DOI:10.6660/TESFE.1996011 &&Ef&Formosan Entomol. 16: 95-106 (1996) IS Research report

JFormosan Entomologist

Journal Homepage: entsocjournal.yabee.com.tw

Effects of Temperature and Placement Site on the Dispersal of the Entomopathogenic Nematode,
Steinernema carpocapsae in Four Soils [Research report]

i Lt AR B ¥ 83 £ 4R 83 Steinernema carpocapsae BIB9S E [RFEHRS]
Wen-Feng Hsiao* ~ John N. All
B>~ John N. All
MBAEEE-mail :
Received:  Accepted: 1996/07/04  Available online: 1996/06/01

Abstract

The effects of temperature and placement site on the movement of the entomopathogenic nematode, Steinernema
carpocapsae was conducted in the laboratory. The temperatures tested were -20, 25, and 35°C at application depths of surface, 5,
and 10cm. The soils tested were pure sand, Cecil coarse sandy loam, silty loam and sandy clay loam. At -20°C, lower numbers of
nematodes were recovered but the survivors were able to infect Galleria larvae. These nematodes dispersed very little regardless of
the placement site. At 25°C, the total number of nematodes recovered at 3 application depths were the highest among the 3
temperatures in the four soil types. Nematodes moved more readily in sand and silty loam than in coarse sandy loam or sandy clay
loam. At 35°C, fewer of infective juveniles were recovered from the four soils when compared with those of extracted nematodes at
25°C. When infective juveniles of S. carpocapsae were placed on the soil surface, they displayed little downward movement at -20,
25 and 35 oC in the four types of soil. At 35°C , no nematodes were recovered from 6cm (or deeper) below the placement site,
however, they only tended to move to the next 5cm layer, Higher numbers of nematodes were recovered from sand when placed at
a 5cm depth, and higher numbers were recovered from silty loam when placed at a 10cm depth. The present data show that the
migration of infective juveniles tends to decrease as the proportion of silt and clay increase in soil.
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ABSTRACT

The effects of temperature and placement site on the movement of the
entomopathogenic nematode, Steinernema carpocapsae was conducted in the
laboratory. The temperatures tested were -20, 25, and 35°C at application depths
of surface, 5, and 10cm. The soils tested were pure sand, Cecil coarse sandy
loam, silty loam and sandy clay loam. At -20°C, lower numbers of nematodes
were recovered but the survivors were able to infect Galleria larvae. These
nematodes dispersed very little regardless of the placement site. At 25°C, the
total number of nematodes recovered at 3 application depths were the highest
among the 3 temperatures in the four soil types. Nematodes moved more readily
in sand and silty loam than in coarse sandy loam or sandy clay loam. At 35°C,
fewer of infective juveniles were recovered from the four soils when compared
with those of extracted nematodes at 25°C. When infective juveniles of S.
carpocapsae were placed on the soil surface, they displayed little downward
movement at -20, 25 and 35°C in the four types of soil. At 35°C , no nematodes
were recovered from 6cm (or deeper) below the placement site, however, they
only tended to move to the next 5cm layer. Higher numbers of nematodes were
recovered from sand when placed at a 5cm depth, and higher numbers were
recovered from silty loam when placed at a 10cm depth. The present data show
that the migration of infective juveniles tends to decrease as the proportion of
silt and clay increase in soil.
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Introduction

Entomopathogenic nematodes, Steine-
rnema carpocapsae {(synonyms 8. feltiae
Filipjev and Neoaplectana carpocapsae
Weiser) in the family Steinernematidae,
have long been recognized as effective
insect control agents (Kaya and Gaugler,
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1993). This nematode infects over 250
different species of insects from 75 fami-
lies in 11 orders (Poinar, 1979).

The infective juveniles (IJs) are a
non-feeding resistant stage and are en-
sheathed in the 2nd-stage cuticle. An IJ is
formed inside the host cadaver, but
represents the only stage in the life cycle
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that occurs outside of the host. The sole
purpose of the IJ is to find a new host to
begin its parasitic cycle. In natural
conditions, infectivity is restricted by
ecological and behavioral barriers (Salt,
1970) and has resulted in varying degrees
of pest suppression (Benham and Poinar,
1973; Poinar, 1979). The environmental
stressors include sensitivity to desicca-
tion (Welch and Briand, 1961; Simons and
Poinar, 1973), ultraviolet radiation (Gau-
gler and Bouch, 1978), and high temperat-
ure (Kaya, 1977, Kaya et al, 1982;
Molyneux, 1986). Temperatures influence
the infection potential, death rates, mi-
gratory activity, sex ratio in the insect,
and successful application of S. carpo-
capsae (Pye and Burman, 1978; Burman
and Pye, 1980; Byers and Poinar, 1982;
Kaya et al., 1982). Schmiege (1963) placed
I1Js of S. carpocapsae in water drops at
different temperatures and found that an
exposure of 1 hr at 35°C caused high
nematode mortality, and IJs that survived
the treatment did not resume normal
activity. Exposure for 16 h at 37°C and 1
h at 41°C resulted in 100% mortality.
However, 1Js could be held in water at
5°C for up to several years with only a
gradual loss of infectivity. He also noted
that, whereas 70% of the IJs were killed
when placed in a freezer at -10°C for 18 h,
the survivors were still infective.

Gray and dJohnson (1982) reported
that the highest survival of S. carpo-
capsae in the soil was at 30°C. While
nematode survival declined significantly
as the temperature exceeded 35°C, some
survival occurred at 35°C and 40°C. In
dosage mortality studies, Dunphy and
Webster (1986) found that median lethal
dosage (LDs) and median lethal time (LT
») declined in the following order: 15>>20
>25°C with both DD-136 and Mexican
strain of S. carpocapsae.

The behavior of S. carpocapsae can
vary in different types of soil. When IJs
of S. carpocapsae are mixed in a small
amount of soil, most migrate to the
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surface of the soil (Poinar, 1979; Kondo
and Ishibashi, 1986). This characteristic
movement toward the surface seems to be
a natural feature of most strains of S.
carpocapsae (Reed and Carne, 1967). Poi-
nar (1979) indicated that IJs of S.
carpocapsae behave differently when pla-
ced on the surface of different soil types.
Moyle and Kaya (1981) placed IJs at 2.5
and 5.0cm below the surface of sand and
found little dispersal occurred. When
introduced 14cm below the surface of 4
different soil types, the majority of IJs
were recovered above the point of place-
ment. Nematodes moved laterally from
placement point and infected Galleria
pupae placed 14cm away. The percentage
of IJs able to migrate and infect wax
moth pupae placed in the soil decreased
as the percentage of clay and silt in-
creased (Georgis and Poinar, 1983).

The purpose of this study was to
evaluate the effects of temperature, place-
ment site, and soil texture on the dispers-
al of infective juveniles of S. carpocapsae
in 4 different soils.

Materials and Methods

A. Nematode culturing and inoculum
preparation

IJs of S. carpocapsae (All strain)
which were used throughout the experi-
ment, were collected from the larvae of
the grape root borer, Vitacea polistiformis
Harris, in 1974 (Al et al., 1980) and
continuously cultured in the last-instar
larvae of the greater wax moth, Galleria
mellonella L., using the method described
by Dutky et al. (1964). Forty-eight hours
after infection, cadavers of infected la-
rvae were placed in an emergence system
composed of a plastic container (17.5X8
X 4cm?®) with a lid, inside of which was a
piece of tile (10X4em?) wrapped with
filter paper (Whatman * 1, dia.=15cm)
and submerged in a 0.1% formalin so-
lution. Harvested infective juveniles were



stored in a 0.1% formalin solution at 5°C
after they emerged from the cadavers for
5 to 10 days before use. New nematode
inoculum solution was cultured monthly
to maintain a fresh, highly infective
stock. The Galleria colony used in this
study was reared on a holisdic diet at
27°C and has been maintained in our
laboratory for at least 6 years.

B. Soil preparation and physical char-
acteristics analysis

Four different soils were used in this
study: sand, Cecil coarse sandy loam,
sandy clay loam, and silty loam. A sample
of soil was collected from the upper 15cm
of the A horizon at the Midville and UGA
Plant Science Farm sites in Georgia, U.S.
A. Textures of these soils were deter-
mined by the Soil Testing and Plant
Analysis Laboratory of the USDA in
Athens, Georgia, U.S.A. The character-
istics of these 4 soils were: (1) pure sand;
(2) Cecil coarse sandy loam (85% sand,
5% silt and 10% clay); (3) silt loam (95 %
sand, 2% silt, and 3% clay); and (4)
sandy clay loam (68% sand, and 32%
clay).

Coarse sandy loam and sandy clay
loam were obtained from the University
of Georgia Plant Science Farm near
Watkinsville, Georgia, and the silty loam
was obtained from the Southeastern
Branch Experiment Station near Midvil-
le, Georgia.

Soil was sieved through a 1-cm screen
to remove pebbles and plant debris,
fumigated with methyl bromide, and sto-
red in a garbage can. In these studies, the
soils were processed through a sieve

series into a 2-mm particle size and oven- .

dried for 48 h at 105°C before testing.
C. Apparatus and soil preparation
Vertical dispersal of S. carpocapsae

was determined using six 5-cm sections of
polyvinyl chloride (PVC) pipes (5.5cm

1.d.) joined together with adhesive tape.
Four different oven dried soils were
packed according to their bulk density to -
a density of 1.5 gfem® for sand and silt
loam; and 1.05 g/ecm® for sandy clay loam;
1.40 g/cm® for sandy loam (Table 1). The
moisture content of each column was
adjusted with distilled water to 10%
(W/W) for sand, sandy loam and silty
loam and 20% for sandy clay loam.
Parafilm® was used to seal the bottom and
top of each column to maintain the
moisture.

Table 1. The bulk density and porosity of four soils
used in experiments with Steinernema

carpocapsae
Soil Bulk density Total
type (g/cm’) Porosity’
Sand 1.5228 0.4242
Coarse sandy loam 1.3489 0.4910
Sandy clay loam 1.0768 0.5937
Silty loam 1.4493 0.4531

' Porosity(f)=1—pb / ps; pb=bulk density; ps
=average particle density=2.65g / cm’.

D. Effects of temperatures and place-
ment site on vertical dispersal of S.
carpocapsae

Approximately 15,000 S. carpocapsae
juveniles in 1 ml of 0.1% formalin
solution were placed on the surface of the
soil columns, or pipetted to the soil at
depths of 5¢m and 10cm. The top of each
column was capped first with a sheet of
parafilm and then covered with piece of
aluminum foil to reduce drying. Columns
with nematodes were set in an incubator
under different temperatures of -20, 25,
and 35°C. After 7 days, the columns were
separated into 6 sections and soil cores
were weighed and placed in a Baerman
funnel to extract IJs.

Numbers of IJs recovered from each
section were recorded after 48 h. To
verify pathogenicity, nematodes recovered
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from each section were bioassayed with
25 newly molted 5th instar Galleria
larvae. There were 4 replicates per treat-
ment. The soil was then dried at 105°C for
48 h. Bulk density was determined to
estimate the degree of compactness.
Twenty grams of each soil types was
placed on the petri dish (dia. 9cm). A
drop of nematode solution was pipetted
onto the surface to observe infective
juveniles movement and behavior.

Results

After the infective juveniles are ap-
plied on the surface of soil, they crawl on
the soil surface or nictate by taking a
waving, standing straight, and then for-
ming a loop after small waving which
precedes leaping as Knodo and Ishibashi
(1986) have described. The juveniles use
riding, swarming, or bridging when they
travel to neighboring soil particles if the
distance between the 2 particles is longer
than their body length.

Low temperature effect

When nematodes were placed on the
surface, no nematodes were recovered
below 5cm after 7 days at 20°C in all 4
soil types (Table 2a). Soil texture affected
the vertical dispersal of nematodes, as
shown by higher numbers recovered from
sand and silty loam than in sandy loam or
sandy clay loam. When nematodes were
placed at a 5cm depth, the number of
nematodes recovered from both the sandy
loam and silty loam were significantly
greater than in the sand or sandy clay
loam soil. When nematodes were placed
at a depth of 10cm, the number of
infective juveniles recovered from the
sand was greater than in the other 3 soils
(Table 2b).

When nematodes were placed on the
surface, mortality of Galleria in sand and
silty loam was higher than in sandy loam
or sandy clay loam (Table 2b). The
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nematodes that were placed at a 5-cm
depth, and extracted in the 6-10cm layer,
produced higher mortality to Galleria
larvae as compared with the other layers
in all 4 soil types. If soil type is
considered, the Galleria mortality of the
6-10cm layer was greater in sandy loam as
compared with the other 3 soils. When
nematodes were placed at a 10cm depth,
Galleria mortality in the 11-15cm layer
was significantly greater than the mor-
tality in the other 5 layers, and the
pathogenicity was higher in the sand as
compared with the other 3 soils.

Intermediate temperature effect

The nematodes were more active at
25°C than they were at -20°C, as shown by
the greater number of nematodes recover-
ed from each layer at the higher tempera-
ture (Table 3). Overall, the highest
number of nematodes recovered from all
layers was from the sand as compared
with the silty loam, sandy loam, and
sandy clay loam soils no matter the
placement site. No S. carpocapsae indiv-
iduals were recovered below 15cm from
the surface in the 4 soils, regardless of
the placement site. When applied to the
surface, 100% of the nematodes were
found on the surface layer. Placement at
a depth of 5cm resulted in movement of
most nematodes to the surface layer in
the sand and silty loam soils, and to the
6-10cm layer in the sandy loam and sandy
clay loam soils. A small number of
nematodes were recovered from the
11-15cm layer in the sand and silty loam
soils, while none were found in this layer
in the sandy loam and sandy clay loam
soils (Table 3a).

Greater numbers of nematodes were
found in the 6-10cm layer of the sandy
loam and sandy clay loam soils than the
other 2 soils at the same layer. Soil
texture affected the vertical dispersal of
S. carpocapsae at 25°C, as shown by the
fact that significantly higher numbers of



Table 2a. Vertical migration of S. carpocapsae juveniles 7 days after placement on the

surface and at depths of 5 cm and 10 cm in four soils at -20°C.

Layers Mean no. nematodes recovered

(cm) Sand Sandy loam  Silty loam Sandy clay loam
Surface application

0—5 245.8aA 21.5aB 165.5aA 29.0aB'

6—10 0.0b 0.0b 0.0b 0.0b

11—-15 0.0b 0.0b 0.0b 0.0b

Total 245.8 21.5 165.5 29
5—cm application

0—5 00bB 70.3bA 0.0bB 0.0bB

6—10 46.5aB 289.0aA 116.5aA 17.5aB

11-15 0.0b 0.0c 0.0b 0.0b

Total 46.5 359.3 116.5 17.5
10— cm application

0—5 0.0b 0.0b 0.0b 0.0b

6—10 29.5bA 10.5bB 0.0bB 0.0bB

11-15 136.3aA 33.8aB 28.0aB 38.0aB

15—20 0.0b 0.0b 0.0b 0.0b

Total 165.8 44.3 28.0 38.0

' Duncan’s multiple range test (P<0.05); means within a column of a given application
followed by the same lower-case letter are not significantly different; means within a
row followed by the same capital letter are not significantly different (SAS Institute,
1985).

Table 2b. Pathogenicity of infective juveniles of S. carpocapsae to Galleria larvae 7 days
after placement on the surface and at depths of 5 cm and 10cm in four soils

at—20°C.

Layers Mortality( %)

(cm) Sand Sandy loam Silty loam Sandy clay loam
Surface application

0-5 100a 18a 100a 25a’

6—10 0b 0b 0b Ob

11—-15 Ob 0Ob Ob 0b
5—cm- application

0—5 Ob 60b 0b 0Ob

6—10 28a 100a 95a 18a

11-15 Ob Ob Ob 0Ob
10— cm application

0—5 0b 0b 0b Ob

6—10 3b 5b Ob Ob

11—-15 98a 23a 23a 33a

16—20 Ob 0b 0b 0b

' Duncan’s multiple range test (P<0.05) ; means within a column of a given application
followed by the same lower-case letter are not significantly different, means within a
row followed by the same capital letter are not significantly different (SAS Institute,
1985).
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infective juveniles were recovered from
the surface layer in the sand, silty loam
as compared with the sandy loam and
clay loam soils.

When the nematodes were placed at a
depth of 10cm at 25°C, higher numbers
were recovered from the 11-15c¢m layer as
compared with other layers, regardless of
soil type. A tendency for upward nemato-
de migration was noted, and the relative
abundance of recovered nematodes was in
the order: 11-15ecm>6-10cm>0-5cm>all
other depths. Higher numbers of infective
juveniles migrated upwards in the sand
and silty loam soils than in the sandy
loam and sandy clay loam soils (Table
3a).

At 25°C, when 8. carpocapsae indiv-
iduals were placed at a depth of 5cm, the
Galleria mortality that was produced by
Baermann extracts of nematodes from the
surface layer in the sandy loam was
lowest as compared with the other 3 soils
(Table 3b). When the nematodes were
placed at a depth of 10cm, the Galleria
mortality that was produced by the
Baermann extracts of nematodes from the
surface layer in the sandy loam and sandy
clay loam was significantly different than
sand and silty loam soils. Insect mortality
that was produced by Baermann extracts
of nematodes from the 6-10cm layer of the
sandy loam soil was significantly lower
than in the other 3 soils. The pathogeni-
city of Baermann extracts of S. carpo-
capsae from the 11-15cm depth was 100 %
in all 4 soils (Table 3b).

High temperature effect

At 35°C, no infective juveniles were
recovered below 10cm when applied to the
surface or at a depth of 5ecm. No nemato-
des were found below 15¢cm when applied
at a depth of 10cm (Table 4a). Most of
the nematodes applied on the surface
remained there at 35°C. When infective
juveniles were applied at a depth of 5cm,
the majority were recovered from the 6-10
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cm layer, and those applied at a 10cm
depth were found in the underlying layer
at 11-15cm. This suggests that at high
temperature such as 35°C, S. carpocapsae
individuals do not disperse greatly when
introduced to a particular location in a
soil column.

In considering the effect of soil
texture on nematode dispersal at 35°C, the
number of S. carpocapsae recovered was
the highest in sand when placed on the
surface at a depth of 5cm (Table 4a). The
Galleria mortality in the infectivity bioas-
say corresponded to the number of nema-
todes recovered from each layer (Table
4b). The mortality that was produced by
Baermann extracts of nematodes in sandy
clay loam was lower than in the other 3
soils when the nematodes were applied to
the surface. Galleria mortality that was
produced by Baermann extracts of nema-
tode from 0-5cm was highest in sand when
nematodes were applied at a depth of
5cm. When nematodes were applied 10cm
deep in the silty loam soil at 35°C, the
Galleria mortality that was produced by
Baermann extracts in the 2 upper layers
was significantly higher than in the other
soils. Analysis of variance of the data
indicated that soil texture had a signifi-
cant effect on the vertical dispersal at 3
temperatures in this study (Table 5).

Discussion

Nematode mobility is known to be
affected by soil type (Georgis and Poinar,
1983; Kaya, 1990; Kaya and Gaugler,
1993) and moisture (Silvermann et al.,
1982; Kondo and Ishibashi, 1985). Elsherif
(cited in Poinar, 1979), demonstrated that
the DD-136 strain of S. carpocapsae had a
tendency to disperse upwards when pla-
ced 15cm below the surface of a coarse
sandy loam, while the Agriotos strain
dispersed both upwards and downwards in
about equal numbers. However, both
strains of nematodes stayed near the
point of placement. Reed and Carne



Table 3a. Vertical migration of S. carpocapsae juveniles 7 days after placement on the

surface and at depths of 5 cm and 10 cm in four soils at 25°C.

Layer Mean no. nematodes recovered
(cm) Sand Sandy loam  Silty loam Sandy clay loam
Surface application
0-5 99950aA 11042.5aA 9000.aA 9749.0aA"
6—10 6.3b 0.0b 0.0b 0.0b
11—15 0.0b 0.0b 0.0b 0.0b
Total 10001.3 11042.5 9000.0 9749.0
5 ¢cm application
0—5 3209.5aA 14.8bC 677.5aB 1923bC
6—10 504.8bA 416.8aB 327.8bB 802.3aA
11-15 0.8¢cB 0.0bB 32.5cA 0.0cB
16—20 0.0¢c 0.0b 0.0c 0.0¢c
Total 3715.0 4315 1037.8 994.5
10 ¢cm application
0—5 231.3cA 20.3bcB 107.8cA 18.5bB
6—10 577.5bA 32.5bC 404.5bA 117.5bB
11—-15 1906.8aA 132.8aC 2415.8aA 886.8aB
16—20 0.0c 0.0b 0.0b 0.0b
Total 2715.5 185.5 2928.0 1022.8

' Duncan’s multiple range test (P<0.05); means within a column for a given application
followed by the same lower—case letter are not significantly different ; means within a
row followed by the same capital letter are not significantly different (SAS Institute,
1985).

Table 3b. Pathogenicity of the infective juveniels of S. carpocapsae to Galleria larvae 7 days
after placement on the surface and at depths of 5cm and 10 ¢m in four soils at

25°C.

Layer Mortality( %)

(cm) Sand Sandy loam  Silty loam Sandy clay loam
Surface application

0—5 100aA 100aA 100aA 100aA'

6—10 Ob Ob Ob 0Ob

11—-15 0b Ob Ob Ob
5—cm application

0—5 100aA 13bB 100aA 100aA

6—10 100aA 100aA 100aA 100aA

11-15 0b 0b "0b 0b
10—cm application

0—5 100aA 18¢C 65bB 18bC

6—10 100aA 30bB 95aA 98aA

11—15 100aA 100aA 100aA 100aA

16—20 Ob Oc Oc Ob

' Duncan’s multiple range test (P<0.05); mean within a column for a given application
followed by the same lower-case letter are not significantly different, means within a
row followed by the same capital letter are not significantly different (SAS Institute,
1985).
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Table 4a.

Vertical migration of S. carpocapsae juveniles 7 days after placement on the
surface and at depths of 5 cm and 10 ¢m in four soils at 35°C.

Layers Mean no. nematodes recovered
(cm) Sand Sandy loam _ Silty loam Sandy clay loam
Surface application

0-5 1415.8aA 1333.3aA 164.5aB 61.0aB!

610 0.0b 1.7b 22.5b 0.0b

11—-15 0.0b 0.0b 0.0b 0.0b

Total 1415.8 1335.0 189.0 61.0
5-cm application

0—5 84.3bA 21.5bAB 3.8bB 37.3bAB

6—10 288.3aA 260.0aA 188.8bB 106.aB

11-15 0.0b 0.0b 0.0b 0.0B

Total 372.5 281.5 192.5 143.5
10-cm application

0—5 0.3¢cB 0.8¢cB 69.3cA 7.0bB

6—10 51.0bB 31.0bB 198.5bA 12.8abB

11—-15 307.8aC 901.3aB 1232.0aA 28.0aD

16—20 0.0c 0.0b 0.0b 0.0b

Total 359.0 933.1 1499.8 47.8

' Duncan’s multiple range test ( P<0.05) ; mean within a column or row followed by the

same letter are not significantly different; means within a row followed by the same
capitalized letter are not significantly different ( SAS Institute, 1985 ) .

Table 4b. Pathogenicity of S. carpocapsae juveniles to Galleria larvae 7 days after placement
on the surface and at depths of 5 am and 10 ¢m in four soils at 35°C.

Layers Mortality (%)
(cm) Sand Sandy loam  Silty loam Sandy clay loam
Surface application
0—5 100aA 100aA 100aA 630aB!
6—10 0bB 3bB 25bA 0bB
11—-15 Ob Ob Oc 0b
5-cm application
0—5 65bA 20bB 3bC 35bB
6—10 100aA 100aA 100aA 98aA
11-15 Ob 0b 0b Oc
10-cm application
0—5 OcB 0cB 60bA 5bB
6—10 45hB 28bB 95aA 8bC
11-15 100aA 100aA 100aA 23aB
16—20 Oc Oc Ob Ob

' Duncan’s multiple range test (P<C0.05); mean within a column or row followed by the
same letter are not significantly different ; means within a row followed by the same
capitalized letter are not significantly different (SAS Institute, 1985).
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Table 5. Analysis of variance of the data showing
which factors had a significant effect on
number of S. carpocapsae recovered in the
four soils at 3 temperatures

Source df Mean square F values
—20°C
Model 14 0.9249 11.96%*
Soils ( S) 3 1.5749 20.37**
Displacement { Disp) 2 0.1499 1.94
S x Disp 6 0.8874 11.48**
25°C
Model 14 1.2509 20.24**
Soils ( S) 3 1.0959 17.73**
Displacement ( Disp) 2 4.7620 77.03**
S x Disp 6 0.4099 6.63**
35°C
Model 14 1.2974 13.87**
Soils ( S) 3 2.9841 31.89**
Displacement ( Disp) 2 0.0782 0.84**
S x Disp 6 1.0001 10.69**

**Designate a significant effect at P=0.01.

(1967) indicated that gliding movement,
in general, is the only movement possible
in a packed substrate and appeared to
result in randomly directed movement,
which eventually takes the nematodes to
the soil surface. Reed and Carne (1967)
reported that most DD-136 juveniles dis-
persed toward the soil surface. Schroeder
and Beavers (1987) concluded that the
Mexican strain remained in the top 15cm
when applied to the surface of a Lakeland
sandy loam. Georgis and Poinar (1983)
indicated that nematodes tended to dis-
perse upwards from the point of applica-
tion in 4 soil types. The percentage of
infective juveniles able to migrate and
infect Galleria pupae placed in the soil
decreased as the percentage of clay and
silt increased. Movement was least in
clay soil and limited in silty loam.

In the present study, when nematodes
were placed on the soil surface, most of
the S. carpocapsae population displayed
little downward movement at all 3 tem-
peratures in the 4 soil types which agrees
with the data of previous studies {(Moyle

and Kaya 1981; Georgis and Poinar, 1983;
Schroeder and Beavers, 1987). Nematodes
dispersed more readily in lighter soil
(sand and silty loam) than heavy soil
(sandy loam and sandy clay loam) at 25°C
and 35°C when applied to a depth of 5cm
and 10cm. These results agree with those
of Georgis and Poinar (1983).

At 20°C, there were fewer nematodes
recovered from each layer, and most of
the juveniles remained near the place-
ment site. This was probably caused by
the effect of cold on the survival of the
infective juveniles. Schmiege(1963) indi-
cated that S. carpocapsae is capable of
withstanding low temperatures. He placed
infective juveniles in-10°C for 18 h, and
approximately 70% were killed. However,
the survivors were still capable of infe-
cting insects. In the present study, when
S. carpocapsae individuals(in water) were
placed in-10°C for 7 days, 99% were killed,
but the few survivors still retained patho-
genicity to Galleria larvae. This indicated
that the nematodes could enter cryptobio-
sis and tolerate freezing.

At the intermediate temperature of
25°C, lower numbers of infective juveniles
were recovered when S. carpocapsae was
placed a depth of 10cm, as compared with
5cm in the sand and sandy loam soil. At a
higher temperature of 35°C, lower nu-
mbers of infective juveniles were recover-
ed from 5cm deep, as compared with 10cm
in the silty loam soil. As the previous
study has indicated, when the IJs are
placed in the middle of a soil column,
significantly more nematodes move up-
wards than downwards (Georgis and
Poinar, 1983).

Porosity affects nematode movement,
with less dispersal occurring as the
percentages of silt and clay increase in
the soil (Wallace, 1963;Georgis and Poi-
nar, 1983). In the present study, compact-
ness occurred in the sand and silty loam
so0il columns due to gravity. This resulted
in an increase in bulk density and a
decrease in pore size, thus restricting
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nematode movement through pores, and
probably increasing mortality in the trea-
ted nematode population.

Schmiege (1963) indicated that the
activity of infective juveniles (in water
drops) began to decrease when the tem-
perature increased from 30 to 32°C. Be-
havioral observation indicated that the
“All strain” is adapted for remaining on
the soil surface or the placement site, and
not moving more than 15cm below the
surface in the absence of hosts. This
agrees with observations by Georgis and
Poinar (1983) and Schroeder and Beavers
(1987).

References

All, J. N, C. Saunders, J. D. Dutcher,
and A. N. Javid. 1980. Susceptibility
of grape root borer larvae, Vitacea
polistiformis (Lepidoptera: Aegerii-
dae) to Neoaplectana carpocapsae
(Nematoda: Rhabditida) and potenti-
al of host kairomones for enhance-
ment of nematode activities in grape
vineyards. Mics. Publ. Entomol. Soc.
Amer. 12: 9-14.

Benham, G. S. Jr., and G. O. Poinar,
Jr. 1973. Tabulation and evaluation
of recent field experiments using the
DD-136 strain Neoaplectana carpo-
capsae Weiser: A review. Exp. Para-
sitol. 33: 248-252.

Burman, M., and A. E. Pye. 1980
Neoaplectana carpocapsae: Movement
of nematode population on a thermal
gradient. Exp. Parasitol. 49: 258-265.

Byers, J. A.,, and G. O. Poinar. 1982
Location of insect hosts by the nema-
tode, Neoaplectana carpocapsae in re-
sponse to temperature. Behaviour 79:
1-10.

Dunphy, G. B., and J. M. Webster.
1986. Influence of the Mexican strain
of Steinernema feltiae and associated
bacterium Xenorhabdus nematophilus
on Galleria mellonella. J. Parasitol.
33: 248-252.

104 hZERBEHAEE_H

Dutky, S. R., J. V. Thompson, and G.
E. Cantwell. 1964. A technique for
the mass propagation of the DD-136
nematode. J. Invertebr. Pathol. 6: 417-
422,

Gaugler, R., and G. M. Bouch. 1978.
Effects of ultraviolet radiation and
sunlight on the entomogenous nema-
tode, Neoaplectana carpocapsae (Stei-
nernematidae: Nematoda). J. Inver-
tebr. Pathol. 32: 291-296.

Georgis, R., and G. O. Poinar. 1983.
Effect of soil texture on the distri-
bution and infectivity of Neo-
aplectana carpocapsae (Nematoda:
Steinernematidae). J. Nematol. 15:
308-311.

Gray, P. A, and D. J. Johnson. 1983.
Survival of the nematode Neo-
aplectana carpocapsae in relation to
soil temperature, moisture and time.
J. Georgia Entomol. Soc. 18: 452-454.

Kaya, H. K. 1977. Development of the
DD-136 strain of Neoaplectana carpo-
capsae at constant temperature. dJ.
Nematol. 9: 346-349.

Kaya, H. K. 1990. Soil ecology. pp. 93-115.
in: R. Gaugler, and H. K. Kaya eds.
Entomopathogenic Nematodes in Bio-
logical Control. CRC Press, N.Y.

Kaya, H. K., and R. Gaugler. 1993.
Entomopathogenic nematodes. Annu.
Rev. Entomol. 38: 181-206.

Kaya, H. K., J. M. Marston, J. E.
Lindergren, and Y. Peng. 1982. Low
susceptibility of the honey bee, Apis
mellifera L. (Hymenoptera: Apidae)
to the entomogenous nematode, Neo-
aplectana carpocapsae Weiser. Envir-
on. Entomol. 11: 920-924.

Kondo, E., and N. Ishibashi. 1985.
Effect of soil moisture on the survival
and infectivity of the entomogenous
nematode, Steinernema feltiae
(DD-136). Proc. Plant Protec. Kyushu
31: 186-190.

Kondo, E., and N. Ishibashi. 1986.
Nictating behaviour and infectivity
of entomopathogenous nematodes,




Steinernema spp. to the larvae of
common cutworm, Spodoptera litura
(Lepidoptera: Noctuidae) on the soil
surface. Appl. Exp. Zool. 21: 553-560.

Molyneux, A. S. 1986. Heterorhabditis
spp. and Steinernema (Neoaplectana)
spp.. temperature and aspects to be-
haviour and infectivity. Exp. Para-
sitol. 62: 169-180.

Moyle, P. L., and H. K. Kaya. 1981.
Dispersal and infectivity of the en-
tomogenous nematode, Steinernema
carpocapsae (Nematoda: Steinernema-
tidae). J. Nematol. 13: 295-300.

Poinar, G. O. Jr. 1979. Nematodes for
Biological Control of Insects. CRC
Press Inc., Boca Raton, FL. 277 pp.

Pye, A. E.,, and M. Burman. 1978.
Neoaplectana carpocapsae: Infection
and reproduction in large pine weevil
larvae, Hylobius abietis. Exp. Para-
sitol. 46: 1-11.

Reed, E. M., and P. B. Carne. 1967. The
suitability of a nematode (DD-136)
for the control of some pasture in-
sects. J. Invertebr. Pathol. 9: 196-204.

Salt, G. 1970. Cellular Defense Reactions
of Insects. Cambridge University
Press, London.

Schmiege, D. C. 1963. The feasibility of
using a neoaplectanid nematode for
control of some forest insect pests. .

Econ. Entomol. 56: 427-431.

Schroeder, W. J., and J. B .Beavers.
1987. Movement of the entomogenous
nematodes of the families Hetero-
rhabditidae and Steinernematidae in
soil. J. Nematol. 19: 257-259.

Silverman, J. E., E. G. Platzer, and M.
K. Rust. 1982. Infection of the rat
flea Ctenocephalide felis by Neo-
aplectana carpocapsae Weiser. J. Ne-
matol. 14: 394- 397.

Simons, W. R., and G. O. Poinar, Jr.
1973. The ability of Neoaplectana
carpocapsae (Steinernematidae: Ne-
matoda) to survive extended periods
of dessication. J. Invertebr. Pathol.
22: 228-230.

Wallace, H. R. 1963. The Biology of
Plant Parasitic Nematode. Edward
Arnold, London. 280 pp.

Welch, H. E., and L. J. Briand. 1961.
Tests of the nematode DD-136 and an
associated bacterium for control of
the Colorado potato beetle, Leptinota-
rsa decemlineata (Say). Can. En-
tomol. 93: 749-763.

SAS Institute. 1985. SAS user guide:
basics. Version 5. SAS Institute Inc.
Gray, N.C.

Received for publication May 9, 1996;
Revised manuscript accepted July 4, 1996.

Temperature, replacement site on dispersal of S. carpocapsae 105



it B B P I R éE%?i'%Stememema
carpocapsae WU & 2

BB arssssehen mrREn

John N. All  Department of Entomology, University of Georgia, Athens, Georgia. U.S.A.

m =

B E NEATIR R B A6 R IR B ¥ & % % & Steinernema  carpocapsae$ith 84 %

o MMATEM YR A A —205 25R35C > AREALL  BRIOAS - AIREA
LR AGE S BEATERL TR IABTEE o £ —20°C T AR 4 SR BM&
FRAFBAD S > T ARELTHBHTRS o £25°C TR LA =856 EEH
MR EBAZRBETRE - REALRDENTELREN TR L TR LB
Bk o £35°CT » A WA LEEBIRA T AR 4 B O 18A025°C o sk B IS -
—205 25> #35°CTF » ERAMY BHATELIEHEAGR  ETHHORIBMAR) o
FAANBEN0N I > F35°CT » BAMEL &I TR AW EEN S TR , £
WK BB EABE TS LB o EHMASNHEEF » B P RIRGGE BT
% o FARMONSEAN » ROTRELPHRBROGERES - ATROGBBES T &+
PERK B AR L R I R BB BRI o
BASRET : Steinernema carpocapsae ~ B A K E  BE  EAEE M o

106 2R BH+ABA M
HEHARDR R HEE AT



