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POTENTIAL FOR BIOLOGICAL CONTROL OF PHYTOPARASITIC NEMATODES IN
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Robin M. Giblin-Davis
University of Florida, IFAS
Fort Lauderdale Research and Education Center
3205 College Avenue
Fort Lauderdale, FL 33314

Additional index words, bacterial parasite, Belonolaimus lon
gicaudatus, bermudagrass, biological control, Pasteuria penetrans group, sting nematode.

Abstract. Survey work done from 1985-1989 suggests that
members of the Pasteuria penetrans group of endoparasitic
bacteria are widely distributed in bermudagrass turf in south
ern Florida. Five morphometrically distinct isolates of the bac
teria

were

observed

on

five

species

of

plant-parasitic

nematodes. These endospore-forming actinomycetes are obli

gate parasites of nematodes and appear to be host-specific.
A one year greenhouse study was done to determine if soil

infested with a large-spored isolate of Pasteuria (6.10 |xm
endospore diameter) was suppressive to populations of the
sting nematode, Belonolaimus longicaudatus, on Tifgreen II'
bermudagrass. Soil containing this isolate was not suppres
sive to B. longicaudatus in the first six months but caused a
significant decrease in sting nematodes after one year. The
positive and negative attributes for this and other isolates of
the Pasteuria penetrans group for management of nematodes
in turfgrass and ornamentals are discussed.
Nematodes are considered one of the most important
challenges to warm-season turfgrass managers in the state
of Florida. Unfortunately, there are ten or more genera of
phytoparasitic nematodes in Florida which parasitize
turfgrass roots in two basic ways. The sting nematode, Be
lonolaimus longicaudatus, the stunt nematode, Tylenchorhynchus spp., the awl nematode, Dolichodorus heterocephalus, the
ring nematodes,
Criconemella spp.,
the sheathoid
nematodes, Hemicriconemoides spp., and the sheath
nematodes, Hemicycliophora spp. are ectoparasites that feed

externally on a large number of plant hosts, including most

turfgrass species. The lance nematode, Hoplolaimus
galeatus, the lesion nematodes, Pratylenchus spp., the rootknot nematodes, Meloidogyne spp., and the cyst nematodes,
Heterodera spp. are migratory or sedentary endoparasites
which complete part of their life cycle inside the roots of
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grasses or other plant species. Some of these nematodes

can be managed with frequent applications of postplant
nematicides (organophosphates) which are currently label
led for turfgrass. Because most nematicides are highly
toxic and must remain for a time in the root zone for
effective management of nematodes there is always the
potential for ground water contamination by the parent
compound or a more toxic and soluble degradation prod
uct. Also, frequent use of some nematicides may artificially
select for rhizosphere microflora which can quickly de
grade such materials. Recently, biological control and cul
tural management tactics have received attention because
they can be used alone or in combination with pesticides
or other agents for nematode management with less threat
to the environment.

Different species or pathotypes of obligate endoparasi
tic bacteria in the Pasteuria penetrans group are promising
biological control agents for many of the above mentioned
nematodes. These bacteria attach to and infect via the cuti
cle of the nematode host. The parasitized nematode is in
capable of reproduction and eventually becomes filled with
endospores which are released into the environment upon
disintegration of the host (1). Some forms of the bacteria
attack juveniles and do not sporulate until the nematode
becomes an adult, i.e., P. penetrans sensu strictu (13). Other
species, such as P. thornei can attack and complete their life
cycle before the host reaches the adult stage (13). The as
sets of members of the P. penetrans group as biological con
trol agents of turfgrass nematodes are: 1) their ability to
persist for long periods of time, 2) host specificity, 3) compatability with pesticides, and 4) lack of environmental risk
(9). Spores of Pasteuria have been reported from or adher
ing to over 205 species of nematodes throughout the world
(13,14). Pasteuria is common in some areas of Florida (3).
Careful characterization of the different isolates of Pas
teuria from Florida for host specificity and virulence are
just now being undertaken (3,7). This paper reviews the
results of a survey of Florida golf courses for the presence
and diversity of morphotypes of the Pasteuria penetrans
group in Florida (3). Also, this paper updates a greenhouse
study using soil infested with a Pasteuria isolate from B.
longicaudatus against the sting nematode on bermudagrass

(3).

&

*

Materials and Methods

The methods for this study were described previously
(3) and are reported here for reader convenience.
349

High densities of B. longicaudatus were established on

Tifgrlen IV bermudagrass as follows: Nematode-free bermudagrass sod was established from aerial sprigs and

and standard deviations were 7.26 ± OM and 3.54

0.24

(n = 80) and 3.87 ± 0.33 and 1.95 ± 0.22 (n - 92) for
two co-occurring isolates on Hoplolaimus galeatus, 6.10 _

transplanted over autoclaved sand in polypropylene beak- 0.39 and 2.93 ±0.24 (n = 412) for Bd°nolam™loners (14.8 cm d x 14 cm high). Each beaker was inoculated

gicaudalus and 4.55 ± 0.33 and 2.53 ± 017 (n - 41) for

green beans (PhJeolus vulgaris L.). Beakers were suspended in a water bath (1.0 x 2.0 x 0.3 M) in which soil
Temperature was controlled at 27 ± 2 C with a model CFF500 Remcor liquid circulator (Remcor Products Co.,
Franklin Park IL 60139). The bermudagrass was maintained with weekly or more frequent watering to field ca-

= 220) for Helicotylenchusmicrolobus, and 3.42 ± 0.27 and
1.58 ± 0.16 (n = 182) for Meloidogyne spp., respective^

with 125-625 B. longicaudatus from greenhouse cultures on

pacity and mowed to a 1.3 cm height. After nine months

Kie nematode populations appeared stabilized and mean

densities of 485 ±177 B. longicaudatus per 100 cm3 were

recorded from 16 beakers on 20 July 1989, the date of
inoculation with Posteuno-infested soil.
Soil infested with the B. longicaudatus isolate of Pas-

teuria B longicaudatus, and Tylenchorhynchus annulatus was

collected from Plantation Golf Club (PGC), Broward Co.,

Florida at site 1 (Fairway 6) on 14 July 1989. Soil was either
autoclaved at 120°C at 103 Kpa for 1 hour for sterilization

(control) or heat-treated for 48 hours at 47°C to kill the

nematodes but leave the Pasteuria isolates viable (treated),
For introduction of control or treated soil, the soil column
was removed from the 16 beakers with B. longicaudatus-bermudagrass cultures and cut in half vertically. Half of the
column was returned to the beaker and the empty volume
was filled with 1 kg of moist strelized fine sand from the

Ft. Lauderdale Research and Education Center and topped
site
site
in

Tylenchorhynchus annulatus, 3.87 ± 0.39 and 1 97 _ U.^ (n

(3). The Pasteuria isolate from H. microlobus and the sma 11spored isolate from H galeatuswere not morphometrically
different from each other (3). All of the above isolates were
observed to sporulate within their respective hosts (3).

Most of the isolates of the Pasteuria penetrans group ap-

peared to parasitize and sporulate in juveniles or adults of

their respective nematode hosts. However, only second

stage juveniles of Meloidogyne spp. were recovered filled
with endospores. This is interesting because it has been

reported that P. penetrans completes its life cycle only in
adult root-knot nematodes (13). Apparently, this isolate ot

the P. penetrans group was able to complete its life cycle in

second stage juveniles of Meloidogyne spp. Davies et at. (A)
have reported a similar Pasteuria isolate that completes its

life cycle in second-stage juveniles of another sedentary

endoparasite, the cereal-cyst nematode, Heterodera avenae.
Sporangium and endospore diameter differences were
relatively consistent for host specific isolates of the P. penetrans group at different sites and at different sampling
times (3). Host specific morphometric differences in the P.
penetrans group have been previously summarized (10.11).

In fact, the host specific morphornetncs for most of the

off with either 500 g autoclaved control soil from PGC
1 (eight beakers) or 500 g heat-treated soil from PGC
1 (eight beakers). The beakers were randomly placed
the temperature controlled water bath in the

isolates that were observed by Giblin-Davis et al. (3) were
similar to previously reported values for members of the
P. penetrans group from their respective nematodes_ Experiments can now be conducted to determine it these are

Three soil cores were reomved from the disturbed half of
the beaker in which the bermudagrass had become established, and extracted to determine B. longicaudatus densities and proportions of nematodes encumbered or filled
with the large-spored Pasteuria isolate from B. longicaudatus

Criconemella ornata, Hemicnconemoides annulatus, and
Hemicycliophora sp. were present in large numbers at many
of the sites surveyed but no isolates of the Pasteuria penetrans group were observed on them (3).
All four locations surveyed (one each in Col her Co. and

greenhouse. At 6 months and 12 months post-inoculation,

from PGC site 1 (sporangium diameter = 6.10 a; endo-

different host-specific strains or species of' PasUuna

Palm Beach Co. and two in Broward Co. Florida) had

SDore width = 2 93 a [3]). Each 100-cnv1 subsample was
extracted for nematodes using the sugar-flotation

sample sites where one or more isolates ot the bacteria
were present, suggesting that the Pasteuria penetrans: group

al violet for visualization of spores. All quantifications of

ment (3). PGC site 1 in Broward Co., Florida showed the

technique (6). Nematodes in the sample were heat killed,
fixed in 2.5% formalin-glycerol (12), and stained with crys-

spore-filled or encumbered nematodes were done with

ubsamples that were examined at least at 400X with a

compound microscope.

Control soil and Posteurio-infested soil were compared
for their effects on B. longicaudatus densities per 100 cm--

of soil at T = 0 T = 6, and T = 12 months post-inoculadon with a SAs'general linear models procedure (8).
6

Results and Discussion

A survey of the occurrence of morphometrically different isolates of the Pasteuria penetrans group on phytoparasi-

is widespread in its distribution in southern Florida and
persists in the intensively managed golf course environ-

most diversity of any of the sites surveyed with three morphometrically

different

P.

penetrans

group

.so ates

parasitizing three different phytoparasit.c nematodes, B.

longicaudatus, T. annulatus, and Meloidogyne spp. (3).
Do any of these isolates of the Pasteuria penetrans group

suppress their nematode hosts to an acceptable level in
bermudagrass? The results from the greenhouse: study^in
this paper suggest that the Pasteuria isolate from B. lon

gicaudatus does affect sting nematode densities.
Belonolaimus longicaudatus densities in the Pasteuria-'m-

£ nematode in bermudagrass fairways in southern
Florida was conducted between 1985-89 (3). Significantly
dfferenr.sLd spore isolates of the Pasteuria penetrans

oculated beakers were significantly lowered (P < 0.001)
six-fold at 12 months post-inoculation (Fig. 1). There were
no significant differences in sting nematode densities between the two treatments at 6 months post-,noculat,on
(Fig. 1) (3). Examination of the spore encumbrance classes

Iporangium and endospore diameter (in microns) means

revealed a general trend for decreasing proportions of

group were associated with different species of nematodes.

and the proportion of endospore-filled sung nematodes
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TIME POSTTREATMENT
Fig. 1. Effects of inoculation with soil infested with the Belonolaimus
longicaudatus isolate of Pasteuria from PGC site 1, Broward Co Florida
on B^caudatus densities per 100 cm' of soil. ** = a significant differ
ence (P < 0.001) between treatments for a particular time posttreatment
Sting nematode densities for T = 0 months were measured from the 500

g of soil used for inoculum.

nematodes encumbered with a few spores (Class = 1-10)

Inn

12 MONTHS

/ / Pr°portl^ns «f Juveniles, males, and females of Belonolaimus

longicaudatus encumbered with different spore classes or filled with endospores of the fi longicaudatus isolate of Pasteuria from PGC site 1, Broward

Co Florida. N = 47 nematodes examined for T = 0, n = 256 nematodes

examined for T = 6, and n = 135 nematodes examined for T = 12
months posttreatment from beakers with Pa^una-infested soil.

3.

Giblin-Davis, R. M., L. L. McDaniel, and F. G. Bilz. 1990. Isolates

ot the Pasteuria penetrans group from phytoparasitic nematodes in

bermudagrass turf. Annals of Applied Nematology (Journal of

in juveniles, males, and females.

4.

Obviously with a study like this there is no direct proof
of causality. However, the trends in figure 2 provide cir

caused the significant decline in B. longicaudatus densities

6 MONTHS

TIME POS7TREATMENT

with concomitant increases in the proportions of
nematodes encumbered with large spore burdens (Classes
= H-20 and >20) (Fig. 2). The same trends were noted

cumstantial evidence that it was the Pasteuria isolate that

C2D SPORE FILLED

Nematology, Supplement) 22:750-762.

Giblin-Davis, R. M., J. L. Cisar, and F. G. Bilz. 1988. Evaluation of

!irfe nematlcides for the control of phytoparasitic nematodes in
lilgreen II' bermudagrass. Annals of Applied Nematology (Jour

5.

nal of Nematology, Supplement) 20:46-49.

Giblin-Davis, R. M., J. L. Cisar, and F. G. Bilz. 1988. Response of

fairway managed bermudagrass to application of fertilizer and

in the greenhouse study.

tenamiphos. Nematropica 18:117-127.

The B. longicaudatus isolate of Pasteuria was relatively
slow to affect the population densities of sting nematodes

Jenkins, W. R. 1964. A rapid centrifugal-flotation technique for

when one considers the lack of longevity of nematicides in

range and ecology of isolates of Pasteuria spp. from the southeastern

separating nematodes from the soil. Plant Disease Reporter 48692

1 he time to effective control may not be such a drawback

the soil (4,5) and the fact that perennial crops such as
turfgrass and ornamentals are expected to perform for

Ooostendorp, M., D. W. Dickson, and D. J. Mitchell. 1990. Host
United States. Journal of Nematology 22:525-531

SAS Institute. 1985. SAS user's guide: Statistics, version 5. SAS In

stitute, Cary, NC.

many years. In essence, the bacteria has a lot of time to

9.

for nematode management in the interim. The major
drawback for the development and use of any of these
isolates of the P. penetrans group is the lack of methodology
for mass production of spores for inoculative or inundative/augmentative releases. These bacteria are obligate

10.

suppress the nematodes, and nematicides could be used

parasites of phytoparasitic nematodes and are fastidious in
their requirement of a nematode host for growth and re
production. Thus far all published in vitro culture attempts

with P. penetrans have failed (15).
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