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The entomogenous nematode species
Heterorhabditis heliothidis (Kahn, Brooks, and
Hirschmann), H. bacteriophora Poinar, Neo-
aplectana carpocapsae Weiser, and N. glaseri
Steiner are promising biological control
agents for a broad range of soil-inhabiting
insect species (6). Many factors in soil affect
nematode survival, movement, and infec-
tivity: Moisture is probably the most im-
portant physical factor affecting survival
(5,7), whereas movement and infectivity are
influenced by soil texture (2,4), presence
or absence of a host (1), behavior of the
species (8,9), and moisture (3).

The objective of this research was to
study the comparative movement of /. he-
liothidis, H. bacteriophora, two strains of N.
carpocapsae, and N. glaseri in soil over a 30-
day period.

MATERIALS AND METHODS

Infective juveniles of H. heliothidis, H.
bacteriophora, N. carpocapsae (Breton and
Mexican strains), and N. glaseri were ob-
tained from Biosis, Palo Alto, California.
Stock suspensions were maintained on
moist sponge at 10 C.

A Lakeland sandy soil (thermic, coated
typic quartzipsamments, 95% sand, less
than 5% clay-silt) was packed to a density
of 1.60 g/cm®. Soil was oven dried at 105
C for 48 hours, and the moisture was ad-
justed to 9.1% (w/w) with distilled water.
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Polyvinyl chloride (PVC) pipes (3.8 cm
i.d. X 1 m long) were filled with soil. Ten
thousand nematodes in 5 ml water were
added to the surface of the soil at one end
of the pipe and both ends were capped with
tape. The pipes were positioned with the
nematodes at top or bottom (vertical) or
with the nematodes at one end (horizon-
tal). There were four replications per
treatment. The test was repeated with N.
glaseri with 2-m-long tubes, 100,000 nema-
todes per tube, six replications per treat-
ment. All tubes were maintained at 26 =
2 C for 30 days. At harvest, each pipe was
cut into 15-cm sections. The soil was washed
three times with 150 ml] water which was
poured into a separatory funnel and al-
lowed to settle for 15 minutes. A 50-ml
sample was then drawn from the bottom
of each funnel, and nematodes were quan-
tified from an average of three 1-ml sub-
samples. ’

To verify infectivity, nematodes re-
covered were placed in petri dishes with
lab-reared Galleria mellonella (L.) larvae (6).
After 6 days, the G. mellonella larvae were
examined for the presence of developing
nematodes.

RESuULTS

When infective juveniles of H. heliothidis,
H. bacteriophora, and N. carpocapsae (Breton
and Mexican strain) were placed on the
surface of a vertical column of soil, no H.
heliothidis or N. carpocapsae (Breton and
Mexican strain) were recovered from be-
low 15 cm from the surface after 30 days
(Table 1). Only 4% of the H. bacteriophora
recovered were from the 15-30-cm depth,
the deepest they migrated. N. glaseri mi-
grated throughout the entire 90-cm col-
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TABLE 1.

Distribution of Heterorhabditis heliothidis, H. bacteriophora, Nevaplectana carpocapsae, and N. glaser:

30 days after introduction at the top or bottom of a vertical column or at one end of a horizontal column of

Lakeland sandy soil.

Distance from

Percentage of nematodes recovered (mean)

point of
introduction N. carpocapsae N. carpocapsae
(cm) H. heliothidis H. bacteriophora (Breton) (Mexican) N. glaseri
Nematodes placed on top of vertical column

0-15 100 (3,172) 97 (3,987) a 100 (4,050) 100 (6,925) 68 (3,161) a
15-30 0 . 4(325) b 0 0 14 (720) b
30-45 0 0 0 0 9 (405) be
45-60 . 0 0 0 0 3(136) ¢
60-75 0 0 0 0 3(125) ¢
75-90 0 0 0 0 3@81) ¢

Nematodes placed in bottom of vertical column

0-15 - 92 (4,650) a 83 (3,662) a 43 (2,875)a- 93 (6,350) 6 (275) a
15-30 8 (400)" b 12(537) b 57 (3,687)a 6 (512) 6(255) a
30-45 0 5(212) b 0 1{(—) 11(436) a
45-60 R 0 ) 0 0 0 18 (703) ab
60-75 0 0 0 0 25 (1,015) be
75-90 0 0 0 0 34 (1,334) ¢

- Nematodes placed at one end of horizontal column
0-15 96 (5,025) 98 (4,637) a 100 (3,062) 100 (4,687) 4(172) a
- 15-30 3(175) b 2(300) b 0 0 4(180) a

30-45 1(—) 0 0 0 5(215) a
45-60 0 . -0 0 0 7(318) a
60-75 0 0 0 0 21 (965) a
75-90 0 0 0 0 59 (2,667) b

Means followed by the same letter are not significantly different (P = 0.05). ANOVA and Duncan’s new multiple-range

test.

umn, although the greatest number (68%)
remained in the top 0—15-cm section.

When infective juveniles were placed at
the bottom of the soil columns, H. heliothi-
disand N. carpocapsae (Breton and Mexican
strain) were found in the 15-30-cm section
from the bottom. H. bacteriophora were re-
covered 30-45 cm above the area of in-
troduction. N. glaseri were recovered from
the entire 90-cm column with a signifi-
cantly (P = 0.05) higher number (34%) in
distal 15 cm (75-90 cm) than in the four
sections (0—60 cm) near the point of intro-
duction. The number of N. glaseri re-
covered from the bottom 0-15-cm section
(point of introduction) also was signifi-
cantly tower than from the distal two sec-
tions. C

Placement of infective juveniles at one
end of horizontal columns showed that
movement of H. heliothidis and H. bacte-
riophora was limited to 0-30 cm. N. carpo-
capsae (Breton and Mexican strain) did not
move more than 15 cm laterally. Signifi-

cantly (P = 0.05) more N. glaseri (59% of
total) were located 75-90 cm from the point
of introduction (Table 1).

When all tests were repeated with a 2-m
column with N. glaseri, nematodes were re-
covered from all sections of the column
when introduced at the bottom of vertical
columns or at one end of horizontal col-
umns (six replications). When placed on
top, nematodes were recovered 155-170
cm deep in five replications and 170-185
cm deep in one replication.

H. heliothidis, H. bacteriophora, N. carpo-
capsae (Breton and Mexican straim), and N.
glaseri recovered from the soil from any
section 30 days following application readi-
ly infected larvae of G. mellonella.

DiscussionN

The results showed that in Lakeland
sandy soil N. glaseri moved more readily
than the three other species of nematodes.
There was little difference in dispersal be-



tween H. heliothidis, H. bacteriophora, and
N. carpocapsae.

All species dispersed more readily up-
ward than downward when placed in soil
columns. There was some lateral dispersal
of H. heliothidis, H. bacteriophora, and N.
carpocapsae. If insect larvae had been pres-
ent, migration would probably have been
greater (2). N. glaseri moved through the
entire length of the columns. Variation in
movement of the different species of en-
tomogenous nematodes in sandy soil sug-
gests that nematode biology could dictate
the method of field application. For species
that do not move, broad dispersal in the
root zone would be required. Application
techniques will require evaluation in order
to effectively utilize nematodes as a bio-
control agent.
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