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Abstract. Surveys mailed to strawberry growers in 1999 determined the state of nematode
and root weevil awareness and practices for their management. Based on the survey response, 41 fields representative of various practices were selected for sampling throughout
Connecticut. Adult black vine weevils (Otiorhynchus sulcatus) were found in only 3 fields,
but notched leaves characteristic of their feeding were found in 40 fields, indicating a greater
prevalence than perceived by growers. The percentage of notched leaves was positively
correlated with years in production, suggesting that it took some time for the flightless
weevils to migrate into and to increase to damaging numbers in fields. In fields older than
2 years, bifenthrin insecticide reduced leaf feeding compared to untreated fields or to fields
treated with endosulfan or azinphos-methyl. Lesion nematodes (Pratylenchus penetrans)
were detected in 31 fields and were present in about 58% of plants. When present, nematode
numbers were greater in the margins of poor areas than in adjacent healthy plants (735
vs. 428 per g root, respectively). Lesion nematode numbers were also greater in replanted
strawberries than rotated fields (760 vs. 304, respectively). Soil fumigation with methyl
bromide, but not methyl dithiocarbamate or the combination of 1,3-dichloropropene and
chloropicrin, reduced nematode densities in the following strawberry crop. Based on an
economic model, nematodes reduced accumulated profit over 4 fruiting years by more
than the percent loss of fruit yield. Beneficial insect pathogenic nematodes, predominantly
Heterorhabditis bacteriophora and Steinernema feltiae, were found in 75% of fields to which
commercially obtained nematodes had been applied, and to 14% of the remaining fields.
Presence of naturally occurring insect pathogenic nematodes in strawberry fields may
control root weevil populations and lead to more years of productivity.
A complex of root diseases and root-feeding
insects may be responsible for reduced yield
and planting longevity of perennial strawberry
(Fragaria ×ananassa Duchesne) in the northeastern U.S. The most important root disease
is strawberry black root rot, a debilitating root
cortical disease caused by the binucleate fungus
Rhizoctonia fragariae Husain and McKeen
(Husain and McKeen, 1963; Martin, 1988;
Wilhelm and Nelson, 1970; Wilhelm et al.,
1972). Rhizoctonia fragariae is commonly
associated with perennial strawberry plantings in the Northeast. We consistently isolate
it from healthy as well as diseased strawberry
roots and it may be assumed to be present at
some level in nearly all strawberry plantings.
Certain environmental conditions such as
drought or waterlogging and root damage by
lesion nematodes, Pratylenchus penetrans
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determine the severity of black root rot (Maas,
1998). Lesion nematodes are common in strawberry plantings and have been associated with
the early stages of plant decline due to black
root rot (LaMondia, 1994). In fact, the lesion
nematode has been demonstrated to increase
black root rot severity under field conditions
(Goheen and Bailey, 1955; Goheen and Smith,
1956; LaMondia, 1994, 1999) and in controlled
experiments (Chen and Rich, 1962; LaMondia,
2003; LaMondia and Martin, 1989).
Root damage by root weevils may also
greatly reduce root mass and damage or kill
plants (Schloemann, 2002). Root weevils such
as the black vine weevil (Otiorhynchus sulcatus
F.) and its smaller relatives the strawberry root
weevil (O. ovatus L.),and the rough strawberry
root weevil (O. rugosostriatus Goeze), are
common and difficult to control in strawberry
plantings. Root weevils are highly polyphagus and can survive on wild hosts outside of
strawberry fields during times when fields are
rotated to other crops (Maier, 1986; Masaki
et al., 1984; Smith, 1932;Warner and Negley,
1976). The biology of all three species is
similar: parthenogenetic adult females eclose
in May or June and feed on foliage for about 4
wk before being able to lay eggs (Smith, 1932).
Up to 250 eggs may be deposited in the soil by

each female. Females then overwinter and can
produce more eggs earlier in the summer of
their second year (Smith, 1932). Eggs hatch into
larvae, which then feed on roots or crowns of
strawberry plants. Larval feeding on strawberry
roots reduces their biomass and impairs their
function, which may be especially injurious if
their function has already been compromised
by root rot pathogens.
The objectives of this project were to 1)
determine current grower perceptions of lesion nematode and root weevil damage, 2)
determine the incidence and number of P.
penetrans per g root, and prevalence of black
vine weevil, 3) identify the effects of previous
nematode or insect management tactics on
nematode or root weevil populations, and 4)
determine the presence and species of beneficial
insect pathogenic nematodes in commercial
strawberry fields in Connecticut.
Materials and Methods
Grower surveys. Surveys were mailed to
commercial strawberry growers in Connecticut
in 1999 to determine the perceived importance
of damage caused by root weevils and nematodes in their fields and to assess the techniques
being used to manage these pests. In total, 72
surveys were mailed and 54 were returned:
24 growers no longer produced strawberries;
therefore, 30 surveys were usable.
Field sampling for lesion nematodes and
root weevils. Based on the mail survey response, 41 fields were selected for nematode
and root weevil sampling. These fields were
selected to represent a wide variety of strawberry production practices and included 15
growers, located in 15 towns in 7 (of the 8)
counties in Connecticut. Growers participating with the field sampling were interviewed
before sampling to determine the cultivar and
number of years in production, the prior crop,
perceptions concerning damage to strawberry
crops resulting from soilborne pests including
root weevils and plant parasitic nematodes
and control practices for soilborne pests (fumigation, pesticides, rotation, and biological
controls). The pest populations found in these
fields were correlated with the reported growing practices.
Two methods were used to determine the
activity of root weevils during middle to late
June 1999 (before renovation). Fields were
typically visited between 9:00 AM and 4:00 PM.
Two people searched under the strawberry foliage and straw for 5 min for adult root weevils. In
addition, 100 randomly chosen leaves, picked
blindly while walking a diagonal transect of
the field, were examined for characteristic leaf
notching damage, and the resulting percentage was recorded. Leaves counted as having
been notched had portions of the margins of
the leaves eaten, but did not have holes eaten
through the interior of the leaf, which would
be typical of adult scarab (Maladera castanea Arrow or Popillia japonica Newman) or
leafroller feeding. The effects of insecticide
use on percent leaf notching in all fields or
in fields older than 2 years were evaluated
by ANOVA (NCSS, Kaysville, Utah). Data
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were arcsine transformed before analysis to
stabilize variance.
Lesion nematodes were sampled during
the weevil evaluation field visit, using six
paired samples from good and poor areas of
each field (always using the same cultivar for
each). Samples from poor areas consisted of
low vigor stunted plants taken from the margins of severely affected areas to avoid plants
with little or no root system. Good plants were
chosen among more vigorous plants growing
within 10 m of poor plants. The overall plant
condition varied among sites; therefore, good
and poor ratings are relative to each other
within a field, and a good plant from one site
could have had poorer condition than a poor
plant at another site. Entire plants were dug
and stored in plastic bags under cool conditions during transport to the laboratory. The
six paired samples were later combined to
form two composite samples (good vs. poor)
from which the nematodes were extracted.
Roots were washed free of soil and blotted
to remove excess water. Nematodes were extracted from 2 g of structural and feeder root
tissue placed in a flask containing 50 mL water
and shaken for 7 d using a wrist-action shaker,
then counted. The effects of soil fumigation
history on nematode numbers per gram fresh
shoot weight were compared by Kruskal-Wallis
one-way ANOVA and means were separated
by the Kruskal-Wallis multiple comparison Z
value test (NCSS).
Field sampling for insect pathogenic
nematodes. Insect pathogenic nematodes
were surveyed from 50 strawberry fields in
September 2000. A composite 200 mL sample
of soil was collected from each field with a
flame-sterilized soil probe and then placed in
a disposable plastic container, into which five
last-instar greater wax moth larvae, Galleria
mellonella L. (Grubco, Hamilton, Ohio), were
placed (Woodring and Kaya, 1988). The soil
and larvae were then kept at ambient room
temperature, and the larvae were checked at 4
and 7 d for nematode infection. Larvae showing characteristic signs of nematode infection
(involving death, discoloration, and nematodes
being visible through the insect’s cuticle) were
removed, rinsed, and placed individually on
moist filter paper within a petri dish. Emerging
infective juvenile stage nematodes were rinsed
from the filter paper and measured (length,
width, head and tail) to assign them to species
based on morphometric tables (Nguyen and
Smart, 1996).
Results and Discussion
Grower surveys. The 30 usable surveys
represented about 200 acres of strawberry fields
(>70% of Connecticut strawberry production).
In 1999, the Connecticut Department of Agriculture estimated a total of 278 strawberry
acres in Connecticut (R. Macsuga, personal
communication). Half of the growers surveyed
had <5 acres in strawberry production, 30%
grew between 5 and 10 acres, and 20% grew
>10 acres of strawberries.
Only 24% of growers perceived root weevils to be frequently or severely damaging,
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36% responded that root weevils were rarely
damaging, and 40% indicated that they were
unimportant or were unaware of damage. Most
growers (70%) did not monitor fields for root
weevils and 62% did not apply insecticides for
weevil control. Those that did apply insecticides for root weevil control used bifenthrin
(Brigade), azinphos-methyl (Guthion), or
endosulfan (Thiodan). Only one grower had
applied insect pathogenic nematodes for root
weevil control. Of the growers, 76% used
pesticides for other insect and mite control.
The most frequently used insecticides were
azinphos-methyl and endosulfan.
Grower perception of nematode damage
was similar to their views on root weevils. Only
25% indicated that nematodes were frequently
or severely damaging, 25% responded that
nematodes were rarely damaging, and 50%
indicated that they were unimportant or were
unaware of damage. Most growers (80%) had
not previously sampled for nematodes. Of those
that had, lesion nematodes were the dominant
nematode reported. In total, 23% of growers had
fumigated fields, 10% with methyl bromide,
10% with methyl dithiocarbamate (Vapam),
and 3% with the combination of 1,3-dichloropropene and chloropicrin (Telone). Eighty
percent of growers had not used carbofuran
(Furadan) or fenamiphos (Nemacur) within
the last 5 years. Most growers indicated that
they rotated fields out of strawberry production

for 2 to 3 years and planted a wide variety of
crops in the intervening years.
Field sampling for lesion nematodes and
root weevils. Adult black vine weevils were
the only species of root weevil adult found,
and were only recovered from 3 of 41 fields
during the 5-min timed searches (1, 2, and 4
weevils found in fields with 37%, 92%, and
82% leaf notching, respectively). However,
notched leaves, presumably resulting from
weevil feeding, were found in 40 fields (Fig.
1). Of the sampled fields, 33 (80%) had <50%
leaf notching. Eight of the 41 fields (20%) had
>50% of sampled leaves with leaf notching,
representing populations that presumably
would lead to economic injury. The 20%
of fields with >50% leaf notching might be
suspected to correspond to the perception of
24% of growers that found root weevils to be
damaging. However, of the six growers with
highly infested fields (>50% leaf notching),
five either did not recognize or did not know
whether root weevils were important in their
fields. Three growers with fields that experienced relatively little leaf notching recognized
the damage potential of root weevils. Their
survey responses may not represent misclassification of field conditions, because two of
the three had applied insecticide to control
weevils (which might otherwise have had
higher percentage leaf notching). These results
indicate that root weevils are very common in

Fig. 1. Histogram of the number of strawberry fields, out of 41 fields surveyed in Connecticut, classified
by the percentage of leaf notching from a 100-leaf sample collected during the strawberry harvest. Leaf
notching was presumed to have been caused by adult root weevils (Otiorhynchus spp.). Note that in the
0% to 10% leaf notching category, only one field was found with no leaf notching.
Table 1. The effects of insecticide application on strawberry leaf notching due to Otiorhynchus sulcatus.
Leaf notching (%)z
Insecticide
All strawberry fields
Fields older than 2 years
None
29.6
40.7 ab
Thiodan (endosulfan) or Guthion (azinphos-methyl)
29.2
78.2 b
Brigade (bifenthrin)
9.8
27.0 a
P
0.49
0.05
z
Black vine weevil damage estimated by examining 100 arbitrarily chosen leaves per field for notching.
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commercial perennial strawberry fields and
are a greater problem than was perceived by
most growers.
The percentage of notched leaves was
highly correlated with years of strawberry
production (r = 0.72, P = 0.001), indicating
that it took some time for the flightless weevils
to migrate into strawberry fields and increase
in number. The extent of leaf notching was
not correlated with the use of insecticides,
except for fields older than 2 years (Table
1). In these older fields, bifenthrin (Brigade)
insecticide reduced leaf notching compared
to fields treated with endosulfan (Thiodan) or
azinphosmethyl (Guthion) (P = 0.05). Endosulfan and azinphos-methyl are now practically non-toxic to black vine weevil and may
instead reduce the populations of beneficial
predators (Çilgi et al., 1996; Cowles, 1997;
Evenhuis, 1982). There were no differences
in leaf notching as a result of rotation or with
different strawberry cultivars.
The use of leaf notching as a measure of
root weevil activity was a necessary, though
somewhat inconclusive, substitute for direct
assessments of weevil populations through
trapping or direct observation. The benefit of
using leaf notches is that the feeding activity
of weevils leaves a cumulative record, and
the amount of foliage consumed should be
roughly proportional to the number of eggs

deposited (Hesjedal, 1984; Shanks and Doss,
1986) and, consequently, the risk of future
root injury. Furthermore, assessments of percent leaf notching are easily accomplished,
quantitative, and permit rapid comparison of
populations in various parts of fields. However,
leaf notches without accompanying holes in
leaves could also be left by other herbivores,
such as katydids, and the species identity of
weevils responsible for feeding activity is left
unanswered. Other direct methods of population assessment could have been used, but
would have been inconvenient. The simplest
of the direct methods involves searching foliage with a flashlight for weevils between 8:00
and 10:00 PM, when adults are most actively
feeding (Maier, 1986). Alternatively, a sweep
net sample during this time interval, taken
from the tips of upper leaves so as not to bruise
fruit, can efficiently capture weevils for later
sorting and counting (R. Cowles, personal
observation). Such a survey schedule can
be challenging to scouts or farmers already
working long days.
Traps within fields can also be used to assess root weevil populations. The challenge
when using pitfall traps within strawberry
plantings is that root weevil adults may not
move much from highly palatable plants
(Maier, 1978), which would limit the probability of capture. The low growing canopy

Fig. 2. Histogram of the number of strawberry fields, out of the 41 fields surveyed in Connecticut, classified by the number of lesion nematodes recovered from samples of roots from plants taken from
paired good and nearby poor plants. Fields varied in vigor so the classification of good and poor was
relative within each field.
Table 2. The effects of preplant soil fumigation on lesion nematode (Pratylenchus penetrans) density in
strawberry roots.
P. penetrans
Fumigant
(per g root)z
None
357 b
Vapam (metam sodium) or Telone (1,3-dichloropropene)
420 b
Methyl bromide
8.8 a
P
0.0006
z
Nematodes were extracted from 2 g of structural and feeder root tissue placed in a flask containing 50 mL
water and shaken for 7 d using a wrist-action shaker, then counted.
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and straw used in strawberry culture provides
very abundant daytime refuges that compete
with board traps.
This field survey resulted in poorer recovery
of adult weevils using the 5-min timed search
method than a previous field study in strawberries, which averaged 4.3 live weevils per timed
sample (Cowles, 1997). Several factors may
be involved in the poor recovery of weevils.
Our sampling was conducted in the daytime,
during drought conditions, and the weevils may
already have completed their preovipositional
period. All three factors may have resulted
in weevil adults entering the soil rather than
remaining accessible at the soil surface.
Lesion nematodes were detected in 31 of
41 fields and were present in similar proportions in good or poor plants, 59% and 56%,
respectively (Fig. 2). When present, nematode
numbers were greater (P = 0.01, Wilcoxon
signed rank test) in the margins of poor areas
than in more vigorous adjacent good plants
of the same cultivar (735 vs. 430 per g root,
respectively). Lesion nematode numbers were
also present in greater numbers in replanted
strawberries than when fields had been rotated
away from strawberry (760 vs. 304, respectively; P = 0.03). The average rotation away
from strawberries was for 2 years and a wide
variety of plants were grown including corn,
pumpkins, small grains, sudangrass and vegetables. Soil fumigation with methyl bromide,
but not methyl dithiocarbamate (Vapam) or 1,3
dichloropropene plus chloropicrin (Telone)
reduced nematode densities in the following
strawberry crop (P = 0.05) (Table 2).
Grower perceptions about, versus the reality
of, the prevalence of nematodes in their fields
can be summarized as follows: four growers
felt that nematodes were not a problem, which
agreed with their field conditions. Three out of
four of these growers fumigated before planting strawberries, two with methyl bromide and
one with Telone. Two of the three growers
that acknowledged nematodes to be damaging
fumigated soil with Vapam before planting,
yet still ended up with damaging populations.
The remaining eight growers either did not
know about or did not think that damaging
nematode populations were present, did not
apply fumigants, and had injurious nematode
populations.
Lesion nematodes and root-feeding insects
each impact perennial strawberry production
in the northeastern U.S. The resulting decline
in plant vigor and fruit yield shortens the productive life of a perennial planting, often by
several years. The loss of a fruiting year and
additional costs required during replanting have
a dramatic negative impact on economic return
(DeMarree and Rieckenberg, 1998). The regression between lesion nematode populations
and strawberry yield (LaMondia, 1999) was
used to predict fruit yield losses from fruiting
year two to four. Strawberry fruit weight was
best correlated with nematode densities one
year before harvest (LaMondia, 1999). The
resulting percent reduction in profits was calculated using an economic model (DeMarree
and Rieckenberg, 1998) with fruit yield as an
input. Accumulated profit is presented in Table
HORTSCIENCE VOL. 40(5) AUGUST 2005

Table 3. The effects of initial lesion nematode (Pratylenchus penetrans) density in roots on strawberry
yield and accumulated profit over four fruiting seasons.
Nematode density
Strawberry yield (qt/acre)
Accumulated
(no./g root)
Year 1
Year 2
Year 3
Year 4
profit ($) (loss)z
0
7000
7000
4000
3000
7699
50
6279y
6279
3588
2691
5205
100
5565
5565
3180
2385
2795
150
4844
4844
2768
2076
360
200
4130
4130
2360
1771
(2049) loss
250
3409
3409
1948
1461
(4484) loss
300
2695
2695
1540
1155
(6895) loss
z
Accumulated profit or loss over preplant, planting year and 4 fruiting years based on annual crop yields
using an economic model and 1996 expense and crop value data (DeMarree and Rieckenberg, 1998).
y
Yield reductions determined from the regression of initial nematode density in roots with strawberry fruit
yield data (LaMondia, 1999).

3. Initial lesion nematode densities of 50/g
root reduced yield by 10.3% and reduced accumulated profit by 32.4% over the 4 fruiting
years of the planting. The accumulated fixed
and variable costs of producing the crop over
that time increase the loss in profit to beyond
the percentage of annual fruit yield loss due to
the pest alone. Initial lesion nematode densities
of 100, 150, and 200/g root reduced yield by
20.5%, 30.8%, and 41.0% respectively, but
reduced accumulated profit by 63.7%, 95.3%,
and >100%, respectively. The decline in yield
experienced in these scenarios and resulting
economic losses would likely result in the early
removal and replanting of the crop. Lesion
nematode impact on the strawberry crop was
likely much larger than perceived by growers
in the presampling survey.
The losses due to initial lesion nematode
densities presented in Table 3 assume uniform
distribution of nematodes in every root of every
plant within the field. This obviously does not
occur. Nematode damage typically occurs in
clumped distribution seen as elliptical patches
throughout the field. As a result, actual fruit
yield occurs as a patchwork of good and poor
areas. The average nematode density reported
from plant sampling is a reflection of both
number per plant and the number (or proportion) of affected plants sampled. Nematode
densities in individual infected plants are often
much higher than the 0 to 300/g root used in
Table 3, especially when they are sampled in
the fall (LaMondia, 2002). These damaged
areas slowly increase in size and number over
the years.
Strawberry fields with a large number of
areas heavily infested with lesion nematodes
often decline in a manner similar to the scenarios presented in Table 3 and may be removed
prematurely from production at a loss to the
grower. This may be due to nematode infection alone, or more likely, to the interaction of
lesion nematodes with R. fragariae to result
in severe strawberry black root rot. Injury or
stress to strawberry root tissue is important
for increasing infection by R. fragariae. It
appears that R. fragariae commonly resides
on the sloughed cortex of healthy perennial
roots (LaMondia, 2003; Wilhelm and Nelson,
1970; Wilhelm et al., 1972). From any source
of inoculum, the fungus may infect structural
or feeder roots, especially when the plant is
under stress or roots are damaged by lesion
nematodes. Nematode feeding and movement
HORTSCIENCE VOL. 40(5) AUGUST 2005

result in direct cortical cell damage and death
and indirectly result in discoloration of the
endodermis and early polyderm formation, followed by localized areas of secondary growth
initiation in structural roots and cortical cell
weakening or death (LaMondia, 2003, 2004;
Townshend, 1963; Zunke, 1990). Weakened or
dying cells resulting from the direct or indirect
effects of P. penetrans are more susceptible to
R. fragariae, thereby increasing infection and
cortical root rot.
Wing et al. (1995) surveyed growers and
conducted correlations between physical, cultural and biotic factors and strawberry black
root rot. Their survey and evaluations did not
evaluate root weevils or any other insect pest
of strawberry. Their results demonstrated a
weak positive correlation between the population density of lesion nematodes in soil and
root health, but failed to find any correlation
between populations in roots and disease.
These counterintuitive results may be related
to their sampling techniques and the fact that
these obligate plant parasites require living
root tissue upon which to feed. By sampling
at the edge of affected areas of strawberry
fields in the present study, we were able to
associate plant damage with larger numbers
of nematodes in plant roots.
Field sampling for insect pathogenic
nematodes. Insect pathogenic nematodes
were recovered from 11 (22%) of the growers’
fields. Species most commonly collected were
morphologically matched to Heterorhabditis
bacteriophora and Steinernema feltiae, from
nine and three fields, respectively. Nematodes
resembling S. carpocapsae were recovered
from one field. In 2000, five growers applied insect pathogenic nematodes to fields;
nematodes were recovered from four out of
six (75%) of the treated fields. In one case,
the grower had applied S. feltiae; both S.
feltiae and H. bacteriophora were recovered
from that field.
We recovered insect pathogenic nematodes
from 6 fields that had never been treated with
nematodes (14% of those fields), and one species was recovered that had not been applied in
a nematode-treated field. On three farms, we
have recovered insect pathogenic nematodes
from fields that were moderately infested with
black vine weevil, but had remained productive for an unusually long time (7 to 9 years).
In both strawberry plantings and field grown
nursery crops, the collapse of black vine weevil

populations in their boom-and-bust dynamics commonly appears to be associated with
epizootics of insect pathogenic nematodes. Up
to four different species of insect pathogenic
nematodes have been collected in single locations where these epizootics have occurred in
Connecticut, suggesting that native or naturalized insect pathogenic nematode populations
are very common, and that outbreaks of root
weevil populations provide an excellent opportunity for amplification of these nematode
populations to an extent that they easily can
be collected (R. Cowles, unpublished). These
observations suggest that introduction of insect
pathogenic nematodes early in a crop cycle,
perhaps one year after planting, might permit
root weevils to reach a low, nondamaging
equilibrium population without having to
proceed through an explosive growth phase
that damages strawberry plants.
Strawberries with healthy root systems
can easily sustain two or more root weevil
larvae without a reduction in yield or quality
of berries (Penman and Scott, 1976). Such
a high economic threshold suggests that
biological control through the use of insect
pathogenic nematodes is a sensible strategy.
As we observed in certain fields with naturally
occurring nematode populations, root weevils
appeared to be maintained at nondamaging
populations for a number of years. Injury to
strawberry plants from root disease may play
an important part in disturbing a favorable
balance of strawberry roots, root weevils,
and insect pathogenic nematodes. As noted
by Cram (1978), tolerance of strawberries
to larval root weevil feeding is governed by
the ability of the plant to regrow roots. If this
ability is compromised by root disease, then
root weevil feeding on already weakened root
systems will result in plant decline. Therefore,
under conditions where root disease is present,
the economic threshold for root weevil larvae
would be lower than two larvae per plant, and
insect pathogenic nematodes may not sustain
themselves well or be able to maintain such
low population densities of weevils.
Overall, strawberry growers in Connecticut
were not well aware of the extent to which soildwelling organisms were affecting the health of
their plantings. Although black vine weevils,
and probably other root weevils, were present
in nearly all strawberry fields, this pest complex
is manageable through well-timed insecticide
and insect pathogenic nematode applications.
A greater concern is the continued impact of
lesion nematodes and the associated black
root rot on the health of perennial strawberry
plantings. Fields suitable for pick-your-own
marketing are in limited supply, which favors
short rotations between strawberry plantings.
Short between-crop rotations favor the carryover of lesion nematode and other root disease
inoculum, unless the fields are effectively
fumigated. Based on our survey results, the
only highly effective fumigant for lesion
nematode population reduction was methyl
bromide. Once this product is no longer available, growers will need to reevaluate their other
management approaches to minimize plant
parasitic nematode populations.
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