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Effect of Soil Texture on the Distribution and Infectivity of 
Neoaplectana glaseri (Nematoda:Steinernematidae) 
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Abstract: T h e  vertical mig ra t ion  of  infective juveni les  of Neoaplectana glaseri appl ied  to the 
soil surface or in t roduced  16 cm below the soil surface was s tudied  in pu re  silica sand,  coarse 
sandy loam, silty clay loam, and  clay. T h e  n u m b e r  of juveni les  tha t  migra ted  and  infected wax 
m o t h  p u p a e  placed in the  soil decreased as the  p ropor t ion  of clay and  silt increased. T h e  major i ty  
nf nematodes  moved downwards  2-6 cm from the surface, hu t  some pene t ra ted  to a dep th  of 
14 cm in pure  silica sand aml coarse sandy loam. In  pure  silica sand and  coarse sandy loam, 
nematodes  in t roduced  16 cm below the  soil surface were able to infect  wax m o t h  p u p a e  located 
at dep ths  of 0-4 cm and  28-32 cm. Nematodes  showed a greater  tendency to disperse downwart ls  
f rom the po in t  of appl icat ion.  M ovemen t  of  the  nema tode  was least in clay soil and  l imited in 
silty clay loam soil. T h e  n u m b e r  of mig ra t i ng  nematodes  was greatest  when  wax m o t h  p u p a e  
were present .  Key words: Neoaplectana glaseri, biological control,  dispersal,  a t t ract ion,  n e m a t o d e  
movemen t ,  e n t omogenous  nematode .  Jou rna l  of Nemato logy  15(3):329-332. 1983. 
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T h e  entomogenous nematode Neoaplec- 
tana glaseri Steiner and its associated bac- 
terium, Xenorhabdus nematophilus (Poinar 
and Thomas),  have been tested against a 
number  of soil pests in the field, but  the 
results have not been consistent (9). In 
summarizing field experiments with N. 
glaseri, Glaser et al. (7) stated that of 73 
different experimental  plots treated at vari- 
ous seasons since 1931, parasitized Japanese 
beetle grubs Popillia japonica (Newm) were 
recovered from 72. Parasitism varied from 
0.3 to 81% depending on soil moisture, 
nematode dosage, soil temperature,  and host 
density. Recently, soil application of N. 
glaseri against the larvae of black vine 
weevil, Otiorrynchus sulcatus Fab., gave 
high control under  greenhouse conditions 
(6). Further,  field application o~ a mixture  
of N. glaseri and N. carpocapsae Weiser 
(1:1) resulted in 62% reduction in popula- 
tion of black vine weevil larvae, Nemocestes 
incomptus Fab., (4). If N. glaseri is to be 
used as a biological control agent, more in- 
formation is needed regarding its ability to 
move in soil. T h e  present study defines the 
migration of N. glaseri in different soil types 
under laboratory conditions. 
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MATERIALS AND M E T H O D S  

Nematode culturing: N. glaseri was cul- 
tured in larvae of the greater wax moth 
Galleria mellonella (L.) (2). After extrac- 
tion, infective nematode juveniles were 
stored in water for 3 weeks at 5 C. 

Soil type: Vertical migration of N. 
glaseri juveniles was studied in four differ- 
ent steam sterilized soils: pure silica sand, 
coarse sandy loam (10% clay, 10% silt, 
80% sand), silty clay loam (20% clay, 15% 
silt, 65% sand), and clay (34% clay, 24% 
silt, 24% sand). T h e  soil was treated with 
30 ml of distilled water per 100 cc soil be- 
fore the experiments. 

Soil columns: Vertical columns, 14 cm 
in length and consisting of 2-cm sections of 
plastic tubing (7-cm inner diam.), were 
joined together with adhesive tape and 
filled with moist soil. Each section held 
approximately 180-220 g of moistened soil. 
T e n  wax moth pupae were enclosed in the 
bottom section of each tube. Th e  tubes 
were capped with a luminium foil and main- 
tained at 23-25 C. Surface applications were 
conducted by adding 30,000 infective juve- 
niles in 0.2 ml of water in small drops to the 
surface of the soil at the top of the vertical 
column. T h e  soil columns were not  com- 
pacted more than would occur from the 
natural  weight of the soil. 

T h e  ability of the nematode to move 
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vertically upward and downward was 
studied, using the method described in the 
previous experiment,  except plastic tubes, 
32 cm in length (7-cra inner diam.) and 
consisting of 4-cm sections, were used. T e n  
wax moth  pupae were placed at the top 
(section 0--4 cm) and the bottom (section 
28-32 cm) of the tube, and 30,000 infective- 
stage juveniles were injected into the soil at 
a depth of 16 cm. 

After 5 days, the plastic tubes were care- 
fully separated and the nematodes were re- 
covered for counting by washing them 
through a 200-mesh sieve and trapping them 
on a 400-mesh sieve screen (8). Wax moth 
pupae were removed and dissected, and the 
number  of nematodes was determined. 
Nematode distribution in the absence of the 
wax moth pupae was also compared. Five 
replications (columns of tubes) were used. 

Nematode in[ectivity: Nematode infec- 
tivity was determined by the ability of the 
juveniles to reach and infect pupae of G. 
mellonella placed at various levels in the 
soil. Four  wax moth pupae were placed in 
each section of the tube (32 cm in length), 
and approximately 30,000 third-stage infec- 
tive nematodes were introduced 16 cm be- 
low the soil surface. After 6 days, the plastic 
tubes were separated into sections and the 
pupae washed, dissected, and examined for 
the presence of developing nematodes. 

Data analysis: Data collected were ana- 
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lyzed by two-way analysis of variance and 
Duncan's multiple-range test. Percentages 
were transformed using arcsin tranforma- 
tion before statistical analysis. 

RESULTS 

T h e  percentage of juvenile nematodes 
that migrated and infected wax moth pupae 
decreased as the proport ion of clay and silt 
increased (Tables 1, 2). 

T h e  greatest dispersal and infectivity 
occurred in pure silica sand and coarse 
sandy loam. When  the nematodes were ap- 
plied to the soil surface, most juveniles re- 
mained within 2-6 cm of the surface but  
some were able to penetrate in the pure 
silica sand and coarse sandy loam and in- 
fected all pupae located at the bot tom (sec- 
tion 12-I4 cm). T h e  presence of the wax 
moth pupae resulted in a significant in- 
crease of nematode movement.  When  the 
hosts were present in pure silica sand, 3.3% 
of the nematodes were found at 12-14 cm 
depth, compared to 0.3% in the absence of 
hosts. No nematodes were recovered below 
6 cm in clay soil, and hosts did not  affect 
nematode distribution (Table  1). 

In pure silica sand and coarse sandy 
loam, nematodes introduced 16 cm below 
the soil surface were able to infect wax moth 
pupae located 16 cm above (section 0-4 cm) 
and 16 cm below (section 28-32 cm) the 

Table 1. Vertical distribution of Neoaplectana glaseri infective juveniles in four different soil types, .~ 
days after placement of 30,000 nematodes at the soil surface. 

Mean % of juveniles in four different soil types* 

Pure silica sand Coarse sandy loam Silt clay loam Clay 

Depth (cm) P t  A t  P A P A P A 

0-2 13.5ac 16.3a 19.2a 16.7a 36.4f 38.6f 56.8h 61.6h 
2-4 25.1b 23.8b 24Aab 24.2b 41.7f 47.3g 43.1g 38.2f 
4--6 33.0b 29.5b 27.7b 30.5b 16.5a 10.5ac 0.1e 0.2e 
6-8 12.4ac 16.6a 11.3ca 16.4a 5.2d 3.6d 0 0 
8-10 8.1ca 10.1c 11,6ca 9.2c 0.2e 0 0 0 

10-12 4.6d 3.4d 2.4d 2.7d 0 0 0 0 
12-I4 3.3d 0.3e 3.4d 0.3e 0 0 0 0 

Mean total 
no. o f  
n e m a t o d e s  
recovered  28,710 26,813 24,791 28,012 27,426 24,762 27,331 25,811 

*Means followed by the  same letters  are  not significantly different at the 5% level, Duncan's  multiple- 
range test. 

~P = p u p a e  of  wax moth present at 12-14 cm depth.  A = pupae of wax moth  absent. 
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Table 2. Vertical distribution of Neoaplectana glaseri infective juveniles in four different soil types, 5 
days after placement of 30,000 nematodes at a depth of 16 cm. 

Mean % of juveniles in four different soil types* 
Pure silica sand Coarse sandy loam Silt clay loam Clay 

Depth (cm) Pt  At  P A P A P A 

0-4 1.4a 0.6ah 1.1a 0.3h 0 0 0 0 
4-8 2.9ae 3.1e 3.8e 2.8e 0.2h 0 0 0 
8-12 13.3b 15.6b 9.3g 11.6bg 6.7ge 5.8 0 0 

12-16 20.6c 26.3c 22.7cb 30.1d 84.3j 81.6j 100.00k 100.00k 
16-20 31.1d 33.7d 34.6d 28.9d 6.4 12.3 0 0 
20-24 18.6b 14.5b 17.5b 19.8b 0.3 0.3 0 0 
24-28 8.6g 4.3e 7.2g 5.3ge 0.1 0 0 0 
28-32 4.1e 1.9f 3.8e 1.2f 0 0 0 0 

Mean total 
no. of 
nematodes 
recovered 26,821 27,081 27,315 24,689 27,516 23,907 25,733 27,991 

*Means followed by the same letters are not significantly different at the 5% level, Duncan's multiple- 
range test. 

tP  = pupae of wax moth present at 0-4 cm and 28-32 cm depth. A = pupae of wax moth absent. 

p o i n t  o f  a p p l i c a t i o n  ( T a b l e  2). A g a i n  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  signif i-  
c a n t l y  g r e a t e r  w h e n  hosts  w e r e  p r e s e n t  i n  
these  soil  types.  T h e  p e r c e n t a g e  o f  n e m a -  
todes  r e c o v e r e d  a t  t he  0 - 4 - c m  a n d  2 8 - 3 1 - c m  
d e p t h s  was  h i g h e r  i n  t h e  p r e s e n c e  of  w a x  
m o t h  p u p a e  t h a n  w h e n  p u p a e  w e r e  n o t  
a v a i l a b l e .  M o v e m e n t  was  l i m i t e d  i n  t h e  s i l ty  
c lay l o a m  soi l  a n d  d i d  n o t  o c c u r  i n  t he  c lay 
soil .  I n  a l l  cases t he  n e m a t o d e s  s h o w e d  a 
s i gn i f i c an t l y  g r e a t e r  t e n d e n c y  to  d i spe r se  
d o w n w a r d .  

I n  p u r e  s i l i ca  a n d  coarse  s andy  l o a m ,  N .  
glaseri i n t r o d u c e d  16 c m  b e l o w  the  soi l  sur-  
face w e r e  a b l e  to  i n f e c t  w a x  m o t h  p u p a e  
l o c a t e d  b e t w e e n  0 a n d  16 c m  a b o v e  a n d  be- 

t w e e n  16 a n d  32 c m  b e l o w  t h e  p o i n t  o f  ap-  
p l i c a t i o n  ( T a b l e  3). T h e  n u m b e r  o f  in-  
f ec ted  p u p a e  was less i n  s i l ty  c lay  l o a m  soi l  
a n d  e v e n  m o r e  l i m i t e d  i n  c lay soil .  M o s t  
i n f e c t e d  p u p a e  c o n t a i n e d  n e m a t o d e  p rog -  
eny.  

D I S C U S S I O N  

Soi l  t e x t u r e  is i m p o r t a n t  for  v e r t i c a l  dis- 
t r i b u t i o n  a n d  i n f e c t i v i t y  o f  j u v e n i l e s  o f  N .  
glaseri. Dif f e r ences  i n  m i g r a t i o n  p a t t e r n s  i n  
soils o f  d i f f e r e n t  s t r u c t u r e  p r o b a b l y  o c c u r  
because  the  n e m a t o d e s  h a v e  an  o p t i m u m  
p a r t i c l e  size for  m o v e m e n t  (11). T h e  s t ruc-  
t u r e  o f  c lay  a n d  si l t  a p p e a r s  to  l i m i t  m o v e -  

Table 3. Mortality of wax moth pupae in four different soil types, 6 days after placement of Neoaplectana 
glaseri at a depth of 16 cm. 

Mean % of infected pupae* in four different soil types 
Depth (cm) Pure silica sand Coarse sandy loam Silt clay loam Clay 

0-4 0.3 0.3 0 0 
4-8 1.7 1.3 0.3 0 
8-12 4.0 3.7 3.0 0 

12-16 4.0 4.0 4.0 3.7 
16-20 4.0 4.0 3.7 1.0 
20-24 3.7 3.0 0.3 0 
24-28 3.7 3.0 0.3 O 
28-32 3.0 3.0 0 0 

Total % mortality 76.1 72.8 36.3 15.0 

*Four wax moth pupae were placed in each section (five replications). 
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ment  of N. glaseri; similar behavior  was 
reported for N. carpocapsae (5). 

I t  appears  that  the behavior  of N. glaseri 
in the soil is different f rom N. carpocapsae. 
When infective-stage nematodes o~ N. 
carpocapsae were applied to the soil surface, 
most  nematodes remained near  the point  of 
appl icat ion but  showed a tendency to move 
upwards when placed 14 or 15 cm below the 
soil surface (5,8). 

T h e  number  of migrat ing nematodes 
was greater when hosts were present. Th i s  
indicates an attractiveness of the host to the 
nematode.  Schmidt and All (10) suggested 
that  the at tract ion of N. carpocapsae to wax 
moth  larvae was due to a chemical gradient  
a round the larvae. Further,  Gaugler  et al. 
(3) found that  N. carpocapsae responds posi- 
tively to carbon dioxide, and Byers and  
Poinar  (1) repor ted that  the infective stages 
of N. carpocapsae respond to heat  con- 
ducted from wax moth  larvae in the absence 
of carbon dioxide or chemical gradients. 

Greater  movement  in some soils may be 
possible because nematodes mul t ip l ied in- 
side the host and infective stages emerged. 
These infective stages in turn  have the po- 
tential to disperse fur ther  and bui ld up 
popula t ion in an area when host density is 
high. T h e  results of this study throw light 
on nematode movement  which is impor tan t  
in the placement  of N. glaseri in field ap- 
plications. 
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