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ABSTRACT

The direct and indirect effects of suneem oil extract on the entomopathogenic nematodes, Steinernema feltiae and Steinernema
kraussei were stdied using the wax moth larvae; Galleria mellonella L. Suneem oil decreased the penetration of both species into
the host especially at high concentrations. Direct contact between the plant extract and both species of S. feltiae and S. kraussei gave
more effects against host larvae, than feeding host larvae on diet contains suneem oil extract only.
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INTRODUCTION

Many problems have been encountered because
of the extensive use of synthetic insecticides,
which more harmful to biological control agents than
0 the pest species. Therefore, pest management
strategies based on the utilization of other safe alternative
to conventional chemical insecticides are now strongly
advocated.

A compound from the neem tree, dzadirachia indica,
exhibits high degree of selectivity. The most important
bioactive compound, Azadirachtin, contains at least 10
other neem limonoids, which possess insect growth
regulating activity (Schmuttrer, 1990, and Ley et af, 1993,
Gelbic and Nemec 2001; El Gengaihi ef al, 2002; Viana
& Prats, 2003 and Opender et al., 2004). Neem seeds and
leaves have been shown to possess nematicidal activity
against entomopathogenic nematodes (Rovesti and Deseo,
1989 and Grewal, 1989).

The use of entomopathogenic nematodes especially of
the family Steinernematidae as biological control agents
against pest species has increased in recent years, They
already were used against many of insects; kill it by
releasing symbiotic bacteria Xenorhabdus spp. into the
insects homocoel. (Weiser & Mracek, 1988; Hominick,
1990, Georgis, 1992; Eculica er af 1997; Navon ef o,
2000 & 2002 and Pramila et al., 2003).

The combination of the two control methods may
increase the efficiency of one another against the target
pest (Rovesti et al, 1989; Rovesti and Deseo, 1990; Stark,
1996; Hussaini et al., 2001; Abd- Elkerim and Azazy,
2003 and Adel et al, 2005).

The present work deals with assessment of the
compatibility of commercially neem product (Suneem
oil) with beneficial entompathogenic nematodes §. Feltiae
and §. kraussei, family Steinernematidae as well as the
irmpact of ncem on nematodes infectivity and fertility and
use of G. mellorella as an insect trap to obtain
entomopathogenic nematodes serving as a bait ( Mracek,
1980),

MATERIALS AND METHODS

Test insect

Galleria mellonella (Lep.. Pyralidac) larvae were
obtained from a laboratory culture reared on an artificial
diet according to (Dutky er al.; 1964).

Bioassay technique

Two different experiments were performed, at both
15°C for 5 days exposure of host larvae to infective
juveniles of S, feltiae and S. Kraussei.
Experimental approach:
1) Direct contact between nematodes and suneem oil
extract

Eight concentrations of suneem oil (a commercial
neem seed extract, was obtained from
the Sunda exports India that contained 1% azadirachtin)
were used in different concentrations of 2, 1, 0.5, 0.25,

(.125, 0.0625, 0313, and 0.0156 % nematode
infective  juveniles (IJs) of both  nematode
species  that reared for several  generations

on the greater wax moth larvae G mellonelia..
Three inoculations of nematode infective juveniles
1000, 500, and 250 were added as suspension to
a 1 mli of each suneem oil concentration. In this
case, the suncem oil was placed instead of distilled water
in the center of each dish (9 cm diameter).
Distilled water was used in the dishes to dilute
the plant extract to the required concentrations.
Three replicates with 10 Galleria larvae per
Petri dish for each concentration of both nematode species
were used. Other three replicates of control insect
larvae were kept in dishes containing the same
concentration of nematodes without any treatment with
suneem oil.
2) Indirect contact between nematodes and suneem oil
extract

-In this experiment insect larvae were fed on
artificial diet mixed with the desired concentration
of suneem oil at 2, 1, 05 and 025% for
S. feltice and 0.5, 0.25 and 0.125% for §. kroussei,
were  exposed for 48 hrs, to 3 nematode
concentrations of 1000, 500, 25013s/ml.
Larvae infected with nematodes at each concentration
of sunecem oil and after 5 days, dead insect
larvae were dissected and the number of adult
nematodes was counted in each cadaver. Three
replicates with ten . mellonella larvae per dish
were used for each concentration, the same number of
replicates were kept in dishes as mentioned before for
control. '

Statistical analysis of the results were conducted using
Student's t- test (Hayslett, 1970).
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RESULTS AND DISCUSSION

1} Direct contact between nematodes and suneem oil
extract

All G mellonella larvae exposed to different
concentrations  of  suneem  oil  extract  were
kilied by §. feltiae and 8. kuarai. The suneem oil was
toxic to nematodes and its toxicity was observed
at higher concentrations of 2, 1, and 0.5% and
nematode concentrations of inculcate 1000ls for
both species, only low numbers of nematodes successfully

penetrated the wax moth larvae. The percentage
of invading nematodes was 49, 6.5 and 12.6%
for S. feltise and 33, 63 and 104% for

S. kraussei, respectively, These percentages increased
with  decreasing the concentration of suneem
oil extract (Tables 1&2).

In contrast, parasitism by S feltize and S. kraussei
was  markedly  increased with  the  highest
nematode concentrations of 1000ls and 0.625% of the
suneem oil 432 and 414.3 invading nematodes comparing
the two nematode species with the control (254.3 and
2553 invading nematodes), while, at nematode
concentrations of 500 and 250 1Js, the same trend of
nematode numbers was recorded (Tables 1 &2).

Statistical analysis indicated that the number of
invading nematodes was highly significant at suneem o1l
concentrations of 2, 1 and 0.5% and not significant at
moderate and low concentrations of 0.125 and 0.0313,
0.0156%, respectively except at 0.0625% concentration,
the percentage of invading nematodes in treated larvae
was significantly higher, 43.2 and 41.4%, than in the
control 25.4 and 25.5%, respectively for both species
(Tables 1&2).

2) Indirect contact between nematodes and suneem oil

In this experiment, there was no direct contact
between the nematodes and suneem oil. Larvae were
fed on treated diet with the neem extract and then
infected by nematodes. Data obtained in Table (3)
show that at the higher nematode concentration
of 1000 UJs/ml, the percentage of infected larvae
decreased with the increased concentration of
sunecm oil 19.9, 23.6, and 27.5 at 2,1,0.5%, respectively
compared with the control 32.9 % for S felfige
(Table,3), and 9.6 at 0.5% for S. kraussei, compared with
control 25.1% (Table, 4). In addition, at the
concentrations of .25 and 0.125% the activity of the
nematode ( S. krowussei} increased and became higher
than the control, 28.4 and 33.9% compared to 25.1 % in
the control , while at the lower nematode concentration of
250 1)s/ml, for both species decreased below the control
at all concentrations of suneem oil extract used. In all
cases, the number of infecting nematodes of S. feliae was
higher in the control with all nematode concentrations
when compared with treatment by suneem oil extract
(Table, 3)

Number of nematodes obtained in both experiments
was higher in the second experiment than in the first one.
Indirect effect of suneem oil on nematodes resulted in
higher percentage of invaded nematodes.

Suneem oil extract tested in this study caused
mortality and reduction in the nematodes infectivity

especially at higher concentrations of the oil, this may be
due to the slow movement of the nematodes in the
presence of neem oil and to the oily nature of suneem oil
at low concentrations of oxygen. No effects were
observed at lower concentration, these results are in
agreement with Rovesti and Deseo 1989, they evaluated
the effect of crude neem extract on five species of
entomopathogenic nematodes, 5. felfiace and S
carpocapsae, were susceptible to this neem extract. Same
trend was recorded by Heterohabditis bacteriophora
{Shamseldean er al. 2004).

The results indicate that there was no adverse effects
of the oil extract on nematodes at lower concentration,
specially at the concentration of 0.0625% i.e. the suneem
o1l at this very low concentration was not toxic or lethal to
nematodes. Similar results were obtained by Stark 1996,
Pezowicz ef al.; 1997, Hussaini ef al.; 2001, Shamseldean
et al ., 2004 and Adel er al, 2005 who used the entomo-
pathogenic Steinernema species in combination with
Margozan O, Neemix , Neem oil , neem powder, Neemn
AZAL T/S and suneem oi! at different concentrations as
effective bioinsccticides. Tolerance was observed at lower
concentrations, Neem products was found to be safe for
all nematodes populations, may show particular promise
for the teatments of some soil pests. Meanwhile,
Shamseldean ef al, 1999  tested the efficacy of some
insecticides on entomopathogenic nematodes and they
were safer on Steinernema species than Heterorhabditis,
such comparative lethal effect varied with regard to the
nematode type , employed insecticides their rates and
exposure time.

On the contrary, the present results indicate that there
was significantly a negative direct effect of suneem oil
on nematode penetration into G. mellonella larvae
when compared with the indirect cffect when insect
tarvae that were fed on diet contained the suneem oil
Thus, the control of insect pests by Steinernematid
nematodes and diluted suneem oil as biological control
may enhance their lethal effects on insect pests when
applied simultaneously. Plant extracts played as catalytic
agent and increased the susceptibility of pests to infection
by nematodes specially S. feltige. (Table 3). Plant
extracts were safer on S jeltice than S kraussei
(Pezowicz et al, 1997) who reported that, Neemix
(azadirachtin). 5% had a slight adverse effect on the
survival of infective juveniles of S feltice and didn't
affect their ability to infect larvae of G. mellonella, the
mean number of established nematodes per G. mellonella
decreased with increasing Neemix concentration.
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Table (1): Direct contact between nematodes (Steinernema feltiae) and plant extract of suneem oil.

Concentration Concentrations of Suneem 0il%
of nematodes Number of nematodes /cadavartSE

s/ml 2 1 0.5 0.25 0.125 0.0625 0.0313 00156  contro
1000 49+£1.45%  g5£2.7% 12574277 289457 3153114 4324307 358.343.52C 2734359 254.3£2.2
"hof invasion 4.9 6.5 126 =~ 289 315 432 35.8 273 25.4
500 16.7=1.31% 50.5:1.65% 96.6x£1.7° 154.7=3.7 225+6.3 271+2.605  219+1.41  185.7422 195.6=1.7
%of invasion 3.34 10.1 16.3 309 45 54.2 43.8 37.1 39.1
250 14£0.64%  18.7+1.07% 224074 373+1.3% 431098 123.7£12%  923x15 707411 8309
%of invasion 5.6 7.5 3.8 14.9 17.2 495 36.9 28.3 332

Table (2): Direct contact between nematodes (Steinernema kraussei) and suneem il concentration.

Concentration Concentration of plant extract %
of Number of nematodes /cadevar £5E
“?}’;f;"ides 2 ! 0.5 0.25 0.125 0.0625 0.0313 00156  control

1000 33:63° 63£169° 104.3+£283%° 24621095 2687227 41432311 369.3+64.7 260.7£47.8 255.3%32.1
% of invasion 3.3 6.3 10.4 24.6 26.8 414 36.9 26.1 25.5
500 22+11.1% 513£11.6° 65+ 14.50 193.743.8  243.7£48.4 251.3+43.5 213.7414.7 1823£13.9 180.3+27.0
% of invasion 4.4 10.3 13.0 387 475 50.3 427 36.5 63.1

250 8.623.7% 32.7438%  21x19° 33+45%  253+3.1° 11932285 91x186  71.7+264 B63+7.9
% of invagion 3.5 13.1 8.4 13.2 10.3 47.7 36.4 28.7 34.5

Table (3): Indirect contact between nematodes (Steinernema feltiae) and plant extract of suneem oil.

Concentration of suneem oil %

ati
Concentration of Number of nematodes /cadvar+SE

nematodes IJs/ml

2 1 0.5 0.25 control
1000 199+5.23% 235 £6.46° 275 £5.93 209.5 +3.88 3295 £8.52
%of invasion 19.9 236 275 209 329
500 128 +2.62° 156 £5.1° 172.5+6.8 197.5 +5.67 217.5+4.6
%of invasion 25.6 31.2 34.5 39.5 435
250 20.5 +5.9° 26 £1.01° 35.5 +0.8° 21.5+3.4¢ 70.5 £1.07
% of invasion 8.2 10.4 14.2 8.6 28.2

Table (4): Indirect effect of plant extract of suneem oil on the efficacy of nematodes (Steinernema kraussei).

. Concentration of suneem oil
Concentration of

0.5 0.25 0.125 control
Nematodes Lis/ml Number of nematodes/ cadavartSE

1000 9620 ,3° 824.3132.6 3394983 251.3422.3

% of invasion 9.6 284 339 25.1

500 75.3+18.0° 151.3£12.3 237.7+48 4 227.7+46.6

% of invasion 15.1 303 47.5 45.5

250 17.3+0.66% 30.3+1.778 312,67 73.746.5

% of invasion 6.9 12.1 12.4 29,5

The number with letter means highly significant (A), very significant (B), significant (C) and marginally significant (D).
The number without letter means there is no significant different between treated and control larvae.

Significance of differences between the treated and control insects is indicated with letter as follows:
%) P<0.0001, ®) p <0.005, ) p <0.05 and ©) p=0.08
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