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Sustainable Approaches to the Management of Plant-parasitic Nematodes
and Disease Complexes
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Abstract: Physical, chemical, and biological factors of soil may reduce damage caused by plant-parasitic nematodes. Suppression of
plant-parasitic nematodes is particularly challenging in soils in which there are short crop sequences, sequential susceptible host
crops, or infestations of multiple nematode species. In southern Indiana, a watermelon production system involving rotations with
soybean and corn does not suppress Meloidogyne incognita, but several aspects of such systems can be modified to reduce nematode
damage in an integrated management approach. Cash crops with resistance to M. incognita can be used to reduce population
densities of M. incognita. Small grains as cover crops can be replaced by cover crops with resistance to M. incognita or by crops with
biofumigation potential. Mycorrhizal fungal inoculations of potting mixes during transplanting production of watermelon seedlings
may improve early crop establishment. Other approaches to nematode management utilize soil suppressiveness. One-year rotations
of soybean with corn neither reduced the soil-borne complex of sudden death syndrome (SDS) nor improved soybean root health
over that in soybean monoculture. Reduced tillage combined with crop rotation may reduce the activity of soil-borne pathogens in
some soils. For example in a long-term trial, numbers of Heterodera glycines and severity of foliar SDS symptoms were reduced under
minimum tillage. Thus, sustainable management strategies require holistic approaches that consider entire production systems
rather than focus on a single crop in its year of production.

Management of plant-parasitic nematodes is compli-
cated by the complexity of the soil environment (Norton,
1978). Chemical, biological, and cultural methods along
with the use of host plant resistance comprise manage-
ment strategies that have decreased the risk of damage
by many nematode species (Hague and Gowen, 1987;
Heald, 1987; Kerry, 1987; Halbrendt and LaMondia,
2004; Starr and Roberts, 2004). None of these techniques
is without challenges. For example, reliance on chemical
control has come into question because chemical pesti-
cides can have negative environmental and human health
effects and their usage is under review (Schierow, 2000;
Martin, 2003). Usefulness of chemical suppression also
can be restricted by regional production conditions. For
example, there are only narrow windows of opportunity
for pest management inputs if fields are occupied most of
the time suitable for plant growth. In particular, narrow
crop sequences with host crops of a specific plant-parasitic
nematode or infestations with multiple nematode spe-
cies can complicate the development of management
strategies. Integrated methods for the management of
plant-parasitic nematodes have been proposed for the
production of high and low-value crops (Brown, 1987;
McKenry, 1987). These strategies partially benefit from
physical, chemical, and biological factors in soil that
constrain activities of plant-parasitic nematodes and may

reduce their damage potential (Stirling, 1991; Robinson,
2004). An integrated management strategy requires
in-depth evaluation of the cropping system. Key questions
need to be answered before a successful holistic approach
to nematode management is designed. How are plants
established? How do vegetation and cropping period
overlap? Are there cover crop periods? What is the
crop sequence? What is the tillage system? Economical,
biological, practical and logistical feasibility of the
potential management strategy need to be addressed.

Cropping of high- and low-value Meloidogyne incognita
hosts in rotation In southern Indiana, crop sequences of
watermelon, soybean and corn, in combination with
cereal winter cover crops (Fig. 1), do not suppress
Meloidogyne incognita because all of these crops are hosts to
Meloidogyne incognita. This nematode is widely distributed
in the watermelon production area (Kruger et al., 2007).
Availability of resistance in the high-value, M. incognita-
susceptible watermelon is limited, although some recent
advances in identifying host plant resistance have been
made (Thies and Levi, 2007). Probably because of the
difficulty of obtaining host plant resistance, the alterna-
tive strategy of grafting desired watermelon scions on
root knot-nematode resistant rootstocks is currently ex-
plored (Thies et al., 2010). The production system is
restricted by the limited availability of days suitable for
soil fumigation, bare fallow, or summer cover cropping
of nematode-antagonistic plants because a crop occupies
the field most of the time when soil temperatures are
suitable. A holistic view of this cropping sequence must
be taken to design an integrated management system by
modifying incremental portions of the system to reduce
population densities of M. incognita throughout the
cropping sequence rather than single crops.

Three approaches will be discussed, whereby integrated
management could be applied to decrease nematode
damage. In the first approach, susceptible cash crops
could be replaced with cultivars with resistance to M. in-
cognita. This principle has been used to protect susceptible
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crops with few or no resistant cultivars in a sequence by
planting them after resistant cash crops (Westphal and
Scott, 2005; Koenning and Edmisten, 2008). For example
in cotton production, population densities of Rotylen-
chulus reniformis were reduced under R. reniformis-resistant
soybean to such levels that the following susceptible
cotton was protected from extensive nematode damage
(Westphal and Scott, 2005). In the current project, eight
cultivars were planted at early and late planting dates
into soil infested with both M. incognita and Heterodera
glycines, and two cultivars were planted in control plots
fumigated with 1,3-dichloropropene. Some of the tested
cultivars suppressed M. incognita following early and late
planting. Some cultivars with resistance to both nema-
todes produced competitive yields. Some cultivars were
resistant only to M. incognita but not to the widely dis-
tributed H. glycines (Kruger et al., 2008). This indicated
that infestations of multiple nematodes must be moni-
tored for optimal crop production (Weaver et al., 1995;
Kruger et al., 2008). Long-term, such management ap-
proach may be at risk for the development of popula-
tions that can overcome the resistance incorporated in
the cultivars because of the high level of selection pres-
sure (Young, 1992; Roberts, 2002). The risk for such
development may be mitigated if a gain in virulence is
associated with a loss in fitness as reported in tomato. In
that system, populations of M. incognita virulent on Mi-
carrying tomato were compromised in their fitness on
susceptible tomato and thus could potentially be counter-
selected against when susceptible cultivars would be
grown (Castagnone-Sereno et al., 2007). If these con-
cepts would apply to root-knot nematode on soybean is
mostly unknown. Meanwhile, new resistance sources
against root-knot nematodes in soybean are discovered
(Harris et al., 2003; Shannon et al., 2009).

As the second part of the integrated management
approach, the choice of winter cover crops, typically rye
and wheat in southwest Indiana, for reducing of wind and
water erosion may be improved. Rye and wheat are hosts
of M. incognita (Ibrahim et al., 1993: Kaloshian et al.,
1989) and nematode galling has been observed on rye
roots when it is grown as a winter cover crop (Westphal,

unpub. data). Several Brassica cover crops have shown
potential as substitutes, which either are resistant to
M. incognita, e.g., ‘Boss’ (Westphal et al., 2006) or have
biofumigation activity (Kirkegaard and Sarwar, 1998).
The use of cover crops that are not only resistant to
M. incognita but also produce biofumigants appear the
most suited for replacing cereals as winter crops. In a mi-
croplot trial, four treatments: fallow; M. incognita-resistant
oilseed radish, Raphanus sativus conv. oleiformis, ‘Boss’;
oilseed radish, susceptible to M. incognita, ‘Siletina’; and
rye. Secale cereale were established in two M. incognita-
infested, sandy loam soils in September. In the follow-
ing February, galling on Boss was much less than on
Siletina. At planting of watermelon in May, numbers of
M. incognita second-stage juveniles in soil were lowest
after bare fallow (i.e, unacceptable for erosion control
considerations), and were lower under Boss than under
Siletina and rye. At watermelon harvest, nematode
numbers in all treatments were similar (Westphal et al.,
2006). Although Boss, which is not winterhardy, sup-
pressed M. incognita, further improvements may be
obtained by incorporating Brassica cover crops such as
canola (Brassica napus) that can overwinter in Indiana.
Such cover crops could be established in the fall after
harvest of the precrop to watermelon, establish root
systems while reducing M. incognita, as a trap crop, and
continue producing biomass in the following early
spring. As a second benefit, residual canola biomass in
the spring would provide a substrate for biofumigation.

In a third management approach, planting plug
amendments, applied during seeding of watermelon
seeds into soil-less potting mix in seedling trays, are
considered. Transplanting to plastic-mulched beds is
standard practice in many watermelon production
areas (Hochmuth et al., 2001). In this transplanting
system, watermelon roots often appear less vigorous
than those of direct-seeded plants (Egel et al., 2008).
Mycorrhizal associations benefit vegetable root function
(Linderman, 1988) and may improve watermelon seed-
lings in this system. In the current project, watermelon
was tested as a host for vesicular arbuscular mycorrhizal
fungi. The colonization potentials of three commercial

FIG. 1. Example of watermelon-soybean-corn sequence in South Indiana with possible modification options.
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formulations of mycorrhizal inocula on watermelon
were compared to a non-inoculated control. Such seed-
lings were planted to M. incognita-infested field plots or
in a trial with two different P fertilizer levels. Seedlings
with amendments of mycorrhizal fungi with one type of
mycorrhizal fungus amendment produced increased early
vine length and another type of inoculum or a mycorrhizal
colonization-enhancing treatment increased early fruit
yield (Westphal et al., 2008). While the process of amend-
ing the potting mix with the mycorrhizal fungi inoculum
may create only limited expense, the utility of this method
will depend on product cost of the inoculum. Assuming
the cost of a single (seedless watermelon) transplant of
$0.28 (Taylor et al., 2008), the product cost depending
on formulation may vary between a few cents to close to
the cost of the transplant itself. As outlined by Taylor and
coworkers (2008) for the economics of using grafted wa-
termelon transplants (estimated cost: $0.75 each) in the
presence of Fusarium wilt, the feasibility of transplant
treatments depends on the risk for the soil-borne prob-
lem to occur and how much yield protection can be re-
alized. Although the amendment of planting plugs with
mycorrhizal fungi may not become a standard practice, it
may be beneficial in some instances to improve plant es-
tablishment and early fruit yield (Westphal et al., 2008).

In summary, watermelon production in southern
Indiana fields where M. incognita is present was im-
proved by implementing several low-cost production
modifications. Soybean cultivars with resistance to both
nematodes, M. incognita and H. glycines, were identified
and shown to suppress nematode populations. Cov-
ercropping with Brassica species with resistance to
M. incognita in some cases may offer the added benefit
of biofumigation activity. Finally, amendment of trans-
plant potting mixes with mycorrhizal fungi may im-
prove watermelon seedling vigor.

Effects of cropping systems on the severity of soil-borne
diseases of soybean: Cropping systems of low-value, large-
acre crops, e.g., soybean-corn production systems, face
different management challenges than high value crops
(Brown, 1987). In the Midwest, soybean and corn are
rotated in alternate years assuming that one year of the
non-host reduces soil-borne problems of the other crop.
In crop rotation trials at two locations in Indiana, soybean
root health and severity of foliar sudden death syndrome
(SDS) symptoms for monoculture soybean were com-
pared with soybean after either one-year of fallow (ei-
ther non-treated or treated with the biocide dazomet) or
one year of one of four corn hybrids (Xing and Westphal,
2009). At both locations, external root necrosis was re-
duced after fallow, and even more so after biocide-treated
fallow compared to plots with a crop in the previous year.
At one location, severity of foliar symptoms of SDS in the
soybean year in fallow treatments was lower than in other
treatments; the SDS foliar rating for monoculture soy-
bean was less than corn rotation for two hybrids. At the
second location, however, soybean in fallow plots had

higher foliar SDS ratings than corn treatment of soybean
plots; soybean monoculture had higher SDS ratings than
two of the corn hybrid treatments. In this study, corn did
not improve root health as well as a fallow or biocide-
treated fallow, suggesting that the soybean-corn crop
sequence leads to poor soybean root health (Xing and
Westphal, 2009).

Although effects of tillage practices on certain physi-
cal and biological properties of soil are well understood
(Kladivko, 2001), effects on soil-borne pathogens are not.
A long-term tillage trial in a mollisol infested with both
H. glycines and the SDS-pathogen, examined the follow-
ing continuous tillage treatments (listed in decreasing
order of soil disturbance): (I) plow + secondary tillage;
(II) chisel plow + secondary tillage; (III) ridge tillage;
and (IV) no tillage. Suppression of the two pathogens
is urgently needed because they cause concomittantly
increase damage on susceptible soybean (Xing and
Westphal, 2006). Tillage treatments were compared in a
corn-soybean rotation and in soybean monoculture.
The results showed that population densities of H. glycines
in the rotation were positively correlated with soil distur-
bance level, whereas in soybean monoculture population
densities were consistently high and unrelated to tillage
(Westphal et al., 2009). Foliar SDS symptoms, like nema-
todes, were decreased by decreasing tillage (Westphal,
unpub. data). Thus for some reason, decreasing tillage
appeared to increase pathogen suppression in soil where
crops were rotated.

Conclusions: Current cropping systems are often vul-
nerable to serious problems with plant-parasitic nema-
todes. Ecological and human health concerns, and
economic considerations require a holistic approach to
a truly integrated pest management system. Detailed
evaluation of the entire cropping system, though more
cumbersome than single crop-approaches, is essential
to integrate novel tools and strategies successfully into
these systems. ‘‘Silver-bullet’’ approaches must be replaced
by the combination of partial management tools for re-
ducing the risk of damage by plant-parasitic nematodes.
The benefits of novel management tools and agronomic
practices in improving sustainable agricultural production
require further exploitation to realize the goal of sus-
tainable production with minimal environmental impacts.
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