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ABSTRACT
Many different bacteria and fungi have been able to reduce population density of some kinds of plant parasitic
nematodes under laboratory conditions but successes at field scale are rare. Most organisms recognized to be
promising for biological control of plant parasitic nematodes are quite specific in which nematodes they will attack
or have been very diffucult to culture in sufficient quantities to be useful for field application or both. The
conditions under which each is most effective are often quite specific and limited. In all, then, commercially
effective biological control as a means to reduce the effects of plant parasitic nematodes on laws still appears to be
many years away.
Keywords: Biological control, Plant parasitic Nematodes, Feeding

BİTKİ PARAZİTİ NEMATODLARIN BİYOLOJİK KONTROLÜ
ÖZ
Farklı birçok bakteri ve mantar, laboratuvar koşullarında, bazı bitki paraziti nematodların populasyon
yoğunluğunu azaltabilmektedir. Fakat tarla denemelerinde bu başarı oldukça düşüktür. Bitki paraziti nematodların
biyolojik kontrolü için tanımlanmış birçok organizma, oldukça spesifik olup, bunların nematodları sınırlayıcı etkisi
ya da verimli bir tarla uygulaması için kültürlerinin yapılması oldukça zordur. Bu şartlar etkin bir biyolojik kontrol
için de tamamen spesifik ve sınırlayıcıdır. Bunlara ilaveten, kanunlar kapsamında ticari açıdan etkin bir biyolojik
kontrolün uygulamaya geçmesi de, birkaç yıl daha alacak gibi gözükmektedir.
Anahtar Kelimeler: Biyolojik kontrol, Bitki paraziti, Nematodlar, Beslenme
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1. INTRODUCTION
For many reasons, nematode management is not
and should not be a matter of simply identifying a
specific pest and then applying a chemical nematicide
that is effective against it. There are many situations
for which no safe, effective chemical nematicide is
available. Most chemical nematicides are relatively
toxic, so they are hazardous to people, pets and other
animals if handled carelessly (Thomason, 1987). Most
nematicides are environmentally risky because of their
toxicity. Unfavorable environmental conditions and
events can make all nematicides less effective than
expected (Eddaoudi and Bourijate, 1998). Nematicides
are expensive. Many cultural practices can effect how
seriously nematodes affect a planting and how
effective nematicides are if they must be used (Bridge,
1987).
Carefully combining many of the practices into an
integrated nematode management program often will
help keen nematodes below damaging levels and
improve effectiveness of nematicides if they are
available and must be used (Reddy et.al., 1997; Rao
et.al., 1998; Abou-Jawdah et.al., 2000; Bulluck and
Ristaino 2002).
Many different bacteria and fungi that are
nematodes-natural enemies have been isolated from
nematode populations apparently being kept a low
levels by the bacteria and fungi. Nematologists have
been able to use some bacteria and fungi to reduce
populations of some kinds of nematodes under
laboratory conditions but successes at the full-scale
field level have been few (Liu and Chang, 2000a;
2000b; Galper et.al., 1995).
Various aspects of biological control of plant
parasitic nematodes have been reviewed a number of
times (Christie, 1960; Esser and Sobers, 1964;
Boosalis and Mankau, 1965; Sayre, 1971; Mankau,
1972; Webster,1972; Mankau,1980; Spiegel, 2005).
But the numerous recent developments in this area and
the impending loss of several of the most widely used
nematicides for reasons of hazards to human health
have prompted this examination of the status of natural
enemies for control of nematode pests.
Many natural enemies attack plant parasitic
nematodes in soil and reduce their populations
(Deacon, 1991). It is important to determine the nature
and extent of such constraints on nematode
multiplication in order to establish whether these
enemies can be exploited to reduce damage and
increase crop yields. Detailed studies on biological
control of nematodes are few but some general
principles have emerged and there are well
documented cases where effective biological control
has been established (Sayre and Walter, 1991).
The term “biological control” in the classical sense is defined by De Bach (1964) as the action of
parasites, predators or pathogens in maintaining other
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organism’s population density at a lower average than
would occur in their absence. Commonly more than
one microorganism occurs with plant parasitic or
saprozoic nematodes in a particular rhizosphere
(Sikora, 1992). Constant association of these
organisms in a given ecological niche undoubtedly has
a greater impact on the establishment of such
nematodes than would be caused by each
microorganism alone (Kerry, 1990). Such association
results in a biological balance that may manifest itself
in the form of direct parasitism by attachment and
penetration
by
one
or
more
pathogenic
microorganisms in the eggs, juveniles or adult
nematodes, causing death and possibly allowing
subsequent invasion by many or selected saprophytic
microorganisms (Stirling, 1991). Egg masses,
sedentary females or cysts may be directly invaded by
pathogenic or some opportunistic organisms that draw
their nutrients from the mucilaginosus compounds
present in the invaded body or indirectly invaded by
the action of toxic, diffisuble metabolites produces by
one or more organisms on various developmental
stages of nematodes. These toxins often render
nematodes (particularly eggs and juveniles) more
vulnerable to infection or to the activities of organisms
that are either nonvirulent, slightly pathogenic or
basically saprophytic in nature (Spiegel et.al., 1991).
Soil fauna includes diverse groups of microorganisms in constant association with similarly
diverse genera and species of free living and plant
parasitic nematodes (Hussey, 1990). Free living
nematodes, in general, are the more numerous of the
two and play very important roles in soil biology.
Many of the soil microorganisms, such as fungi are
specialized to infect only the free living nematodes
(Kerry, 1987). Spores of these organisms must be
ingested by the nematode hosts prior to their
germination in the esophagus and their eventual
consumption of the nematode (Aschnar and Kohn,
1958). These organisms are generally excluded as
potential biocontrol agents of plant parasitic
nematodes.

2. BIOCONTROL AGENTS
2.1 Viruses
Our knowledge of viral diseases of nematodes is
limited, partly owing to our imperfect methods of
nematode recovery, which rarely allow the isolation of
inactive or virus infected nematodes. Some viruses are
commonly associated with the stylets and the esophagi
of several species of Xiphinema, Longidorus,
Trichodorus and Paratrichidorus for short periods of
time. But no pathogenic activities by these viruses
have been observed (Mankau, 1980).
Loewenberg et. al. (1959), reported sluggishness
of Meloidogyne incognita, presumably caused by a
virus that had passed through the bacteriological filter.
Juveniles of this nematode were incapable of forming
galls. However no virus particles were found in the
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diseased nematodes. The phenomenon of the nematode
swarming in Tylenchorhynchus martini was attributed
to the virus particles found on the surface of the cuticle
in the hypodermis and muscle layers, and in the
digestive and reproductive systems (Mc Bride and
Hollis, 1966; Ibrahim et.el., 1973). The same authors
suggested that the virus renders the swarming
nematode more susceptible to chemicals and other
adverse conditions. Nematod pathogenic viruses might
be operative but have escaped our detection.

Regina et.al., 1999; Hallmann, 2001; Burelle and
Samac, 2003). It was first described by Thorne (1940)
as a sporozoan, Duboscqia penetrans. Its procaryotic
and bacterial affinities were established later and the
name Bacillus penetrans was adopted (Mankau, 1975;
Imbriani and Mankau, 1977; Sayre and Wergin, 1977).
Pasteuria penetrans is probably the most specific
obligate parasite of nematodes, with a life cycle
remarkably well adopted to parasitism of certain plant
nematodes (Mankau and Imbriani, 1975). Apparently
there is a synchronization of this organism with the
development and physiology of its host, Meloidogyne
species (Netscher and Duponnois, 1998; Samaliev,
1997). Spores attach to the cuticle of the juveniles with
germination occuring approximately eight days after
the infected nematodes penetrate the root system
(Sayre and Wergin, 1977). Approximately % 30 of the
attached spores germinate (Stirling, 1984). The germ
tubes penetrate the cuticle, giving rise to spherical
dichotomously branched thalli or microcolonies that
eventually fragment to daughter colonies. These
continue to poliferate in the pseudocoelum, eventually
filling the body cavity of the developing female
(Mankau, 1980). Upon the decomposition of the dead
females, spores are liberated in the soil and remain
there for long periods of time until contacted by
another nematode.

2.2 Rickettsias
Rickettsias are intracellular bacteriumlike
microorganisms that have been reported in Heterodera
goettingina, Globedera roctochiensis and Heterodera
glycines (Ibrahim and Hollis, 1973; Endo, 1979;
Shepherd et.al., 1973; Walsh, 1979; Walsh et.al.,
1983). These microorganisms appear identical and
they resemble a companion symbiont of leafhoppers.
They have been reported to be transmitted
transovarially from generation to generation (Walsh,
1979). Despite their presence in the sperm cells they
cannot be transmitted from one generation to the next
(Walsh, 1979; Walsh et.al., 1983). Some rickettsias are
pathogenic to insects and multiply in specialized
cellular structures called mycetomes which are not
found in Heterodera. The role of Xiphinema index as a
possible vector of these microorganisms has been
indicated (Rumbos et.al., 1977). Additional
information is needed to define the role of these
microorganisms in the control of nematodes.

2.3 Bacteria
Reports of bacterial diseases of nematodes are
largely records of the observation of bacteria within
the body cavity, gut and gonads of individual
nematodes (Dollfus, 1946). These observations,
however did not distinguish between the parasitic and
saprophytic forms. Mankau (1981) observed what
appeared to be a bacterial symbiont in the ovaries of
Trichidorus sp., Xiphinema americanum and
Xiphinema silvaticum. These mycetomes are
apparently bacterial aggregates, behaving as an
individual organism enclosed in the host cell or
mycetocyte. The role of these organism in preventing
egg production is yet to be determined. Infection of
Xiphinema americanum juveniles by Pseudomonas
denitrificans was reported by Adams and Eichenmuller
(1963). Although these authors suggested the
possibility of transovarian transmission, their findings
on the status of ovarian abnormalities are inconclusive.
Others reported the association of some bacteria with
the nematode cuticle (Dollfus, 1946; Ketznelson et.al.,
1964; Banage, 1965; Mankau and Das, 1974).
However, the role these bacteria may play in reducing
the population of plant parasitic nematodes is
unknown.
The bacterial parasite of nematodes, Pasteuria
penetrans probably received the most attention and
research effort in recent years (Pembroke et.al., 1998;

Pasteuria penetrans exerts various degrees of
nematode biocontrol under greenhouse and field
conditions (Mankau, 1975; Mankau, 1981; Nishizawa,
1984; Sayre, 1980; Stirling, 1984; Stirling and
Wachtel, 1980; Williams, 1967; Devappa et.al., 1997).
Repeated cultivations of susceptible annual of
perennial crops tend to increase the bacterial inoculum
(Nishizawa, 1984; Stirling and White, 1982; Williams,
1967). The mass production method of this organism
was greatly improved by Stirling and Wachtel (1980).
Its ability to attack important parasitic nematodes of
several crops, to persist in soil for long periods of time,
to resist desiccation and temperature extremes, as well
as its compatibility with several pesticides, are ideal
characteristics for its candidacy as successful
biocontrol agent. Recent developments in genetic
engineering research and tissue culture practices
provide interesting possibilities for the commercial
mass production of this organism ( Oostendorp and
Sikora, 1989; Esnard et.al., 1997; Chen et.al., 1997;
Orui, 1997; Pembroke et.al., 1998; Regina et.al., 1999;
Duponnois et.al., 1999; Reitz et.al., 2000; Wei et.al.,
2003).

2.4 Fungi
The fungal antagonists of nematodes consist of a
great variety of organisms which include the nematode
trapping or predacious fungi, endoparasitic fungi,
parasites of nematode eggs, parasites of nematode
cysts and fungi that produce metabolites toxic to
nematodes (Wheeler et.al., 1992). Is is remarkable that
fungi belonging to widely divergent orders and
families occur in each of the above groups. Predacious,
parasitic and biochemical relationships with nematodes
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have evolved among almost all major groups of soil
fungi from the Phycomycetes to the Basidomycetes.
Considering the long coevolution of nematodes and
fungi which obviously occurred in the close confines
of the soil habitat, it is not surprising that a great
variety of interrelationships have developed between
the two groups. A very complete and readable account
of these interesting organisms was published in a small
book on the nematode destroying fungi by Barron
(1975).
In nature, fungi continuously destroy nematodes
in virtually all soils. Microbial and fungal control of
nematodes is very important biologically and in some
circumstances economically (Kerry and de leij, 1992).
However, there are great technical problems in
observing and assessing the importance of these
organisms; these include the complexities of the soil
habitat, the specialized techniques required to extract,
count and isolate the fungal antagonists and the fact
that many of these organisms are obligate parasites or
do not sporulate readily.
Some fungus species, for example, have spores
that must be ingested by the nematod host (Kerry,
1988). These spores then germinate in the esophagus
and eventually develop and consume the nematode
(Aschner and Kohn, 1958). Such fungi generally do
not infect plant parasitic nematodes which feed
through a stylet with a relatively minute aperture that
is far smaller than even the minutest fungal spores.
The spores inject the infective cell particle through
the cuticle of passing nematodes upon mechanostimulation. Davidson and Barron (1973), have
described the process in detail.
The unique hyphal adaptations which make up the
traps of predacious fungi are quite familiar and there is
no need to redescribe them here but some studies have
revealed the interesting fact that in many species the
traps or infection pegs which penetrate captured
nematodes give off a substance or toxin which
immobilizes a nematode almost immediately (Olthof
and Estey, 1963; Balan and Gerber, 1972; Krizkova
et.al., 1976; Duponnois et.al., 2001; Sharon et.al.,
2001; 2003). There are also fungi which apparently
immobilize or intoxicate nematodes without any direct
contact with the hyphae (Giuma and Cooke, 1971;
1973). In addition, some predacious fungi have
trapping organs which give off substances attractive to
nematodes (Balan and Gerber, 1972; Field and
Webster, 1977; Jansson and Nordbring-Hertz, 1979).
There are also appears to be good evidence that the
assimilative or haustorial hyphae of a trapping fungus
found within the nematode release an antibiotic which
prevents the development of competing microorganisms in the captured nematode (Barron, 1975).
There are a number of natural openings such as the
buccal cavity, excretory pore, vulva and anus through
which secondary microorganisms can enter moribund
nematodes; however in nematodes captured in the
hyphal traps of most species of predacious fungi,
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competing organisms seldom or never develop. The
body contents of captured nematodes are consumed
until only an empty cuticle remains that is filled with
the assimilative hyphae which eventually lyse. No
enter organisms develop in the victim. Most attempts
to produce inoculum on a commercial scale or for
experimental soil colonization have concentrated on
the production of mycelia and conidia but these may
have very limited survival when introduced into soil
(Abu-Laban and Saleh, 1992). Some soils are very
fungistatic towards predacious fungi (Mankau, 1962).
In general the entire group is considered to be rather
poor saprophytic competitors in the soil habitat.
Catenaria auxiliaris was first described in 1877
by Kühn in the females of beet cyst nematode
Heterodera schachtii. It was not that reduction of the
population of cereal cyst nematode Heterodera avenae
to a nondamaging level was attributed to the infection
of females by Nematophthora gynophila (Kerry, 1974;
Kerry and Crump, 1977). Catenaria auxiliaris can also
parasitize females of Heterodera avenae and
Globodera rostochiensis (Kerry, 1975; Kerry et.al.,
1976). Nematophthora gynophila infected Heterodera
carotae,
Heterodera
cruciferae,
Heterodera
goettingiana, Heterodera schachtii and Heterodera
trifolii but did not infect Globodera rostochiensis
under glasshouse conditions (Kerry and Crump, 1977).
Verticillum chlamydosporium was found to
parasitize the developing females of Heterodera
avenae prior to their egg production stages (Kerry,
1980; Irving and Kerry,1986; de leij and Kerry, 1991;
Kerry, 1991; de leij, 1992; de leij et al., 1992; 1992)
Morgan-Jones et.al. (1981), reported Verticillum
chlamydosporium as an effective parasite of maturing
females and eggs of Meloidogyne arenaria.
Chaetomium cochloides, Exophiala pisciphila,
Fusarium oxysporum, Fusarium solani, Phytophthora
cinnomomi, Trichosporon beigelii, Pythium sp. and a
sterile mycelium were found to be associated with
females and precyst stages of Heterodera glycines
(Gintis et.al., 1983).
Jatala et. al. (1979), reported that the penetration
of Meloidogyne incognita females by Paecilomyces
lilacinus is generally through the anal or vulval
openings. Paecilomyces lilacinus was also found in the
females of Tylenchulus semipenetrans and in adult
females of Nacobbus aberrans (Bansal et al., 1988).
Dactylella oviparasitica, an egg parasite, can
occasionally
parasitize
Meloidogyne
females,
particularly on hosts where the egg production is
relatively slow (Mankau, 1981).
Destruction of nematode eggs by Fusarium and
Cephalosporium species was first noted by Lysek
(1963). Later he reported that Verticillum chlamydosporium, Verticillum bulbillosum, Mortierella nana,
Paecilomyces lilacinus, Acremonium bacillosporum
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and Helicoon farinosum were able to perforate
eggshells and enter eggs of nematodes (Lysek, 1966).

predators. Steiner and Heinly (1922) observed that
Clarkus papillatus fed voraciously on Meloidogyne sp.
in vitro, survived well in dry soil and is a
hermaphrodite which may faciliate the rapid build up
of its populations in soil. Thorne (1927) also studied
Clarkus papillatus and recorded voracious feeding on
Heterodera schachtii larvae and observed that it and
three other mononchid species often occurred in large
populations in sugar beet fields. Nelmes (1974)
observed that larvae of Aphelenchus avenae appears to
be a suitable prey for many mononchs. Cohn and
Mordechai (1974) noted that Mylonchulus sigmaturus,
a cosmopolitan species, interfered with a routine
culture of the citrus nematode, Tylenchulus
semipenetrans. In laboratory tests the nematode fed on
Tylenchulus semipenetrans and Meloidogyne javanica
but not on Helicotylenchus multicinctus or Longidorus
africanus and in pot tests small populations of
Tylenchulus semipenetrans were always associated
with large populations of Mylonchulus sigmaturus,
although the predation was insufficient to reduce
damage to sour orange seedlings. Small (1979) also
obtained evidence of predation by Prionchulus
punctatus on Meloidogyne incognita in pot tests and
partial control as evidenced by a significant reduction
in galling of tomato roots in treatments where the
predator was added but no significant difference in
overall growth of the plants.

The discovery of fungi parasitic on the eggs of
plant parasitic nematodes has been very recent. Several
organisms have been reported to parasitize eggs of
plant parasitic nematodes (Tribe, 1977; 1979; Stirling
and Mankau, 1978; Nigh et.al., 1980; Morgan-Jones
et.al., 1981; Godoy et.al., 1982). Although the majority
of these organisms are associated with the eggs and
cysts of important plant parasitic nematodes, their
efficiency in and adaptability to different soil
environmental conditions vary (Jatala, 1985).

2.5 Predacious Nematodes
Predacious nematodes are probably very important
influences in the population dynamics of numerous
species of soil nematodes since their biomass in some
soils is substantial but their role in biological control of
plant parasitic nematodes is virtually unknown
(Grewal and Lewis, 1999). Nematodes in the
Mononchida, Dorylaimida and Diplogasteroidea are
largely predacious although the actual feeding habits
of most species is unknown. An obligatory predatory
genus Seinura, occurs in the Aphelenchoidea.
Predacious nematodes are characterized by either a
large open stoma armed with teeth or dendicles which
are used in seizing and ripping open prey or
swallowing them whole or a pharynx equipped with an
onchiostyle, stomatostyle or mural tooth for piercing
prey. These features and certain lip region characters
are modified into an amazing number of variations for
which the specialized functions are almost completely
unknown. Small Seinura spp. can kill nematodes much
larger than themselves because of their ability to
paralyze the prey. The prey is inactivated almost
immediately after the stylet is inserted. Repeated
secretions of the dorsal esophagal gland pass into the
victim during feeding and digest the body contents
(Hechler, 1963). Earlier reviewers have presented
highly variable views about the importance of
predacious nematodes but all have generally lamented
lack of imformation about their biology (Boosalis and
Mankau, 1965; Christie, 1960; Esser and Sobers, 1964;
Sayre, 1971; Webster, 1972; Shapiro and Lewis,
2000).
Nematodes are often observed in the gut contents
of mononchs and are presumed to be the principal feed
of many species. The Diplogasteroidea can be both
microbial feeders and predators (Yeates, 1969).
Selective predation may be releated more to a
relative abundance of alternative food sources than to
the presence of prey nematodes. When nematodes are
preyed upon, the prey species consumed are probably
determined by such factors as prey size and mobility
(Nelmes, 1974).
As possible biocontrol agents for plant parasitic
nematodes, the Mononchida have attracted more
attention than any of the other soil inhabiting

The Dorylaimida are frequently abundant in soils
although their numbers and species diversity appears
to decline in soils disturbed by frequent agricultural
operations. Stirling and Mankau (1977) recorded and
species of dorylaims which had common or
moderately occurrence in citrus orchard soils. One of
these species Thornia sp. had been studied earlier
(Boosalis and Mankau, 1965) for its effect as a
biological control agents of the citrus nematode,
Tylenchulus semipenetrans. Predacious nematodes
may contribute towards natural control in some
situations (Azmi, 1983). But as with other predators,
problems in their mass production an application to
soil would prevent their use as induced biological
control agents.

2.6 Tardigrates, Turbellarians, Collembola,
Mites, Enchytraeids, Protozoa
These are a complex group of naturally occuring
organisms that are found in varying densities in many
agricultural soils. Because of their active mobility in
the soil, their capability to search for prey is
significantly higher than that of predacious fungi.
Predation of plant parasitic nematodes by tardigrates
was observed by several investigators (Hutchinson and
Streu, 1960; Doncaster and Hooper, 1961; Sayre,
1971).
Turbellarians are carnivorous flatworms that feed
on nematodes and other soil organisms. The feeding of
Meloidogyne incognita by Adenoplea sp. was observed
by Sayre and Powers (1966). They concluded that
although addition of Adenoplea sp. decreased the root-

6
galling index, it was insufficient to be of practical
value.
Collembola and mites are probably the most
numerous arthropods around plant roots and in
decaying organic material. Feeding of plant parasitic
nematodes by these organisms is reported by various
investigators (Sharma, 1971; Muraoka and Ishibashi,
1976; Mankau and Imbriani, 1978; Inserna and Davis,
1983). The collembola Onychiurus armatus were
observed to perforate the cysts of Heterodera
cruciferae, enter them and devour the nematodes
within them (Muraoka and Ishibashi, 1976).
Mites were also observed to damage the
Heterodera sp. cysts (Murphy and Doncaster, 1957).
Apparently mites exhibit density dependent traits of
effective and specific predators. There are an increase
of nematode prey (Imbriani and Mankau, 1983) The
ability of mites to use fungi as alternative food sources
in the absence of nematodes is an advantageous
characteristic. However, their role as effective
biocontrol organisms for limiting the population of
plant parasitic nematodes is yet to be understood.
Although enchytraeids are reportedly possible
antagonists of nematodes, their role in actual predation
of plant parasitic nematodes has not yet been
determined. Similarly, some predacious amoeboid
protozoans are reported to prey on several plant
parasitic nematodes (Winslow and Williams, 1957;
Doncaster and Hooper, 1961; Esser and Sobers, 1964;
Webster, 1972). The extent to which these organisms
can be efficient and economically imported is not
known.
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pruning wounds and roots from bacterial and fungal
diseases. But their potential as a biological control
agents is not clear.
Opportunities in genetic engineering may extend
to producing more effective biological control agents
for plant parasitic nematodes (Piotte et.al., 1992).
Already, a genetically manipulated agent has been
produced in the United States of America to protect
frost sensitive plants from damage by ice-nucleating
bacteria (Cook, 1985) and the toxin gene from the
insect pathogen Bacillus thuringiensis has been
transferred to the root-colonizing bacterium
Pseudomonas fluorescens (Beardsley, 1984). Also
ultraviolet radiation has been used to produce
fungicide-tolerant mutants of some fungi and
coincidentally increase their efficacy as biological
control agents over that of the wild strains (Papavizas
et.al., 1982; Gaspard and Mankau, 1985).
Given such enlightened support biological control
could play an important part in the future management
of many of major plant parasitic nematodes (Roberts,
1993). All told, the proper and efficient utilization of
biocontrol agents in suppressing nematode populations
is a great challenge. Removal of the obstacles in
achieving our goals can only be attained by dedication,
persistence and hard work.
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