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ABSTRACT The sntomogenous nematode Neagplvctans earpovapicr Weiter mvaded and repeo-
duced in larvae of Spodoptera erigua (Huboery killed by the insecticides tnahlorfon, mevinpbot, meth.
omyl, fenvalersie and permethrin. When Rilled § cupus were exposed 1o infective juvesiles of N
carpocapiae 45 b after imetticide tresiment. T2% w0 100% of dead 5 ergua prodoced nematode
progeny. The nemstode progeny were infectious 10 Ining §. exipha However, when 5. exigua war
fint mfected with ¥ carpocapace aod 45 N lster Sopically tresied with phenamiphot or methomyl,
development and reproduction of N carpovapsae wers adversely sffected

The efficacy of Neoaplectana carpocapsce Weiser
agams! imsects may be impaired if wsed with chemical
pesticides In an integrated pest management program
{Kamionek 1979, Hars and Kays 1982). This is partie-
ularly important if N carpocapsae is used as an inoc-
ulative blological control agent and its recyeling in the
mnsect population i desired. Kamionek (1979) demon:
strated that an organophosphate nematicide adversely
affected the development and teproduction of V. car.
pocapsae when insects infected first with the nematode
were then treated with the chemical. Pye and Burman
(1978} showed that larvae of the large pine weevil, Hy-
lobius abietis L., killed by chioroform or heat, then
invaded by N. carpocapsar, could support nematode
reproduction. We report here the ability of N. carpe-
capyae W invade and reproduce in insecticide-killed bect
armyworm, Spodopiers exigus (Habner), larvac

Materials and Methods

Spodoptera exigua were teared in the laboratoty on
artificial diet (Tanada and Chang 1968). The technical
grade insecticides used in this study were the organo-
phosphates mevinphios, phenamiphos (nematicide) and
trichlorfon, the carbamate methomyl, and the synthetic
pyrethronds fenvalerate and permethrin. Stock solunions
and dilutions were prepared in acctone. Topical appl-
cations of the chemicals were made with a 27-gauge
needle and o 0.25 cc tuberculin syringe attached (0
microapplicator. For all topical tests, 1.0 p! of the de-
sired concentration was applicd 10 the notum of newly-
modiad last-instar §. exigua. Controls were treated with
1.0 ul of acetone in cach replication, Treated caterpillan
were individually into petri dishes containing <a
I g of anificial diet. Each test consisted of treatie at
least 30 caterpillars per concentration in replicates of
10, Morality was assessed 48 b after treatment. Mor-
bund caterpillars were considesed.

frivar. ez Weum nt sl 119D

12 lasmaary (943
No. J7) of the Hsessi matituse of Tropical Agneulire
Resouirces
'&nn-ﬁrﬁu Rey Con. . University of Huowssi, 481 W, Lan-
sksale S i, HI 98720
v Nematodogy, Univernity of California Davie. CA $5412

'"Notve changed m Sreinetmemy ¢
ived fon publacation 11 Jome 19820

I.E'_
id

Se

Dead and living caterpillars were weighed and ex-
posed to N carpocapsae (All stram) at 200 infective
juveniles per caterpillar 28 descnibed by Hara and Kaya
(1982). After 48 h of exposure 10 the nematodes, eazh
caterpillar was rinsed in 0.5% sodium hypochlotite for
| min and placed on another moist filter paper in a dish
Five days after exposurs 10 the nematodes, cach cater-
pillar was placed in 3 nematods trap. The trap consisted
of 3 60 x |5-mm petri dish in which 2 30 mm diam
filter paper dise (Whatman No. 1) was placed on a plas
tic portion cup-cover (35 ml. Dinie Cup, Easton, PA)
cut 1o 30 mm diam. A caterpillar was placed on the
filter paper and the petri dish filled with 5 m! of distiiled
water. Twelve days after expasure to the nematodes,
cach caterpillar was dissected and observed for the pres-
ence of nematodes. [n caterpillars with nematode re
duction, juveniles n the trap and dissceted caterpilisny
were counted using a | mi Peters counting alide (Haws-
ley and Sons. Lid., Sussex, England)

In another scries of expeniments. S, evigma larvae were
first exposed to N carpovapsar as previously descnbed
and after 48 h, the dead caterpillars (Le. Killed by the
nematode) were treated topically with 1.0 ul of meth.
omy| or phenamiphos at various concentrations. Each
rzated caterpillar was placed in another dish and five
days later transferred to 2 nematode trap. The trap and
caterpillar were examined for nematodes 12 days after
exposure 10 the nematodes. When appropriate., the data
were analyzed by ANOVA or chisquare. Percentages
were transformed 1o arcsins before ANOVA.

Results

5. engua larvae killed by tnchlorfon, mevinphos,
methomyl, fenvalerate, and n were vaded by
N, earpocapsae at levels of 82.3% 1o 1005, If the cat-
erpillars were alive after insecticide or control treat.
ments, 95.3% o 100F were infected and Contuined
nematodes. Chi-square aealysis showed that the per-
centages of living and insecticide-killed hosts invaded
by the nematnde were not significandy different (P >
0.01). Analysis of vanence showed no sigmficant dif-
ference in percentages of insecticde-killed 5. evigua
invaded among tnsecticides of concentrations. However,
the percentages of S, exigua larvae with nematode prog.
eny were significantly different {P < 0.01) between liv-
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ing hosts and hosts Killed by wnichlorfon, mevinphos,
and methomyl (Table [). Nematode progeny occurred
in 72.2% 10 83.3% of the wichlorfon-. mevinphos-. and
methomyl-killed hosts, and in 93 3% to 100% of larvae
alive after these insecticide treatnents. In an infected
caterpillar without nematode progeny, few living or dead
Juveniles or adults were present. With fenvalenite and
permethnn, percentages of S, exiguu larvae with ne-
matods progeny in living or lnsecticide-killed hosts were
not significantly different (P > 0.01),

Nematode progeny consisted of infective juveniles
occumng both in the trap and the caterpillars. The in.
fectivity of these juveniles 10 5. exigug larvas was 95%
to 100% for msecticade-killed and living hosts. Signif.
icantly more infective juveniles were produced in living
howts, including controls (X = 132,943) as compared to
dead hosts (X = 22 084) (Table 2). However, the num-
ber of infective juveniles per mg of caterpillar were not
significantly different (P > 0.01) in comparisons be-
tween fiving and insecticade-killed hosts. Living and dead
hosts had means between 536 and 871 juveniles per my
of larva for all treatments (Table 2)

Methomyl or phenamiphos adversely affected the de-
velopment and reproduction of N. carpecapsae when §
exigus larvae were fint infectzd with the nematode and
then treatad with the chemicals (Table 3). At 10.0 mg/
ml of methomyl, 20% of the treated §. exiyua larvae
had living nematode adults only. and |13% had dead
nematode sdults only. As the concentration of methomy!
increased, there were incredses 1n the peecentages of
dead nematode adults and progeny. At 10.0 0 100.0

Table 1.
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mg mi of phenamiphos, >3S0 of the treated 5 exigua
farvac contained dead nematode progeny

Discussion

Insecticide-killed hosts can provide a resource for de-
velopment and repeoduction of V. cerpocapsce. Thit
finding is in agreement with the repont of Pye and Bur-
man (1978), who found that the infection process of N
Carpocaprae wWis not passive since dead insects could
be colonized. Possibly, N, carpocapsae located and in-
vaded dead tnsects by using chemical stimuli such a0
excretory products the integument of the
hest msect (Schmidt and All 1978, 1979). The total
nematode progeny per host produced by insecticide-killed
and living . exipua larvae was significantly different,
but the number of nematodes per mg of host did not
differ significantly. This was due to 2 5- to 7-fold weight
loss of the killed §. exigug larvae, which resuited m
reduced nematode progeny.

With insecticide-killed hosta, the limited toxicity of
trichlorfon. mevinphos, and methomyl to N. carpocep-
sae may be explained by metabolism of the insecticide
before the death of the insect. Therefore, the concentra-
tion of the chemical in the insect was not high enough
to adversely affect the development and reproduction of
the nematode. However, phenamidphos or methomy!
adversely affected the development and reproduction of
N. carpocapsae when the insects were first infected with
the nematode and then treated with the chemicals. Ne-
matode progeny were killed in phenamiphos-treated hosts,
while nematode development before reproduction was
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Table 2. Sumbser of infective juventies ol ¥, carpecapsar serurring in 5. exgpus that were slive se dead alter imserticide tteatneents
e ——

N of nrmender
Chemazal Totsl per § warpwe’ Pot 2y of | ascput

Livimg Dest Livesg Dieadd
Trichilonfon 14978 = M4 TEME Y AR = 1Ty " = 202
Maeviophae 190.334 = M256 AT = LW ASS = 210 M9 = Mo
Mermorry! 119428 = 32.3%7 HaM = 4TS Tz 18 ™= lbl
Fresalersee 154,044 = 40497 11081 = <21 B =1 1=
Perewihnia 1IT7338 = 35780 ST = 52% e = 248 ™= :05
Aleepae Loomtrol) jag 322 = 3120 - T las = -

“Maan namber = 50 of infactve pevendits occuTning in 1he nemstde Tap and m the dinecisd larvg (e = 20},
"Tocel nermasndes per £ eoigns larve are sigalficansly differeat (F < 0.01) berwess liviang and Sead hasn
Larea acighed 43 h post-tmsacticnde fresmmey Nematodes per mg of § ¢rigea larvs are not sgmificaatly Siffeeesst [# > 0.01)

Table 3. Tunicity of methem)! snd phenamiphos to N, carpacapioninlecied 5. erigus
—_———

Pricemtages of | soipes with*

Crxrmical (mged) Livirg sematudes Dead agrzatenies
Progesy Adate enly Progeny Adeh paly
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1.0 100 0 0 a

ioa 13 20 0 13

0.0 a7 b 13 i
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10 10 0 Q 0
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*T prigez larvee T infeesed with N corpocuprae end alter &3 b mrated wpstally with methamy | and phenamiphes

*Comtuped data of three resicamn »itd 10 wasen per mplcae

affected in methomyl-treated hosts. The foxicity of
phenamiphos and methomyl to N. carpocapiae agrees
with that reported by Kamionek (1979), who found that
the arganophosphate sematicide thionazin was tavic 1o
N. carpocapsae when applied to the greater wax math,
Galleria mellonella (L.), and the Colorado bee.
tle. Leptinotarsa decemlieata (Say), 48 h after nema-
tode invasion,

Although insecticide-killed insects may serve as host
for N carpocapsae, the behavior, infectivity, the in vive
or in vitro development and reproduction of the nema-
tode are adversely affected by certain organophosphate
and carbamate insecticides and nematicides (Hara and
Kaya 1982, Kamionek 1979). If N. carpocapsae and
pesticides that are toxic (o the nematode are used in IPM
programs, compat:bility may be schicved by altering the
use pattern of the pesticide a5 suggested by Hars and
Kaya (1982), With pesticides such as cemain synthetic

ids that are not toxic to N. carpocapiae (Hara
and Kaya 1982), the nematode may be uted a3 an in-
oculative or long-term biological control agent. Recy-
ching of the nematode in the environment may occur in
the nermutode-iulled and possibly in the insectiode-kulled
host species. However, in field siuations, N, carpocep-
1o it not & pencralized biological control agent, but is

restricted 1o insect species or stages highly susceptible
10 the nematode. These insects must occur in moist hab-
1ats that favor the survival and infectivity of the ne-
matode (Gaugler 1981). Field experiments combining

~. carpocaprae and insecticide treatments will be peeded

to test the sctual potential of this nematade in [PM pro-
grams.
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