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sing cover crops to manage
plant-parasitic nematodes
in California vineyards is an area
of research in soil ecology and
agronomy that is still in its scientific infancy. Accordingly, this
discussion draws heavily from
the general literature on nematodes and cover crops, regardless of whether the primary crop
in the study was grapes, and
presents information on cover
crop options for nematode management in California vineyards.
As the desire for management
strategies to augment or replace
nematicides has grown, so have
research endeavors to increase
our knowledge of soil and nematode ecology. As our understanding of cover crops and their influence on nematodes increases,
practices will improve and will,
hopefully, increase the efficacy
of this nematode management
tool in vineyards.

Nematode Morphology
and Habits
Nematodes are wormlike unsegmented invertebrate animals
found in marine, freshwater,
and terrestrial habitats (fig. 10-

1). Depending on the species,
nematodes may feed on a variety
of organisms, including plants,
other nematodes and their eggs,
fungi, protozoa, bacteria, tardigrades, enchytraeids, and insect
larvae (Freckman and Caswell
1985).
Nematodes are poikilothermic (cold-blooded) organisms, so
their metabolic rate and physiology depend on the ambient temperature. When soils are cool,
nematodes are less active. Of
the known nematode species,
approximately 14 percent are
plant parasites, 15 percent are
animal parasites, 25 percent are
free-living (feeding on fungi, bacteria, or detritus), and 46 percent
are marine nematodes (Ayoub
1980). Although plant-parasitic nematodes are the focus of
this chapter, other soil-dwelling
nematodes play important roles
in soil ecology and participate
in biological processes such as
nutrient cycling that affect crop
plants.
The typical nematode life
cycle consists of six stages: egg,
first-stage juvenile, second-stage
juvenile, third-stage juvenile,
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Figure 10-1. The anatomy of a typical plant-parasitic nematode. Nematodes have complete nervous, reproductive,
digestive, muscular, and excretory systems. The feeding apparatus is an oral spear that is used to remove plant cell
contents. Source: Redrawn from Radewald 1977.
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Figure 10-2. The life cycle of a typical plant-parasitic nematode. In this case the nematode remains worm shaped
throughout its life. In some nematode species, such as the root knot nematodes, the adult females are swollen and
pear shaped. Source: Redrawn from Radewald 1977.

fourth-stage juvenile, and adult (fig. 10-2). In most
plant-parasitic nematodes, the second-stage juvenile leaves the egg and moves into the soil to parasitize a host plant. As the juvenile nematode feeds,
it matures through the different life stages and
eventually reproduces on reaching the adult stage.
Individuals typically become larger as they pass
through the life stages, and in some cases the adult
females are swollen. The duration of a single generation (from egg to egg) can vary from a few days
to more than a year, depending on the species, the

soil temperature, and other factors. Adult female
nematodes can lay several hundred to a thousand
eggs during their life span.
A knowledge of nematode life-history patterns
may be helpful when making management decisions. For example, some nematicides, parasites, or
soil amendments can be expected to be active only
in the soil and so would be more effective against
ectoparasites than endoparasites. Other nematicidal
agents might move systemically through a root,
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or parasites might be able to penetrate roots and
actively seek out nematodes, and would then be
effective against endoparasites.
Although it is common for a vineyard to have
more than one type of plant-parasitic nematode
pres-ent, not all the species are equally likely to be
present statewide. In the three major grape-growing
regions in California (1, North and Central Coast; 2,
San Joaquin Valley; and 3, Southern California), dagger, ring, and lesion nematodes are common in areas
1 and 2; citrus nematodes in areas 2 and 3; needle
nematodes in area 3; and root knot and stubby root
nematodes in all three areas.
Because there are no distinctive signs of nematode damage to vineyards that are unique to nematodes alone, nematode damage may be attributed to
another problem. Above ground, plants may appear
stunted, exhibit slower growth than expected, or
have unexplained dieback or chlorosis.
Nematodes do not typically kill plants. They
are plant stressors and act alone and in conjunction with other stress factors in vineyards to reduce
growth and yields. Generally, nematode infestations occur in areas of the vineyard where vines
lack vigor and have restricted growth and reduced
yields. Penetration and movement by nematodes
through plant tissues results in mechanical injury
to cells and subsequent cell death and necrosis.
Mechanical injury interrupts the uptake and flow of
water and nutrients from roots and the flow of food
from leaves to roots. In addition, nematodes create openings in roots through which other microorganisms can enter, and some species are able
to transmit viruses from one plant to another. All
these factors increase the susceptibility of plants to
environmental stress.
Plant-parasitic nematodes are frequently present in vineyards. If nematodes potentially damaging to vines are present in a field, preplant
and postplant management strategies should be
developed for pathogenic species. If a vineyard or
a potential planting site is not infested, a grower
should implement strategies to avoid introduction
of harmful species to the site. In addition to factors
covered in other chapters, for growers to use cover
cropping effectively they should be familiar with
nematode biology, how to determine if a vineyard
has a nematode problem, management practices
that minimize the spread of nematodes between
vineyards, and how to select cover crops with
respect to the nematodes present. Primary strate-
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gies to consider when choosing a cover crop for
a nematode-infested vineyard are selecting cover
crops based on what is known of their host status
for different plant-parasitic nematodes and using
and managing cover crops relative to nematodes
and other pests.

Nematodes Likely to Cause
Problems on Grapes in California
Many different species of plant-parasitic nematodes
are capable of parasitizing grapevines, although
their ability to parasitize other plant species is
variable, an important point with respect to cover
cropping. It is not uncommon for a single field to
have several different nematode species present.
Nematodes that parasitize grape show a range of
parasitic habits, and they have different life histories and biology. Some of the important nematode
pathogens of grapes, grouped by parasitic mode,
include the following.

Ectoparasites
All stages of the ectoparasite nematode life cycle
occur in the soil outside of roots.
Dagger nematodes (Xiphinema index and X. americanum). Dagger nematodes, which are relatively
large, use their long stylets to feed on root tips
from outside the root (Raski and Krusberg, 1984).
Xiphinema americanum, the most common species of dagger nematode, weakens vines by feeding
near the root tip and is a specific vector of yellow
vein virus (also known as tomato ringspot virus).
Excessive root branching is characteristic of X.
americanum feeding. Feeding by X. index results in
swellings or galls on root tips; X. index is important
as a vector of grapevine fanleaf virus.
Ring nematodes (Criconemella xenoplax). The
ring nematodes derive their name from the prominent striations or rings on their cuticle. Ring nematodes are relatively small, slow-moving ectoparasitic nematodes, and they are generally considered
to cause significant damage only when they are present at very high population densities.
Needle nematodes (Longidorus africanus). Needle
nematodes are very large ectoparasitic nematodes
that have been observed in association with grapevines, though the damage they actually cause to
grapevines has not been well defined.

Stubby root nematodes (Paratrichodorus spp.).
These nematodes are small ectoparasites that feed on
a range of different crops. Greenhouse experiments
have revealed that this nematode can significantly
reduce the growth of young Thompson Seedless
vines (Hafez, Raski, and Lownsbery 1981).

Migratory Endoparasites
At least a part of the life cycle of a migratory endoparasitic nematode is spent inside host roots.
Lesion nematodes (Pratylenchus vulnus and P.
penetrans). Lesion nematodes move through the
root as they feed and reproduce. Their feeding and
movement causes mechanical damage to roots, thus
compromising general root integrity and allowing
secondary invasions by fungi and bacteria.

Sedentary Endoparasites
The second-stage juveniles of sedentary endoparasitic nematodes enter a root, take up a permanent
feeding site, and then develop into immobile, swollen adult females within the root.
Root knot nematodes (Meloidogyne spp.). Five
species of root knot nematode are associated with
vineyards in California: Meloidogyne hapla (northern root knot), M. javanica (Javanese root knot), M.
incognita (southern root knot), M. arenaria (peanut
root knot), and M. chitwoodi (Columbia root knot).
These species have wide and variable host ranges, different temperature optimums, and different
degrees of pathogenicity.
Citrus nematodes (Tylenchulus semipenetrans).
Citrus nematodes were initially recognized as a
pathogen of citrus, although they are also common
on grapes in some areas of California.

Nematode Management
Before considering possible cover crops that might
be used to manage nematodes in vineyards, it is
important to discuss the fact that although a cover
crop may be used to reduce numbers of a particular nematode, the cover may act as a host for other
nematodes, pathogens, or pests. Cover crops are
not, generally, biological nematicides. Effective
nematode management using cover crops should be
based on the integrated application of several control tactics. Manipulating the soil environment to

reduce pest densities and increase plant tolerance
requires recognition of the soil food web and the
ecological relationships among host plants, their
parasites, and other soil fauna.
Some of the interactions involving nematodes
within vineyards are depicted in diagrammatic
form in figure 10-3, and the use of cover crops
influences these interactions. The main grapevine
host and the nematode community are influenced
by external inputs such as cultural practices, water,
and nutrients. The diagram shows three different nematode species present (A, B, and C). The
nematodes act on the vines and the cover crop, and
the numbers of each nematode are affected by the
vines, cover crops, weeds, biological control agents,
and nematicides. Nematodes A, B, and C may react
differently to the grapevines, the cover crops, and
control tactics, resulting in changes in the densities
of A, B, and C. For example, suppose that the most
numerous nematode is A, and that it is very damaging to grapevine. Suppose that B and C are less
damaging to grapevine and that they are present in
low and moderate numbers, respectively. The use
of a cover crop susceptible only to B will eventually change the nematode community to a structure
where B may become more numerous and A and C
are rare. Although B was not a problem previously,
because of the cover crop it has increased to the
point where it damages the grapevine. The ultimate
value of using such a cover crop depends on the
pathogenicity of nematode B relative to the vines.
The presence of weed hosts for our nematodes may
alter this scenario.
Importantly, the nematode community consists
of many species, certainly more than the hypothetical A, B, and C, and all nematodes present may not
be plant-parasitic nematodes. They may be bacterial or fungal-feeding nematodes, and they may be
influenced by the unique bacteria associated with
the roots of alternative crops.
It has been suggested that an increase in the
numbers of bacterial and fungal-feeding nematodes
that serve as prey for nematode-parasitizing bacteria
or fungi may, in turn, stimulate an increase in natural biological control, further reducing the numbers
of plant-parasitic nematodes in the community
(Linford, Yap, and Oliveira 1938). Incorporation of
cover crops may act to reduce nematode numbers
via such a mechanism. As figure 10-3 reveals, successful nematode management requires that many
ecological interactions of potential importance be
considered.
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Figure 10-3. A vineyard is a system of many different
interactions, and nematode management strategies may
affect other aspects of the system. A particular cover
crop may only influence one of the nematodes in a
field, potentially allowing the others to increase to pest
status. Thus, nematode management practices should
consider other potential problem pests.

Nematode Genetic Variability
Geographic isolates of nematode species, which
may be designated as races, pathotypes, or biotypes,
differ significantly in their ability to parasitize certain plants. Thus, a cover crop that is reported to
reduce numbers of a particular nematode species in
one geographic location may not reduce numbers of
that nematode species in another geographic location. For example, there are currently four distinct
host races of Meloidogyne incognita as characterized by its ability to parasitize cotton, peanut,
pepper, tobacco, and tomato, and the recognition
of these races allows us to detect only a small fraction of the variability in host specificity that occurs
among root knot nematodes (Caswell and Roberts
1987; Roberts 1995; Thomason and Caswell 1987).

Cover Crops and Nematode Management
Cover crops can provide a number of benefits in
vineyards, as described in chapter 1. They can be
grown during replant intervals or between vines
in established vineyards. If cover crops are used
as part of a nematode management program, there
are several potential problems that may become
evident, including competition with the grapevines
and the potential of elevating a secondary nematode or insect pest to primary pest status. Therefore,
cover crops should be selected with consideration
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of the cropping system and other potential pests
that exist at a site (see fig. 10-3).
Plant-parasitic nematodes are obligate parasites
and require a host plant for reproduction, thus
offering opportunities to interfere with the nematode life cycle. Cover cropping specifically for the
suppression of nematode populations is receiving
increased attention (Reddy et al. 1986; Yeates 1987;
Rodríguez-Kábana et al. 1988a). Cover crops may be
grown in place for nematode control as a trap crop
(Godfrey and Hoshino 1934), or for their foliage,
which may be incorporated or used to obtain pesticidal extracts.
Cover crop influence on nematode life cycle.
Successful reproduction by plant-parasitic nematodes is achieved only after feeding on a host plant,
and in some species only after males find females
and mate (fig. 10-2). The goal of nematode management is to interfere with some stage in the nematode
life cycle and thereby reduce nematode reproduction. Cover crops can affect the nematode life cycle
in many important ways (fig. 10-4), including:
•	Acting as nonhosts and preventing nematode
reproduction
• Generating root exudates that stimulate nematode
hatch and activity in the absence of a host, resulting in increased nematode mortality
• Producing root exudates that attract nematodes
to penetrate roots, but the roots do not support
nematode development and maturation (a trap
crop)
• Producing root exudates that interfere with nematode orientation to host roots or with male orientation to female nematodes
•	Creating nematicidal root exudates
• Producing foliar compounds that are nematicidal
when incorporated into soil
•	Acting as a poor host that allows only limited
nematode reproduction (fig. 10-4).
Because different cover crops may affect the
nematode life cycle at a different point, it is possible that combinations of cover crops, each of which
targets a different stage in the nematode life cycle,
may be particularly effective.
There are many advantages to using cover crops
to manage nematodes, including decreasing nemati-

long-term studies for observing changes in fields
over years have been initiated.
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Figure 10-4. A diagrammatic representation of the life
cycle of a plant-parasitic nematode (for detail of stages
see fig. 10-2). Between each of the stages in the life
cycle, the potential influence of cover crops on each
stage are mentioned. Different cover crops may influence different stages in the life cycle.

cide use, improving soil fertility and structure, and
possibly aiding in the management of other pests.
Potentially negative aspects of using cover crops
include the potential for elevating a secondary nematode pest to primary pest status, possible phytotoxicity to the primary crop following incorporation of
the cover crop, and the potential of some cover crops
to become weeds. An additional consideration is
that cover crop effectiveness in reducing nematode
numbers depends on nematode population densities, with many cover crops being less effective at
high nematode densities (Reddy et al. 1986)
Research addressing the influence of cover
crops on nematodes is often limited to single nematode species, and most agricultural fields have several different nematode species present. Selecting
appropriate cover crops to reduce nematode numbers requires a knowledge of the different nematode
species and pathotypes or races (if possible) present
in a field. Each cover crop species may be a host
to one or more of the nematode species present in
a field and a nonhost for remaining species. The
cover crop selected should depend on which of the
nematodes are the object of the management strategy. An additional problem that relates to the interpretation of available information on cover crops
for use in California is that much of the research
was not conducted over long time periods. More

Nematode–host plant interactions. A substantial
amount of information on plant-nematode interactions has been compiled into a computer database
(NEMABASE) by UC Davis nematologists (CaswellChen et al. 1995). Once a grower knows what
nematodes are present in a field, the database can
be searched for plants resistant to those nematodes.
Consult the University of California IPM program
or your local University of California Cooperative
Extension Farm Advisor for information on access
to the database, or consult the UC Davis Department
of Nematology World Wide Web site http://ucdnema.ucdavis.edu.
Effects of cover crops on nematode numbers. Much
of the research on cover crops and nematodes has
been conducted in the southeastern United States
and often deals with cover crops used in rotations.
When consulting the literature to aid in selecting
a cover crop, it is important to consider several
factors. First, several different nematodes may be
pres-ent in a field, and a potential cover crop will
have a different host status relative to different
nematode species (table 10-1). Different geographic
populations or isolates of a nematode species may
possess different capacities to parasitize certain
plant species, so that the results reported from one
geographic location for a nematode species may
not hold in another location. Also, different cultivars of the same plant species may have different
capacities to support certain nematode species. In
addition, when grown as companion cover crops,
some covers may reduce crop yield or act as hosts
for other pests or pathogens.
Cool-season cover crops grown during the fall,
winter, and early spring may be able to escape nematode damage because this period is when plant-parasitic nematodes are least active. Timing of seeding
and tillage can also be important in determining the
degree of nematode activity and the extent to which
nematodes attack the cover crops.
Rodríguez-Kábana and Ivey (1986) explored the
effects of crop rotations for managing Meloidogyne
arenaria in peanut. They found that a winter cover
of rye (Secale cereale) had no effect on nematode
densities in the following summer crops of peanut,
soybean, or corn, but the cover crop did lead to
increased yields in the soybean and corn.
In Florida, Gallaher et al. (1988) tested hairy
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Table 10-1. Summary of nematode-host interactions on several potential cover crops
Cover crop

Meloidogyne
hapla

M.
incognita

M.
javanica

M.
arenaria

Pratylenchus
vulnus

Criconemella
xenoplax

Xiphinema
americanum

X.
index

								
Alfalfa,
susceptible
poor host poor host nonhost
nonhost
host
host
NDA*
‘Moapa’
(Medicago
sativa)
		
Barley,
host
poor host good host host
nonhost
host
antagonistic
nonhost
‘Columbia’					
antagonistic
(Hordeum
vulgare)
Brome,
‘Blando’
(Bromus
hordeaceus
ssp.
molliformis)

host

nonhost

NDA	

NDA	

Marigold
host
host
host
nonhost
(Tagetes 			
trap crop
spp.)
			
		
Sudangrass,
poor host
good host host
host
SS-222					
(Sorghum
sudanense)

nonhost

host

good host

poor host

NDA	

host

NDA	

NDA

nonhost
antagonistic

antagonistic

antagonistic

nonhost

probable host

NDA	

NDA

host

antagonistic

nonhost

probable
nonhost

NDA	

NDA

probable
nonhost

NDA	

NDA

Strawberry
host
poor host poor host nonhost
probable
clover,					
nonhost
‘Salina’
(Trifolium
fragiferum)
		
Vetch,
good host
poor host host
host
host
‘Cahaba			
trap crop
White’
(Vicia sativa
× Vicia
cordata)
		
Wheat,
NDA	
NDA	
NDA	
NDA	
NDA	
‘Coker 						
916’
(Triticum
aestivum)
		
Vetch,
probable
probable
probable
probable
probable
‘Nova II’
host
nonhost
nonhost
nonhost
nonhost
(Vicia spp.)
		

*No data available.
Note: Data summarized from McKenry (1992) in California and Nyczepir and Bertrand (1990) in Georgia and South Carolina.
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vetch and four vetch cultivars (‘Vantage,’ ‘Cahaba
White,’ ‘Vanguard,’ and ‘Nova II’) in sandy loam
soil using tillage and no-till regimes preceding
corn or sorghum. Densities of M. incognita were
much higher on hairy vetch than on any of the four
hybrid vetch cultivars, and the root-gall index was
greatest for hairy vetch. McKenry, Buzo, and Kaku
(1990) found that ‘Cahaba White’ vetch (Vicia sativa
× V. cordata) is an excellent host for M. hapla but
a poor host for M. javanica. The ring nematode
(Criconemella ornata) occurred at high densities on
‘Vantage,’ ‘Cahaba White,’ and ‘Vanguard’ (Gallaher
et al. 1988). Numbers of Pratylenchus brachyurus in
roots were particularly high for ‘Cahaba White’ and
‘Vanguard.’ Pratylenchus brachyurus and Paratrichodorus minor attained statistically similar densities on all five vetches. The tillage regime had
little effect on nematode densities, except that ring
nematode occurred at significantly higher densities
under no-till management.
To date, subterranean clovers (Trifolium subterraneum) have shown very limited resistance
to Meloidogyne spp. (Baltensperger et al. 1985;
Kouame et al. 1989; Pederson and Windham 1989).
This indicates problems for their use as cover crops
with grapes in areas where Meloidogyne spp. are a
problem. Sacka-Kuri et al. (1986) evaluated five cultivars (‘Auburn Reseeding,’ ‘Tibbee,’ ‘Chief,’ ‘Dixie,’
and ‘Autauga’) and three advanced lines of crimson
clover for reaction to three Meloidogyne species,
and all were intermediately to highly susceptible.
In Mississippi, Windham and Pederson (1989)
assessed the sensitivities of three white clover cultivars and two accessions to four races of M. incognita. All the white clover strains were excellent
hosts to all the root knot nematode populations and
races tested. The germplasm SC-1 was moderately
tolerant to race 1 and race 4, and ‘Louisiana S-1,’ a
cultivar, appeared moderately tolerant to race 2.
Warm-season cover crops are grown during
warm periods when plant-parasitic nematodes are
most active. Some of these covers have shown
marked resistance to several important nematodes.
In the southeastern United States, Rhoades (1980,
1983, 1984), Reddy et al. (1986), and RodríguezKábana et al. (1988a, 1988b) have shown that warmseason cover crops suppress nematodes that might
otherwise seriously damage succeeding cash crops.
American jointvetch (Aeschynomene americana),
cowpea (Vigna unguiculata ssp. unguiculata), and
hairy indigo (Indigofera hirsuta) appear promising
for reducing Meloidogyne species.

Various marigolds (Tagetes spp.) can suppress
several different nematode species (Gommers and
Bakker 1988). The mode of action has been hypothesized to be through nematicidal chemicals contained in marigold tissues (Gommers and Bakker
1988). Incorporation of fresh marigold (Tagetes patula cv. Janie) refuse followed by irrigation reduced
populations of lesion (Pratylenchus vulnus) and
pin (Paratrichodorus minor) nematodes in a plum
orchard (McKenry 1991). However, plum yields
collected 11 months after incorporation revealed
slight phytotoxicity (McKenry 1991), indicating a
potential problem. Although most populations of
the northern root knot nematode, M. hapla, failed
to reproduce on T. erecta cv. Carnation, a biotype
from Virginia was observed to reproduce (Eisenback
1987). Field populations of M. incognita were
effectively reduced by growing T. erecta in Florida
(Reddy et al. 1986). Tagetes erecta did not support
reproduction of Pratylenchus penetrans (MacDonald
and Mai 1963) and has been observed to reduce
populations of P. brachyurus in the field (Reddy et
al. 1986).
Some grasses and tropical legumes, although not
currently used in California vineyards, may actually suppress nematode populations. Several cultivars of bermudagrass (Cynodon dactylon ‘Coastal,’
‘Coastcross-1,’ and ‘Tifton 44’) are resistant to root
knot nematodes (M. incognita and M. arenaria) and
can be used in rotation with crops susceptible to
root knot (Windham and Brink 1991). Elymus glaucus was not galled by M. javanica but did support
nematode reproduction (Araya and Caswell-Chen
1994a). Agrostis alba (redtop), Festuca rubra var.
commutata (chewings fescue), F. rubra (red fescue),
Poa compressa (Canadian bluegrass), and Hordeum
vulgare (barley cv. ‘Erie’) were observed to be very
poor hosts for P. penetrans, although subjecting the
plants to frequent foliar pruning seemed to improve
their host status, especially for P. compressa and F.
rubra var. commutata (MacDonald and Mai 1963).
Other warm-season tropical legumes such as
Concanavalia ensiformis and sunn hemp (Crotalaria
juncea) may reduce nematode numbers. Sunn
hemp is reported to reduce soil populations of several different species of plant-parasitic nematodes,
including the root knot nematodes and reniform
nematodes (Caswell et al. 1991; Good, Minton, and
Jaworski 1965; McKee et al. 1946; Roman 1964;
Rotar and Joy 1983). Crotalaria juncea cv. Tropic
Sun and PI 207657 were resistant to penetration
(Araya and Caswell-Chen 1994b) and did not
develop galls when inoculated with M. javanica.
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However, nematode reproduction was supported in
some plants (Araya and Caswell-Chen 1994), which
was probably the result of genetic variation among
individual plants.
Cover crops as green manure. The benefits of
adding organic matter to soils have long been
recognized. The beneficial effect of organic matter incorporation for nematode management is
generally considered to be due to direct or indirect
stimulation of nematodes and soil microorganisms
that are predators and parasites of plant-parasitic
nematodes. The incorporation of organic matter
may serve to increase the nematode community
diversity. This increased diversity can prevent the
domination of the nematode community by a single
species, encourage the activity of nematode antagonists, and increase linkages within the soil food
web. The addition of organic matter may provide
an energy source for facultative nematode parasites,
such as some fungi. Linford and coworkers (Linford
1937; Linford, Yap, and Oliveira 1938) proposed
the hypothesis that adding organic matter to soil
increased the activity of nematode-trapping fungi.
Many of the successful experimental additions
of nematode-parasitic fungi to soil have included
the addition of organic matter to the soil along with
the fungus. The enhancement of nematode-trapping
fungi by organic matter often lasts for only short periods of time, a few weeks for example, and does not
typically exert a strong effect on nematode population
densities (Kerry 1987). Van den Boogert et al. (1994)
provided some confirmatory evidence for Linford’s
hypothesis, observing the importance of organic soil
amendments for reductions in numbers of plant-parasitic nematodes. In microcosm experiments, the addition of lucerne meal or barley root systems resulted
in increased densities of bacteria-feeding nematodes,
corresponding with increased densities of a nematode-parasitic fungus, Drechmeria coniospora (Van
den Boogert et al. 1994). Brzeski et al. (1993) incorporated residues of white mustard, phacelia, oat,
and field pea that had been grown as intercrops, and
subsequently observed rapid increases in bacteria,
closely followed by increased numbers of bacteriafeeding nematodes. Fungal densities increased later,
although fungal-feeding nematode numbers did not
increase. The increased populations of microorganisms and the nematodes grazing on them declined 3
months after incorporating the green manure (Brzeski
et al. 1993). Addition of earthworm compost (vermicompost) to soil suppressed Phytophthora nicotianae
var. nicotianae and Fusarium oxysporum f. sp. lycopersici, but did not decrease numbers of Meloidogyne
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hapla or another plant-parasitic nematode, Heterodera
schachtii (Szczech et al. 1993). Thus, the simple addition of organic matter should not always be counted
on to reduce numbers of plant-parasitic nematodes.
The condition and decomposition status of organic
amendments may influence nematode suppressiveness, but the relationships are not currently defined,
and further studies are required in this area (Stirling
1991).
Soil amendments. The addition of a range of soil
amendments, such as cover crop residue, chitin,
sesame chaff, animal manure, humic acid, organic
fertilizer, compost, or proprietary mixtures of beneficial microbials is generally proclaimed to be beneficial to plant growth. With respect to nematode
management, such benefits may include stimulation of the growth of nematophagous fungi that may
be present; improvements in soil structure, water
retention, and plant nutrition, which would reduce
stress on nematode infested plants; and production
of nematicidal breakdown products. Because of the
complex nature of the interactions that may occur,
interpretation of results following addition of soil
amendments is difficult. Sufficient data is not available to predict with any certainty the nematode
mortality that might be obtained with these materials. In some cases, the addition of amendments has
resulted in phytotoxicity on some crops. Also, it is
possible that nematode populations could increase
following use of an amendment. If the amendment
results in reduced stress on the crop and the development of a healthier root system, this root system could support a larger nematode population.
Leaving untreated areas to compare with amended
areas is a good method for judging the success
or failure of soil amendments. Evaluation should
include both nematode samples and plant yield.

Bibliography
Anonymous. 1992. Biological nematode control. Hanover, Germany:
Saaten Union.
Araya, M., and E. P. Caswell-Chen. 1994a. Host status of Crotalaria
juncea, Sesamum indicum, Dolichos lablab, and Elymus glaucus to
Meloidogyne javanica. Journal of Nematology 26:492–497.
———. 1994b. Penetration of Crotalaria juncea, Dolichos lablab,
and Sesamum indicum roots by Meloidogyne javanica. Journal of
Nematology 26:238–240.
Ayoub, S. M. 1980. Plant nematology—An agricultural training aid.
Sacramento: NemaAid Publications.
Baltensperger, D. D., K. H. Quesenberry, R. A. Dunn, and M. M.
Abd-Elgawad. 1985. Root knot nematode interaction with berseem
clover and other temperate forage legumes. Crop Science 25:848–
851.

Barker, K. R., and J. L. Imbrianai. 1984. Nematode advisory programs-Status and prospects. Plant Disease 68:735–741.
Belcher, J. V., and R. S. Hussey. 1977. Influence of Tagetes patula
and Arachis hypogaea on Meloidogyne incognita. Plant Disease
Reporter 61:525–528.
Birchfield, W., and F. Bistline. 1956. Cover crops in relation to the
burrowing nematode, Radopholus similis. Plant Disease Reporter
40:398–399.
Brown, D. J. F., A. Dalmasso, and D. L. Trudgill. 1993. Nematode
pests of soft fruits and vines. In E. Evans, D. L. Trudgill, and J. M.
Webster, eds., Plant parasitic nematodes in temperate agriculture.
London: CAB International.
Brown, D. J. F., W. M. Robertson, and D. L. Trudgill. 1995.
Transmission of viruses by plant nematodes. Annual Review of
Phytopathology 33:223–249.
Brzeski, M. W., U. Smolinska, M. Szczech, M. Paul, and J.
Ostrzycka. 1993. Short-term effect of green manuring on soil-inhabiting nematodes and microorganisms. Nematologia Mediterranea
21:169–176.
Caswell, E. P., and P. A. Roberts. 1987. Nematode population genetics. In J. A. Veech and D. W. Dickson, eds., Vistas on nematology.
Hyattsville, MD: Society of Nematologists.
Caswell, E. P., J. DeFrank, W. J. Apt, and C. S. Tang. 1991. Influence
of nonhost pants on population decline of Rotylenchulus reniformis. Journal of Nematology 23:91–98.
Caswell-Chen, E. P., H. Ferris, B. B. Westerdahl, and R. L. Sloan.
1995. A PC/MAC-platform database on the host status of crop and
weed species to plant-parasitic nematodes. Nematology Newsletter
41:7–8.
Culbreath, A. K., R. Rodríguez-Kábana, and G. Morgan-Jones.
1985. The use of hemicellulosic waste matter for reduction of the
phytotoxic effects of chitin and control of root knot nematodes.
Nematropica 15:49–75.
Dackman, C., H.-B. Jansson, and B. Nordbring-Hertz. 1992.
Nematophagous fungi and their activities in soil. In G. Stotzky
and J.-M. Bollag, eds., soil biochemistry. Vol. 7. New York: Marcel
Dekker.
Decraemer, W. 1991. Stubby root and virus vector nematodes: Trichodorus, Paratrichodorus, Allotrichodorus, and
Monotrichodorus. In W. R. Nickle, ed., Manual of agricultural nematology. New York: Marcel Dekker.

Ferris, H., C. E. Castro, E. P. Caswell, B. A. Jaffee, P. A. Roberts, B.
B. Westerdahl, and V. M. Williamson. 1992. Biological approaches
to the management of plant-parasitic nematodes. In M. L. Flint et
al., eds., Beyond pesticides: Biological approaches to pest management in California, Oakland: University of California Division of
Agricultural and Natural Resources, Publication 3354.
Freckman, D. W., and E. P. Caswell. 1985. The ecology of nematodes
in agroecosystems. Annual Review of Phytopathology 23:275–296.
Gallaher, R. N., D. W. Dickson, J. F. Corella, and T. E. Hewlett. 1988.
Tillage and multiple cropping systems and population dynamics of phytoparasitic nematodes. Supplement to the Journal of
Nematology 2:90–94.
Gardner, J., and E. P. Caswell-Chen. 1994a. Penetration, development, and reproduction of Heterodera schachtii on Fagopyrum
esculentum, Phacelia tanacetifolia, Raphanus sativus, Sinapis alba,
and Brassica oleracea. Journal of Nematology 25:695–702.
———. 1994b. Raphanus sativus, Sinapis alba, and Fagopyrum
esculentum as hosts to Meloidogyne incognita, Meloidogyne javanica, and Plasmodiophora brassicae. Supplement to the Journal of
Nematology 26:756–760.
Godfrey, G. H., and H. M. Hoshino. 1934. The trap crop as a means
of reducing root knot nematode infestations. Phytopathology
24:635–647.
Gommers, F. J., and J. Bakker. 1988. Physiological diseases induced
by plant responses or products. In G. O. Poinar and H.-B. Jansson,
eds., Diseases of nematodes. Vol. 1. Boca Raton, FL: CRC Press.
Good, J. M., N. A. Minton, and C. A. Jaworski. 1965. Relative susceptibility of selected cover crops and coastal bermudagrass to
plant nematodes. Phytopathology 55:1026–1030.
Goodell, P. B., and H. Ferris. 1989. Influence of environmental factors on the hatch and survival of Meloidogyne incognita. Journal of
Nematology 21:328–334.
Griffin, G. D. 1981. The relationship of plant age, soil temperature,
and population density of Heterodera schachtii on the growth of
sugar beet. Journal of Nematology 13:184–190.
———. 1988. Factors affecting the biology and pathogenicity of
Heterodera schachtii on sugarbeet. Journal of Nematology 20:396–
404.
Hafez, S. L., D. J. Raski, and B. F. Lownsbery. 1981. Effects of
Paratrichodorus minor (Colbran) Siddiqi on Thompson Seedless
grapevine. Revue de Nématologie (4) 115–120.

Eisenback, J. D. 1987. Reproduction of northern root knot nematode
(Meloidogyne hapla) on marigolds. Plant Disease 71:281.

Jatala, P. 1986. Biological control of plant-parasitic nematodes.
Annual Review of Phytopathology 24:453–489.

Eisenback, J. D., and H. H. Triantaphyllou. 1991. Root knot nematodes: Meloidogyne species and races. In W. R. Nickle, ed., Manual
of agricultural nematology. New York: Marcel Dekker.

Jones, F. G. W. 1970. The control of the potato-cyst nematode.
Journal of the Royal Society of Arts 117:179–199.

Fassuliotis, G. 1987. Genetic basis of plant resistance to nematodes. In J. A. Veech and D. W. Dickson, eds., Vistas on nematology.
Hyattsville, MD: Society of Nematologists.
Ferris, H. 1986a. Using nematode count data in crop management
decisions. California Agriculture 40:12–14.
———. 1986b. Nematode population dynamics and management. In
K. J. Leonard and W. E. Fry, eds., Plant disease epidemiology. Vol.
1. Population dynamics and management. New York: Macmillan.
Ferris, H., P. B. Goodell, and M. V. McKenry. 1981. General recommendations for nematode sampling. Oakland: University
of California Division of Agricultural and Natural Resources,
Publication 21234.

Kerry, B. R. 1987. Biological control. In R. H. and B. R. Kerry, eds.,
Principles and practice of nematode control in crops. London:
Academic Press.
Kloepper, J. W., R. Rodríguez-Kábana, J. A. McInroy, and D. J.
Collins. 1991. Analysis of populations and physiological characterization of microorganisms in rhizospheres of plants with antagonistic properties to phytopathogenic nematodes. Plant and Soil
136:95–102.
Kloepper, J. W., R. Rodríguez-Kábana, J. A. McInroy, and R. W.
Young. 1992. Rhizosphere bacteria antagonistic to soybean cyst
(Heterodera glycines) and root knot (Meloidogyne incognita) nematodes: Identification by fatty acid analysis and frequency of biological control activity. Plant and Soil 139:75–84.

Nematodes •

123

Kouame, C. N., D. D. Baltensperger, G. M. Prine, and R. A. Dunn.
1989. Screening subterranean clover (Trifolium spp.) germplasm for
resistance to Meloidogyne species. Journal of Nematology 21:379–
383.

Rhoades, H. L. 1980. Relative susceptibility of Tagetes patula
and Aeschynomene americana to plant nematodes in Florida.
Nematropica 10:116–120

Linford, M. B. 1937. Stimulated activity of natural enemies of nematodes. Science 85:123–124.

———. 1983. Effects of cover crops and fallowing on populations of
Belonolaimus longicaudatus and Meloidogyne incognita and subsequent crop yields. Nematropica 13:9–16.

Linford, M. B., F. Yap, and J. M. Oliveira. 1938. Reduction of soil
populations of the root knot nematode during decomposition of
organic matter. Soil Science 45:127–141.

———. 1984. Effects of fallowing, summer cover crops, and fenamiphos on nematode populations and yields in a cabbage-field corn
rotation in Florida. Nematropica 14:131–138.

MacDonald, D. H., and W. F. Mai. 1963. Suitability of various cover
crops as hosts for the lesion nematode, Pratylenchus penetrans.
Phytopathology 53:730–731.

Roberts, P. A. 1990. Resistance to nematodes: Definitions, concepts,
and consequences. In J. L. Starr, ed., Methods for evaluating plant
species for resistance to plant-parasitic nematodes. Hyattsville, MD:
Society of Nematologists.

Maggenti, A. 1981. General nematology. New York: Springer-Verlag.
———. 1991. General morphology and biology of nematodes. In
W. R. Nickle, ed., Manual of agricultural nematology. New York:
Marcel Dekker.
McKee, R., G. E. Ritchey, J. L. Stephens, and H. W. Johnson. 1946.
Crotalaria culture and utilization. Washington, DC: USDA Farmers
Bulletin 1980.
McKenry, M. V. 1991. Marigolds and nematode management.
University of California Kearney Plant Protection Quarterly 1(2):1–4
———. 1992. Cover crops and nematode species. Plant Protection
Quarterly 2:4–8.
McKenry, M. V., T. Buzo, and S. Kaku. 1990. Nematode control
potential of selected cover crops to diverse nematode species.
Final Report to the University of California Sustainable Agriculture
Research and Education Program. Davis, CA: UC SAREP.
McSorley, R., and D. W. Dickson. 1989. Nematode population density increase on cover crops of rye and vetch. Nematropica 19:39–51.
Miller, P. R., W. L. Graves, W. A. Williams, and B. A. Madson.
1989. Covercrops for California agriculture. Oakland: University
of California Division of Agriculture and Natural Resources,
Publication 21471.
Noling, J. W., and J. O. Becker. 1994. The challenge of research and
extension to define and implement alternatives to methyl bromide.
Supplement to the Journal of Nematology 26(4 sup):573–586.
Nyczepir, A. P., and P. F. Bertrand. 1990. Host suitability of selected
small grain and field crops to Criconemella xenoplax. Plant Disease
74:689–701.
Pederson, G. A., and G. L. Windham. 1989. Resistance to
Meloidogyne incognita in Trifolium interspecific hybrids and species related to white clover. Plant Disease 73:567–569.
Pesek, J. 1989. Alternative agriculture. Washington DC: National
Academy Press.

———. 1995. Conceptual and practical aspects of variability in root
knot nematodes related to host plant resistance. Annual Review of
Phytopathology 33:199–221.
Roberts, P. A., and I. J. Thomason. 1981. Sugarbeet pest management series: Nematodes. Oakland: University of California Division
of Agriculture and Natural Resources, Publication 3272.
Roberts, P. A., I. J. Thomason, and H. E. McKinney. 1981. Influence
of nonhosts, crucifers, and fungal parasites on field populations of
Heterodera schachtii. Journal of Nematology 13:164–171.
Roberts, P. A., S. D. Van Gundy, and H. E. McKinney. 1981. Effects
of soil temperature and planting date of wheat on Meloidogyne
incognita reproduction, soil populations, and grain yield. Journal of
Nematology 13:338–345.
Rodríguez-Kábana, R., and G. H. Canullo. 1992. Cropping systems
for the management of phytonematodes. Phytoparasitica 20:211–
224.
Rodríguez-Kábana, R., and H. Ivey. 1986. Crop rotation systems for
the management of Meloidogyne arenaria in peanut. Nematropica
16:53–63.
Rodríguez-Kábana, R., P. S. King, D. G. Robertson, C. F. Weaver, and
E. L. Carden. 1988a. New crops with potential for management of
soybean nematodes. Nematropica 18:45–52.
Rodríguez-Kábana, R., D. G. Robertson, L. Wells, and R. W. Young.
1988b. Hairy indigo for the management of Meloidogyne arenaria in
peanut. Nematropica 18:137–142.
Roman, J. 1964. Immunity of sugarcane to the reniform nematode.
University of Puerto Rico Journal of Agriculture 48:162–163.
Rotar, P. P., and R. J. Joy. 1983. ‘Tropic sun’ sunn hemp Crotalaria
juncea L. Honolulu: University of Hawaii Research and Extension
Service, Publication 036.

Poinar, G. O., and H.-B. Jansson. 1988. Diseases of nematodes. Vols.
1 and 2, Boca Raton, FL: CRC Press.

Sacka-Kuri, J., D. D. Baltensperger, R. A. Dunn, and G. R. Smith.
1986. Arrowleaf and crimson clover root knot nematode reaction.
University of Florida Institute of Food and Agricultural Sciences,
Agronomy Research Report AY86-15.

Radewald, J. D. 1977. Nematode diseases of food and fiber crops of
the southwestern United States. Oakland: University of California
Division of Agricultural and Natural Resources, Publication 4083.

Sayre, R. M., and D. E. Walter. 1991. Factors affecting the efficacy
of natural enemies of nematodes. Annual Review of Phytopathology
29:166.

Raski, D. J., and L. R. Kusberg. 1984. Nematode parasites of grapes
and other small fruits. In W. R. Nickle, ed., Plant and insect nematodes. New York: Marcel Dekker.

Schmitt, D. P. 1991. Management of Heterodera glycines by cropping and cultural practices. Journal of Nematology 23:348–352.

Reddy, K. C., A. R. Soffes, G. M. Prine, and R. A. Dunn. 1986.
Tropical legumes for green manure: Nematode populations and
their effects on succeeding crop yields. Agronomy Journal 78:5–10.

124 • Chaptaer 10

Spiegel, Y., E. Cohn, and I. Chet. 1986. Use of chitin for controlling
plant-parasitic nematodes: Direct effects on nematode reproduction
and plant performance. Plant and Soil 95:87–95.

———. 1987. Use of chitin for controlling plant-parasitic nematodes: Mode of action. Plant and Soil 98:337–345.
Spiegel, Y., I. Chet, E. Cohn, S. Galper, and E. Sharon. 1988. Use of
chitin for controlling plant-parasitic nematodes: Influence of temperature on nematicidal effect, mineralization, and microbial population buildup. Plant and Soil 109:251–256.
Stirling, G. R. 1991. Biological control of plant parasitic nematodes.
Wallingford, England: CAB International.
Stone, A. R. 1984. Changing approaches in nematode taxonomy.
Plant Disease 68:551–554.
Steudel, V. W., J. Schlang, and J. Muller. 1989. Studies on the influence of catch crops on population dynamics of the sugarbeet nematode (Heterodera schachtii Schmidt) in a sugarbeet/cereal rotation.
Nachrichtenblatt Deutscher Pflanzenschutzdienst 41:199–203.
Szczech, M., W. Rondomanski, M. W. Brzeski, U. Smolinska, and J.
F. Kotowski. 1993. Suppressive effect of a commercial earthworm
compost on some root-infecting pathogens of cabbage and tomato.
Biological Agriculture and Horticulture 10:47–52.

Bouwman. 1994. The role of organic matter in the population
dynamics of the endoparasitic nematophagous fungus Drechmeria
coniospora in microcosms. Nematologica 40:249–257.
Vandermeer, J. 1989. The ecology of intercropping. Cambridge:
Cambridge University Press.
Viglierchio, D. R. 1991. The world of nematodes. Davis, CA: agAccess.
Windham, G. L., and G. E. Brink. 1991. Host efficiency of bermudagrass to Meloidogyne incognita and Meloidogyne arenaria.
Nematropica 21:89–96.
Windham, G. L., and G. A. Pederson. 1989. Aggressiveness of
Meloidogyne incognita host races on white clover. Nematropica
19:177–183.
Yeates, G. W. 1987. How plants affect nematodes. Advances in
Ecological Research 17:61–113.

Thomason, I. J., and E. P. Caswell. 1987. Principles of nematode
control. In R. H. Brown and B. R. Kerry, eds., Principles and practice of nematode control. London: Academic Press.
Van den Boogert, P. H. J., H. Velvis, C. H. Ettema, and L. A.

Nematodes •

125

