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ABSTRACT

The effects of Neemix 4.5 % (4.5 % azadirachtin) on different larval
instars of the cotton leafworm, Spodoptera littoralis, were studied by
feeding the larvae on castor bean leaves treated with different concentrations
of azadirachtin. The second instar larvae were the most sensitive amongst
the three larval instars exposed to various treatments. The concentrations
that caused 50 % reduction in pupation of the second, third and fourth larval
instars were 3.67, 10.75 and 10.92 ppm, respectively. Azadirachtin caused
different effects including stop of feeding, inhibition of pupation, formation
of intermediates and malformed pupae and adults. The compound showed
contact toxicity when it was applied topically to the larvae and contact
toxicity was much less than feeding toxicity. Topical application treatment
caused same effects of feeding toxicity. The treatments caused reduction of
egg mass production in a concentration-dependent manner. However,
azadirachtin did not prevent S. littoralis females from oviposition on treated
plant leaves. The results generally indicate that azadirachtin is a successful
insecticide, which may be used in integrated pest management programs 1o
prevent or delay appearance of resistance to conventional pesticides.

INTRODUCTION

The intensive use of conventional pesticides cause many environmental
problems. They accumulate in food chains and pollute soil, water and air.
They also lead to the destruction of natural enemies and to the appearance of
the problem of pest resistance to pesticides. The cotton leafworm,
Spodoptera littoralis is a very destructive pest, it attacks a wide variety of
field crops and causing great economic losses. This pest rapidly acquires
resistance to all classes of applied insecticides. S. littoralis has developed
resistance to organophosphorus insecticides (Ishaaya and Klein, 1990), to
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pyrethroids ( Issa et al., 1984 and Ishaaya and Klein, 1990), to urea
derivatives (Keddis et al., 1988), to carbamates (El-Sayed and Abdallah,
1988), and even to the biological insecticide, Bacillus thuringiensis
(Chaufaux et al., 1997 and Salama et al., 1989). El-Sebae (1977) indicated
that S. fittoralis has possessed resistance nearly to all registered insecticides
in Egypt.

The promising botanical compound, azadirachtin, extracted from the
Indian neem tree, 4zadirachta indica, proved to be effective against a large
number of pests from different orders (fmmaraju,1998). Extracts of seeds of
A. indica and commercial formulations containing different concentrations
of azadirachtin, have been tested against S. littoralis (Hashem et al., 1998;
Martinez et al., 2001; Meisner and jemny, 1992; El-Sayed, 1985). The
present investigation presents some promising results of the effects of
azadirachtin on different larval instars of S. littoralis.

MATERIALS AND METHODS

Azadirachtin: Neemix 4.5, a 4.5 % azadirachtin EC formulation, was
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Spodoptera littoralis: A susceptible strain of S. littoralis reared in the
insectary of Plant Protection Department, on castor bean leaves, in 1-liter
glass jars covered with muslin, was used in this study. In case of using
replicates with relatively high number of larvae (50 larvae/ replicate), 3-liter
glass jars were utilized.

The leaf -dipping method: Different concentrations of azadirachtin were
prepared by diluting the commercial formulation, Neemix 4.5, with water.
Fresh leaves of castor bean were immersed in different concentrations of
azadirachtin for about ten seconds. The leaves were air- dried, by hanging in
air, before offered to the larvae to feed on for two days and then replaced
with fresh, untreated leaves. Control leaves were immersed in water.
Twenty, thirty and fifty larvae were used for every replicate in trials of the
second, third, and fourth instar larvae, respectively. Three replicates were
used for each concentration..Probit analysis of results was carried out
according to Finney (1971) after correction for mortality in controls
according to Abbott's formula (1925).
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Topical application trials: Different concentrations of azadirachtin were
prepared by diluting Neemix 4.5 with acetone; one microliter of each
concentration was applied on the dorsum of fourth instar larvae, weighing
approximately 44 mg pear larva. The doses ranged from 0.25 to 4
micrograms/larva. Controls were treated with one microliter of acetone, fifty
larvae were used in every replicate, and three replicates were tested for
every dose. )

Effect of azadirachtin on oviposition activity: In the no- choice trials,
Nerium oleander leaves were immersed in two concentrations of
azadirachtin, 112.5 and 225 mg/ liter, for one minute. The leaves were air-
dried and then introduced into cages containing about fifty adults of
S littoralis (males and females), provided with a piece of cotton soaked in a
10 % sugar solution, to feed on. In the choice trials, control leaves immersed
in water only and treated leaves were distributed in the same cage. The
control leaves were also introduced in other seperate cages. The number of
egg masses laid in each treatment was recorded.

RESULTS AND DISCUSSION

Effects of feeding second instar stage larvae on azadirachtin —treated

leaves: The second -instar larvae were the most sensitive to the effects of
azadirachtin. As indicated in Table I, the concentration required to cause 50
% reduction of pupation was to 3.67 ppm, while that causing 95 % reduction
in adult emergence was 7.8 ppm. The larvae fed on azadirachtin —treated
leaves stopped feeding after two days. Their colour changed gradually into
black, prolongation of the larval instars was noticed, failure of the molting
process and formation of morphological anomalies increased with the
increase in concentrations. The control larvae developed normally to the
pupal stage after 9-11 days, while treated larvae were still in the second or
third instar based on the concentrations they fed on. To explain this effect,
after 9 days. The weight of control larvae was in the overage of 0.41 gm /
larva, while that the larvae fed on 10 ppm-treated leaves was in the overage
of 0.05 gm / larva. Most of the treated larvae semained inactive for several
days (sometimes to 14 days) and then died. The two concentrations 6 and 8
ppm had almost the same effects on the three parameters studied (Table 2).
There were no significant differences between the effects of the two
concentrations 2 and 4 ppm, except in their effect on pupation.
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Table (1): Probit analysis of feeding and contact toxicity of azadirachtin to
different larval stages of S. littoralis

. 95 % 95 %
Larval lm . 195 s
Parameter fiducial fiducial Si
stage  ppm limits PPM iits o
Pupation 2™ 3.67 34396 78 7-8.75 499
k 1075  9.84-11.73 3023 24.8-36.92 3.66
4 1092 894-1169 4334 32.29.588 262
4hee 1.16 106-1.26 433  3.6-546 2.87
Adutlt ™ 34 3.1-3.72 jog 861217 1.75
emergence ’
K 913 839994 ., 19.62- 4.13
. 26.66
" 762 676865 3777 30.1-47.7 2.37
ghee 055 045065 425  3.28-6.1 1.86

*lso = the concentration required to cause 50 % reduction in pupation, adult mergence,
**}o= pg / larva (topical application)

Table (2): Effects of feeding 2™ instar larvae of S, litforalis on castor bean
leaves treated with different concentrations of azadirachtin®

Concentration Adult

(ppm) Pupation %" Emergence % Larval weight*

0.0 883 a N7a 041a

1 783b 0z 032b

2 783b 42.13b 02lc

4 41.7¢ 36.7b 0.18¢

6 13.3d 133¢ 0124

8 5d Sc 0.1d

10 0.0e 0.0d 0.05¢

* Original data were transformed into +f perceniage before ANOVA and LSD tests.

*Values followed by the same letter within a column are not significantly different at the
0.05 levei.
“Average weight of larva (gm) s after 9 days.

80



J. Pest Cont. & Environ. Sci, [1(1}): 77-86 (2003}

Effects on third instar larvae : Third instar larvae were about three times
more tolerant to effects of azadirachtin than second instar larvae. The
concentrations that inhibited 50 % of pupation and adult emergence were
10.75 and 9.13 ppm, respectively (Table 1). The Symptoms of toxicity
included stop of feeding, delay or prevention of pupation, blackening the
body, failure of molting to the next larval instar; formation of larval —
prepupal intermediates and malformed pupae. The intensity of symptoms
was proportional to concentrations. Egg mass production was severely
affected by the treatment. The concentration of 15 ppm almost sterilized
completely sterilized the insects (Table 3).

Tabe (3): Effects of feeding 3™ and 4" instar larvae of S. littoralis on
castorbean leaves treated with different concentrations of azadirachtin®.

Conc Pupation %" Adult emergence % Egg mass %
ppm  3Ustage 4" stage 3°stage 4" stage 3 stage 4" stage

Q.0 933a 94.7 a 922a 83a 100 a 100 a
25 NT 88 ab NT 74.7 ab NT 62.3b
5 844ab 706bc 689b 553k 41.8b 11.2¢
10 62.2 be 60c 455bc 433 cd 175¢ 93¢

15 522¢ 30d 20c¢ 29.3d 09d 0.0d
20 0.0d 0.0d 0.0d
30 NT be NT 4e NT 0.0d

* Original data were transformed into 1/ percentage before ANOVA and LSD tests.

*Values followed by the same letter within a column are not significantly different at
the 0.05 level.
NT = not tested.

Effects on fourth instar larvae:

A: Effects of feeding on azadirachtin-treated leaves: On the basis of Isp
values, fourth instar larvae were almost as sensitive as third instar ones to
effects of azadirachtin. The concentrations that inhibited 50 % of pupation
and adult emergence were 10.92 and 7.62 ppm, respectively (Table 1). On
the basis of Iss percentage of pupation, the fourth instar larvae were more
tolerant than those of third instar. The Igs values for the two larval instars
were 43.34 and 30.23 ppm, respectively. Symptoms of toxicity were similar
to those appeared on third instar larvae, but the ratio of malformed pupae
and intermediate were higher in case of the fourth instar larvae. The adults
with malformed wings or wingless, or with only one pair of wings were
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noticed. Meisner and Nemny (1992) found that feeding the fourth instar
larvae of S.littoralis on cotton Jeaves treated with 20 ppm azadirachtin was
effective, which agrees with the present findings. Hashem et al. (1998)
reported that feeding the fourth instar larvae of S, litroralis on castor bean
leaves treated with 0.368 % (3680 ppm) of neem seeds ethanolic extract
caused 50 % mortality up to emergence of adults. This distinct high
concentration was probably due to the use crude extract, not pure
azadirachtin. The topical application of this extract at 10.65g / larva caused
50 % mortality.

B: Contact toxicity (topical application) of azadirachtin: Azadirachtin
showed contact toxicity to the fourth instar larvae. The concentrations that
caused 50 and 95 % reduction in pupation were 0.55 and 4.25-pg / larva,
respectively. These results also agree with those of Meisner and Nemny
(1992), who obtained 70 % reduction in pupation with 2-pg / larva. Contact
toxicity caused the same symptoms of feeding toxicity. However, contact
toxicity of azadirachtin is considered much lower than its toxicity by
feeding. Dipping plant leaves in as low concentration as 43 ppm caused 95
o reduction in pupation, while the dose required to aftain the same result by
contact was equal to 4.25 pg / larva (4250 ppm). This indicates that
azadirachtin is much more toxic by feeding than by contact.

Effects of azadirachtin on oviposition activity: The present results
showed that azadirachtin did not prevent females from oviposition on
Nerium oleander leaves treated with 112.5 and 225 ppm of azadirachtin.
These concentrations are more than those used in the field. Many trials
proved similar results. Table 4 represents the results of one of these trials. It
may be clear that females oviposited in all treatments in both cases of choice
and non-choice trials. Moreover, the number of egg masses laid on treated
leaves in choice trials, was very close to the number laid on contro! leaves.

In conclusion, this investigation proved that azadirchtin, formulated as
Neemix 4.3, is a successful botanical insecticide. It has been exempted from
residue tolerance requirements by the US Environmental Protection Agency
for food crop applications (Immaraju, 1998). It could be used in the
integrated management programs to control S /ittoralis to prevent or delay
appearance of resistance to conventional pesticides. Some unpublished
results showed that after three generations, S. /ittoralis did not develop any
considerable degree of tolerance to azadirachtin. Feng and Isman (1995)

82



J Pest Cont. & Environ. Sci. 11(1): 77-86 (2003)

Table (4): Number of egg masses laid by S. Littoralis on azadirachtin-
treaed leaves

Conc (ppm) Choice trials No-choice trials
0.0 43 58
112.5 41 NT
225 37 45

NT =not tested

found that after 40 generations, the green peach aphid, Myzus persicae, had
developed 9- fold resistance to pure azadirachtin, whereas the neem seed
extract-treated insects did not. Resistance to azadirachtin is not possible
after several applications of the compound because it has multi effects on
insects, and there is more than one target for the compound in insects to
affect. However, it is better to use azadirachtin in sequences with other
pesticides.

This work was supported by grant # MS-4-38, from King Abdulaziz City
For Science and Technology.
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