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Summary – The bacterium Burkholderia cepacia (strain Bc-2) and the fungus Trichoderma virens (strain Gl-3) were investigated for
activity against the nematode Meloidogyne incognita. Culture  ltrates from Bc-2 and Gl-3 contained extracellular factors that inhibited
egg hatch and second-stage juvenile (J2) mobility. Size fractionation results and lack of detectable chitinase or protease activities from
Bc-2 and Gl-3 culture  ltrates suggested that the inhibitory factors in the in vitro assays were non-enzymic. Tomato root explant cultures
of M. incognita treated with T. virens culture  ltrate had 42% fewer eggs and J2 per g of roots than cultures treated with control medium
that had not been inoculated with T. virens. In glasshouse tests with tomato, Bc-2 and Gl-3 were applied individually as seed coatings
and as root drenches in both viable and non-viable formulations. At the 65-day harvest, non-viable B. cepacia was the only treatment
that suppressed eggs and J2 per g of roots (29% suppression) compared to water controls.
Résumé – Evaluation de l’activité antagoniste de Trichoderma virens et Burkholderia cepacia envers le nématode Meloidogyne
incognita – La bactérie Burkholderia cepacia (souche Bc-2) et le champignon Trichoderma virens (souche G1-3) ont été étudiés dans
l’optique de leur action envers le nématode Meloidogyne incognita. Les  ltrats de culture de Bc-2 et de G1-3 contiennent des facteurs
extracellulaires inhibant l’éclosion et la motilité des juvéniles de deuxième stade (J2) du nématode. Les résultats de fractionnements
relatifs à la taille et la nondétection d’une activité chitinasique ou protéasique dans les  ltrats de culture de Bc-2 et G1-3 suggèrent que
les facteurs inhibant présents lors des expériences in vitro ne sont pas de nature enzymatique. Des élevages de M. incognita sur explants
de racines de tomate traités avec des  ltrats de culture de T. virens produisent des œufs et des J2 en nombre inférieur de 42% à celui
d’élevages traités par un milieu témoin, non inoculé avec T. virens. Lors d’essais en serre sur tomate, Bc-2 et G1-3 ont été appliqués
séparément, soit en pralinage des semences, soit sur la tranchée, et en formulation vivante ou non-vivante. A la récolte, après 65 jours,
la formulation non-vivante de B. cepacia s’est révélée le seul traitement diminuant le nombre d’œufs et de J2 par g de racines: moins
29% par rapport au témoin ne contenant que de l’eau.
Keywords – bacteria, biological control, Lycopersicon esculentum, natural products, tomato.

Root-knot nematodes (Meloidogyne spp.) are among
the most economically important groups of plant-parasitic
nematodes, causing damage and yield losses on most cultivated plants (Sasser & Freckman, 1987). Cultural practices, use of resistant cultivars and application of chemical nematicides are primary strategies for disease management, but yield losses persist with numerous crops.
Application of microorganisms antagonistic to Meloidogyne spp., or of compounds produced by these microbes,
¤

could provide additional opportunities for managing disease. Research in this area has resulted in commercial
biocontrol preparations reported to act against root-knot
nematodes (Stirling, 1991; Fravel, 2000). Continued studies are needed to identify additional organisms that reduce
disease caused by these nematodes.
The  rst goal of the current study was to determine
the ability of selected microbes to produce compounds
affecting root-knot nematode viability and mobility. De-
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creasing egg hatch and rendering juveniles immobile (or
non-viable) could reduce the numbers of nematodes that
 nd roots and feed. The two organisms chosen for this investigation were the fungus Trichoderma virens (Miller,
Giddens & Foster) v. Arx (DGliocladium virens Miller,
Giddens & Foster) and the bacterium Burkholderia cepacia (Palleroni & Holmes) Yabuuchi et al. (DPseudomonas
cepacia (ex Burkholder) Palleroni & Holmes). Strains of
each microorganism are commercially available for management of fungal plant pathogens,including Pythium and
Rhizoctonia (Fravel, 2000). Additionally, a nematotoxic
strain of B. cepacia is registered for use against some
plant-parasitic nematodes (Stine Microbial Products, marketed by Market VI, L.L.C., Shawnee, KS, USA).
B. cepacia isolate Bc-2 was selected for this research
because preliminary tests indicated that this strain was
toxic to some species of free-living nematodes (Carta,
in press). Trichoderma virens isolate Gl-3 was used because of its ability to suppress other soil-borne pathogens
(Ristaino et al., 1994; Mao et al., 1997, 1998a, 1998b).
Demonstration of activity against nematodes could enhance the usefulness of this strain. After determining activity in vitro, a second goal of this study was to determine if either organism is effective against root-knot nematode on tomato (Lycopersicon esculentum Mill.) when
applied as a viable formulation. A third objective was to
test a non-viable formulation of each microbe for ability to suppress nematode populations. These formulations
were studied because application of active natural products from microbe cultures can eliminate the need to
maintain living organisms throughout the delivery, storage and application processes.

Material and methods
M ICROORGANISMS
The organisms used in these studies were T. virens
isolate Gl-3 (DG. virens isolate Gl-3) and B. cepacia
isolate Bc-2, both from the collection of the Biocontrol of
Plant Diseases Laboratory (USDA, ARS, Beltsville, MD,
USA).
P REPARATION OF CULTURE FILTRATES
Strain Bc-2 was incubated until it reached the stationary phase (2 days at 37± C and 250 rpm) in potato
dextrose broth (PDB) (Difco Laboratories, Detroit, MI,
USA), nutrient broth (NB) (Difco Laboratories), or mini872

mal medium (BL) (Berka & Lessie, 1984) plus 0.2% glycerol, 0.2% chitin, or 0.2% glycerol plus 0.2% chitin. Cultures were centrifuged at 6000 g for 10 min and the supernatant passed through a 0.2 ¹m  lter. Gl-3 was incubated
until it reached the stationary phase (5 days at 20± C and
250 rpm) in PDB, wheat bran extract (WBE; prepared by
boiling 59 g wheat bran in 1 l water for 10 min, followed
by straining through coarse muslin), or Weindling’s minimal medium (as modi ed by Jones and Hancock, 1987)
plus 0.5% glycerol (WG) or 0.2% chitin, or WG amended
with 0.2% chitin. Cultures were  ltered through cheesecloth, centrifuged at 10 000 g for 10 min, and the supernatant passed through a 0.2 ¹m  lter. All culture  ltrates
were stored at ¡20± C until used.
I N VITRO INHIBITION ASSAYS
Culture  ltrates from Bc-2 and Gl-3 were tested in
24-well tissue culture plates for effects on Meloidogyne
incognita (Kofoid & White) Chitwood egg hatch and
on mobility of hatched second-stage juveniles (J2), as
described by Nitao et al. (1999). M. incognita egg masses
were collected from roots of glasshouse-grown tomato
plants and the eggs subsequently separated and sterilized
with 0.525% sodium hypochlorite. In each well, 0.1 ml
sterile water containing eggs was combined with 0.9 ml
of either a culture  ltrate or a control. Treatments were
water, PDB, NB, WG, culture  ltrates from Bc-2 grown
in PDB or NB and culture  ltrates from Gl-3 grown
in PDB or WG. The experiment was performed twice.
Approximately 113 eggs were added per well in the  rst
trial and 201 eggs in the second trial. Each of the eight
treatments was placed into  ve wells per trial. Counts
were made of total J2 and of mobile J2 in each well after
3-4 days (hereafter referred to as ‘3 days’) and again after
14 days.
In experiments to determine the effect of size-fractionated culture  ltrates on egg hatch and J2 mobility,
culture  ltrates of Gl-3 or of Bc-2 grown on PDB were
fractionated by centrifugation in a Centriprep 3 apparatus
(Amicon Corp., Lexington, MA, USA) at 4000 g for 5 h
(molecular weight cut-off D 3 KDa). The  ltrate (<3
KDa fraction) was frozen until used. The retentate (>3
KDa fraction) was washed in a Centriprep 3 apparatus
with sterile PDB to remove <3 KDa contaminants and
restored to the original volume with sterile PDB. The
non-fractionated culture  ltrate and the >3 KDa fraction
were also frozen until used. Sterile, non-inoculated PDB
was size-fractionated as above and frozen until used as
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controls. In vitro inhibition assays were performed as
above with these preparations.
E NZYME ASSAYS
Culture supernatant was assayed for chitinase and protease activities. For chitinase activity, 50 mM 2-(N -morpholino) ethanesulfonic acid (MES) buffer, pH 5.0, plus
0.2% chitin was mixed with culture  ltrate and incubated
at 37± C. Liberated N -acetylglucosamine equivalents due
to chitinase activity were determined by the method of
Reissing et al. (1955). Protease activity was determined
by incubating culture  ltrate in 50 mM MES, pH 5.0,
plus 0.4% azocoll at 37± C (Chavira et al., 1984). One
unit of chitinase activity was de ned as the amount of enzyme that released 1 ¹mole N-acetylglucosamine equivalent/min/ml culture  ltrate. One unit of protease activity
was the amount of enzyme that increased absorbance at
520 nm/1 unit/h/ml culture  ltrate. Lower limits of detection were 2.3 units for chitinase and 0.02 units for protease.
M ONOXE NIC ROOT EXPLANT CULTURE ASSAYS WITH
G L -3
Five Petri dishes of Gamborg’s B-5 medium (Life
Technologies, Grand Island, NY, USA) each received
0.5 ml of culture  ltrate from Gl-3 grown in WG, noninoculated WG (control), or water. Three excised tomato
(cv. Rutgers) root tips were placed in each Petri dish.
The next day, ca 2200 root-knot nematode eggs (obtained
from monoxenicroot explant cultures) in a 0.2 ml aqueous
suspension were added to each Petri dish. The cultures
were incubated at 28± C for 35 days following nematode
inoculation and fresh root weight per Petri dish, root gall
indices, number of eggs per egg mass and eggs and J2
per g of root recorded. Results were taken from  ve Petri
dishes each for the water and the culture  ltrate treatments
and three Petri dishes for the WG treatment. To collect
the data, the medium in each Petri dish was melted for
45 s in a microwave oven and the roots rinsed with warm
water. Fresh root weights were determined. To count the
number of eggs per egg mass, one or two egg masses
were removed from each Petri dish (for a total of ten
egg masses for the culture  ltrate treatment, seven for the
water control, and  ve for the WG treatment). Root gall
indices were recorded following the procedure of Taylor
and Sasser (1978): 0 D no galls, 1 D 1-2 galls, 2 D 310 galls, 3 D 11-30 galls, 4 D 31-100 galls, and 5 D
>100 galls per root system. The roots were subsequently
Vol. 2(8), 2000

macerated and swirled in 0.525% sodium hypochloritefor
4 min, and the eggs and J2 collected on a 25 ¹m aperture
sieve. The number of eggs and J2 per Petri dish (minus the
eggs in the removed egg masses) were counted.
F ORMULATIONS FOR GLASSHOUSE BIOASSAY
Strain Gl-3 was grown for 14 days in molasses-yeast
medium (3.0% molasses and 0.5% brewer’s yeast in water; Papavizas et al., 1984). Gl-3 culture (1 L) was added
to an autoclaved mixture consisting of 50 g peat and
150 g pyrophyllite (hydrous aluminum silicate). The formulation was vacuum  ltered on a linen towel, milled to
pass through a 2 mm aperture sieve, and refrigerated at
5± C until used. Strain Bc-2 was grown in 100 ml tryptic soy broth (Sigma, St. Louis, MO, USA) at 37± C and
300 rpm for 14 to 16 h. Cultures were centrifuged, resuspended in 25 ml sterile distilled water, mixed with sterilized peat/pyrophyllite (50 g/150 g) as described for Gl-3,
 ltered and sieved.
For seed coating, seeds were  rst rolled in a sticker
consisting of 97 ml sterile distilled water, 3 ml Bond
(Loveland Industries, Inc., Greeley, CO, USA), 1 g Keltrol
(Kelco, San Diego, CA, USA) and 1 ml Celgard Silver
Film Coating Polymer (Celpril, Mantaca, CA, USA).
Each seed was then rolled in a formulation of either Gl-3
or Bc-2 (sieved prior to use). Colony-formingunits (CFU)
per seed were determined by dilution plating. In viable
preparations, approximately 105 CFU of T. virens and 108
CFU of B. cepacia were applied to each seed. Autoclaved
preparations did not contain detectable B. cepacia or
T. virens, as determined by dilution plating.
To prepare a root dip, each biocontrol formulation was
added at 2% by weight (2 g per 100 ml) to 1% Keltrol.
CFU per ml root dip were determined by dilution plating. In viable preparations, Gl-3 and Bc-2 were added at
approximately 106 and 107 CFU per ml, respectively. Autoclaved treatments did not contain detectable B. cepacia
or T. virens CFU.
G LASSHOUSE BIOASSAY IN SOIL
Coated and untreated tomato cv. Orange Pixie seeds
were planted in  ats of Scotts Terra-Lite Redi-earth PeatLite Mix (Scotts-Sierra Horticultural Products Company,
Marysville, OH, USA). Seedlings were grown under natural and supplemental lighting (16 continuous h per day)
at 18-25±C in the glasshouse. After 2 weeks, seedlings
were each fertilized with several grains of Osmocote Plus
controlled release fertilizer (Scotts-Sierra Horticultural
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Products Company). Three weeks after planting, roots of
each seedling were dipped in the same treatment that had
been used as a seed coating, and seedlings transplanted
into loamy sand (79% sand, 15% silt, 6% clay, 2.84%
organic matter, pH 6.5, made from 3 parts compost to 1
part sand). Control seedlings grown from untreated seeds
were dipped in sterile water. Immediately following transplanting, nematode inoculum was added near the seedling
roots (10 000 eggs in 1 ml water per seedling). Pot diameters were 10.2 cm and volumes were 570 ml; each pot
contained ca 600 g (air-dried weight) of loamy sand. Pots
were arranged in a randomized block design for each harvest date. Four days after transplanting,all plants were fertilized with 2 g of Osmocote Plus. Plants grown for the 65day harvest were fertilized again 42 days after transplanting. At 35 and 65 days after transplanting, ten pots per
treatment were harvested. The six treatments were: Bc2, Gl-3, non-viable (autoclaved for 20 min at 115± C, 18
p.s.i.) Bc-2, non-viable (autoclaved) Gl-3, Keltrol sticker
formulation and a control with no seed treatment. Fresh
root weight, fresh and dry shoot weight (the latter determined after drying shoots for 48 h at 60± C), shoot height
(from the soil line to the tip of the main stem), root gall
indices, and number of eggs and J2 per g of root were determined. Fruit weight and number of fruit per plant were
recorded at 65 days only. The experiment was performed
twice.
To determine egg and J2 numbers, eggs and J2 in each
pot were counted after collection from roots and from a
soil subsample (1/40 of the soil obtained after thorough
stirring in water of all soil from a pot). The eggs were
collected on nested sieves (25 ¹m aperture sieve nested
under a 250 ¹m aperture sieve), and centrifuged (475 g
for 3 min) in water and in sucrose (procedure modi ed
from Hussey and Barker, 1973; McClure et al., 1973;
Taylor and Sasser, 1978). The eggs and J2 produced
external to the root tissue (i.e., not surrounded by plant
tissues) were combined with the eggs and J2 in the soil
subsample, to obtain a count labeled “external eggs and
J2”. “Internal eggs and J2” (i.e., produced inside the root
tissue) were collected by thoroughly macerating roots
prior to washing and centrifugation.
After the 65-day harvest, 10% of the root systems of
three plants from each treatment were sonicated in 100 ml
sterile distilled water and the populations of Gl-3 and
Bc-2 determined by dilution plating on TME (Papavizas
& Lumsden, 1982) and PCAT (Burbage et al., 1982),
respectively.
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A NALYSIS OF DATA
Data from both trials of the in vitro inhibitory assays
were combined following multiplication of  rst-trial data
by 1.78 to adjust for lower egg inoculum levels (inoculum
levels described in ‘In Vitro Inhibition Assays’ section),
and analysed with SAS Lab (SAS Institute, Cary, NC,
USA). Fractionation data and root explant assay data
were also analysed with SAS Lab. For the glasshouse
35-day harvest, dry shoot weight, root weight, external
eggs and J2 per g of root, internal eggs and J2 per g
of root, and combined external plus internal eggs and J2
per g of root were analysed as one factor general linear
mixed models using PROC MIXED (SAS). To correct
variance heterogeneity for external eggs and J2 per g of
root, internal eggs and J2 per g of root, and external
plus internal eggs and J2 per g of root, the analysis was
done on log transformed values, Ln(x C 1). Shoot height
and fresh shoot weight were also analysed as one factor
general linear mixed models. For these two variables, the
overall F-tests and mean comparisons were statistically
signi cant (P < 0:05).
For the glasshouse 65-day harvest, shoot height, fresh
shoot weight, number of fruit, fresh fruit weight and
dry fruit weight were analysed as one factor general
linear mixed models. Mean comparisons were done using
pair-wise contrasts at the P < 0:05 signi cance level.
Dry shoot weight, root weight, external eggs and J2
per g of root, internal eggs and J2 per g of root, and
combined external plus internal eggs and J2 per g of
root were analysed as one factor general linear mixed
models. Variance heterogeneity occurred in the variables
that included eggs and J2 per g of root; to correct this
problem the analyses were done on the ranks of the
variables. For root weight, the analysis was done on
the log-transformed values, Ln(value). Mean comparisons
were done using pair-wise contrasts at the P < 0:05
signi cance level.

Results
I N VITRO INHIBITION ASSAYS
Extracellular factors present in culture  ltrates from
Gl-3 and Bc-2 inhibited egg hatch and J2 mobility. Culture  ltrate from either microbe grown in PDB generally
demonstrated activity against the nematode, and  ltrate
from Gl-3 in WG was effective after the longer incubation period (Fig. 1). Three days after eggs were added to
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(Fig. 1A). However,  ltrate from Gl-3 in PDB did not decrease egg hatch (Fig. 1A). All three culture  ltrates, Bc-2
in PDB, Gl-3 in WG, and Gl-3 in PDB, signi cantly increased the percentage of immobile J2 by 1.75 to 5 times
compared with all other treatments (Fig. 1B). As at 3 days,
culture  ltrate from Bc-2 in NB had no effect on either egg
hatch or J2 mobility, indicating that production of extracellular inhibitory factors by Bc-2 was media dependent.
At 14 days, NB stimulated egg hatch compared with the
water control (Fig. 1A).
Size fractionation experiments with culture  ltrates
from Gl-3 and Bc-2 grown in PDB were largely inconclusive at 3 days. Only exposure to non-fractionated culture
 ltrates resulted in signi cantly lower (P < 0:05) egg
hatch than was recorded from controls at that time (data
not shown). At 14 days, fewer eggs hatched in the < 3
KDa fraction from Bc-2 and the non-fractionated Bc-2
culture supernatant than in the PDB controls (Fig. 2). This
indicates that the hatch inhibitory factor produced by Bc2 cultures is of low molecular weight and possibly not an
enzyme. There was no inhibitory activity in Gl-3 culture
supernatants at 14 days. There was an apparent effect of
size-fractionation on J2 mobility. Fractionated PDB controls increased the number of immobile J2 at 14 days (data
not shown).
Fig. 1. In vitro effects of  ltrates from cultures of
Trichoderma virens strain Gl-3 and Burkholderia cepacia
strain Bc-2 on egg hatch (A) and J2 mobility (B) of
Meloidogyne incognita. Culture  ltrates were applied to
M: incognita in multiple well tissue culture plates. Media used
were PDB: potato dextrose broth; NB: nutrient broth; WG:
Weindling’s minimal medium with glycerol. Values are means
within a well for each treatment. Percentages of immobile J2
were calculated as mean number of immobile J2/(mean number
of mobile C immobile J2). For each counting day, bars with the
same letter are not signicantly different (P < 0:05).

the wells, egg hatch in the culture  ltrates from either Bc2 or Gl-3 grown in PDB was 33% lower than egg hatch
in the PDB control (Fig. 1A). Both of these treatments
more than tripled the percentage of immobile J2 (Fig. 1B).
Other culture  ltrates from Bc-2 and Gl-3 did not signi cantly affect egg hatch or J2 mobility at 3 days compared
with appropriate media controls (Fig. 1).
Fourteen days after addition of eggs to the wells, culture  ltrate from Bc-2 grown in PDB still signi cantly
decreased egg hatch, resulting in a 53% reduction compared with PDB, and  ltrate from Gl-3 in WG effectively
reduced egg hatch by 41% compared with the WG control
Vol. 2(8), 2000

Fig. 2. Effects on Meloidogyne incognita egg hatch of culture
 ltrates from Trichoderma virens Gl-3 and Burkholderia cepacia
Bc-2 grown in potato dextrose broth (PDB), size fractionated
and applied to eggs in multiple well tissue culture plates. Values
are means within a well for each treatment. Bars with the same
letter are not signicantly different (P < 0:05).
875

S.L.F. Meyer et al.

E NZYME ACTIVITIES ASSOCIATED WITH G L -3 AND
B C -2 CULTURE FILTRATES
Chitinase activity was undetectable in culture  ltrates
from Gl-3 grown in WG, WG plus 0.2% chitin and
in Weindling’s medium plus 0.2% chitin. Protease activities were undetectable in culture  ltrates from Gl-3
grown in PDB and in WBE. Chitinase activities were
also undetectable in culture  ltrates from Bc-2 grown
on PDB, NB, BL C glycerol, BL C 0.2% chitin and
BL C glycerol and 0.2% chitin. Protease activity was
also below detectable limits in all culture  ltrates from
Bc-2.
M ONOXE NIC ROOT EXPLANT CULTURE ASSAYS WITH
G L -3
Culture  ltrate from Gl-3 grown in WG suppressed
numbers of eggs and J2 per g of root by 42% compared
with the WG control in root explant culture assays (Table 1). Additionally, this culture  ltrate treatment resulted
in the largest fresh root weight; the mean for this treatment
was 32% greater than the water control and 38% greater
than the WG control. No effects were found on root gall
indices or on numbers of eggs per egg mass in root explant
cultures (Table 1).
G LASSHOUSE BIOASSAYS
At 35 days, treatments did not affect nematode populations or plant vigour. Internal numbers of eggs and J2
per g of root (inside root tissue) were highest with viable Gl-3 and non-viable Bc-2 treatments and lowest with
the non-viable Gl-3 treatment (Fig. 3A). Application of
Table 1. Meloidogyne incognita populations and root weights
from tomato root explant cultures treated with Trichoderma
virens strain Gl-3 culture  ltrate.
Treatment

WG
Gl-3 (WG)
Water

Fresh root
weight (g)

Eggs + J2
per g
root

Eggs
per egg
mass

Root gall
index

2.1 b
2.9 a
2.2 b

4996 a
2896 b
3717 ab

614 a
428 a
556 a

4.3 a
4.4 a
4.4 a

WG D Weindling’s medium with glycerol; Gl-3 (WG) D culture
 ltrate from T. virens strain Gl-3 grown in WG. Numbers
in columns followed by the same letter are not signi cantly
different at P <
0:05. Eggs+J2 were log transformed for
analysis. Means are reported in orginal units.
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Fig. 3. Effects of Trichoderma virens strain Gl-3, Burkholderia
cepacia strain Bc-2 and a Keltrol formulation (sticker without
Gl-3 or Bc-2) on Meloidogyne incognita egg and J2 populations
on glasshouse-grown tomato at 35 (A) and 65 (B) days after
transplanting. ‘Internal’ D eggs+J2 per g of root inside root
tissue, and ‘External’ D eggs+J2 collected from the rhizosphere
and from a soil sample, also reported per g of root. Within each
category (internal, external, and internal+external), bars with
the same letters are not signi cantly different (P < 0.05).

non-viable Gl-3 resulted in signi cantly fewer eggs and
J2 within root tissue (lower internal counts) than application of viable Gl-3, but none of the treatments signi cantly
affected the internal number of eggs and J2 per g of root
compared with the controls. External numbers of eggs and
J2 per g root (counted from the rhizosphere and soil) were
not affected by treatment and no signi cant differences
were found when internal and external egg and J2 counts
were combined (Fig. 3A). Root galling indices averaged 5
(>100 galls per root system) for each treatment. MeasureNematology
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Table 2. Effects of Trichoderma virens strain Gl-3 and Burkholderia cepacia strain Bc-2 on vigour of glasshouse-grown tomato plants
at 35- and 65-day harvests.
Treatment

Viable Bc-2
Viable Gl-3
Non-viable Bc-2
Non-viable Gl-3
Keltrol
Water

Fresh shoot
weight
(g)

Dry shoot
weight
(g)

Shoot height
(cm)

Fresh fruit weight
(g)
(Number of fruit)

35

65

35

65

35

65

35

65

65

25.6 a
25.8 a
25.5 a
23.1 a
24.5 a
23.0 a

48.8 a
47.9 a
47.1 a
52.8 a
55.4 a
46.2 a

3.1 a
3.1 a
3.1 a
2.9 a
3.0 a
2.8 a

6.8 a
6.5 ab
6.7 ab
7.2 a
5.8 b
6.3 ab

26.1 a
26.8 a
26.8 a
26.1 a
26.6 a
26.2 a

43.3 bc
42.6 bc
47.1 ab
50.2 a
46.4 ab
39.3 c

12.3 a
13.8 a
14.0 a
12.1 a
12.3 a
13.3 a

34.0 ab
31.1 b
36.2 ab
37.1 ab
37.7 a
31.0 b

50.9 (4) a
62.2 (5) a
55.8 (4) a
57.7 (4) a
63.2 (5) a
70.2 (5) a

Keltrol refers to the sticker formulation containing Keltrol.
Numbers in columns followed by the same letter are not signi cantly different at P <

ments of fresh and dry shoot weights, shoot height and
root weight also showed no signi cant differences among
treatments (Table 2).
At 65 days, non-viable Bc-2 was the only treatment
that suppressed nematode populations compared with the
water control. Populations were not signi cantly lower
than populations in the Keltrol control. With the nonviable Bc-2 treatment, the external numbers of eggs and
J2 per g of root, and the combined nematode counts (external plus internal eggs and J2) were suppressed 43%
and 29%, respectively, compared with the water control (Fig. 3B). This result was based only on effects on
the external nematode population numbers; in contrast
with the 35-day results, the internal number of eggs and
J2 was not affected by any treatment (Fig. 3). At 65
days, root gall indices averaged 5 per treatment. Fresh
shoot weight, numbers of fruit, fresh fruit weight and
dry fruit weight (latter not shown) were also not affected by treatment (Table 2). However, dry shoot weight,
shoot height and root weight did vary with treatment. Dry
shoot weights were largest with the viable Bc-2 and the
non-viable Gl-3 treatments and shoot height was greatest with the latter treatment, with a 28% increase compared with the water control. Root weight was greatest
with the Keltrol control treatment, showing a 21-22% increase compared with viable Gl-3 and water control treatments.
When sampling was conducted for the presence of Bc-2
and Gl-3 after the 65-day harvest of the second trial, there
was no indication that the microbes were present above
background levels.
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Root weight
(g)

0:05:

Discussion
B. cepacia strain Bc-2 and T. virens strain Gl-3 can produce substances in culture  ltrates that signi cantly inhibit egg hatch and J2 mobility of M. incognita in in vitro
assays. These assays also demonstrated that the medium
used for culturing the microbes affected production of
inhibitory compounds, as has been recorded with other
microorganisms, including a different strain of T. virens
(Roberts & Lumsden, 1990). The lack of detectable chitinase and protease activity and suppression of egg hatch
with low molecular weight fractions (<3 KDa) of Bc2 culture  ltrate, suggest that the suppressive activity in
Bc-2 culture  ltrate was primarily non-enzymic in nature. Egg hatch and J2 mobility in vitro were probably affected by antibiotic production; antibiotics active against
other microbes have been identi ed from both organisms
(e.g., Lumsden et al., 1992; Howell et al., 1993; El-Banna
& Winkelmann, 1998; Kang et al., 1998). T. virens acts
against certain plant pathogenic fungi through antibiotic
production, although enzyme production may enhance
activity of other metabolites (Jones & Hancock, 1988;
Roberts & Lumsden, 1990). However, other isolates of
T. virens, like Gl-3, produced low to non-detectablelevels
of chitinase and low levels of protease under similar conditions (Roberts & Lumsden, 1990). Yet to be determined
is whether enzyme production is different in the soil than
it is in the in vitro cultures used in the current study. Despite in vitro suppressive activity, viable preparations of
these microbes were not active against root-knot nematode in the tomato rhizosphere. The current results indicate that they did not colonise the tomato rhizosphere, did
not produce antagonisticcompoundsin suf cient quantity
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to affect the nematodes or did not produce the suppressive
compounds under the conditions of the glasshouse test.
Production of nematode-antagonistic compounds in vitro
does not necessarily mean that such compounds will be
produced in the soil.
Non-viable Bc-2 demonstrated some activity against
root-knot nematode on tomato, although the viable treatments did not suppress nematode populations. Culture
conditions used for producingthe biomass may have stimulated production of inhibitory compounds. It is possible
that suppressive compounds were broken down by the viable bacterium on the tomato roots and consequently did
not suppress nematode populations.
Eggs and J2 external to the root tissue were affected by
the non-viable Bc-2 formulation, while eggs and J2 protected by root tissue were not. This result has been previously observed with interactions between viable biocontrol fungi and Meloidogynespp. on tomato and cantaloupe
(Leij & Kerry, 1991; Leij et al., 1992; Meyer, 1999) and
with a non-viable biocontrol fungus formulation (Meyer,
1999). In the current study, the suppressive compounds
produced by the bacterium presumably did not penetrate
root galls to reach the nematodes within.
The results of the glasshouse experiment do not indicate that viable T. virens or B. cepacia are active in
the tomato rhizosphere, at least under the test conditions.
Similarly, Noel (1990) reported that B. cepacia was not effective against Heterodera glycines Ichinohe on soybean.
T. virens seldom has been studied as a management agent
for nematodes, but, in a previous study with cotton, seed
treatment with T. virens also did not reduce M. incognita reproduction (Zhang et al., 1996). Conversely, nonviable Bc-2 did suppress nematode numbers in the current glasshouse test, compared with the water control. The
production and use of nematicidal natural products, rather
than application of a living bacterium, is of particular interest because of possible health risks associated with use
of some strains of B. cepacia (Holmes et al., 1998). However, the low suppressive effect of Bc-2 in this study indicates that this strain may not be a likely candidate for intensive future investigations with root-knot nematode on
tomato.

Acknowledgements
The authors thank Paula Crowley, Pierre Dery, James
Nitao, Steve Rogers, Robert Lee, Robert Reise, Carol
Masler, Dawn Lopez, Ricky Braithwaite and Julia Custer
for work in the glasshouse and laboratory, and Mary
878

Camp (Biometrical Consulting Service) for analysis of
glasshouse data. This research was supported in part by
funds from the Embassy of the Arab Republic of Egypt,
Cultural and Educational Bureau. Mention of trade names
or commercial products in this publication is solely for
the purpose of providing speci c information and does
not imply recommendation or endorsement by the United
States Department of Agriculture.

References
B E RKA , T.R. & L E SSIE , T.G. (1984). Enzymes relate to galactose utilization in Pseudomonas cepacia. Current Microbiology 11, 43-48.
B URBAGE , D.A., S A SSER , M. & L UM SD EN , R.D. (1982). A
medium selective for Pseudomonas cepacia. Phytopathology
72, 706 [Abstr.].
C A RTA , L.K. Bacterial-feedingnematode growth and attraction
with Burkholderia cepacia, a biocontrol bacterium. Journal
of Nematology, in press.
C H AV IR A , R., B URN ET T, T.J. & H AGE MA N , J.H. (1984).
Assaying proteinases with azocoll. Analytical Biochemistry
136, 446-450.
D E L EIJ , F.A.A.M. & K E RRY, B.R. (1991). The nematophagous fungus Verticillium chlamydosporium as a potential biological control agent for Meloidogyne incognita.
Revue de Nématologie 14, 157-164.
D E L EIJ , F.A.A.M., DAVIE S , K.G. & K E RRY, B.R. (1992).
The use of Verticillium chlamydosporium Goddard and Pasteuria penetrans (Thorne) Sayre and Starr alone and in combination to control Meloidogyne incognita on tomato plants.
Fundamental and Applied Nematology 15, 235-242.
E L -BA NNA , N. & W IN KE LM AN N , G. (1998). Pyrrolnitrinfrom
Burkholderia cepacia: antibiotic activity against fungi and
novel activities against streptomyces. Journal of Applied Microbiology 85, 69-78.
F RAVE L , D. (2000). Commercial biocontrol products for use
against soilborne crop diseases. USDA ARS Biocontrol of
Plant Diseases Laboratory: Commercial Biocontrol Product List [online] http://www.barc.usda.gov/psi/bpdl/bpdlprod/
bioprod.html, updated 19 May, 2000.
H O LM ES , A., G OVAN , J. & G O LD ST EIN , R. (1998). Agricultural use of Burkholderia (Pseudomonas) cepacia: a threat to
human health? Emerging Infectious Diseases [serial online]
4, http://www.cdc.gov/ncidod/EID/vol4no2/holmes.htm, updated 28 May, 1998.
H OWEL L , C.R., S T IPAN OVIC , R.D. & L U MS DE N , R.D.
(1993). Antibiotic production by strains of Gliocladium
virens and its relation to the biocontrol of cotton seedling diseases. Biocontrol Science and Technology 3, 435-441.
Nematology

Trichoderma and Burkholderia

H US SE Y, R.S. & B ARK ER , K.R. (1973). A comparison of
methods of collecting inocula of Meloidogyne spp., including
a new technique. Plant Disease Reporter 57, 1025-1028.
J O NE S , R.W. & H A NCO CK , J.G. (1987). Conversion of viridin
to viridiol by viridin-producing fungi. Canadian Journal of
Microbiology 33, 963-966.
J O NE S , R.W. & H A NCO CK , J.G. (1988). Mechanism of
gliotoxin action and factors mediating gliotoxin sensitivity.
Journal of General Microbiology 134, 2067-2075.
K AN G , Y.W., C A RLS ON , R., T HA RPE , W. & S CHE LL , M.A.
(1998). Characterization of genes involved in biosynthesis of
a novel antibiotic from Burkholderia cepacia BC11 and their
role in biological control of Rhizoctonia solani. Applied and
Environmental Microbiology 64, 3939-3947.
L UM SD EN , R.D., L O CKE , J.C., A DK INS , S.T., WA LTE R , J.F.
& R ID OU T, C.J. (1992). Isolation and localization of the
antibiotic gliotoxin produced by Gliocladium virens from
alginate prill in soil and soilless media. Phytopathology 82,
230-235.
M AO , W., L EW IS , J.A., H EB BAR , P.K. & L UM SD EN , R.D.
(1997). Seed treatment with a fungal or a bacterial antagonist
for reducing corn damping-off caused by species of Pythium
and Fusarium. Plant Disease 81, 450-454.
M AO , W., L EW IS , J.A., L UM SD EN , R.D. & H E BBAR , K.P.
(1998a). Biocontrol of selected soilborne diseases of tomato
and pepper plants. Crop Protection 17, 535-542.
M AO , W., L UM SD EN , R.D., L E WIS , J.A. & H E BBAR , P.K.
(1998b). Seed treatment using pre-in ltration and biocontrol
agents to reduce damping-off of corn caused by species of
Pythium and Fusarium. Plant Disease 82, 294-299.
M C C LU RE , M.A., K RUK , T.H. & M ISAGH I , I. (1973). A
method for obtaining quantities of clean Meloidogyne eggs.
Journal of Nematology 5, 230.
M EY ER , S.L.F. (1999). Ef cacy of the fungus Verticillium
lecanii for suppressing root-knot nematode egg numbers on
cantaloupe roots. HortTechnology 9, 443-447.
N ITAO , J.K., M E YE R , S.L.F. & C H ITW OO D D.J. (1999).
In vitro assays of Meloidogyne incognita and Heterodera

Vol. 2(8), 2000

glycines for detection of nematode-antagonistic fungal compounds. Journal of Nematology 31, 172-183.
N O EL , G.R. (1990). Inability of a seed treatment with
Pseudomonas cepacia to control Heterodera glycines on soybean. Journal of Nematology 22, 792-794.
PA PAV IZA S , G.C. & L U MS DE N , R.D. (1982). Improved
medium for isolation of Trichoderma spp. from soil. Plant
Disease 66, 1019-1020.
PA PAV IZA S , G.C., D U NN , M.T., L E WIS , J.A. & B E AG LE R ISTAIN O , J. (1984). Liquid fermentation technology for
experimental production of biocontrol fungi. Phytopathology
74, 1171-1175.
R E ISS ING , J.L., S TRO MIN GE R , J.L. & L E LO IR , L.F. (1955).
A modi ed colorimetric method for estimation of Nacetylamine sugars. Journal of Biological Chemistry 217,
959-966.
R IS TA INO , J.B., L EW IS , J.A. & L U MS DE N , R.D. (1994). In uence of isolates of Gliocladium virens and delivery systems
on biological control of southern blight on carrot and tomato
in the  eld. Plant Disease 78, 53-156.
R OBE RTS , D.P. & L UM SD EN , R.D. (1990). Effect of extracellular metabolites from Gliocladium virens on germination
of sporangia and mycelial growth of Pythium ultimum. Phytopathology 80, 461-465.
S A SSER , J.N. & F REC K MA N , D.W. (1987). A world perspective on nematology: the role of the society. In: Veech, J.A.
& Dickson, D.W. (Eds). Vistas on Nematology. Hyattsville,
Maryland, USA, Society of Nematologists Inc., pp. 7-14.
S T IR LIN G , G.R. (1991). Biological control of plant parasitic
nematodes: progress, problems and prospects. Wallingford,
Oxon, UK, CAB International, x C 282 pp.
TAYL OR , A.L. & S A SSER , J.N. (1978). Biology, identication,
and control of root-knot nematodes (Meloidogyne species).
Raleigh, NC, USA, North Carolina State University Graphics,
111 pp.
Z H AN G , J.X., H OWE LL , C.R. & S TAR R , J.L. (1996). Suppression of Fusarium colonization of cotton roots and Fusarium
wilt by seed treatments with Gliocladium virens and Bacillus
subtilis. Biocontrol Science and Technology 6, 175-187.

879

