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ABSTRACT The entomogenous nematode, Heterorhabditis heliothidis (Khan, Brooks and
Hirschmann), when applied to a cranberry bog in April at 160 nematodes per cm', reduced
numbers of black vine weevil, Otiorhynchus sulcatus (F.), larvae and pupae >70% in the
spring of application and a year later. Bioassays with greater wax moth larvae, Galleria
mellonella (L.), of soil samples taken periodically for 10 mo after treatment showed that the
nematodes persisted in the soil for at least 10 mo. Bioassays indicated lateral movement of
H. he/iothidis at least 1 m into untreated control plots. The efficacy of Heterorhabditis sp.
(HP88 isolate) and Neoaplectana carpocapsae Weiser (=Steinernema feltiae Filipjev) (All
strain) was compared, and all treatments were shown to be efficacious with HP88 giving
complete control. A later date of application seemed to improve the efficacy of Heterorhabdi-
tis and Neoaplectana against O. sulcatus larvae, probably because of warmer temperatures.
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THE BLACK VINE WEEVIL, Otiorhynchus sulcatus
(F.), is a serious pest of cranberries in Washington
and Oregon. Most of the damage is caused by lar-
vae feeding on the roots, which weakens or kills
the plants. Carbofuran has been used to control this
insect for several years (Shanks 1979). However, it
now is less effective in some cranberry bogs, pos-
sibly because of accelerated degradation by soil
microorganisms (L. W. Getzin, Wash. State Uni-
versity, personal communication).

lIeterorhabditid and steinernematid nematodes
have been used in many instances for insect control;
the extensive literature on this topic has been re-
viewed by Poinar (1979) and Kaya (1985). These
nematodes have been effective for control of O.
sulcatus (especially in potted plants). Applications
of 100 infective Heterorhabditis sp. nematodes per
cm2 of exposed soil surface gave 100% control of
O. sulcatus larvae infesting potted strawberries;
less control (50%) was achieved in potted cyclamen
(Simons 1981). Applications of 85 infective H. he-
liothidis (Khan, Brooks, and Hirschmann) nema-
todes per cm2 of exposed soil surface gave adequate
(78%) control of O. sulcatus larvae infesting potted
pine seedlings (Georgis & Poinar 1984). Similar
satisfactory results for control of O. sulcatus larvae
by the use of heterorhabditid and steinernematid
nematodes have been reported by Bedding and
Miller (1981), Dolmans (1983), and Rutherford et
al. (1987). There have been fewer studies dealing
with the use of nematodes to control O. sulcatus
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infesting field crops and none for cranberries. We
initiated studies to determine whether heterorhab-
ditid and steinernematid nematodes could be used
to control larvae of O. sulcatus in cranberry bogs.

Materials and Methods

1986 Trials. Plots measured 6 by 6 m; treat-
ments were replicated four times in a randomized
complete block design. Infective juveniles of H.
heliothidis were applied on 8 April 1986. There
were two treatments of 50 and 160 nematodes per
cm2 plus an untreated check. The nematodes were
applied in 8 liters of water per plot with a sprin-
kling can. After treatment, approximately 5 em of
water were applied to the soil surface of all plots
by sprinkler irrigation.

Treatments were evaluated 29 April and 20 May
1986 and 21 April 1987 by pulling back the vines
in two 0.25-m2 areas in each plot and counting live
larvae and pupae. The live larvae from both 1986
evaluations were dissected and examined for the
presence of entomogenous nematodes.

To assess nematode persistence in the soil, a soil
bioassay was used. Eight soil samples (1.9 em di-
ameter, 10 em deep) were taken from each plot
just before treatment and at irregular intervals
thereafter. Samples were collected at least 1 m
from the plot edges. Soil temperature was mea-
sured on each date by pushing soil thermometers
5 em into the soil at three locations in the test area.
The samples from eaeh plot were homogenized,
and a 50-g quantity of soil was placed in a Petri
dish (100 by 10 mm). Ten greater wax moth, Gal-
leria mellon ella (L.), larvae were added to each
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Table 1. Reduction of populations of O. sulcatus by
the nematode H. heliothidis in a cranberry bog, Grayland,
Wash.

No. live larvae and pupae/0.5 m2

No.
nemas/cm2a 29 April 20 May 21 April

1986 1986 1987

0 6.6a 6.3b 29.2b
50 11.6a _c 31.4b

160 16.0a 4.0 8.6a

Means within columns followed by the same letter are not sig-
nificantly different (P > 0.05; Duncan's [1955] multiple range
test).

" Applied 8 April 1986.
b Number of larvae and pupae in the two treatments evaluated

on this date not significantly different; t = 0.77, df = 8, P > 0.05.
C No counts made.

dish, and the dead larvae containing nematodes
were counted after 5 d.

1987 Trials. On 13 May 1987, new plots in the
same bog as the 1986 trials were treated and eval-
uated by the same methods as for the 1986 test.
Treatments were H. heliothidis, Neoaplectana car-
pocapsae Weiser (=Steinernema feltiae Filipjev)
(All strain), and Heterorhabditis sp. (HP88 isolate)
at the rate of 75 nematodes per cm2 plus a control.
We have used the name N. carpocapsae based on
the reasons given by Poinar (1984).

Statistical Analyses. Data on the number of O.
sulcatus per treatment were analyzed by analysis
of variance (ANOVA) and Duncan's (1955) mul-
tiple range test (P = 0.05) except that data on 20
May 1986 were analyzed by t test (P = 0.05). Each
sample date was analyzed separately.

Results

1986 Trials. The numbers of weevil larvae did
not differ significantly among the nematode-treat-
ed and untreated plots 3 wk after treatment (F =
0.80; df = 2, 8; P > 0.05) (Table 1). However, the
applied nematodes infected the larvae; examina-
tion of larvae and pupae revealed that up to 24%
were infected by nematodes (Table 2). Larvae from
the untreated control plots contained H. heliothi-
dis, which indicated that there had been lateral
migration of the nematodes. Six weeks after treat-
ment, the population of larvae in the control plots
was unchanged, but the population had decreased
75% in the plots treated with 160 nematodes per

Table 3. Percentage of G. mellon ella larvae that died
and were infected by nematodes after exposure to soil
collected periodically from cranberry plots treated with
the nematode H. heliothidis on 8 April 1986, Grayland,
Wash.

Date of sample
Nematodes/cm2

160 50 0

1986
4 April" 0 0 0

29 April 68 14 4
20 May 14 13 0
2 July 20 18 14

13 Aug. 6 24 0
17 Sept. 16 16 8
3 Nov. 42 10 10

16 Dec. 32 34 6

1987
3 Feb. 2 0 6

" Pretreatment soil sample.

cm2 (Table 1). The treatments were evaluated again
on 21 April 1987. Plots that received 160 nematodes
per cm2 in 1986 had significantly fewer larvae than
those that received 0 (control) or 50 nematodes per
cm2 (F = 3.25; df = 2, 8; P < 0.05).

Bioassay of the soil samples indicated that no
entomogenous nematodes were present before ap-
plication. However, nematode activity was detect-
ed up to 10 mo after application as indicated by
the G. mellonella soil bioassay (Table 3). Mortality
of larvae occurred in 83% of the soil samples from
treated plots from 19 April 1986 to 3 February
1987. Also, some dead larvae contained nematodes
after exposure to soil from untreated check plots
on six of the nine sampling dates, again indicating
some lateral movement of the nematodes.

1987 Trial. The 1987 nematode application
against O. sulcatus larvae resulted in a greater
reduction of numbers of larvae than the 1986 ap-
plication. HP88 gave 100% reduction of O. sul-
catus in 2 wk, whereas during the same period,
the reductions by N. carpocapsae and ll. heliothi-
dis were 76 and 56%, respectively (Table 4).

Discussion

These experiments have demonstrated that soil
applications of Heterorhabditis spp. or N. carpo-
capsae (All strain), provide good reduction of O.
sulcatus larvae in cranberry bogs. This reduction

Table 2. Field infection of larvac and pupae of O. sulcatus by H. heliothidis applied 8 April 1986 in a cranberry
bog, Grayland, Wash.

Date of collection

29 April 1986
20 May 1986

Nematodes/ cm2

160 50 0

No. % With. No. %Wilh No. % With
O. sulcatus nematodes O. sulcatus nematodes O. sulcatus nematodes

59 24 49 14 22 9
16 19 -" 25 16

" No collections taken from this treatment.
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Table 4. Reduetion in the numbers oflarvae and pupae
of O. sulculus by enlomogenous nematodes in a cranberry
bog, Grayland, Wash., 1987

Means followed by the same lelter are not significantly different
(P > 0.05; Duncan's [1955] multiple range test).

a Applied 13 May 1987, 75 nemas/cm2; evaluated 28 May 1987.

can occur in a short period of time (15 d in the
1987 test). The positive results obtained during both
years were probably because of the unique envi-
ronmental conditions found in the cranberry root
zone. This area has a high relative humidity, is
protected from direct sunlight (and ultraviolet ra-
diation), and temperatures do not reach levels
harmful to nematodes. The soil temperature in the
root zone ranged from 9 to 17°C between 8 April
and 16 December 1986.

There are several possible explanations for the
slower effect of the 1986 H. heliothidis application
on the larval population of O. sulcatus. The nema-
todes were applied on 8 April when the soil tem-
perature probably was too low (9-12°C) for nema-
tode infectivity and mobility. Species and strains
of H. heliothidis are barely mobile at 9°C (Moly-
neux 1986) and are not very effective for control
of larvae at temperatures below 12°C (Simons &
Van del' Schaaf 1986). Also, after infection of wee-
vil larvae took place, the low temperature might
have delayed the lethal action of the symbiont bac-
terium (Xenorhabdus sp.) carried by nematodes.
Septicemia caused by this bacterium enhances the
killing action of the nematodes (Poinar et al. 1977).
Pathogenicity of Heterorhabditis spp. nematodes
to insects is low at 12°C or below; this seems to be
related to the slow incubation of its symbiotic bac-
terium (Milstead 1981). The 1987 applications were
made at a time (13 May) when soil temperatures
were 13-16°C; these higher temperatures most like-
ly enhanced nematode activity.

Variation in population density and age struc-
ture of O. sulcatus also may have contributed to
the difference in results between tests. Weevillar-
val' probably were smaller, and therefore less sus-
ceptible to nematodes, at the time of nematode
application in 1986 compared with 1987. Scant
information is available on the nature of the re-
lationships between host population density and
infective properties of nematodes. In particular, it
is uncertain what happens in field situations when
a host population is exposed to a large population
of infective nematodes (i.e., an inundative inocula-
tion like the ones that took place in the experiments
described here). Laboratory observations (F.A-S.,
unpublished information) indicate that when insect

Npmatode species"

Heterorhabdws sp. (HP88)
Neoaplectana carpocapsae
Hl'tl'rorhabdltls he/lothldls
Control

No. larvae
and

pupae/0.5 m2

Oa
3.6ab
6.6ab

15.0b

%
Heduction

100
76
56

larvae are exposed to nematodes, the latter distrib-
ute unevenly among the larvae. In some cases there
is "clumping" of large numbers of nematodes in a
few insects, which results in a depletion of nema-
todes in the habitat and some insects are not in-
vaded and killed by nematodes. The clumping could
have occurred in one of the tests described here,
resulting in depletion of the available number of
nematodes in the soil. However no definite con-
clusions can be made now because of lack of better
knowledge on the relationships between host den-
sity and nematode distribution among the insects.

The data collected in this study do not make it
possible to draw definite conclusions on any rela-
tionships between initial O. sulcatus larval popu-
lation density, number of nematodes applied per
surface unit area, and their effect on reduction of
the larval population density. No data were col-
lected for larval populations before the 1986 and
1987 applications. The figures on larval densities
for the 1986 and 1987 samplings refer to surviving
larvae. Because cadavers of weevil larvae killed by
the nematodes decompose rapidly and disappear,
it is not possible to calculate larval populations be-
fore the nematode applications.

In our study, H. heliothidis persisted for 10 mo
under agricultural field conditions, an observation
that has not been reported before for this species.
Most information on survival of entomopathogenic
nematodes under field conditions has been gener-
ated using various species and strains of Neoaplec-
tana (Glaser et al. 1940, Creighton et al. 1968,
Poinar & Hom 1986). Studies of soil persistence of
Heterorhabditis species are few. Jackson & Trought
(1982) and Jackson et al. (1983) documented per-
sistence of H. bacteriophora Poinar for 30 and 7
d, respectively, in soils planted to pasture or grass.
Factors contributing to long-term persistence of H.
heliothidis in our study probably include moderate
soil temperatures, a substrate of moist sand over
peat soil, and an abundance of O. sulcatus larvae.
Long-term persistence could have important im-
plications for the use of this nematode in an in-
oculative release program.

The fact that there was some lateral migration
of H. heliothidis could compensate for uneven field
applications. This migration is not surprising be-
cause entomopathogenic nematodes disperse lat-
erally in soil or sand under the appropriate tem-
perature and relative humidity conditions (Moyle
& Kaya 1981, Poinar & Hom 1986). Migration of
H. heliothidis over 1 m in the cranberry bog prob-
ably was facilitated by the sand that had been
placed over the native peat soil and in which the
cranberries were rooted. However, the number of
nematodes that migrated into the control plots was
not sufficient to lower the 1987 population of O.
sulcatus in those plots to levels similar to the plots
receiving the high dosage of nematodes.

Heterorhabditis sp. (HP88 isolate) appears to be
more effective than H. heliothidis and N. carpo-
capsae for control of larval O. sulcatus. It is known
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that heterorhabditid and steinernematid nema-
todes vary with species and strain in their patho-
genicity to insects (Bedding et al. 1983, Molyneux
et al. 1983). Factors such as attraction, mechanisms
of penetration by the nematodes, and host move-
ment, size, and location may be responsible for the
different level of infectivity of nematodes. In light
of these results, we conclude that heterorhabditid
and steinernematid nematodes have good potential
for controlling O. sulcatus in cranberry bogs.
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