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ABSTRACT

The effect of neem products on the survival rate of an Egyptian entomopathogenic nematode (EPN),
Heterorhabditis bacteriophora (EBN34) was tested. Two commercial products of NeemAzal T/S (1% Azadirachtin)
and neem powder (NP- 30% Azadirachtin) were used at different concentrations. The suspension of both (neem
products and nematodes) was tested against last instar larvae of Galleria mellonella and second instar larvae of the
Egyptian cotton leafworm, Spodoptera littoralis. The infective juveniles (LJs) stage of EBN34 were not affected when
added to low concentrations of neem products. Meanwhile, high concentrations of neem products significantly affected
the survival of nematode infective juveniles. whereas, the survived IJs didn’t causc significant mortality of G
mellonelia \arvae but nematode reproduction was affected significantly. The neem liquid commercial product
(NeemAzal T/S) resulted in 22.0 % mortality in EBN34 juvenils at 100 IJs/ml. when contacted directly by 1.0 % of
NTS for 24 hours. When nematodes exposed to NTS for longer periods up to 48 and 96 hours, the mortality percentage
increased directely to 40 and 56 rescpectively. Toxicity has increased gradually according to the increase in product
concentration and exposure period at different of nematodes concentrations. Treated nematodes with NTS caused more
than 80 % mortality in last instar larvae of G. mellonella, meanwhile treatment of the juveniles with NP resulted in ca
50% mortalitry. Reproduction of nematodes was highly affected as a result of treatment with neem products in
compatison with the control. Using higher concentrations of neem products with nematodes (500 UJs/larva) resulted in
40-50% mortality of the juveniles and flactuated mortality percentage of Galleria larvae. Minimum larval mortality (14
%) was recorded after two days of feeding period on treated plant leaves with 0.125 % NTS at both nematode
concentrations, while the maximum (96 % mortality) was found when 1.0 % NP was added at the same feeding period
and juvenile concentrations. Mean number of emerged juveniles from dead larvae was low when high conentrations of
both neem products was used than low concentrations. Increasing feeding period of larvae on treated leaves to 4 and 6
days decreased the propability of juvenile emecrgence due to the increase in larval mortality at both juvenile
concentrations and the increasing levels of the tested neem products, especially in case of neem powder.
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INTRODUCTION

Entomopathogenic nematodes (EPN) can kill broad spectrum of insects in laboratory bioassays performed
under optimal conditions where no ecological and behavioral barriers of infection exist. However, the
potential to kill an insect in laboratory assay can not always be transferred to field applications, particularly,
when high levels of control is required (Kaya, 1990; Gaugler, 1988). Entomopathogenic nematodes have
been recognized as excellent biological control agents of soil dwelling insect pests. Recent advances in mass-
production and formulation technology have made insecticidal EPN available commercially for large-scale
field applications in citrus groves, strawberry plantation, artichokes, mint, mushrooms, ornamentals in
nurseries and greenhouses, and turf grass (Grewal and Georgis, 1998; Fife, et al., 2003).

Entomopathogenic nematodes are often used in integration with other pest management tactics and the
lack of compatibility information is a major impediment in further expansion of their use. The effects of
different formulations of neem and a fungicide commonly used in greenhouses on Steinernema feltiae which
is used for the control of fungus gnats was evaluated. It was found that, neem as pure oil at the field
recommended doses of (5-10 ml/L") had no effect on the viability and/or virulence of S. feltiae up to 120
hours of incubation. However the neem formulation, Nimbecidine and neem oil when mixed with a
bactericidal soap (commonly used as a surfactant with neem oil) caused 13-25% mortality of S. feltige. This
toxic effect was entirely due to the soap that alone caused about 24% nematode mortality. Neither neem oil,



Nimbecidine or soap had any effect on nematode virulence. The fungicide cinnamaldehyde {Cinnamate) was
highly toxic, resulting in 100% nematode mortality after 4 hours of incubation, followed by hydrogen
dioxide/peroxyacetic acid mixture (ZeroTolerance) that caused 100% mortality after 120 hours of incubation
(Krishnayya and Grewal. 2002). ,

Infective Juveniles (LJs) of Heterorhabditis bacteriophora (1H 145 strain), Steinernema carpocapsae
(195 strain), and S. glaseri were exposed to different concentrations (2% w/v at 1/2, 1/4, 1/8, 1/16, and 1/32)
of neem kernel extract. Nematodes were affected at the higher concentrations with H. bacteriophora more
adversely affected than the Steinernema spp. It is suggested that entomopathogenic nematodes and neem
should not be applied together in control programs (Rovesti and Desed, 1989). In the present study, we are
going to examine the effect of two different products of neem on the infectivity and reproduction of an
Egyptian Heterorhabditid nematode.

MATERIALS AND METHODS

Nematode used:

H. bacteriophora (EBN34) was isolated from the soil (Abbas El-Akkad village, El-Nubaray_a, Behera
governorate). This local isolate was cultured on the last instar larvae of G. mellonella according to the
method by Dutky ef al. (1964) and infective juveniles (LJs) were harvested from nematode traps as described
by White (1927) at 25 + 2°C. A stock suspension of the IJs in sterilized distilled water was stored at 10°C

until used.

Insect hosts:

The greater wax moth, G. mellonella, and the Egyptian cotton leafworm, S. lirtoralis were cultured at the
Applied Center for Entomonematodes (ACE), Faculty of Agriculture, Cairo University. The last instar larvae
of G. mellonella and 2™ instar larvae of S. littoralis, were used in this experiment.

Experimental techniques:

Five concentrations of two formulation of Azadirachtin (the active ingredient of neem extracts) were used
to obtain the direct effect on survival, infectivity and reproduction of the tested entomopathogenic
nematode. Tested neem formulation and nematode concentrations were as follows: NeemAzal T/S (NTS),
was tested at 4, 2, 1, 0.5 and 0.25%.Neem poder (NP), was tested at 2, 1, 0.5, 0.25, and 0.125%. The
concentrations of the tested nematode were 100 and 500 lJs/ml.

Effect of the neem products was evaluated using direct contact between the nematode suspension and
each concentration of the neem products in 100 ml. conical flask under laboratory conditions for 24, 48, and
96 hours. Number of dead juveniles was counted and percentages of mortality was calculated to determine
the direct toxic effect of these neem products on the nematode 1Js. Effect of neem products on nematode
infectivity and reproduction was measured by infecting G. mellonella last instar larvae with nematode lJs
exposed to different concentrations of the neem products. The following concentrations of different neem
products was used; NTS at 1.0, 0.5, & 0.25 % and NP at 0.5, 0.25 and 0.125 % with 100 nematode lJs and
500 nematode IJs/ml. Percentages of larvae mortality and numbers of emerging lJs per cadaver were
recorded at infection time of 48 and 96 hours.

To determine the indirect effect of neem products on the reproduction rate of the entomopathogenic
nematode H. bacteriophora (EBN34), S. littoralis sccond instar larvac were used as a host. The cotton
leafworm laivae, 5. littoralis, was fed for 2, 4, and 6 days on custor leaves treated with the neemn products at
the following-concentration of NTS at 2.0, 1.0, 0.5, 0.25, and 0.125 %, meanwhile, the Neem Powder {(NP)
was used at concentrations of 1.0, 0.5, 0.25, 0.125, and 0.0625 %. The living insect larvae were treated with
nematode infective juveniles (lls) at concentrations of 100 and 500 1Js/mi./larva. Mortality of insect larvae
and number of emerging 1Js were recorded in the treatments and control. Five replicates were used in all the
aforementioned experiments.

Staistical analysis of collected data:

The data presented in percentage values and were normalized using arcsine transformation. The
significance of the main effects was determined by the analysis of variance test (ANOVA). The significance
of various treatments was evaluated by Dunc an’s multiple rang test {p < 0.05) (Duncan 1955). All the
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statistical analysis were made using a software package called “Costat”, a product of Cohort Software Inc.,

Bekelely, California.
RESULTS AND DISCUSSION

Data presented in table (1) show that, the neem liquid commercial product (NeemAzal T/S) resulted in
22.0% mortality of H. bacteriophora (EBN34) juvenils at a concentration of 100/ml, when contacted directly
with 1.0 % of the product for 24 hours. With longer exposure periods to 48 and 96 hours nematode mortality
percentage will increase to 40 and 56% respectively. Mortality percentages will increase gradually according
to the product concentrations of 1.0, 2.0 and 4.0 % and exposure periods of 24, 48, and 96 hours. At
nematode concentration of 100 1)s/ml, the nematode mortality percentage has reached 92% when they
exposed to 2.0 % of NTS for 96 hours, and 98% when the nematodes exposed to 4.0 % of NTS for only 48
hours and 100% when the nematodes exposed to 4.0 % of NTS for 96 hours. when the used nematode
concentration was 500 1]s/ml., the mortality percentage has dropped to 84%. This was recorded at 2.0% of
NTS concentration for 96 hours. In contrast, the powder phase of neem product which contain higher amount
of the active ingredient was very toxic to the nematode juveniles especially at the low concentration of the
tested nematodes (100 LJs/ml.), mortality was 100% at all used concentrations except for the concentraation
0.5% at 24 hours which resulted in 88% mortality as shown in the same table. At a nematode concentration
of 500 ls/ml, 50% less juveniles died than in the concentration of 100 lJs /ml in all examined neem powder
treatments after 24 hours of exposure time, the maximum mortality in the control was 4.0% which recorded
after 96 hours at a nematode concentration of 100 lJs/ml., while it was 1.2 % with the other juvenile
concentrations at the same exposure periods (table 1).

Table (1): Effect of different concentrations of neem products .on the-survival of- Hererorhabdities
bacteriophora (EBN34) infective juveniles at different exposure times.

Conc Concentration of 1Js/ml. and % mortality
N ) Time 100 1S 500 1IS
Neem Products of neem (hours) % 7
products Mean +S.E mortality Mean+S.E mortality
24 22.0+3.74 22 290.0 + 9.88 58
1.0% 48 40,0 +3.16 40 330.0 +12.23 66
96 56.0 +2.45 56 400.0 +0.0 80
NeemAzal T/S 24 64.0 + 2.45 64 300.0 +15.78 60
(1% 2.0% 48 74.0+2.45 74 340.0 +2.98 68
Azadirachtin) 96 92.0+199 92 420.0+-12.23 84
24 84.0+2.45 84 280.0 + 19.97 56
4.0 % 48 98.0+ 1.99 98 320.04+12.23 64
96 100.0 + 0.0 100 350.04+ 0.0 70
24 88.0+3.74 88 200.0 + 31.57 40
0.5% 48 100.0 + 0.0 100 300.0 + 31.57 60
96 100.0 +0.0 100 340.0 +24.45 68
Neem powder 24 100.0+ 0.0 100 200.0 + 31.57 40
(30% 1.0 % 48 100.0 + 0.0 100 260.0 + 24 .45 52
Azadirachtin) 96 100.0 + 0.0 100 310.0 + 24.46 62
24 100.0 + 0.0 100 180.0+19.96 36
2.0 % 48 100.0 + 0.0 100 280.0 + 19.96 56
96 100.0 + 0.0 100 300.0 + 31.57 60
24 0.0 0 0.0 0
Control 48 0.0 0 5.0+223 1
96 40+ 099 4 6.0+ 0.99 1.2

The lowest two tested concentrations of the neem products (1.0% of NTS and 0.5 % of NP) were diluted
to 50 and 25% and their effects on nematode reproduction were tested. As shown in table (2), mortality of
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treated nematodes at 100 1Js /ml. concentration had ranged between 10% (1.0% of NTS for 48 hours and
0.25% NP for 48 hours) and 64% at 0.5% Np for 96 hours. Whereas, the longest exposure period and highst
concentration of NTS resulted only in 52% mortality of nematode juveniles.

Treatment of nematode juveniles with NTS has caused more than 80 % mortality in last instar G.
melonella larvae, while treatment with NP resulted in a maximum 50% mortality of Galleria last instar
larvae. Reproduction of nematodes was highly affected as a result of treatment with neem products in
comparison with the control. The maximum number of emerged juveniles was recorded at 48 hours of
exposure to 0.25 % NTS (4530 Ls/cadaver) while it reached 42680 lJs/cadaver in the control at the same
concentration of incubated juveniles as cited in table (2). '

Table (2): Effect of two different formulations of neem products on the survival, virulence, and
reproduction of Heterorhabditis bacteriophora EBN34 infective juveniles (1Js) inside last
instar larvae of the greater wax moth.

Virulence and
Neem products - Effect on survival of 1ls reproduction
IJs conc. Exposure .
(Us/ml) . fime on G. m.
Name o % Mean + SE % Emerged
Conc. mortality =" | mortality | lJs/cadaver
025 48 12 12+ 2.0 80 4530
) 96 26 26 +2.46 80 3770
NTS"™ 0.5 48 14 14 + 2 .46 100 3240
) 96 36 36 +2.46 80 3170
10 48 10 10+3.16 100 2440
) 96 52 52+3.74 86.7 1780
) 48 22 22 +3.74 46.7 3440
10G 12 =
0.125 % 38 384 2.0 16,7 3150
NP 0.25 48 10 10+ 0.0 533 2590
96 24 24 +2.45 33.3 2370
0.5 48 44 44+ 4.0 333 1930
) 96 64 64 +2.45 20 1850
Control™ 0.0 _ 48 2 2+20 100 37720
96 2 2+2.0 100 42680
0.25 48 7.8 392+ 12 100 5840
96 9.1 45.6 +2.04 80 4130
NTS 05 48 84 42 +0.89 100 4510
) 96 9.9 49.6 +2.71 66.7 3380
10 48 8.6 42.8 +1.36 100 3300
96 94 472 +1.02 46.7 2560
500 0.125 48 8.5 424 +2.23 100 5590
96 10.2 51.2+2.33 20 2330
NP 095 48 8.4 42 +1.27 100 3920
96 0.1 45.6+0.75 20 3420
0.5 48 7.8 392 +1.49 60 3030
96 9.8 48.8 +1.49 66.7 4130
Control™ | 0.0 48 0 0.0 100 71960
96 1.2 6+ 0.99 100 72520

“Last instar of Galleria mellonella larvae.
:yeemAzal T/S (1% Azadirachtin).
m{\lecm powder (30% Azadirachtin).
The control is the nematode suspension without neem products.
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Using higher concentrations of neem products with the nematode concentration of 500 lls/cadaver
resulted in 40-50% juvenile mortality and flactuated percentages of Galleria mortality. Maximum nursber of
emerged juveniles from Galleria cadaver was found at 0.25 % NTS after exposure for 48 hours (5840
IJs/cadaver), while the minimum was (2330 UJs/cadaver) which recorded at NP 0.125 % for 96 hours post
treatment. While in the control experiment, number of emerged 1Js/cadaver was 72520 at 96 hours of
incubation period as shown in the table (2).

Second instar larvae of the Egyptian cotton leafworm were also used to evaluate the indirect effect of
neem products on the nematode juveniles bioactivity. Data in table (3) indicate that, minimum Jarval toxicity
(14%) was recorded after two days of feeding period on plant leaves treated with 0.125% NTS at both
nematode concentrations of 100 and 500 LJs/m)., whereas, the maximum 96% mortality was found at 1.0 %
NP at the same feeding period and juveniles concentrations (table 3).

Table 3. Mortality percentage and number of emerging infective juveniles (1Js) per cadaver of
Spodoptera littoralis second instar larvae previously treated with neem products at
different concentrations and then infected with mfective nematode juveniles (1Is) at both
concentrations of 100 and 500 lJs/ml.

0 . % mortality (no. of emerging 1Js at different
Neem products Yo g::;en;;aat:;rtlss of periods) infected with 100 1Js/ml.
P 2 days 4 days 6 days
0.125 14 (5500) 92 (0.0) 92 (0.0)
0.25 16 (2420) 96 (0.0) 100 (0.0}
NTS ™ 0.5 24 (3840) | 96(0.0) 100 (0.0)
1.0 52 (5110) 96(0.0) 94 (0.0}
2.0 64 (4280) 96 (0.0) 100 (0.0)
0.0625 68 (6160) 100 (0.0) 100 (0.0)
. 0.125 68 (4000) 100 (0.0) 100 (0.0)
NP™ 0.25 72 (4050) 100 (0.0) 100 (0.0}
0.5 72 (3530) 100 (0.0) 100 (0.0)
_ 1.0 96 (1250) 100 (0.0) 100 (0.0}
Control” 0.0 0.0 (6550) 0.0 (14200) 0.0 (35000}
Neem products % Concentrations of % mortality” (no. of emerging 1ls at differcnt
neem products periods} infected with 500 Lls/ml.
0.125 14 (2820) 92 (7500) 92 (0.0)
L 0.25 16 (2400) 96 (5000) 100 (0.0) |
NTS"™ 0.5 24 (2290) 96 (5600) 100 (0.0)
1.0 52 (3300) 96 (0.0) 94 (0.0)
2.0 64 (0.0) 96 (0.0) 100 (0.0
0.0625 68 (4750) 100 (0.0) 100 (0.0)
0.125 68 (4280) 100 (0.0) 100 (0.0)
NP’ 0.25 72 (4900) 100 (0.0) 100 (0.0)
0.5 72 {3570 100 (0.0) 100 (0.0)
1.0 96 (5250) 100 (0.0) 100 (0.0)
Control” 0.0 0.0 (5980} 0.0 (14200} 0.0 (30000)

"% mortality and IJs emerged from infected insect larvae previously fed on food treated with neem
products.

“"NeemaAzal T/S (1% Azadirachtin).

""Neem powder (30% Azadirachtin).

" The control larvac were fed on the same food but free of neem products.

Mean number of emerged juveniles from the cadavers was lower at high concentrations than low
concentrations of both used neem products. When 100/ml. of nematode 1Js were used to infect 2 instar
larvae of S. littoralis, the lowest number of emerging nematodes was 1250 lls/cadaver, which recorded at
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1.0% neem powder, while the highest used concentration of NTS resulted in the emergence of 4280
1Js/cadaver (table 3). Mecanwhile, when a nematode concentration of 500 1Js/ml. was used, the mean number
of emerged nematodes was higher when larvae was treated with the higher concentrations of both the neem
products. Treated insect latvae with NTS resulted in the emergence of 3300 1Js/cadaver at 1.0 % and 2400
lis/cadaver at 0.25 % of the product. The same trend was recorded also with NP treated larvae which
resulted in 5250 ls/cadaver and 3570 lJs/cadaver at 1.0 and 0.5 % respectively as shown in table (3).

Increase of larval feeding period on neem treated leaves to 2, 4 and 6 days decreased the propability of
juvenile emergence due to larval mortality at both juvenile concentrations and tested neem products
especially the neem powder (NP). In the control, when larvae were fed on neem free leaves, the numbers of
emerged infective juveniles were 6550, 14200, and 35000 lJs/cadaver at the three incubation periods
2, 4, and 6 days, respectively (table 3).

The present investigation involved an attempt to determine effects of two different commercial neem
products on a local isolate of the entomopathogenic nematodes H. bacteriophora. In the light of the current
results, both of the neem products was toxic to the nematode juventies. Toxicity was corelated positively
with the amount of azadirachtin in the product and negatively with the concentration of nematode juveniles.
Exposure period also play a great role in the toxicity of neem products ar direct contact and that agree with
the resuls discovered by Pezowicz et al., (1997), they stated that, a high juvenile mortality (>50%) in S.
feltiane was observed after 5 days of exposure to neem seed shell (Azadirachta indica) extract,
5 g/100 ml. of water. They also stated that, the exposure of nematode infective juveniles to neem water
extracts did not affect their ability to infect G. mellonella larvae but limited their establishment in the insect
and the mean number of established nematodes per G. mellonella decreased with increasing Neermix
concentration (Pezowicz er /., 1997).

Meanwhile, Margosan-0O, a commercial neem-based insecticide affected the entomopathogenic nematode
species, §. carpocapsae, S. feltiae, and S. glaseri infectivity after incubation with this insecticide which was
toxic to all the 3 nematode species, but only at much higher concentrations than the recommended field rate
of 20 mg azadirachtin / liter water.

The entomopathogenic nematodes belong to the genus Heterorhabditis were affected at higher
concentrations of neem kernel extract more adversely than the Steinernematid species. It is suggested that
entomopathogenic nematodes and the neem products should not be applied together in the control programs
(Rovesti and Desed, 1989).

Some studies indicate that entomophagous nematode species may survive being tank- mixed with
commercial formulations of neem (Margosan-0). Nematode infectivity of the mix was greatest when the soil
was Irrigated prior to the application and if applied on the day it was prepared. In contrast, 3 species of S
carpocapsae, S. feltiae, and . glaseri survived and were infective when left in a tank for up to 15 days in
solution with neem (Margosan-O). However, S. feltiae and S. carpocapsae were more adversely affected by
the neem (Stark, 1996). ‘ '

Other studies were conducted in India to explore the integration between neem sced kernel extract
(NSKE), ncem oil (NO) and S. carpocapsae (S. c.) on root grub Holotrica serrata. Soil include field
f:ollectcd 3" instar gmbs was exposed to various concentrations of NSKE, NO and S. carpocapsae. Infective
juveniles were added 0 to 16 days after application of NSKE and NO, root grub mortality was noted every
day. After combining and immediately applying the S. carpocapsae, higher mortality was obtained against
root grubs. The survival and virulence of S. c. in neem were followed for 20 days with or without aeration.
Contrary to our results, S. c. survived well in all tested neem concentrations and its virulence was not
affected by the neem concentrations with and without aeration. It was concluded that, neem enhances the
activity of entomopathogenic nematodes and can represent an eco-friendly strategy to control root grubs in
agriculture and forest ecosystems (Sivaramakrishnan, personal communication),

In contrast, our results show that, NeemAzal N/S and neem powder were slightly effective on
reproduction of the nematode strain EBN34 at low concentrations and short feeding period of 2 days.
Meanwhile, reproduction of this nematode was affected mostly at the highest tested concentrations of neem
powder (1.0%) and when 100 lis/ml. were used to infect the insects. Longer feeding periods, more than
2 qays, of cotton leaf\yonn' larvae halted nematode reproduction completely at all tested concentrations either
with 100 Ls/ml. or with higher nematode concentration of 500 1Js/ml. No reproduction was observed when
msect larvae were fed for 6 days on both neem products (table 3).
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Our results also indicate that, treated larvae of S. littoralis were highly affected only wlien these insect
larvae were fed on both neem products for long periods. Meanwhile, nematode reproduction wasn’t affected
when insect larvae were fed on both neem products for less than 2 days (table 3).

This was also observed when azadirachtin affected the cellular immune responses with a significant
reduction in numbers of g}emocytes {De Azambuja and Garcia, 1992). The weakness of the cellular immune
responses will increase susceptibility of insccts to the infection by pathogens especially nematodes which
disagree with our results which indicated that, the used nematode strain “EBN34” was more virulent on
insect larvae fed on plant leaves free of neem products.

When 2™ instars larvae of S. littoralis were fed for 6 days on castor-oil leaves treated with neem products,
they lost weight. These data agree with El-Sayed (1982) who found the same results when 3" instar larvae of
S. Littoralis were fed for 3 days on castor-oil leaves treated with neem seed suspension. whereas, Ahmed
(1995), found that, the methanolic extract of Melia has a significant effect on protein quality and quantity.
Curcntly tested neem products play the same role with S. littoralis, and the emergence of nematode juveniles
is usually low in treated insect larvae (table 3).

Both of the tested neem products were effective on the viability and virulence of nematode juveniles bred
on G. mellonella larvae. Reproduction of the nematodes was also higly affected specially at high neem
concentrations and long exposure periods. These results disagree with those obtained by Pezowicz et al,
1997, who concluded that, exposure of nematode infective juveniles (1s) to water extracts of the neem didn’t
affect their ability to infect larvae of G. mellonella. The authors want to call attention to the fact that mean
numbers of established nematodes per G. mellonella larva decreased with increasing Neemix concentration
(Pezowicz et al., 1997) which agree with our results.

In conclusion, we recommend that, entomopathogenic nematodes should not be used at the same time or
parallel with neem products. The nematodes should be used before or after application of neem products with
enough time.
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