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Density-Dependent Nematode Seasonal Multiplication Rates 
and Overwinter Survivorship: A Critical Point Model 

H .  FERRIS ~ 

Abstract: Nematode multiplication rates Pf /Pi  and overwinter survivorship (Pi2/Pfl)  for Meloi- 
dogyne incognita were both adequately described by negative exponential models, indicating density 
dependence in each case. Density dependence of the multiplication rates is mediated by resource 
limitation and host damage; in survivorship rates it may be mediated by limitation of stored reserves 
or prevalence of antagonists. Parameters of multiplication rate models were crop specific and varied 
with host status and environmental suitability. Maximum multiplication rates (a) of nearly 1,000 
were measured for tomatoes. Equilibrium densities were sensitive to tolerance of the nematode by 
the crop. Overwinter survival rates varied among locations where cultural practices and length of  
infestation time differed. 

Key words: maximum multiplication rate, equilibrium density, cropping sequences, pest manage- 
ment, Meloidogyne incognita. 

The importance of the relationship be- 
tween crop growth or yield and preplant 
population densities of plant-parasitic 
nematodes has been well documented and 
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defined (6,12,13). Justification for studies 
of this relationship is based on the need for 
anticipation of nematode damage in plan- 
ning preplant nematode management  
strategies (3,4,6,11-13). Provided that ad- 
equate knowledge is available on cost-ben- 
efit effectiveness of management  ap- 
proaches, the predictions can be used for 
short-term optimization in nematode man- 
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FIG. l .  T h e  re la t ionsh ip  be tween  final a n d  initial 
popu la t ion  densi t ies  o f  Meloidogyne incognita on  to- 
matoes .  Data  set col lected over  4 years  in O r a n g e  
County ,  California.  N u m b e r s  o f  observa t ions  com-  
pac ted  into each  data  po in t  depic ted  at top  o f  f igure.  

tain the population at the same level at the 
end of  the growing season (14-16). In gen- 
eral, at higher Pi levels, resources become 
limited or the host is damaged so that the 
multiplication rate (Pf/Pi  ratio) decreases 
(Fig. 1). The  hypothesis is that the expect- 
ed multiplication rate of  a nematode pop- 
ulation decreases with density, and the 
nematode density is associated with the 
limitation of  food and space resources. 

Also important in optimizing nematode 
management over a multiple year cropping 
sequence is the survival of  nematodes be- 
tween growing seasons (3,4,9). Data gen- 
erated from the same experiments con- 
ducted for derivation of  damage functions 
and multiplication factors may allow de- 
velopment of  models for overwintering 
survivorship (rate of  survival). 

The  objective of  this paper is to explore 
the relationship between host status, nema- 
tode density, and nematode multiplication 
rate and inter-season survivorship. 

agement (5,10). Such single season opti- 
mization may result in nematode popula- 
tion densities detrimental to subsequent 
crops, and optimization of  cropping se- 
quences should be considered (3,4). At least 
three pieces of  information are necessary: 
1) the relationship between crop yield and 
preplant nematode population density (Pi); 
2) the expected multiplication of  the nema- 
tode population during the cropping sea- 
son; and 3) the overwintering survivorship 
of  the  n e m a t o d e  popula t ion .  Prep lan t  
nematode densities and expected crop val- 
ues may then be projected over several 
years (3,4). The  information provides the 
basis for a linear programming approach 
to the selection of  multiple cropping se- 
quences, while allowing flexibility of  man- 
agement through annual biological and 
economic monitoring. 

Analytical single-season models of nema- 
tode population increase, the relationship 
between final population density (Pf) and 
Pi, under a host crop have been developed 
(11,14-17) from the logic of  the familiar 
logistic equation (1). The  models redefine 
the rate of  increase and carrying capacity 
of  the logistic expression in terms of  the 
maximum multiplication rate (a) (Pf/Pi  at 
low population densities) and the equilib- 
rium density (E), that initial population at 
which there is just sufficient food to main- 

M A T E R I A L S  AND M E T H O D S  

Data: Experiments conducted over sev- 
eral years in southern California have stud- 
ied the relationship between various crops 
and preplant population densities of Me- 
loidogyne incognita (Kofoid and White) Chit- 
wood. At several sites, the same plots were 
used over a series of  years. The  standard 
experimental design was 30-60 4-row plots 
(approximately 5 m long, 25-m 2 area) for 
each crop at each location. The treatment 
imposed on each plot was a different Pi 
level achieved by differential cropping and 
low dosages of  nematicides. Standard com- 
mercial cultural and irrigation practices 
were applied. Besides crop yield measure- 
ments, Pi and Pf  values were determined 
as the mean population extracted from two 
2.5-cm-d, 12-core soil samples taken 30 cm 
deep. Soil samples were taken in the plant 
beds to assess population levels experi- 
enced by the plants. Preplant samples were 
removed approximately 2 weeks before 
planting, and post-harvest samples were 
taken immediately following harvest. Pop- 
ulation densities of  root-knot nematodes 
are expressed as the total of  eggs and sec- 
ond-stage juveniles per  1,000 grams soil, 
corrected for stage-specific efficiency of the 
elutriation-sugar flotation sieving (2) ex- 
traction technique employed. The  rela- 
tionship of Pf  in the fall to Pi the subse- 
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F]6. 2. Rela t ive  mul t ip l i ca t ion  r a t e  (P f /P i )  (log 
scale) in re la t ion  to Pi for Meloidogyne incognita on 
tomatoes ,  Same d a t a  set  used  as in F igu re  1. 

quent  spring provides a data  base for study 
of  overwinter  survival, including any den- 
si ty-dependent influences on survivorship. 

Models: Data f rom exper imental  plots in- 
dicate a s t rong density dependence  of  the 
multiplication factors (Fig. 2) and suggest 
a negative exponential  relationship be- 
tween the factor and natural  log (ln) Pi. It  
has become convent ion to express Pi data 
graphically on a log2 scale; however,  in the 
interests of  s tandardizat ion and avoiding 
confusion, a natural  log scale may be pref- 
erable. Accordingly,  the model P f / P i  = 
ce-b ~n P~ was selected as descriptive of  the 
data, where c is a scaling factor,  b a rate 
de te rmin ing  variable, and e is the base of  
the natural  logari thm. Since e ~" P~ = Pi, the 
model  may be rewri t ten as P f / P i  = cPi -b, 
so that  Pf  = cPi ~-b. 

Ano the r  model ing approach was tested 
for  predict ion of  nematode  multiplication 
factors. In the explanatory critical point  
model  of  Seinhorst  (13) (y = m + (1 - 
m)Z Pi-a" for Pi > T,  y = 1 for Pi -< T) for 
the relationship between crop growth and 
Pi, expected growth is a funct ion of  the 
propor t ion  o f  root  undamaged  by the 
nematode  population;  m is min imum yield 
at high nematode  densities, Z is a damage 
rate parameter  and a funct ion of  nematode  
virulence, and T is the tolerance limit. Ob- 
viously, the undamaged  propor t ion  of  the 
root  is also an indicator o f  the resources 
avai lable  to the  n e m a t o d e  p o p u l a t i o n ,  
ei ther  for new infection sites, or, t h rough  
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Fw,. 3. Re la t ive  mu l t i p l i ca t i on  r a t e  of  Meloidogyne 
incognita in r e l a t ion  to Pi, a c c o r d i n g  to the  model :  P f /  
Pi = ace -b i, P~ or  P f / P i  = acPi-b. Values  for Meloido- 
gyne incognita on tomatoes:  a = 860, c = 9.4, b = 0.688. 
O r a n g e  County,  Cal i fornia .  

its relationship to crop growth,  the food 
available to the nematode  population.  T h e  
propor t ion  of  undamaged  root  system may 
be a useful indicator of  nematode  multi- 
plication dur ing  a crop season. It would be 
satisfying to use the same model  to explain 
nematode  multiplication as that  used to de- 

scr ibe  crop growth relative to Pi. I at- 
tempted to use this model  to describe 
nematode  multiplication where yield of  
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O v e r w i n t e r  survival  of  Meloidogyne incog- 
nita in re la t ion  to fall popu la t i on  densi t ies ,  a cco rd ing  
to the  model :  P i 2 / P f l  ~ ee -b in Pfl or  P i 2 / P f l  ~ c 
Pf l  -b, cons t ra ined  by a m a x i m u m  value of  0.15, where  
c = 0.98 and  b = 0.424. T u l a r e  County ,  Cal i fornia .  
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nematode population is considered the rel- 
ative magnitude of  its increase through the 
growing season (Pf/Pi). 

Empirical observations of  overwintering 
survivorship data from experimental plot 
locations (Fig. 4) also indicate a negative 
exponential relationship, in this case to the 
natural log of  the final population for the 
previous year. Consequently, this model 
was applied to the data. In this case, the 
relationship is P i2 /P f l  = ce -b in erl, where 
Pfl  is the population entering the over- 
winter period and Pi2 is the population 
surviving. Then,  P i2 /P f l  = cPfl  -b and 
Pi2 = cPfl  1-8. 

Analyses: Measurements of  nematode 
multiplication and survival rates from ex- 
perimental plots are subject to the same 
kinds of  errors as measurements used for 
the development of  damage functions (7). 
Consequent ly ,  in examining  nema tode  
multiplication factors, it is convenient to 
minimize the expected and observed vari- 
ability by compacting the data sets into log- 
arithmic density classes (7). There  can log- 
ically be no n e m a t o d e  r ep roduc t i on  
calculated when Pi = 0; however, such an 
estimate may result from sampling error 
or from a population below the detectable 
level. A positive final population, often 
found in such plots, would indicate an in- 
finitely large multiplication factor. Hence, 
all data points with Pi = 0 were eliminated 
from the data set. The  reproduction fac- 
tors are calculated by determining the av- 
erage Pf  for all plots with Pi falling within 
a density class. The  average of  the Pi values 
within a density class represents the initial 
density estimate for that class. The  multi- 
plication factor is calculated as Pf/Pi .  

The  negative exponential models for 
both multiplication rates and survivorship 
were fitted to the data sets by linear regres- 
sion techniques after log transformation. 
Regression of ln(Pf/Pi) values against In Pi 
allows solution for an intercept value (In c) 
and a slope (b) from the equation: ln(Pf/  
Pi) = In c - b In Pi. Parameters of  the Sein- 
horst (13) damage function model for sea- 
sonal multiplication rates were determined 
by the algorithm developed by Ferris et al. 
(8) for fitting the model to yield and Pi 
data. 

To  standardize the models for different 
crops, it is convenient to divide through by 
the maximum multiplication rate (a) (14), 

so that Pf /P i  is expressed as a relative mul- 
tiplication factor (f) on a 0-1 scale: f = P f /  
aPi = (c/a)Pi -b. The  best estimate of  the 
maximum multiplication factor (a) occurs 
at low Pi. Since the (a) value provided by 
the lowest population density class in the 
data set (Figs. 2, 3) is subject to experi- 
mental and measurement error,  (a) is es- 
timated by the model prediction for the 
lowest Pi observed in the data set. Alter- 
natively, (a) can be calculated at that Pi 
value identified as the tolerance level in the 
host-plant damage function. The  rationale 
would be that this is the population level 
at which there is first evidence of  resource 
limitation. In the linear (logarithmic) form 
of the model, the intercept value (ln c) is 
corrected to the relative scale by subtract- 
ing the predicted estimate of (In a) at the 
lowest In Pi. The  (c) value in the exponen- 
tial model is determined by c/a .  The  slope 
parameter  (b) is not affected by the ad- 
justment  for maximum multiplication rate. 
For all population densities below the low- 
est observed Pi, the relative multiplication 
rate is assumed to be 1.0 (Figs. 2, 3). This 
rationale, of  course, assumes that under- 
population phenomena (18) do not exist in 
the data set. Such phenomena (depressed 
reproduction due to scarcity of  mates) are 
not a problem with parthenogenetic spe- 
cies. 

The equilibrium density (E) (14) is, like 
(a), an indicator of  host status of  the crop 
to the nematode and of  nematode pathoge- 
nicity on the crop. By definition, it is that 
Pi for which Pf /P i  = 1.0. Then,  1.0 --- cE -b 
in the model unadjusted for maximum 
multiplication rate, so E -- c ~/b. 

Since survivorship values are implicitly 
on a 0-1 scale, it is inappropriate to correct 
for any maximum survival in establishing 
parameters of  survivorship models. How- 
ever, the nature of  the negative exponen- 
tial model is such that as Pfl  approaches 
0, P i2 /P f l  approaches infinity. Therefore,  
it is necessary to constrain the upper range 
of  the proposed model to the highest sur- 
vivorship (max) observed in the data set. 

Model parameters for seasonal multipli- 
cation rates and overwinter survivorship 
were derived for several experimental lo- 
cations over several years to determine 
their stability. Data from a series of crops 
at each location were useful in that they 
provided a wide range of  Pf  values at the 
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TABLE 1. P a r a m e t e r s  o f  a nega t ive  exponen t i a l  m ode l  for  c rop  season popu la t ion  increase  o f  Meloidogyne 
incognita: f = acPi -b for  Pi > T ,  f = a for  Pi --- T .  

Crop Location Soil a* ct b:~ r~§ Ell T~ 

Process ing  t om a t oes  O r a n g e  C oun t y  L o a m y  sand  860 9.4 0 .688 0.99 207 25 
Process ing  t o ma t oes  Ke rn  C oun t y  Sandy  loam 990 23.4 0 .828 0.95 245 35 
Process ing  toma toes  Rivers ide  C o u n t y  Silt loam 544 108.8 1.056 0.85 210 84 
G r e e n  be a n s  O r a n g e  C o u n t y  L o a m y  s a nd  709 5.7 0 .630 0.92 164 15 
Bell p e p p e r  O r a n g e  C o u n t y  L o a m y  sand  599 28.2 0 .797 0 .99  226 65 
Can t a loup e  O r a n g e  C o u n t y  L o a m y  sand  586 1.0 0 .665 0.96 46 0 
Blackeye beans  Ke rn  C oun t y  Sandy  loam 21 6.8 0 .590 0 .94  23 25 

* Maximum seasonal multiplication rate. 
t Scaling factor of negative exponential model. 

Rate determining variable for effect of  increase in In Pi. 
§ Coefficient of determination for model fit to density-class data sets, 
II Equilibrium density (Pi when Pf/Pi = 1.0). 
¶ Tolerance limit in damage function: y = m + (1 - m)Z P~-r. 

end of  a cropping season, allowing an ap- 
propriate fit of  the survivorship model. On 
a single crop, Pf  values are often high, and 
data may be scarce for survival at low Pf  
values. 

R E S U L T S  

T h e  empirical  negat ive  exponent ia l  
model adequately described data sets tested. 
As an example, the relationship between 
Pf /P i  and Pi for processing tomatoes at the 
University of  California South Coast Field 
Station, Orange County, California, for 
data collected over a 4-year period, ex- 
hibits a classic example of  the effects of  
resource limitation on nematode multipli- 
cation (Fig. 1). Each point represents the 
mean of  several observations (denoted in 
the figure) within a logarithmic series den- 
sity class (7) to minimize effects of  sampling 
and experimental error. When Pf /P i  val- 
ues are calculated for this data set and log 
transformed to allow determination of  the 
parameters of  the negative exponential 
model, an excellent fit results (Fig. 2) and 
reveals the declining influence per  nema- 
tode with increasing population densities 

in the arithmetic form of  the model (Fig. 
3). 

Host status and environmental effects on 
seasonal multiplication rate were standard- 
ized to a 0-1 scale by dividing the model 
by the maximum multiplication rate (a) ob- 
served at the damage function tolerance 
limit. The  (a) value would be used as a mul- 
tiplier in the model: 

Pf /P i  = acPi -b 

The other parameters of  the model, c and 
b, were calculated for a series of  crops in 
Kern, Orange, and Riverside counties. The  
model was used to determine equilibrium 
density estimates for these crops (Table 1). 
The  negative exponential model was also 
an adequate descriptor of  nematode over- 
wintering survivorship relative to In values 
of  the population entering the winter pe- 
riod (Fig. 4). The  parameters of  this model 
were determined for different data sets and 
locations to determine their stability across 
years and locations (Table 2). 

Although the Seinhorst model (13) ap- 
plied to nematode reproduction rates is 
philosophically appealing, the fit of  the 

TABLE 2. P a r a m e t e r s  o f  a nega t ive  exponen t i a l  m ode l  for  ove rwin t e r  survival  o f  Meloidog'),ne incognita: 
f = acPi -b such  tha t  P i 2 / P f l  is t he  m i n i m u m  o f  m a x  and  f. 

Location Winter Max* c'{" b:~ r2§ 

O r a n g e  C o u n t y  1980-81  0.16 2.13 0 .267 0.44 
Kern  Coun t y  1 9 8 1 - 8 2  0.70 14.8 0 .608 0 .74  
T u l a r e  C o u n t y  1 1 9 8 3 - 8 4  0.31 6 .64  0.561 0.61 
T u l a r e  C o u n t y  2 1 9 8 3 - 8 4  0.15 0.98 0 .424 0.73 

* Maximum observed survivorship in data set. 
"{" Scaling factor of  negative exponential model. 
:~ Rate determing variable for effect of increase in In Pfl. 
§ Coefficient of determination for model fit to density-class data sets. 



98 Journal of Nematology, Volume 17, No. 2, April 1985 

model to the data was not satisfactory, es- 
pecially at higher population densities. The 
Seinhorst model is, in fact, exponential in 
form, as determined by defining Z -T = c 
and Z = e -b. Then: 

y = m + (1 - m)ce -bPi 

and the values (c) and (b) determined by 
linear regression techniques. This is es- 
pecially straightforward for m = 0 as with 
the multiplication data. However,  use of  
either this linear regression approach or 
the curve-fitting algorithm (8) produced 
parameters which were unsatisfactory pre- 
dictors of  nematode reproduction unless 
the initial population data were log-trans- 
formed, as in the empirical negative ex- 
ponential model. 

DISCUSSION 

Parameters of the negative exponential 
model for nematode multiplication rates 
were influenced by crop species, environ- 
mental suitability, and geographic location 
(Table 1). For processing tomatoes, max- 
imum multiplication rates (a) and equilib- 
rium density (E) reflected the favorable host 
status of  this crop (14,16) and can be used 
as benchmark high values for consider- 
ation of  the other  crops. The  (a) values 
were sensitive to soil texture, being highest 
in coarse-textured soils and in warm cli- 
mate regions (Kern County). Since (a) val- 
ues were measured at the population den- 
sity indicated  by a damage  funct ion  
algorithm (8) to be the tolerance limit (T) 
(13), the (c) value or Y-axis intercept of  the 
model is an analytical constant rather than 
a biological indicator of host status. The 
(b) value, or slope-determining parameter  
of  the model, is of  greater consequence. 
Higher (b) values indicate greater density 
dependence of  nematode multiplication, 
that is, greater impact per additional nema- 
tode on the decline of  the nematode mul- 
tiplication rate. In tomatoes the (b) values 
differed somewhat with environment, being 
highest in finer-textured soil and lowest in 
coarse-textured soils. For other  good hosts 
(green beans, bell pepper,  and cantaloupe), 
(a) values were similar to those for toma- 
toes. However,  equilibrium densities var- 
ied according to the tolerance of  the plant 
to the nematode. Bell pepper is tolerant to 
M. incognita and exhibited a high equilib- 
rium density, whereas cantaloupe is intol- 

erant, suffering damage at low population 
densities, resulting in a low equilibrium 
density. Cowpea cultivar California Black- 
eye 5 is a very poor host of  M. incognita, 
with low (a) and (E) values. The  magnitude 
of  these parameters indicates, however, 
that the nematode population will increase 
on this variety when at low Pis. 

A further logical step in the analyses de- 
scribed is the application of ranges and 
confidence intervals to the parameter es- 
timates. Since the estimates are derived 
from linear regression approaches, such 
ranges are readily de t e rmined ,  e i ther  
graphically or by calculation, by applying 
confidence bands to the model. Since the 
models presented are developed from data 
sets in which variability has been mini- 
mized by collapsing population levels into 
density classes (7), ranges associated with 
the current  estimates are very small (note 
high r ~ values). At least in part, the purpose 
of  this paper is to demonstrate the devel- 
opment and utility of  the application of  
critical point models of  nematode popu- 
lation processes to nematode management 
decisions. At this time, it seems inappro- 
priate to enter into the literature narrow 
ranges on parameter  estimates when these 
ranges are a function of  the experimental 
design, sampling methodology, and ana- 
lytical technique employed. 

Data sets for overwintering survivorship 
were smaller and somewhat less conclusive 
(Table 2). Maximum survivorship mea- 
sured in Orange County was 0.16, com- 
pared with 0.7 in Kern County. Since there 
are few low Pfl  values in the data sets, the 
maximum survivorship estimates are de- 
termined by extrapolation and their reli- 
ability and the statistical significance of dif- 
ferences will only be revealed by further 
experimentation and experience. Maxi- 
mum survivorship at other locations was 
variable even during the same winter. 
There  are several possible explanations. 
One is that the Orange County locations 
have a long history of  root-knot nematode 
infestation, whereas the nematode was in- 
troduced to field plots only 1 year earlier 
in the Kern County location. Survivorship 
values possibly reflect the relative buildup 
and establishment of  populations of  nema- 
tode antagonists in these locations. At the 
Tulare County 2 location, a winter spinach 
crop was grown, requiring several cultural 
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operations which probably reduced nema- 
tode survival. 

The  density dependence of survivorship 
is exhibited by the magnitude of the (b) 
value. The  (b) value was higher in Kern 
County than in Orange County, indicating 
a greater density effect on survival. This 
may substantiate the biological antagonist 
hypothesis, since the antagonists would be- 
come more prevalent in areas with higher 
population densities and long-standing in- 
festations, such as the Orange County lo- 
cation. Survivorship was intermediate at 
the Tulare  County 1 location at low Pi, but 
the (b) values were high, indicating greater 
density dependence. Here, yet another  in- 
terpretation is possible. The  Tulare Coun- 
ty 1 field is in a rotation of cotton and 
cowpeas. The  cowpea variety planted is a 
poor host of  the cotton race ofM. incognita, 
and population increase occurs only at low 
Pis. At higher Pis, the overwintering pop- 
ulation was produced at high competitive 
stress and may have had low levels of  food 
reserves, resulting in reduced survivor- 
ship. 

The  lack of fit of  the Seinhorst yield 
model (13) to seasonal population multi- 
plication rates is interesting. The  model is 
essentially a negative exponential relation- 
ship with nontransformed Pi values, as op- 
posed to the multiplication rate model 
proposed here with In Pi values (Pi -b = 
e-b in p~). The  underlying rationale of the 
Seinhorst model is that it reflects growth 
relative to resource availability. However, 
the rate of  population growth is apparently 
more strongly influenced by increasing 
nematode density than is the rate of  plant 
growth. Empirically, this is reflected by the 
need to log transform the Pi values to 
achieve satisfactory fit of the negative ex- 
ponential form of  the multiplication rate 
model. Both (Z) and (T) values in the Sein- 
horst model were considerably lower for 
nematode multiplication data than for yield 
data. Apparently the plant is able to par- 
tition the majority of  available resources 
to its own growth processes and mainte- 
nance needs, which is of  ultimate benefit 
to the parasite in prolonging the food 
source. Despite alteration of the plant 
physiology, as popula t ion  densit ies in- 
crease, the nematode apparently receives 
a progressively smaller proportion of the 
product than does the plant. Of  course, 

other  density-dependent factors may also 
prevail and contribute to the greater  im- 
pact of  nematode density on multiplication 
rates than on plant growth. For example, 
space availability in roots may result in de- 
terioration of infection sites or deleterious 
accumulation of waste products around in- 
dividuals. Also, biological antagonists may 
be favored at higher nematode population 
densities. 

The fit of  the negative exponential mod- 
el to both seasonal nematode multiplica- 
tion and overwinter survivorship promotes 
a high level o f  confidence in this model for 
projecting expected nematode population 
development and decline on a field scale. 
Such models, along with damage functions, 
can be used for optimizing cropping se- 
quences for nematode management  (3,4) 
by allowing projection of  the magnitude 
and influence of Pi levels in subsequent 
years and the cumulative loss due to nema- 
todes over a multiple-year cropping se- 
quence. 
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Population Trends and Vertical Distribution of 
Plant-Parasitic Nematodes Associated with 

Vitis labrusca L. in Michigan 1 
G. W. BIRD AND D. C. RAMSDELL 2 

Abstract: Nematode population trends and vertical distribution were monitored in a southwest 
Michigan vineyard (Vitis labrusca cv. Concord) from 1976 through 1983. Shallow (20 cm) and deep 
(90 cm) applications of 1,3-dichloropropene applied at 281 (shallow) plus 658 or 1,122 (deep) liters/ 
ha provided excellent control of Xiphinema americanum, Criconemella xenoplax, and Meloidogyne hapla. 
Populations of X. americanum remained below detectable levels for the entire 8-year experimental 
period where the fumigant was applied. X. americanum and C. xenoplax populations exhibited mul- 
tiyear cycling in nonfumigated plots. M. hapla was first detected in 1978 and increased in prominence 
from 1980 through 1982. CriconemeUa spp. were commonly parasitized by an endoparasitic fungus. 
Parasitism was monitored and reported as an indication of nematode population quality. 

Key words: Xiphinema americanum, CriconemeUa xcnoplax, Meloidogyne hapla, spatial distribution, 
population quality, grapes, dagger nematode, ring nematode, northern root-knot nematode, soil 
fumigation, peach rosette mosaic virus. 

Information about the dynamics, spatial 
distribution, and quality of  populations is 
necessary for understanding ecosystem bi- 
ology (4,8,11). Many investigators have 
studied the population dynamics and dis- 
t r ibu t ion  of  plant  parasit ic nematodes  
(1,6,7,11). Most research has focused on 
short-term or within-season population dy- 
namics. Relatively few studies have exam- 
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ined long-term nematode population trends 
or population quality (3,10). 

Peach rosette mosaic virus (PRMV) caus- 
es a serious disease of 'Concord '  grapevines 
(Vitis labrusca L.) and peach (Prunus persica 
Batsch.) in southwest Michigan (5,12,13). 
This nepovirus has been determined se- 
rologically to be present in at least 24 vine- 
yards in this region (14). Based on symp- 
tomatology, PRMV is thought to occur in 
about 50 vineyards in Michigan. Xiphinema 
americanum Cobb, 1913, a vector of  PRMV, 
has been recovered from soil 213 cm be- 
neath diseased vines (12,13). 

A southwest Michigan Concord vineyard 
containing many vines infected with PRMV 
was selected in 1974 as an experimental 
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