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Weeds are alternative hosts for plant-parasitic nematodes and have long been rec-
ognized for their ability to maintain nematode populations targeted for suppression
by various management strategies. The impact of weeds as alternative hosts depends
largely on nematode feeding behavior, which is determined by the level of host
specialization required for the parasite to feed successfully. In general, the more
specialized feeding adaptations are associated with greater crop damage, more diverse
nematode management options, and greater negative impact from weeds. Besides
serving as alternative hosts, certain weeds can protect nematodes from pesticides and
the environment, provide nematode suppression through antagonism, contribute to
changes in future nematode biotic potential, or exert indirect effects through com-
petition with crops or by the effects of weed control strategies on nematode popu-
lations. Shrinking nematicide options and increasing environmental concerns are
making integrated pest management (IPM) a necessity for nematode management
in many crops. A prominent similarity between most major weeds and plant-parasitic
nematodes is that both are place-bound organisms that are passively dispersed.
Weed–nematode interactions in agricultural production systems may be more intri-
cate and complex than the simple function of weeds as alternative hosts. Their
relationship may represent a normal adaptation resulting from the limited mobility
of both groups of organisms and the obligate parasitism of phytophagous nematodes.
The challenge that faces weed scientists and nematologists is to identify effective,
compatible IPM strategies that address weed and nematode management collectively.

Key words: Alternative hosts, host–parasite interactions, integrated pest manage-
ment, plant-parasitic nematodes.

Weeds nearly always interfere with management practices
for plant-parasitic nematodes. Over the past two decades as
the number of nematicides has decreased, crop losses from
plant-parasitic nematodes have increased (Koenning et al.
1999; Roberts 1993). The limited number or total lack of
economically viable pesticide options for nematode manage-
ment, combined with environmental considerations, increas-
ingly necessitates the use of integrated pest management
(IPM) strategies in many crops (Duncan and Noling 1998;
Roberts 1993). Fundamental IPM recommendations for
nematode management, such as crop rotation, planting of
nematode-resistant varieties, and clean fallowing (a phrase
typically used by nematologists to refer to weed-free con-
ditions), are rarely as effective individually as nematicides
and will likely need to be pyramided to provide acceptable
nematode control (Duncan and Noling 1998; Roberts
1993).

Weeds are recognized for their ability to serve as alter-
native hosts for plant-parasitic nematodes, thereby reducing
the success of certain nematode management strategies
(Duncan and Noling 1998; Norton 1978). As a result,
many publications have catalogued and annotated the nu-
merous reports that address the host status of various weeds
to different plant-parasitic nematodes (Bendixen 1988a,
1988b, 1988c; Caswell-Chen et al. 1995; Goodey et al.
1965; O’Bannon et al. 1982; Riggs 1992; Robinson et al.
1997; Townshend and Davidson 1962). Examination of
such reports shows that most focus on a relatively small
group of highly pathogenic nematode genera that affect ma-

jor crops, due partly to economic considerations and partly
to differences in nematode biology that will be elaborated
on later. Most articles also provide only limited quantitative
information for use in comparing host suitability among
weeds and crops. One exception is NEMABASE (Caswell-
Chen et al. 1995), which encompasses all plant-parasitic
nematode genera and provides a numerical measure of host
suitability for comparative use, if such information is dis-
cernable from the original reports. Despite the numerous
references to host status, the actual impact of weeds on man-
agement of plant-parasitic nematode populations in crops is
a subject that has received surprisingly little primary inves-
tigation (Griffin 1982; Hogger and Bird 1976; Jordaan and
De Waele 1988; Schroeder et al. 1993, 1994, 1999; Thomas
et al. 1997; Yeates et al. 1993).

Despite the vast phylogenetic differences that separate
weeds and plant-parasitic nematodes at the kingdom level,
both share certain characteristics that contribute to their re-
spective pest status in agricultural systems. Most major pests
in both groups lack significant means of active dispersal and
are largely restricted to similar methods of passive dispersal,
such as through the movements of soil, water, plant mate-
rial, or animals. Both are influenced by soil properties. Soil
factors affect the establishment and growth of weeds and
crops as primary producers of plant biomass, the active
movement of nematodes, and the quantity and quality of
roots available for use by plant-parasitic nematodes as place-
bound primary consumers. As previously mentioned, weeds
have most often been viewed by nematologists as potential
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alternative hosts that may support nematode reproduction
under field conditions. Another consideration is that weed–
nematode associations may represent a normal adaptation
resulting from the limited mobility of both groups of or-
ganisms and the obligate parasitic behavior of plant-feeding
nematodes. This paper addresses the ways in which plant-
parasitic nematode biology and the presence of weeds can
impact nematode management.

Plant-Parasitic Nematode Characteristics Affect
Management

Nematodes are the most numerous multicellular organ-
isms on earth and are adapted to live in any habitat that
supports multicellular life (Norton 1978). All nematodes are
obligate biotrophs that must obtain energy through the con-
sumption of living matter. Plant-parasitic nematodes, which
are the focus of this paper, make up only part of the nem-
atode community that populates the moisture film present
in soil macropores. This community also comprises nema-
todes that are microbivores, fungivores, and predators (Baird
and Bernard 1984; Niles and Freckman 1998). Even when
root substrate is greatest and conditions are most favorable
for plant-parasitic nematode populations, the majority of the
soil nematode community is composed of other trophic
groups (Baird and Bernard 1984; Parmelee and Alston
1986; Thomas 1976). The inherent benefit to soil nutrient-
cycling processes provided by these other groups, particu-
larly the microbivores and fungivores (Ingham et al. 1985;
Niles and Freckman 1998), makes general biological sup-
pression of soil-inhabiting nematode communities undesir-
able. Most biological suppression of plant-parasitic nema-
todes has been accomplished through augmentation that en-
hances naturally occurring populations of predators and par-
asites (Duncan and Noling 1998; Stirling 1991), most of
which opportunistically attack any member of the nematode
community. While natural enemies undoubtedly contribute
to the suppression of phytophagous nematodes (Stirling
1991), they have rarely been successfully manipulated as
part of an IPM strategy to help manage plant-parasitic nem-
atodes and therefore are not discussed in this paper.

Development and implementation of effective plant-par-
asitic nematode management strategies requires a funda-
mental understanding of the targeted nematode, as is the
case when managing weeds, insects, or other pathogens. As
obligate plant parasites, all nematodes must maintain a rel-
atively lengthy feeding association with one or more hosts
throughout their lives. Under favorable conditions, the gen-
eration time for most species is 25 d or longer, but may be
extended considerably by environmental conditions and the
poikilothermic nature of nematodes. With the exception of
the cyst nematodes (Heterodera spp. and Globodera spp.),
nearly all genera lack adaptations for long-term survival in
the absence of suitable hosts and, as previously discussed,
lack mechanisms for active dispersal to locate distant hosts.
Considering these constraints, one may deduce that plant-
parasitic nematodes have experienced adaptive pressure to
maintain a diverse host range and to avoid inducing host
mortality. Exceptions to such adaptation may develop under
situations of intensive agricultural production in which
nematodes are actively provided with large numbers of ge-
netically uniform, nutritionally supplemented hosts, en-

abling populations to reach levels pathogenic to the crop
(Gallaher and McSorley 1993). Nematode management op-
tions are designed to exploit the vulnerabilities of predom-
inant parasites that have increased to pathogenic levels. If
the targeted nematodes are endemic, it is likely that many
of the endemic weeds will serve as alternative hosts for the
obligate parasites.

Plant-parasitic nematode management decisions are trig-
gered by expectations that after a crop is established, one or
more species within the nematode population will develop
to a level where economic injury exceeds the cost of man-
agement. Many biotic and abiotic factors affect the rate of
population increase, such as initial nematode population lev-
els, species diversity and biotic potentials, feeding behavior,
specialized adaptations for survival, soil type and environ-
mental conditions, and host status of the crop and associated
weeds. Management procedures must generally be imple-
mented at or before crop establishment. Unlike many weed
and insect pests, few rescue treatments are available to aid
in the management of nematode problems that arise during
the growing season, heightening the consequences of initial
management decisions and encouraging the prophylactic use
of nematicides.

As with most pests, it is rarely feasible to eliminate prob-
lematic plant-parasitic nematodes from agricultural produc-
tion systems, so the management goal is to reduce popula-
tions to subeconomic levels (Roberts 1993). Some of the
methods used to achieve such reductions include nemati-
cides; cultural control through crop rotation, fallow, cover
crops, asynchrony (or temporal avoidance), or soil organic
matter supplementation (Duncan and Noling 1998; Noe
1998; Widmer et al. 2002); host-plant resistance (Starr et
al. 2002); and physical control through cultivation-induced
desiccation of nematodes in soil or within roots of alterna-
tive hosts. Many of these techniques are discussed in greater
detail in the following sections that address how nematode
feeding behavior and the presence of weeds affects parasite
populations and the efficacy of management strategies.

Direct Effects of Weeds on Plant-Parasitic
Nematodes

Weeds affect nematode populations in many ways, of
which the most widely recognized is by providing plant-
parasitic nematodes with additional substrate as alternative
hosts (Belair and Benoit 1996; Bendixen 1988a, 1988b;
Riggs 1992; Townshend and Davidson 1962). The presence
of alternative hosts reduces the efficacy of management tech-
niques designed to lower plant-parasitic nematode popula-
tions and thereby enhances crop injury that is proportional
to the size of the nematode population. Other direct effects
of weeds include protection of certain nematodes from pes-
ticides or the environment (Bird and Hogger 1973; Schroe-
der et al. 1993, 1994; Thomas et al. 2004), nematode sup-
pression by antagonistic weeds or by the incorporation of
weed biomass into soil (Huang 1985; Omidvar 1962), and
perhaps through host-induced changes in future nematode
biotic potential (Thomas et al. 1997). Although a few of
these effects aid nematode management efforts, most have
a deleterious effect by enhancing populations or the adapt-
ability of plant-parasitic nematodes.

The extent to which weeds that are alternative hosts im-
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pact nematode management depends largely on feeding be-
havior. Plant-parasitic nematode taxa can be grouped into
three broad feeding categories: sedentary endoparasites, mi-
gratory endoparasites, and ectoparasites (Ferris and Ferris
1998; Sijmons et al. 1994). The categories differ most no-
ticeably with regard to the level of host specialization that
is required in order for the parasite to feed successfully. Each
feeding method imparts certain adaptive advantages and
limitations on the nematodes that exhibit such behavior.
With the exception of nematicides, management strategies
have most often been designed to exploit nematode vulner-
abilities related to feeding behavior. The following discus-
sion explains how each feeding behavior affects nematode
pathogenicity and management, and how alternative weed
hosts impact such strategies.

Sedentary endoparasites require the highest level of host
specialization when feeding. Instead of remaining in the soil,
juveniles or prereproductive females enter roots and induce
host transformations that result in special feeding sites.
These sites are induced primarily within the vascular cylin-
der and function as permanent sources of nutrients for
growth and reproduction, enabling the nematode parasite to
feed in one location for the duration of its life. Specialized
feeding sites vary in name (giant cells, syncytia, nurse cells)
and developmental specificity among different genera of sed-
entary endoparasites, but share similarities in function (Hus-
sey and Williamson 1998; Sijmons et al. 1994). All are in-
duced by nematode secretions delivered to plant cells
through the hollow stylet that nematodes use during feed-
ing. These secretions cause modifications of plant cell mor-
phology and function, resulting in increased metabolic rates
that cause feeding sites to function as photosynthetic sinks
in roots (Bockenhoff et al. 1996; Hussey and Williamson
1998; McClure 1977; Melakeberhan and Ferris 1988; Si-
jmons et al. 1994) and diverting energy from other plant
processes. As a group, sedentary endoparasites, such as root-
knot nematodes (Meloidogyne spp.), cyst nematodes, the re-
niform nematode (Rotylenchulus reniformis Linford and
Oliveira), false root-knot nematodes (Nacobbus spp.), and
the citrus nematode (Tylenchulus semipenetrans Cobb), are
the most economically important of the plant-parasitic nem-
atodes (Sasser and Freckman 1987; Koenning et al. 1999).

The diversity in nematode management options available
for sedentary endoparasites is greater than for other feeding
behaviors, mainly because of the amount of special host
modification that must occur in order for these nematodes
to feed and reproduce. Host ranges for sedentary endopar-
asites are typically more restricted than for other feeding
behaviors because the nematode secretions needed to induce
feeding sites are more likely to affect plants that are phylo-
genetically similar (Hussey and Williamson 1998; Sijmons
et al. 1994). Even though a few sedentary endoparasites have
relatively broad host ranges, such as the more common spe-
cies of root-knot nematodes, many non-host plant species
have been identified for all sedentary endoparasites. Crops
that are not affected by nematode secretions offer effective
rotations that provide nematode population suppression.
The highly specialized nature of the host–parasite relation-
ship involving sedentary endoparasites also means host-plant
resistance is more likely to involve traits that are controlled
by single genes (Starr et al. 2002). Such traits are more
amenable to manipulation by plant breeders and typically

involve a host hypersensitive response to the invading nem-
atode (Hussey and Williamson 1998; Sijmons et al. 1994).
Resistant varieties are most often a part of IPM strategies
for management of sedentary endoparasites compared to
nematodes with other feeding behaviors (Duncan and Nol-
ing 1998). The presence of weeds that are alternative hosts
for targeted nematodes in rotation crops, fields planted to
resistant varieties, or during fallow periods designed to sup-
press nematodes can greatly reduce the efficacy of such man-
agement techniques (Belair and Parent 1996; Inserra et al.
1985; Riggs 1992; Roberts 1993). Weeds can also serve as
reservoirs for sedentary endoparasites in susceptible crops,
leading to increased early-season crop infection and contrib-
uting to the overall residual nematode population that will
affect subsequent crops (Schroeder et al. 1993, 1994; Bird
and Hogger 1973). Weeds along irrigation ditches have also
been implicated in the maintenance and dissemination of
the false root-knot nematode, Nacobbus aberrans Thorne,
into noninfested fields through irrigation water (Inserra et
al. 1985).

Migratory endoparasitic nematodes invade the roots of
host plants, but normally do not induce specialized feeding
sites. These nematodes typically use their stylets to pierce
and feed upon cortical cells, which often subsequently die
and collapse as the nematodes migrate through root tissue,
causing extensive damage in the process. The wounded roots
may also predispose crops to infection by fungal pathogens,
resulting in damaging disease complexes (Abawi and Chen
1998; Rowe et al. 1985). Host pathogenicity associated with
feeding by migratory endoparasites, such as lesion nema-
todes (Pratylenchus spp.), stem nematodes (Ditylenchus spp.),
burrowing nematodes (Radopholus spp.), and the rice-root
nematode (Hirschmanniella oryzae van Breda de Haan),
tends to be less severe than for sedentary endoparasites, but
greater than the damage resulting from most ectoparasites.
Most of the management techniques for sedentary endopar-
asites can also be applied to migratory endoparasites. How-
ever, crop rotation and host-plant resistance, in particular,
are less effective against some migratory endoparasites that
are less dependent on host specialization for feeding and
reproduction. Since fewer crops are nonhosts for certain mi-
gratory endoparasites such as lesion nematodes, rotations
must make use of poorer hosts that may support some nem-
atode reproduction. As a result, few rotation schemes are
recognized as having significant potential for suppression of
migratory endoparasites (Noe 1998). In similar fashion, re-
duced host specialization has led to greater difficulty iden-
tifying and successfully incorporating acceptable levels of re-
sistance to migratory endoparasites into some crops (De
Waele and Elsen 2002). Therefore, while weeds as alterna-
tive hosts may contribute substantially to the maintenance
and increase of migratory endoparasite populations under
fallow conditions, their deleterious effects on rotations and
resistant crops is likely to be less than with sedentary en-
doparasites.

Ectoparasitic nematodes normally remain in the soil near
the host, only penetrating plant roots with their stylets dur-
ing feeding. Ectoparasites typically have broad host ranges
and require little or no host specialization to feed. Although
some genera, such as ring nematodes (Criconemella spp.),
may feed at the same location on a root for extended periods
of time (Hussey and Williamson 1998; Westcott and Hussey
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1992), most ectoparasites browse on epidermal and cortical
tissue at different locations along roots. Common examples
of other ectoparasites include spiral nematodes (Helicotylen-
chus spp.), stunt nematodes (Tylenchorhynchus spp.), stubby-
root nematodes (Trichodorus spp.), sting nematodes (Belon-
olaimus spp.), and lance nematodes (Hoplolaimus spp.).
Crop damage results from direct injury to cells during feed-
ing and is usually a function of the number of nematodes
present, their size, rate of population increase, and specific
host sensitivity. Management of ectoparasites is limited to
nonspecific strategies such as fallow or the use of nemati-
cides. Because most ectoparasites can feed on a wide range
of plants, weeds that are present during fallow periods can
negate any benefit for nematode suppression (McSorley et
al. 1994).

Though much less widely studied, there are indications
that weeds can directly affect plant-parasitic nematodes in
ways other than as alternative hosts. Below-ground weed
biomass may help protect endoparasites from pesticides and
the environment. For example, tubers of yellow nutsedge
(Cyperus esculentus L.) and purple nutsedge (C. rotundus L.)
can protect the southern root-knot nematode [Meloidogyne
incognita (Kofoid and White) Chitwood] from the widely
used fumigant nematicide 1,3-dichloropropene, resulting in
infection of chile pepper (Capsicum annuum L.) by nema-
todes harbored in the fumigated tubers (Thomas et al.
2004). Alternatively, some weeds may help suppress nema-
todes by producing antagonistic phytochemicals that are re-
leased into the soil in root exudates or by the decomposition
of plant tissues (Chitwood 2002). Weeds in the Asteraceae,
such as Cirsium japonicum Fisch. ex DC., Philadelphia flea-
bane (Erigeron philadelphicus L.), and Canada goldenrod
(Solidago canadensis L.), along with well-known ornamentals
such as certain marigolds (Tagetes spp.), are widely recog-
nized for their production of such compounds, although
chemical antagonists of nematodes are also produced by cer-
tain species within many other plant families (Chitwood
2002; Huang 1985; Omidvar 1962). Other weeds such as
showy crotalaria (Crotalaria spectabilis Roth.), hairy indigo
(Indigofera hirsuta Harvey), and partridgepea (Cassia fasci-
culata Michx.) are nonhosts that can also help suppress cer-
tain nematodes (McSorley 1998). Finally, some weeds may
directly affect the pathogenicity and biotic potential of nem-
atodes on future hosts. Southern root-knot nematode in-
oculum recovered from yellow nutsedge or tomato proved
more pathogenic to chile pepper than did inoculum recov-
ered from other chile peppers (Thomas et al. 1997). Root-
knot nematode reproduction rates on chile also differed
among inoculum sources in this study, suggesting that the
previous host may influence future host suitability for some
sedentary endoparasites.

Indirect Effects of Weeds on Plant-Parasitic
Nematodes

In addition to the direct effects just discussed, weeds in
agricultural systems also exert indirect effects on plant-par-
asitic nematode populations. Weed competition can lead to
crop stress and stunting, resulting in fewer available pho-
tosynthates for allocation to sedentary endoparasites through
specialized feeding sites and less root mass for parasitization
by nematodes in general. Alston et al. (1993) reported fewer

soybean cyst nematodes (H. glycines Ichinoe) on soybeans
that were stressed by nonhost weeds than on soybeans grow-
ing without weed competition.

The implementation of weed control measures is another
way in which weeds can indirectly affect plant-parasitic
nematode management and survival. Cultivation interferes
with nematode feeding by disrupting the location of para-
sites in soil, exposes them to desiccation, and helps break
up plant debris that harbors nematodes (Norton 1978). Cul-
tivation also damages or destroys young weeds that may be
alternative hosts for sedentary endoparasites. Once feeding
sites have been established, death of such hosts results in
death of the now-sedentary nematodes that are trapped in
the plant. Herbicide use may also affect certain nematodes,
particularly the cyst nematodes. Both alachlor and trifluralin
have been reported to enhance soybean cyst nematode egg
hatch (Bostian et al. 1984; Riggs and Oliver 1982), while
acifluorfen and bentazon reduced soil densities of soybean
cyst nematode eggs and juveniles (Browde et al. 1994). Sev-
eral thiocarbamate herbicides have been reported to suppress
sugarbeet cyst nematode (H. schachtii A. Schmidt) and po-
tato cyst nematode (Globodera rostochiensis Wollenweber)
egg hatch (Perry and Beane 1989). Herbicides have also
been found to interact with, and influence the efficacy of,
nematicides used against soybean cyst nematodes. Sipes and
Schmitt (1989) found alachlor to be antagonistic to the
nematicide fenamiphos, possibly helping to explain late-sea-
son cyst nematode resurgence in soybeans treated with both
pesticides (Schmitt et al. 1983). The mechanisms by which
herbicides affect cyst nematode egg hatch are unknown at
this time. Evidence also indicates that soil-applied pre-emer-
gence herbicides may affect nematodes directly, while post-
emergence herbicide applications to crops may affect nem-
atodes indirectly through alterations in host physiology
(Browde et al. 1994; Levene et al. 1998). The influence of
pesticide–pesticide and herbicide–crop interactions on
plant-parasitic nematode population dynamics is a complex
area with enormous potential implications for future nem-
atode IPM decisions.

Consequences for IPM
Historically, the complexity of any plant-parasitic nema-

tode management strategy has been inversely proportional
to the value of the crop involved (Duncan and Noling
1998), limiting emphasis on IPM. Cereals or forages, for
example, have never been candidates for an expensive chem-
ical control option like methyl bromide, which has been
widely used for general pest suppression in strawberry and
certain vegetables. Instead, nematode management in cereals
or forages will likely involve a combination of crop rotation
and the planting of resistant varieties to help reduce prob-
lematic sedentary endoparasite populations. Shrinking nem-
aticide options and increasing concerns about environmental
quality, however, are making IPM more of a necessity for
nematode management in high-value crops as well. Roberts
(1993) described two goals that can be applied to any nem-
atode IPM effort: (1) short-term suppression of plant-par-
asitic nematode populations below the economic threshold
for the crop of interest, and (2) ultimately a reduction in
the carry-over nematode population to a level below that
which was initially present at the time of crop establishment.
Accomplishment of these goals will almost certainly require
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the combined application of a number of different manage-
ment techniques, none of which is likely to approach the
level of overall nematode suppression achieved with nema-
ticides, and most of which will be negatively impacted in
some way by the presence of weeds (Duncan 1991; Duncan
and Noling 1998; Roberts 1993).

To be effective, IPM strategies should address nematode
and weed management collectively. As alternative hosts,
weeds do more to enhance plant-parasitic nematode popu-
lations than any factor other than the crop, and are the most
important factor for maintaining nematode diversity. Unlike
crops, some weed hosts are not injured by extremely high
nematode populations (Schroeder et al. 1999), and may
even benefit from nematode parasitism (Schroeder et al.
2004, 2005). Weeds and plant-parasitic nematodes most
likely share a common host–parasite relationship that pre-
dates human agricultural endeavors. This is evident from
the similarities in how both groups of organisms interact
with each other, the environment, and other groups of or-
ganisms in the agroecosystem (Norris et al. 2003). To be
successful over time, both nematodes and weeds have been
obliged to adapt and coexist with each other. As successful
parasites, phytophagous nematodes have evolved in close as-
sociation with and dependence on the plants that coexist in
their environment. Nematode pathogenicity toward crops,
especially by sedentary endoparasites, would be a detrimen-
tal trait for survival of these obligate parasites, were it not
for human intervention that repeatedly supplies a highly
susceptible food source in crop plants.

IPM and agricultural sustainability are two concepts that
are inextricably linked. When it comes to management of
plant-parasitic nematodes, natural resources are used most
efficiently by practices that provide maximum profitability
to growers (Duncan and Noling 1998; Noe et al. 1991). It
appears that weed–nematode interactions in agricultural
production systems may be more intricate and complex than
simply the role of weeds as alternative hosts, especially where
sedentary endoparasites are involved. Weed–crop competi-
tion impacts nematode populations and nematode parasit-
ism reduces crop competition with weeds, yet plant-parasitic
nematodes and weeds seem well adapted to benign coexis-
tence with each other. The challenge that faces weed sci-
entists and nematologists is to identify compatible strategies
for crop production.
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