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Development of a program for the management of soybean cyst 

nematode can be most logically developed when it is based on data 

from assays. These assays provide numbers of nematodes per unit 

of soil or population density. In the simplest form, the detection of 

the nematode is the basis for implementing a management pro

gram. In an effort to add more precision, an economic or damage 

threshold based on a relationship of number of cysts, eggs and/or 

juveniles to expected crop yield is employed to predict loss. 

Sampling for predictive purposes is typically done several weeks 

to several months before planting. Consequently, a management 

decision needs to be made on a projection of the number of infec
tive juveniles that will survive from sampling to planting (Ferris, 

1987). These methods used for prediction are static and do not 

account for the dynamics of the agroecosystem. 

After the discovery of soybean cyst nematode in the USA in 

1954, the focus was on management, giving little attention to host

parasite interactions. The ease of control with nematicides, espe-
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cially DBCP (Sasser and Uzzell, 1991), crop rotation (Sasser and 
Uzzell, 1991) and resistance (Brim and Ross, 1966), diminished 
the priority to understand the biology and population dynamics of 
the nematode. With the withdrawal of DBCP and EDB from the 
market and with the realization that the nematode had considerable 
genetic variability, some research efforts were shifted to under
standing population behavior and survival in relation to crop 
response. The need for basic soybean cyst nematode population 
information in relation to crop damage was further stimulated by 
the recognition of the ability of soybean cyst nematode to survive 
for long periods, the related challenges posed by grower utilization 
of short-term rotations and the development of Integrated Pest 
Management programs. 

Most diagnostic programs conducted by the Cooperative 
Extension Service, state agriculture departments, private consult
ants or research nematologists use the egg stage for diagnosis and 
prediction of crop loss (Tylka and Flynn, 1999). Management 
based on egg count data is adequately reliable. Unfortunately, soy
bean yield losses from damage caused by soybean cyst nematode 
are still high because of the limited adoption of nematode-man
agement programs. Even with a number of highly visible pro
grams directed at managing this pathogen, sampling of fields to 
determine its presence is well below the level needed to optimize 
management. The laborious and time-consuming nature of sam
pling is the likely reason for the lack of adoption by growers. 

In order to understand the rationale for timing and methods of 
sampling, aspects of population dynamics will be presented that 
will show how populations of soybean cyst nematode fluctuate 
through time and how some factors influence these fluctuations. 
The reasons for sampling are concisely explained in the second 
section entitled "Predictive Sampling". This brief section is fol
lowed by a relatively in-depth discussion of practical damage and 
economic thresholds. The chapter concludes with an assessment 
of the need for new developments that could, if adopted, enable 
more effective management of soybean cyst nematode. 
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POPULATION DYNAMICS 

Interest in understanding population dynamics of soybean cyst 
nematode is based on the economic need to prevent this pathogen 
from increasing to damaging levels. In general, understanding 
nematode life cycles and the factors governing changes in their 
population densities is basic to understanding nematode distribu
tion and related plant disease (Norton, 1978). The dynamics of 
populations are determined by two intrinsic factors: birth rate and 
death rate. Both egg production rates and life expectancy are 
genetically determined. These factors are modified by extrinsic 
factors including: host status, host vigor, environmental and 
edaphic factors. 

A reliable population census requires knowledge of the location 
of the nematode in the soil profile and population fluctuations of 
the nematode life stages through time. With the widespread occur
rence of soybean cyst nematode in the primary soybean producing 
regions, the assumption can be made that this nematode is present 
in most fields in measurable quantities, especially where symp
toms of the associated host disease are evident. Thus, sampling 
should be done at times of the year that provides the best estimate 
of the population density that is likely to be present at soybean 
planting time. The sampling protocol needs to consider the spatial 
distribution of the nematode. 

Host-parasite biology and the environment impact population 
fluctuations of soybean cyst nematode. In the spring when dia
pause is broken, eggs begin to hatch (Bonner and Schmitt, 1985; 
Koenning and Anand, 1991; Koenning et al., 1996), a process 
increased by host plant root exudates (Schmitt and Riggs, 1991). 
During this period of hatching and penetration, the soil population 
of eggs and juveniles decline until the first generation is mature 
and begins producing eggs (Fig. IA) (Bonner and Schmitt, 1985). 
Concurrent with the decrease in egg and juvenile numbers per unit 
of soil, large numbers of second-stage, third-stage and fourth-stage 
juveniles accumulate in the soybean root system (Fig. lB). Then, 
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Figure 1. Temporal population changes of soybean cyst nematode life 
stages during a soybean growing season. A) Soil. B) Roots. (Sources: 
Bonner and Schmitt, 1985; Schmitt and Ferris, 1998). 
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Figure 2. End of growing season population density of soybean cyst 
nematode eggs in southeast Missouri from plots planted in early May, 
late May to Early June and late June. (Source: Koenning and Anand, 
1991). 

as females mature, there is a decrease in the number of third-stage 
and fourth-stage juveniles in the root system (Fig. lB). From 28% 
to 56% of the juveniles that penetrate the roots of a susceptible 
soybean plant develop into adults (Acedo et al. , 1984; Schmitt and 
Riggs, 1989). After the first generation, number of the life stages 
will vary in their fluctuation pattern. As soil temperatures cool late 
in the growing season and plants mature, the number of juveniles 
and adult females decrease and the number of eggs increase with 
the onset of diapause (Bonner and Schmitt, 1985; Koenning and 
Anand, 1991; Schmitt et al., 1983) (Fig. 1-2). 

Under favorable conditions during the growing season, genera
tions of soybean cyst nematodes likely overlap because infection 
of the root by juveniles is continuous over time (Alston and 
Schmitt, 1988; Bonner and Schmitt, 1985). In addition, there is 
variability in the rate of completion of life stages. Unfavorable 
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environmental conditions, such as drought, may prevent or slow 
hatching, penetration and development. 

Over-winter or over-season survival of eggs varies by environ
ment and time .(Schmitt and Riggs, 1989) (See Chapter 5). Up to 
100% of soybean cyst nematode eggs survive from fall to spring 
in several northern states in the USA (Riggs et al., 2001). In North 
Carolina, winter survival varies from year to year, but at least 40% 
to 60% of the eggs survive over winter, whereas the survival rate 
in Florida is low. Soil factors (including texture, moisture and 
temperature), fungal parasites and production systems probably 
account for much of this variability (Chen and Dickson, 2004; 
Schmitt and Ferris, 1998). Some adaptations in diapause and other 
features of the population dynamics of soybean cyst nematode 
have likely occurred and are probably occurring as this nematode 
spreads to new habitats. 

During the growing season, the use of nonhost crops results in 
population declines of soybean cyst nematode and is central to 
successful soybean cyst nematode management programs. In 
some environments, growing a nonhost for one to two years may 
be adequate to reduce the population density sufficiently to pro
duce a profitable crop. However, growing a nonhost for several 
seasons may be necessary in other environments to reduce soy
bean cyst nematode populations to levels that will not damage a 
susceptible crop. This situation can be attributed to the capacity of 
the nematode to survive for many years in significant numbers in 
the absence of a host (Schmitt and Riggs, 1989). 

The horizontal spatial distribution pattern of most plant-para
sitic nematodes, including soybean cyst nematode, are usually 
aggregated (Fig. 3) and can be represented statistically by a nega
tive binomial (Francl, 1986a; Shomaker and Been, 1999). Factors 
impacting relative horizontal distribution include: in-field varia
tion of soil factors, distribution of weed hosts, cropping history, 
antagonists, parasites, soil erosion direction (wind and water) and 
direction of cultivation. For example, the orientation of nematode 
population densities usually parallels the direction of rows for row 
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Figure 3. Horizontal distribution patterns of soybean cyst nematode in 
a Greene County, North Carolina soybean field. A) juveniles and B) 
eggs. Note that the infestation patterns for eggs and juveniles are simi
lar even though numbers of eggs are much greater. (Courtesy of K. R. 
Barker). 
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crops (Alston and Schmitt, 1987; Francl, 1986b). The horizontal 
distribution of second-stage juveniles (Fig. 3A) is similar to that of 

eggs (Fig. 3B). However, the number of eggs are typically much 
greater than that of the juveniles, a factor that can be very impor
tant in sampling. Regardless of the life stage assessed, the aggre

gated distribution pattern of soybean cyst nematode must be con
sidered in assaying populations. The numbers generated from 

sampling could be incorporated into databases usable in "precision 
agriculture" application technology (Nutter et al., 2002; Tylka et 
al., 1998). 

Just as horizontal patterns of spatial distribution vary from 

field-to-field and over time, the vertical spatial pattern of soybean 
cyst nematode varies by field and over time. Soil type and host

root growth patterns greatly impact the vertical distribution pattern 
of this nematode. Its greatest numbers typically occur in the upper 
20- to 30-centimeters of the soil profile. However, considera!Jle 
numbers of cysts may be found at much lower depths in some soils 

(Alston and Schmitt, 1987), especially in deep sandy soils. 

PREDICTIVE SAMPLING 

Populations of soybean cyst nematode are assayed for a variety of 
reasons. These reasons include: detection, measuring abundance, 
determining changes in population density, especially as related to 

management practices, and determining genotype variability. The 
intensity of sampling depends on the purpose of the assay. 

Abundance and genotype variability are the most useful aspects of 
assays in predicting losses from damage caused by this pathogen. 

Estimating the number of soybean cyst nematode with reason

able accuracy from infested fields in which the nematode popula

tion is usually highly clustered requires careful sampling of the 
field and maximum efficiency in extraction. Accuracy in deter

mining the mean population density is associated with the number 
of cores per sample (Francl, 1986b ). Collecting paired samples in 
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each field increases the precision of the population estimate 
(Schmitt et al., 1990). In addition to these quantitative assays, 
assessment of HG Type (race) is needed for the selection of the 
most suitable resistant cultivar or cultivars (Koenning, 2000; 
Niblack et al., 2003) (See Chapters 4 and 9). Extraction methods 
vary in their efficiency and thus influence the number of speci
mens isolated. The number of eggs gives a reliable estimate of the 
population density of soybean cyst nematode. 

DAMAGE AND ECONOMIC THRESHOLDS 

Nematode damage functions are essential components in the for
mulation of thresholds for sustainable management practices (Noe 
et al., 1991 ). They can be used to predict yield suppression and to 
calculate economic thresholds. Even though this approach 
employs a static concept, it is useful in understanding the system 
and also has utility for optimizing decisions for soybean cyst nem
atode management. 

Thresholds for action in the management of soybean cyst nem
atode are based on the inverse relationships between the initial 
number of nematodes and crop yield. These inverse relationships 
were first described by Jones (1956), Seinhorst ( 1965) and 
Oostenbrink ( 1966) for potato cyst nematodes. They provided a 
logical basis for facilitating management decisions. Damage func
tion models have been developed for several species of nematodes, 
including soybean cyst nematode (Schmitt and Ferris, 1998). The 
principle component of the damage relationship is based on the 
initial number of nematodes (i.e., the population density at plant
ing). The initial population of soybean cyst nematode must be 
deduced because sampling is generally done several weeks prior to 
planting. · Sampling of egg populations can be performed at any 
time prior to soybean planting but adjustments may be needed for 
mortality from the time of sampling to the time of planting. For 
fields with low levels of infestation, the probability of detection 
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can be increased using bioassays. 
Some factors that affect damage to the soybean crop by soy

bean cyst nematodes include: host status, genetic variability of the 
pathogen, biological antagonists and environment (Schmitt and 
Ferris, 1998). Tolerance of soybean to soybean cyst nematode is 
impacted by the level of resistance in the host and the particular 
population of soybean cyst nematode (Koenning, 2000). The 
health of the juveniles and eggs affects the amount of damage 
caused by the nematode (Porter et al., 2001). Site-specific factors 
(sometimes referred to as the 'law of limiting factors'), such as soil 
and weather, impact the soybean cyst nematode-soybean interac
tion (Schmitt et al., 1987). 

Host status and genetic variability of soybean cyst nematode 
involve complex interactions. The levels of soybean resistance to 
any given population of the nematode may vary depending on the 
source of resistance and the amount of resistance captured from 
the parents (See Chapters 4 and 9). Likewise, the expression of 
resistance by any given cultivar varies with population of the nem
atode. Most populations of soybean cyst nematode are mixtures of 
several genotypes. Even when a population is classified as a spe
cific HG Type, there is usually a range of responses of a specific 
cultivar to the multitude of populations of that HG Type. The HG 
Types also vary in their mechanism of plant damage. For exam
ple, HG Type 2- (race 1) suppresses nodulation and nitrogen fixa
tion much more than HG Type 0- (race 3) (Lehman et al., 1971). 
The consequence is more plant damage by HG Type 2- (race 1) 
than by HG Type 0- (race 3) due to nitrogen deprivation. 

Many biological factors can alter nematode damage by affect
ing the vigor of the infective juveniles before and after hatching 
(See Chapter 11). For example, egg parasites can affect hatching 
and therefore alter expected crop yield (Chen and Dickson, 2004). 
Project leaders of some soybean breeding programs have been 
forced to relocate their nurseries because of severe decline of soy
bean cyst nematode populations (Hartwig, 1981 ). Similarly, con
tinuous soybean in no-till plots in North Carolina resulted in near 
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Figure 4. Yield of soybean in microplots infested with soybean cyst 
nematode (C), southern root-knot nematode (Me/oidogyne incognita) 
(R) ,  lesion nematode (Pratylenchus penetrans) (L) and/or stubby-root 
nematode (Paratrichodorus minor) (S). CK = not infested (contro l ) .  * = 
sign ificantly different from control (P < 0 .05) ;  a = sign ificantly d ifferent 
from soybean cyst nematode alone treatment (P < 0 .05) .  

zero population levels of soybean cyst nematode (Koenning et al. , 
1995), probably resulting from biological control. In addition to 
predators and pathogens, polyspecific nematode communities 
develop on soybean and other crops that may modify the impact of 
each nematode in the community. In North Carolina, for example, 
nematode taxa associated with soybean cyst nematode include 
several species of root-knot nematode (Meloidogyne spp.), at least 
two species of lesion nematode (Pratylenchus spp.), stubby-root 
nematode (Paratrichodorus minor), dagger nematode (Xiphinema 
americanum), stunt nematode (Tylenchorhynchus claytoni), two or 
more species of lance nematodes (Hoplolaimus spp.), spiral nema
todes (Helicotylenchus spp., Scutellonema spp.) and other nema-
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Figure 5. End-of-season population densities of soybean cyst nema
tode, southern root-knot nematode, lesion nematode and stubby-root 
nematode in single and polyspecific communities. A) Soybean cyst 
nematode (C), B) Southern root-knot nematode (R), C)  Lesion nema
tode (L) and D) Stubby-root nematode (S). * = numbers of nematodes 
are different (P < 0.05) in the polyspecific community than in the nema
tode alone treatment. 
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todes . .  For example, a microplot experiment in North Carolina 
illustrates the interactive affects of soybean cyst nematode and 
some of the associated nematode species (Fig. 4-5). HG Type 2-
(race 1) is so aggressive on soybean and damage is so severe that 
the presence of one or more of these other parasitic nematode taxa 
have only slight affects of the interactions between soybean cyst 
nematode and soybean yield (Fig. 4). The presence of southern 
root-knot nematode and lesion nematode had a negative impact on 
the reproduction of soybean cyst nematode (Fig. 5A). In turn, soy
bean cyst nematode suppressed reproduction of lesion nematode 
and stubby-root nematode (Fig. 5C-D). 

Microbivorous nematode activity within nematode and plant 
communities, including soybean cyst nematode, is probably bene
ficial to the plant. This aspect has been largely neglected in nem
atode community research. Rhizobacteria, often associated with 
bacterial-feeding nematodes, can suppress the population develop
ment of a number of plant pathogens, including nematodes, and 
enhance plant growth (Barker and Koenning, 1998; Kloepper et 
al., 1992). Population densities of bacterial-feeding nematodes 
can increase through certain cropping systems. Their numbers are 
directly correlated with yield of cotton and peanut (Taylor and 
Rodriguez-Kahana, 1999). Cropping systems probably could be 
designed for soybean cyst nematode infested-farms that would 
favor the development of microbivorous nematode populations. 
This biotic community should be beneficial to the soybean crop. 

Physical properties of soil are important determinates for the 
dynamics of soybean cyst nematode populations and the damage 
incurred. This nematode reproduces over a wide range of soil 
types (Koenning and Barker, 1995; Schmitt et al., 1987). It often 
produces the greatest number of progeny in the finer textured soils 
but usually causes less damage in fine-textured soils than in 
course-textured soils (Fig. 6). 

Soil oxygen and moisture content influence the nematode pop
ulation. Considering only soil moisture, it is not easy to discern its 
effect on soybean cyst nematode population change and soybean . 
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Figure 6. Effect of soil and soybean cyst nematode on soybean yield 
(MO = Missouri; NC = North Carolina) (Source: Barker and Noe, 1987). 

studies and for management decisions. For identification, the 

nematode population must be sampled first and then the nematode 
extracted from the soil. Efficiency (time and cost) of sampling and 

assay needs to be improved for assessing population densities of 

soybean cyst nematode since the host crop has a relatively low 
value. 

Even though precision agriculture technologies are not used 
today for soybean cyst nematode management, they do offer 

opportunities for more precise management (Nutter et al., 2002). 
Global Positioning Systems coupled with Global Information 

Systems can provide growers and their consultants with cost
effective and timely means of diagnosing the cause of plant stress 

in soybean fields (Nutter et al., 2002). Remotely sensed images 
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Figure 7. Impact of soybean cyst nematode on 'Ransom' soybean yield 
in microplots as affected by soil texture and moisture .  A) Cecil Sandy 
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in itial population density (Pl) of soybean cyst nematode. (Source: 
Modified from Koenning and Barker, 1 995). 
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indicating plant stress could be used to alert soybean growers 

when and where to check fields for the presence of soybean cyst 
nematodes (Tylka et al., 1998). 

Until the site-specific and precision agriculture technologies are 
widely adapted to soybean cyst nematode management, deci�ions 
for managing the nematode could be based on harvest indices 

obtained from yield monitor data (Copeland et al., 1996). These 

data can be used to locate areas of fields with stressed plants 
(Schneider et al., 1996; Tylka et al., 1998) as a means of evaluat

ing the cause of the lower yields. If soybean cyst nematode is 
present, then its numbers can be related to yield. 

Besides the field diagnosis, the laboratory component is still 

essential since most identification and quantification of nematode 
populations are done with the aid of a microscope. Automated 
identification and counting has been proposed. Differentiating 

various nematode species in most cases can still be accomplished 
more rapidly with manual methods, even though an automated 

system reduces the time requirement for counting by 80% (Been et 
al., 1996). In North Carolina, nematode identification and count

ing are determined manually, but the numbers are entered directly 
into the computer (lmbriani et al., 1997). The numbers are con
verted into a flexible hazard-index system and written to a data

base. These databases can be used for Web-based decision thresh

olds, which integrate the numbers with information about host 

( cultivar) status and environmental effects. 

In the future, computer recognition and counting systems cou
pled with molecular diagnostic tools could be vital aids for identi

fication. Technologies that could be included for molecular diag
nosis include: protein profiles (Ferris et al., 1986), isozyme analy

sis (Esbenshade and Triantaphyllou, 1988), serology and DNA 
Protocols (Barker and Davis, 1996; Fleming and Powers, 1998). 

Fleming and Powers (1998) suggested that PCR-RFLP might 
become the method of choice for cyst nematode diagnostics 

because of the sensitivity and robust nature of this technique. In 

Australia, DNA-based probes for the identification of cereal cyst 
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nematode (Heterodera avenae) and other associated pathogens in 

soil samples are now employed commercially for advisory pur

poses (J. Curran, personal communication). Highly efficient and 

reliable DNA means of identifying all soybean cyst nematode bio

types remain to be developed. The goal is a system that is accu

rate, rapid, simple, sensitive ' and quantitative at both the species 

and subspecies levels. 

Regardless of the technological sophistication for diagnosing 
soybean cyst nematode, educational programs for growers should 

enhance the level of adoption. However, adoption on a large scale 

may require incentives in addition to education. This will almost 

certainly require the involvement of social scientists. 
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