washed in running tap water to remove the excess
stain and cooled in vials containing 1:1, glycerol: water
with few drops of lactic acid. Roots were macerated in
an electric grinder for 45 seconds and the macerate sus-
pended in 100 ml water. M. javanica females + juveniles
in 5 samples of 5 ml each were counted with the aid of
low power microscope (x 6).

The third experiment was designed to examine the
effects of live bacteria (2.0 x 10 cfu ml!), killed bacte-
ria and their culture filtrates on root-knot activity. Heat-
killed bacteria cells were produced by autoclaving bac-
teria 20 min at 121 °C at 15 lbs p.s.i. Sterility was
checked by pouring the heat-killed cell suspension on
KB medium. Heat-killed cells produced no viable
growth of the bacteria. Twenty five ml of each treatment
with 25 ml sterile distilled water or King’s B liquid
medium (control) was drenched separately in each pot.
Two thousand second stage juveniles (< 5-day-old) were
used to inoculate tomato seedlings. Each treatment was
replicated four times and the pots were randomised.
The experiment was terminated 21 days after the addi-
tion of nematodes and the number of juveniles/g root
counted as described earlier.

Experiment 4 was designed to compare the level of
root protection against root-knot nematode resulting
from the application of bacteria via leaf application,
stem injection and soil drench. The experimental design
was a4 3 x 4 factorial with three replicates, each with
three plants, arranged in a randomised complete block
manner., Factors were three bacterial application meth-
ods and four treatments including two strains of P,
aeruginosa, one B. subtilis isolate and an untreated con-
trol. For leaf application, one week after transplanting
the seedlings, a 1 ml aqueous cell suspension of P. aerug-
inosa or B. subtilis (2.0 x 10 cfu ml?!) with 1% car-
boxymethyl cellulose was spread over the leaves. Con-
trol leaves were spread with 1% carboxymethyl cellu-
lose solution. To avoid bacterial contamination, after
application the plants were covered with plastic wrap
which was secured around the stem. For stem injection,
a 0.25 ml of bacterial suspension was injected into the
stem. This method was previously reported to differen-
tiate among strains for endophytic colonization poten-
tial (Chen ez af., 1995). Control plants were inoculated
with sterile distilled water. A 25 ml aqueous cell suspen-
sion was drenched in each pot and soil drenched with
sterile distilled water was the control. There were three
replicates for each treatment and pots were randomised.
After one week of the bacteria application, a suspension
containing 2000 juveniles (< 5-day-old) was pipetted
onto the soil near the roots. The experiment was termi-
nated 21 days after nematode inoculation and the num-
bers of juveniles that had penetrated the roots were
counted.

An experiment was carried out in 2 m x 1m mi-
croplots at the experimental field located near the De-
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partment of Botany, University of Karachi during Sep-
tember 1998. The soil characteristics were the same as
described for the glasshouse experiments. For the bare
root-dip treatment, tomato roots were dipped for 15
minutes in bacterial cell suspensions containing 2.1-2.4
x 10% cfu ml! and then planted at 6 seedlings/furrow.
Roots dipped in sterile distilled water served as control.
In another set, soil was removed to a depth of 12 cm
and the bacterial cell suspension prepared in 300 ml
sterile distilled water was drenched in each row before
transplantation of seedlings. Soil treated with 300 ml
sterile distilled water served as control. Treatments were
arranged in a randomised complete block design and
replicated thrice. One week after transplanting the
seedlings, roots of each seedling was inoculated with
1000 freshly hatched second stage juveniles of M. javan-
zca. The juveniles were suspended in 25 ml sterile dis-
tilled water that was poured into three holes made
around the tomato seedlings. Plants were harvested 60
days after nematode inoculation and root-knot nema-
tode populations in soil and root was estimated. The
soil from which the roots were taken was dug to a 15 cm
depth before 250 g soils were taken from all the treated
and untreated plots. The soil was used for the extrac-
tion of nematodes using a modified Baermann funnel
technique.

Data were analysed using analysis of variance (ANO-
VA) or factorial analysis of variance (FANOVA) in case
of more than one factor. Since the error variances be-
tween repeated experiments were similar, the analysis
was performed on the pooled data. Treatment means

were compared by Duncan’s multiple range test (Sokal
and Rohlf, 1995).

RESULTS

Egg-hatch of M. javanica was significantly (P<0.001)
less in the cell-free culture filtrates of P. aeruginosa and
B. subtilis than in untreated KB broth or sterile distilled
water (Table I). The culture filtrate of P aeruginosa
strain [E-6 had the greatest effect (>95%) on egg hatch-
ing as compared to B. subtilis that caused > 86% inacti-
vation in eggs of M. javanica. Strain Pa-7 of P aerugi-
nosa also inhibited egg hatch by more than 93%. Juve-
niles continued to emerge from egg masses transferred
from culture filtrate to sterile distilled water in all treat-
ments but their numbers were significantly (P<0.05) less
in the treatments that were previously treated with fil-
trates of P aeruginosa strains as compared to B. subtilis
or KB broth Strains IE-6, Pa-7 and B. subtilis resulted
in >83, 78 and 56% inactivation in egg hatching. Un-
boiled cell-free culture filtrate of the bacterial antago-
nists had nematicidal effects (P<0.001), on the second
stage juveniles of M. javanica (Table II). Strain IE-6 of P
aeruginosa was most toxic, killing 75% of the juveniles;
strain Pa-7 killed 65% juveniles compared with untreat-
ed KB broth or sterilized distilled water. The culture
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Table 1. Effect of the cell-free culture filtrate of Pseudomonas aeruginosa (1IE-6 and Pa-7) and Bacillus subtilis on egg

hatching of Meloidogyne javanica in vitro.

No. of eggs hatched in

Total number Percentage

Treatments Culture Distilled of eggs reduction over
filtrate Water * hatched untreated control

Control (KB broth) 183a 70ab 253 -

P. aeruginosa (1E-6) 8b 35 41 83.79

P aeruginosa (Pa-7) 12b 42 be 54 78.65

B. subtilis 26 b 85a 111 56.12

2 After a 48 hrs hatching period in the culture filtrate, egg masses were transferred to sterile distilled water, Data represent mean of
8 values obtained in two experiments each with 4 replicates. Figures followed by same letters in each column are not significantly

different (P<0.05) according to the Duncan’s multiple range test.

Table 11. Effect of boiled and unboiled culture filtrate of P.
aeruginosa (IE-6 and Pa-7) and B. subtilis on mortality of M.
Javanica juveniles 71 vitro.

Treatments Mortality %

KB broth Unboiled 2 e
Boiled 2 e

P. aeruginosa (IE-6) Unboiled 752
Boiled 12 d

P. aeruginosa (Pa-7) Unboiled 65 b
Boiled 7 de

B. subtilss Unboiled 52 ¢
Boiled 11 d

Data represent mean of 8 values obtained in two experiments each
with 4 replicates. Figures followed by same letters in each column are
not significantly different (P<0.05), according to the Duncan’s multi-
ple range test.

Table III. Effect of P. aeruginosa (IE-6 and Pa-7) and B. sub-
t2lis on egg-hatching of M. javanica in the rhizosphere of toma-
to under greenhouse conditions.

Treatments TJuveniles/250g soil
KB broth 581a

P. aeruginosa (IE-6) 321 ¢

P. aeruginosa (Pa-7) 496ab

B. subtilis 457 b

Data represent mean of 8 values obtained in two experiments each
with 4 replicates. Figures followed by same letters in each colunin are
not significantly different (P<0.05), according to the Duncan’s multi-
ple range test.

filtrate of B. subtilis also caused 52% juvenile mortality
compared to the untreated KB broth or distilled water.
Culture filtrates of the bacteria lost their nematicidal ac-
tivity when boiled.

Strain IE-6 of P aeruginosa and B. subtilis reduced
(P<0.05) egg-hatching activity in the rhizosphere of
tomato whereas strain Pa-7 did not (Table T1I). Strain
IE-6 reduced egg hatch of M. javanica by 44% where-
as B. subtilis caused a 21% inhibition in egg hatch
compared to the controls. Aqueous cell suspension of
P aeruginosa and B. subtilis significantly (P<0.001) re-
duced nematode penetration into tomato roots coms-
pared to untreated controls. The efficacy of the bacte-

rial antagonists gradually (p<0.001) declined with in-
creasing time. Strain IE-6 caused 72, 66 and 50% re-
duction and Pa-7 resulted in 64, 42 and 37% reduc-
tion in nematode penetration in 15, 30 and 45-day-old
samplings respectively. More than 60, 30 and 40% re-
duction in nematode penetration was achieved in 15,
30 and 45 day-old samplings, respectively, when B.
subtilis was used (data not presented). Viable cells,
heat-killed cells and the cell-free culture filtrates of P
aeruginosa and B. subtilis provided significant
(p<0.05) protection to tomato roots from invasion of
root-knot nematode (Table IV). Application of live
cells of TE-6, Pa-7 and B. subtilis caused a 53, 43 and
49% reduction in nematode penetration respectively.
Dead cell of P aeruginosa (1IE-6 and Pa-7) demonstrat-
ed similar effects as those caused by viable cells where-
as marked (P<0.05) differences on the activity be-
tween live and dead cells of B. subtilis was observed.
Heat-killed cells of 1E-6 and Pa-7 caused 48 and 40%
reduction in nematode penetration, respectively while
dead cells of B. subtilis reduced nematode penetration
by up to 30%. Activity of the culture filtrate of B. sub-
tilis was better compared with the dead cells while P
aeruginosa dead cells exhibited better results as com-

Table IV. Effect of viable cells, heat-killed cells and the cul-
ture filtrate of P. aeruginosa (IE-6 and Pa-7) and B. subtilis on
penetration of M. javanica in tomato roots,

Treatments Juveniles/g root

KB broth 116a

P. aeruginosa (1E-6) Viable 54 d
Heat-killed 60 bed
Culture filtrate 68 bc

P. aeruginosa (Pa-7) Viable 66 bed
Heat-killed 69 be
Culture filtrate 73 b

B. subtilis Viable 59 «od
Heat-killed 81 b
Culture filtrate 63 od

Data represent mean of 8 values obtained in two experiments each
with 4 replicates. Figures followed by same letters in each column are
not significantly different (P<0.05), according to the Duncan’s mulii-
ple range test.



pared to cell-free culture filtrate. Cell-free culture fil-
trate of IE-6, Pa-7 and B. subtilis reduced nematode
penetration up to 41, 37 and 46% respectively. Factor-
ial analysis revealed no interaction between delivery
method (soil drench, stem injection or leaf applica-
tion) and treatments on root-knot nematode penetra-
tion in tomato roots. However, soil application with P
aeruginosa (IE-6 and Pa-7) and B. subtilis significantly
(P<0.05) reduced nematode penetration compared
with untreated controls. Maximum reduction in nema-
tode penetration (more than 52% compared with un-
treated controls) was achieved with application of
strain [E-6. Strain Pa-7 of P aeruginosa and B. subtilis
caused 50 and 34% reductions in nematode penetra-
tion, respectively. Stem injection and leaf application
of the bacterial isolates did not reduce nematode pen-
etration (data not presented).

In a microplot experiment, galling rates due to M. ja-
vanica were significantly (P<0.001) reduced following
application with rhizosphere bacteria (Table V). There
was a significant (P<0.001) difference between the de-
livery system of the isolates whereas interaction between
treatment and application technique of the isolates was
non-significant. P. geruginosa strain 1E-6 applied as a
bare root-dip treatment (39%) and B. subtilis used as a
soil drench (37 %) caused the greatest reduction in root-
knot development due to M. javanica in tomato. Rhi-
zobacterial strains significantly reduced nematode pop-
ulations in soil (P<0.001) and root (P<0.05) as com-
pared to untreated controls. There was no significant
difference between application method of the isolates in
lowering the nematode population densities in the soil
and roots. B. subtilis used as a bare root-dip treatment
(39%) or as a soil drench (28%) resulted in the greatest
reduction in nematode populations in soil whereas
strain IE-6 used as either bare root-dip treatment or as a
soil drench reduced nematode penetration by up to
33% and 40%, respectively, compared with untreated
controls.
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DISCUSSION

Cell-free culture filtrate of P aeruginosa and B. sub-
tlis caused significant inhibition in egg hatching of M.
Javanica both in vitro and under glasshouse conditions.
Culture filtrate of the bacterial antagonists also caused
mortality of M. javanica juveniles. The nematicidal activ-
ity was heat labile hence might be proteinaceous or gly-
coproteinaceous in nature. Bacteria are known to pro-
duce metabolites that have nematicidal activity. Rhizos-
phere bacteria have been reported to produce nematici-
dal compounds that affect the vitality of second stage
juveniles of M. 7ncognita (Becker, 1988). Similarly, cul-
ture filtrates of Bacillus sphaericus induced systemic re-
sistance in tomato against the potato cyst nematode
Globodera pallida (Hasky-Guinther ez al., 1998).

Nematode penetration into tomato roots was consid-
erably reduced within 15 days of bacterial application
whereas the penetration rate was higher after 30 and 45
days. Presumably, metabolites released by the bacteria
were initially toxic to the nematodes and made them
less able to penetrate their host. The level of protection
provided by bacteria against plant diseases correlates
with the rhizosphere population density of these bacte-
ria (Bull ez al., 1991; Raaijmakers et al., 1995). It is spec-
ulated that after 15 days the bacterial population de-
clined thereby reducing their biocontrol potential. Qos-
tendorp and Sikora (1990) observed a decline in the
population of Pseudomonas fluorescens in the rhizos-
phere during the first two weeks after sowing sugarbeet
seeds. Aqueous cell suspensions and the cell-free cul-
ture filtrate of P. aerations and B. subtilis are able to
cause a reduction in nematode penetration. The biologi-
cal activity of P aeruginosa is not destroyed by autoclav-
ing, which indicates that the causal factor is ther-
mostable. The culture filtrate of P. aeruginosa strain 1E-
6 and Pa-7 demonstrated similar activity as that caused
by viable and dead cells whereas activity of culture fil-
trate of B. subtilis was greater compared with the dead
cells. This indicates the activity of surface structures of
the bacterial cell wall as well as the production of inter-

Table V. Eftects of bate-root-dip treatment or soil drench with P. aeruginosa {(IE-6 and Pa-7) and B. subtilis on the development
of root-knot infection, nematode population in tomato under field conditions.

Root-knot nematodes/

Treatments Galls/root system 50 ml soil Juveniles/g root
BR.D.T. S.D. BRD.T. S.D. BR.D.T. S.D
Control 61 50 2210 2223 89 97
P. aeruginosa (1E-6) 42 36 1453 1690 60 59
P aeruginosa (Pa-7) 46 36 1783 1676 65 59
B. subtilis 48 35 1353 1606 66 70
Significance level (P)
Treatments <0.001 <0.001 <0.05
Application method <0.001 Non-significant Non-significant

Treatment x method Non-significant

Non-significant Non-significant

B.R.D.T. = bare-root-dip treatment; S.D. = soil drench.
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cellular metabolites by P aeruginosa whereas B. subtilis
lack extracellular activity but produced nematicidal
components in the culture filtrate involved in the sup-
pression of root-knot nematode.

In the present study, application of P. aeruginosa and
B. subtilis in the root zone caused significant reductions
in nematode penetration whereas leaf application and
stem injection of the bacteria had no such effects. This
is in agreement with the findings of Husky-Giinther et
al. (1998), who observed no basipetal activity in induc-
ing resistance to nematode root infestation after inocu-
lation of rhizobacterial strains on the leaf surface. How-
ever, it has been reported that application of some plant
growth promoting rhizobacteria (PGPR) strains on fo-
liage could increase growth and protect plants from fo-
liar diseases (Mei, 1989; Mei et al., 1990). Similarly, seed
inoculation and cotyledon injection with PGPR induced
resistance against bacterial angular leaf spot caused by
Pseudomonas syringae pv lachrymans (Liu et al., 1995).
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