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Abstract: T h e  vertical migrat ion of N. carpocapsae infective juveniles applied to the soil 
surface or  introduced 14 cm below the soil surface was studied in four different soil types (pure 
silica sand, coarse sandy loam, silty clay loam, and clay). The  percentage of juveniles able to 
migrate and infect wax moth pupae  placed in the soil decreased as the percentage of clay and 
silt increased. Most nematodes placed on the soil surface remained within 2 cm of the surface, 
but  some penetrated to a depth of 10 cnt in pure  silica sand and coarse sandy loam to infect 
pupae.  Some pupae  at the same depth  were also infected with nematodes in silty clay loam 
~oil. In pure  silica sand and coarse sandy loam, nematodes introduced 14 cm below the soil 
surface were able to infect wax moth  pupae  located between 4 and 24 cm. Movement was 
least in clay soil and limited in silty clay loam. Nematodes showed a tendency to disperse 
upwards  f rom the point  of application. In all cases the numbe r  of migrat ing nematodes was 
greatest when wax moth pupae  were present. Key words: Neoa~lectana carpoeapsae, biological 
control, dispersal, attraction, nematode movement,  entomogenous nematode. 
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A wide variety of nematodes attack in- 
vertebrates. Among this assortment, mem- 
bers of the genus Neoaptectana appear es- 
pecially promising as biological control 
agents of insects (8). Neoaplectana carpo- 
capsae Weiser and its associated bacterium, 
Xenorhabdus nematophilus (Poinar and 
Thomas),  have been tested against a num- 
ber of soil pests in the field, but  the results 
have not been consistent (9). Reed and 
Carne (10) obtained poor control of the 
pruinose scarab, Sericesthis germinata, 
Boisduvl, and the dark soil scarab, 
Othnonius batesi Olliff, because the DD- 
136 strain of N. carpocapsae migrated to the 
soil surface after being introduced into the 
soil. T h e  results of Moyle and Kaya (7) 
were contrary to those obtained by Reed 
and Carne. When  the DD-136 juveniles 
were placed at 2.5 cm or 5.0 cm below the 
surface, the majority remained at the point  
of application, but  some showed a tendency 
to move 10 cm downward and to infect 
wax moth pupae GalIeria mEllonella (L.). 
Jaques et al. (5) reported that soil appli- 
cation of N. carpocapsae against the larvae 
of the pale apple leaf roller, Pseudexentera 
mali (Freeman), and cocoons of the winter 
moth, Operophtera brurnata (L.), gave 
reasonable control. Har lan  et al. (4) ob- 
tained 38% reduction in populat ions of 
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white-fringed beetle larvae, Graphognathus 
peregrinus (Busch.), 11 months after apply- 
ing N. carpocapsae. Lewis and Raun  (6) re- 
ported that N. carpocapsae did not infect 
larvae of the European corn borer, Ostrinia 
nubilalis (Hiibner), in soil-born corn de- 
bris. If these nematodes are to be used in 
the soil, then more information is needed 
regarding their mobili ty in this medium. 
Th e  present study defines the migrat ion of 
N. carpocapsae in different soil types under  
laboratory conditions. 

MA TERIA LS  AND M E T H O D S  

Nematode culturing: N. carpocapsae 
(Breton strain) was cultured in larvae of 
the greater wax moth Galleria meUonella 
L. (2). After extraction infective juveniles 
were stored in water for 3 weeks at 5 C. 

Soil type: Vertical migration of N. 
carp ocapsae juveniles was studied in four 
different steam-sterilized soils: (i) pure silica 
sand, (if) coarse sandy loam (10% clay, 
10% silt, and 80% sand), (iii) silty clay 
loam (20% clay, 15% silt, and 65% sand), 
and (iv) clay (34% clay, 24% silt, 42% 
sand). T h e  soil was treated with 30 ml of 
distilled water per 100 cm a soil before the 
experiments. 

Soil coh~mns: Vertical columns, 10 cm 
in length consisting of 2-cm sections of 
plastic tubing (7-cm inner diameter), were 
joined together with adhesive tape and 
filled with moist soil. Ten  wax moth pupae 
were enclosed in the last section of the 
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tube. T h e  tubes were capped  wi th  alumi-  
n u m  foil and m a i n t a i n e d  at 23-25 C. Sur- 
face appl icat ions  were conduc t ed  by add- 
ing  30,000 infective juveniles in 0,2 ml  of 
water  in small drops to the surface of  the 
soil at the top  of the vertical co lumn.  

T h e  abil i ty of  the nema tode  to move  
vertically upward  and  d o w n w a r d  was also 
studied, using the m e t h o d  described in the 
previous exper iment .  I n  this test, plastic 
tubes 28 cm in length (7-cm inner  diameter)  
consisted of 4-cm sections. W a x  m o t h  pupae  
were placed at the top  and  the bo t tom of 
the tube, and 30,000 infective stage juve- 
niles were injected in to  the soil at a depth  
of  14 cm. 

After 5 days the plastic tubes were care- 
fully separa ted  and  the nematodes  were re- 
covered for c o u n t i n g  by washing  them 
th rough  a 200-mesh sieve and  t r app ing  
them on a 400-mesh sieve screen (7). W a x  
moth  pupae  were removed  and  dissected, 
and  the n u m b e r  of nematodes  they con- 
tained noted.  N e m a t o d e  d is t r ibut ion  in the 
absence of  the wax m o t h  pupae  was also 
compared .  Five repl icat ions  (columns of 
tubes) were used. 

Nematode infectivity: N e m a t o d e  infec- 
tivity was de t e rmined  by the abili ty of the 
juveniles to reach and  infect pupae  of 
Galleria mellonella placed at var ious levels 
in the soil. Four  wax m o t h  pupae  were 
placed in each section of  the tube (28 cm 
in length), and approx ima te ly  30,000 third-  
stage infective nematodes  were i n t roduced  

14 cm below the soil surface. Af ter  6 days, 
the plastic tubes were separa ted  in to  the 4- 
cm lengths and  the  p u p a e  were washed, 
dissected, and  examined  for  nematodes .  
N e m a t o d e  deve lopment  inside the p u p a e  
was recorded.  Repl ica t ion  was threefold.  

Data analysis: Data  in all exper iments  
were anlyzed by two-way analysis of  vari- 
ance and  Duncan ' s  mul t ip le- range  test. Per- 
centages were t ransformed using arcin  trans- 
fo rmat ion  before statistical analysis. 

R E S U L T S  

T h e  percentage of  juveniles able to mi- 
grate  and  infect wax m o t h  pupae  decreased 
as tile p ropo r t i on  of  clay and  silt increased. 

T h e  results showed n e m a t o d e  distr ibu- 
t ion varied great ly with soil type (Table  1). 
T h e  greatest dispersal and  infect ivi ty oc- 
cured in pure  silica sand and  coarse sandy 
loam. Most  juveni les  r ema ined  wi th in  2 
cm of  the surface, bu t  some pene t ra ted  10 
cm in dep th  in pure  silica sand and  coarse 
sandy loam to infect  pupae.  A few pupae  
were also infected wi th  nematodes  in  silty 
clay loam soil. I n  the above  cases the 
presence of  the wax m o t h  pupae  resul ted in  
significant increase of n e m a t o d e  movement .  
N o  nematodes  were recovered beyond  4 cm 
in clay soil e i ther  in the presence or  absence 
of a host  (Table  1). 

I n  pure  silica sand and  coarse sandy 
loam, nematodes  in t roduced  14 cm below 
the soil surface were able to infect  wax  

Table !. Vertical distribution of Neoaplectana carpocapsae infective juveniles in four different soil 
types, 5 clays after placement of 30,000 nematodes at the soil surface. 

.~% of juveniles in four different soil types 
Pure silica sand Coarse sandy loam Silty clay loam Clay 

Depth (cm) P* AJ- P A P A P A 

0-2 73.6a+ + 78.1a 80.8a 87.5a 95.7a 94.3a 95.9a 94.3a 
2~t ll.6b 14.4b 9.6b 10.1b 4.0c 5.3c 4.9c 5.5c 
4-6 6.4bc 5.2c 5.4c 1.8d 0.2e 0.4e 0.2e 0.2e 
6-8 6.3bc 2.1d 2.1d 0.5e 0.09e 0 0 0 

8-10 2.1d 0.2e 2.1d 0.1e 0.01f 0 0 0 

R total no. 
of nematodes 
recovered 25,822 20,763 23,909 20,830 19,971 20,637 22,125 18,622 

*P = pupae of wax moth present. 
tA = pupae of wax moth absent. 
+Means followed by the same letter are not signficantly different at the 5% level using Duncan's 

multiple-range test. 
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moth  pupae  located 10 cm above (section 
0-4 cm) and  10 cm below (section 24-28 
cm) the point  of appl icat ion (Table  2). T h e  
n u m b e r  of  nematodes moving  downward 
was greatest when a host was present. At 
a depth of 24-28 cm, the num ber  of nema- 
todes recovered was significantly higher  
when insect pupae  were present (Table  2). 
Movement  was less in silty clay loam soil. 
In  all cases the nematodes showed a tend- 
ency to disperse upward  from the point  
ot application.  

Nematodes introduced 14 cm below the 
soil surface were able to infect wax mo th  
pupae  located 0-14 cm above and 14-28 cm 
below the point  of appl icat ion (Table  3). 
T h e  migrat ion area was less in silty clay 
loam soil and even more l imited in clay 
soil. Most of infected pupae  were found to 
contain nematode progeny which subse- 
quently could disperse downward and up- 
ward to infect more pupae. 

DISCUSSION 

I t  is well known that  both  moisture  and 
pore size influence the movemen t  of soil 
nematodes (12). A nematode cannot  move 
between soil particles when the pore diam- 
eters are less than  the width of the nema- 
tode. This  appears  to be the case with the 
clay soil tested here. Although there was 
some movement ,  indicating that  the Breton 
strain of N. carp o~apsae can indeed migrate  

2, April 1983 

Tab le  3. Morta l i ty  of wax m o t h  pupae  (Galleria 
mellonela) in four  different  soil types, 6 days af ter  
p l acemen t  of Neoaplectana carpocapsae at a d e p t h  
of  14 cm.  

no. of  infected p u p a e *  
in four  different  soil types 

Pure  Coarse Silty 
D ep th  silica sandy clay 

(cm) sand  l oam loam Clay 

(}-4 1.0 0.7 0 0 
4-8 1.7 1.3 0.7 0 
8-12 4.0 3.7 3.0 0 

12-16 4.0 4.0 4.0 3.7 
16-20 3.3 3.7 3.7 0 
20-24 2.7 2.0 0.3 0 
24-28 1.3 1.0 0 0 

T o t a l  % 
mor ta l i ty  62.9 58.6 41.9 13.2 

*Four  p u p a e  were placed in each soil section. 

through clay soil, movemen t  was much  less 
than in sand and sandy loam. This  fact 
should be kept in mind  when making  field 
applications o[ neoaplectanid nematodes 
for soil insects. 

In  all soil types, most nematodes re- 
mained near the poin t  of appl icat ion but  
many  showed a tendency to move upward  
when placed 14 cm below the soil surface. 
These results are in agreement  with those 
obtained by E1-Sheri[ (cited in Poinar  [9]) 
and  Moyle and Kaya (7). Reed and  C a m e  

Tab le  2. Vertical d i s t r ibu t ion  of Neoaplectana carpocapsae infectixe juveni les  in four  different  soil 
types, 5 days af ter  p l acemen t  of  30,000 nematodes  at  a de p th  of  14 cm. 

~% of  juveni les  in four  different  soil types 

Pure  silica sand  Coarse sandy loam Silty clay loam Clay 

Dep th  (cm) P* A t  P A P A P A 

0-4  3.4a+ ~ 3.3a 3.4a 2.9a 0.02j 0 0 0 
4-8 11.9b 5.1 a 7.9a 4.6a 0.9e 0.2f 0 0 
8-12 23.3c 16.9bc 21.3bc 19.3bc 8.6b 10.7b 0.01j 0.02j 

12-16 33.7d 41.2d 44.6d 50.2d 87.7h 86.9h 99.9h 99.98h 
16-20 19.1bc 28.7c 18.6bc 21.0bc 2.5a 2.2a 0 0 
20-24 7.0ab 4.5a 3.2a 1.8e 0.01j 0 0 0 
24-28 1.6e 0.3f 1.0e 0.2f 0 0 0 0 

total  no. 
of  nematodes  
recovered 24,190 23,229 23,643 21,773 22,924 23,087 23,076 22,509 

*P = p u p a e  of  wax m o t h  present .  
t A  = p u p a e  of wax m o t h  absent .  
~Means followed by the  same  le t ter  are  no t  significantly different  a t  the  5% level u s ing  Duncan ' s  

mu l t i p l e - r ange  test. 
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(10) r e p o r t e d  t h a t  j u v e n i l e s  o f  N. carpo- 
capsae (DD-136  s t r a in )  m o v e d  to t im su r f ace  
a f t e r  b e i n g  i n t r o d u c e d  i n t o  the  soil .  T h e  
resu l t s  of  this  s t udy  a re  c o n t r a r y  to  those  
o b t a i n e d  by R e e d  a n d  C a r n e  (10). T h e  
r ea son  for  these  d i f f e r ences  is n o t  k n o w n .  I t  
m a y  be  t h a t  p l a c e m e n t  of  t h e  n e m a t o d e s  
14 can b e l o w  the  soi l  su r face  a n d  t h e  
s t r a in  of N. carpocapsae r e su l t  in  differ-  
ences  in  v e r t i c a l  d i spe r sa l  of  t im n e m a -  
tode.  T h e  n u m b e r  o f  m i g r a t i n g  n e m a t o d e s  
was g r ea t e r  w h e n  a hos t  was  p re sen t ,  in-  
d i c a t i n g  an  a t t r a c t i v e n e s s  of  t he  hos t  to  
the  n e m a t o d e .  S c h m i d t  a n d  A l l  ( I1)  sug- 
ges ted  t h a t  t he  a t t r a c t i o n  of  N. carpocapsae 
to w a x  m o t h  l a r v a e  was  d u e  to  a c h e m i c a l  
g r a d i e n t  a r o u n d  t im l a rvae .  F u r t h e r m o r e ,  
G a u g l e r  et  al.  (3) f o u n d  t h a t  N. carpocapsae 
r e s p o n d s  p o s i t i v e l y  to c a r b o n  d i o x i d e ,  a n d  
r e c e n t l y  Byers  a n d  P o i n a r  (1) r e p o r t e d  t h a t  
t l te i n f e c t i v e  s tages o f  N. carpocap~ae re-  
s p o n d  to h e a t  c o n d u c t e d  f r o m  w a x  m o t h  
l a r v a e  in  t h e  absence  o f  c a r b o n  d i o x i d e  or  
c h e m i c a l  g r a d i e n t s .  

N e m a t o d e s  a p p l i e d  14 c m  b e l o w  t h e  
soil  su r f ace  w e r e  a b l e  to  m o v e  u p w a r d  a n d  
d o w n w a r d  to i n f ec t  w a x  m o t h  p u p a e .  A f t e r  
r e p r o d u c i n g  in s ide  t he  hosts ,  t h e  i n f e c t i v e  
s tages  e m e r g e d .  T h i s  is h o w  n e m a t o d e  pop-  
u l a t i o n s  w o u l d  i nc r ea se  i n  a reas  of  l t igh  

hos t  dens i ty .  
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