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T h e  e n tomo p a t hogen i c  n e m a t o d e  Stei- 
nernema feltiae is compat ible  with many 
chemical  pesticides including insecticides, 
mi t i c ides ,  fung ic ides ,  and  h e r b i c i d e s  
(1,3,4,7,9,10). Cer ta in  o rganophospha t e  
and carbamate  pesticides, however ,  ad- 
versely affect S. feltiae (5,6). Removal  or  
dilution o f  the pesticides with water  usually 
results in ne ma t o d e  recovery ,  infect ion o f  
the insect host, and normal  deve lopmen t  
(5,6). Studies were conduc ted  by placing 
the infective stage o f  the n e m a t o d e  in a 
pesticide solution or  suspension. T h e  pur- 
pose o f  ou r  study was to de t e rmine  the 
infectivity of  S. felliae in sand t rea ted  with 
a granular  fo rmula t ion  o f  the organo-  
phospha te  pesticide, fenamiphos.  

T h e  All strain o f  S. feltiae, cul tured  on 
Galleria mellonella as descr ibed by Dutky et 
al. (2), was s tored at 10 C and used within 
6 weeks af ter  harvest.  Fenamiphos  (ethyl- 
3 -me thy l -4 - [me thyhh io l ] -pheny l [  1 -meth-  
ylethyl] phosphoramida te )  (Mobay Chem- 
ical Corp. ,  Kansas City, MO) was ob ta ined  
as a 15% granular  formula t ion .  Sand (par- 
ticle size f rom 0.21 to 0.85 ram) was mixed 
with granules containing fenamiphos (mix- 
tu re  he r e a f t e r  r e f e r r e d  to as fenamiphos)  
at the rates o f  30, 60, and 120 m g / k g  dry 
sand in a twin shell b l ende r  for  10 minutes.  
T he se  fenamiphos  rates equaled 4.5, 9.0, 
and 18.0 mg a . i . /kg  dry sand, respectively. 
These  rates approximate  low, medium,  and 
high field rates o f  fenamiphos  incorpora t -  
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ed into soil to a depth  o f  10 cm. T w o  
h u n d red  twenty-five grams o f  dry  sand- 
fenamiphos  mix tu re  was placed in a 177- 
ml s tyrofoam cup. For ty  milliliters of  dis- 
tilled water (0,18 g w a t e r / g  sand) was added 
to the cup; 1 hour  later, 1,600 S. feltiae in 
0.5 ml water  were placed on the sand sur- 
face. T h e  cup, covered  with the bo t tom of  
a petr i  dish (100 x 15 mm), was mainta ined 
at room t e m p e r a t u r e  (25 --_ 2 C) until five 
last-instar Galleria mellondla larvae were 
added to each cup to assay for  n em a to d e  
activity. Seven days later, the  Galleria lar- 
vae were examined  for  n e m a t o d e  infec- 
tion. In trial I the Galleria larvae were 
added immediate ly  a f te r  n em a to d e  place- 
ment ,  and in trials 2 and 3 the larvae were 
added 7 days af ter  the nematodes  were 
placed on the sand. Controls  for  the ex- 
per iments  were un t rea ted  sand (no chem- 
icals or nematodes  in trials 1, 3) and sand 
with nematodes  only (trials 1-3). T h e r e  
were four  replicates for  each t rea tment  with 
individual cups serving as a replicate.  

T o  de t e rmine  the infectivity o f  extract-  
ed S. feltiae af ter  exposure  to fenamiphos-  
t rea ted  sand, the same p r o c e d u r e  as de- 
scribed in the p reced ing  paragraph  was fol- 
lowed except  that  3,000 infective nema- 
todes were added to each cup. After  4 days, 
the nematodes  were ex t rac ted  f rom the 
sand with a 38-txm-pore sieve and trans- 
f e r red  with o the r  debris  to a Baermann  
funnel  for  f n a l  ex t rac t ion  for  24 hours. 
Extract ion efficacy was 3 5 ~  for  un t r ea t ed  
nematodes.  T h e  nematodes  ext rac ted  were 
counted ,  the numbers  alive and dead were 
de te rmined ,  and the live nematodes  were 
bioassayed against Galleria. For  the bioas- 
say, four  or  five Galleria larvae were ex- 
posed to 2 0 0 - 2 5 0  S. feltiae (30 per  larva) 
in 1 ml water  in a petr i  dish lined with two 



TABLE 1. Mortality of  GaIleria mellonella larvae 
placed on the surface of  sand 7 days after the sand 
was treated with fenamiphos  and Steinernemafeltiae.t 

Fenami- 
phos con- 
centration Total 

(mg/kg no. 
dry sand) insects 

: ~  dead -4- SD 

With nema Without nema 

0 40 100 + 0 0 + 0 
4.5 39 22.5 4- 24.9 22.5 -4- 18.3 
9.0 40 11.9 --+ 26.4 5.6 + 11.3 

18.0 39 0 -4- 0 34.4 + 38.1 

t Galleria larvae in sand with no nematodes had no mor- 
tality. 

filter papers (Whatman #1, 9 cm d). The  
Galleria were examined for nematode in- 
fection 7 days later. There  were three trials 
with four replicates in each trial. 

Additional cups containing the treat- 
ments but without S. feltiae were planted 
with tomato (Lycopersicon esculentum UC 
82B) seedlings to determine if the fen- 
amiphos rates adversely affected the de- 
velopment of the root-knot nematode, Me- 
loidogyne incognita. After 40 ml water was 
added to the sand, 1,000 M. incognita J2 in 
1 ml water were placed in each cup as de- 
scribed previously. Seven days later a to- 
mato seedling was planted in each cup, and 
60 days after planting the roots were ex- 
amined for presence or absence of  galls. 

Statistical analyses were done by linear 
regression and, wherever applicable, arc- 
sine or log transformation of the data was 
done before an analysis. 

When S. feltiae and Galleria were placed 
on the sand surface on the same day as the 
fenamiphos granules, nematode activity was 
totally suppressed. No Galleria larvae (n = 
58) became infected in the pesticide treat- 
ment, but if the pesticide was not present, 
Galleria larvae (85%, n = 20) were infected. 
Placement of the Galleria on the sand sur- 
face 7 days after nematode and fenamiphos 
treatment resulted in nematodes killing 
significantly fewer Galleria as fenamiphos 
concentrations increased (P < 0.01, r ~ = 
0.56, F = 3.67, df  = 31) (Table 1). At fen- 
amiphos concentrations of 0, 4.5, and 9.0 
m g / k g  sand, nematode progeny were ob- 
served, respectively, in 92.5% (37 of 40), 
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TABLE 2. Mean n u m b e r  of  Steinernema feltiae ex- 
tracted, and percentage  alive and infective to Galleria 
mellonella larvae after 4 days exposure  to fenamiphos-  
t reated sand. 

17en- 
amiphos 
concen- 
tration 
(mg/kg )7 no. ~ SD ~ % -+~ SD :~ % + SD 

dry S. feltiae S. feltiae Galleria 
sand) extracted alive infected 

0 1,145 + 413 90.1 + 4.1 86.7 + 12.6 
4.5 787 _+ 662 95.7 _~: 5.5 92.2 + 7.5 
9.0 714 + 448 90.3 _-=_ 9.2 75.0 +_ 27,8 

18.0 847 + 619 93.7 _--_ 4.7 76.7 _+ 22.5 

77.8% (7 of  9), and 75% (3 of 4) GaUeria. 
GalIeria mortality attributed to causes oth- 
er than nematode was high in the fen- 
amiphos-treated sand (Table 1). These in- 
sects were black because of a secondary 
bacterial invasion and probably died from 
exposure to the pesticide. 

There  was wide variation in number of 
nematodes extracted from sand (Table 2). 
Although the untreated sand had the high- 
est mean number of nematodes extracted, 
the variance was high and no significant 
difference among the treatments was ob- 
served (P > 0.05). Survival of  the extracted 
nematodes showed no significant differ- 
ences and was > 90% in all treatments. 
These nematodes were infectious to Gal- 
leria larvae and caused mortality of >75% 
(Table 2). No significant differences in Gal- 
leria mortality were observed among the 
treatments. 

The  levels of fenamiphos used in our 
studies prevented the root-knot nematode 
from infecting tomato roots. In a qualita- 
tive assessment, a high degree of  galling 
was observed in the control plants but no 
galling was observed in the fenamiphos- 
treated sand. 

The presence of  fenamiphos in sand ad- 
versely affects the ability of  S. feltiae to in- 
fect an insect host. Fenamiphos was ne- 
matostatic in sand over a 4-7-day exposure 
period, but the nematodes were infectious 
when they were extracted from sand. Al- 
though fenamiphos and S. feltiae are not 
compatible, they can possibly be used to- 



436 Journal of Nematology, Volume 21, No. 3, July 1989 

gether if they are separated spatially or 
temporally. Hara and Kaya (6) suggest that 
S. feltiae can be used before the pesticide 
or the pesticide and nematode applications 
can be spaced apart to allow for pesticide 
degradation. Recent studies by Petersen et 
al. (8) showed that fenamiphos was found 
at detectable levels in turfgrass clippings 
and thatch 2 months after application and 
in soil 6 months after application. The bi- 
ological significance of  the residual fen- 
amiphos on S. feltiae is unknown. In es- 
sence, the use pattern of  S. feltiae will 
depend on the insect's distribution on and 
in the soil and the residual amount of  fen- 
amiphos. For example, when fenamiphos 
is used for plant-parasitic nematode con- 
trol and an insect pest (such as a cutworm) 
occurs subsequently in the upper soil layer, 
S. feltiae can be effective provided there is 
no adverse effect of  the pesticide on the 
nematode. If S. feltiae and fenamiphos are 
applied simultaneously, the nematodes may 
still be effective against an insect pest after 
the pesticide is diluted or degraded over 
time. Prolonged exposure to this pesticide, 
however, may reduce the efficiency of  the 
nematodes to infect the insect host or may 
cause nematode mortality. At this time, the 
complex nature and the many unanswered 
questions of  integrating a chemical pesti- 
cide nematostatic or toxic to entomopatho- 
genic nematodes preclude the use of  this 
approach for practical insect control. Stud- 
ies to determine the effect of  this pesticide 
on entomopathogenic nematodes in the 
field are needed. 
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