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ABSTRACT

Laboratory experiments have been conducted
to determine the lethal effects of Spinosad and
Azadirachtin on the cotton leafworm, Spodoptera
littoralis (Boisduval) (Lepidoptera: Noctuidae)
larvae by a diet incorporation bioassay. Newly
molted third instar larvae were exposed through
ingestion to different concentrations. Larval mor-
tality of S. littoralis increased with the concentra-
tion resulting a LCs, values of 1.38 pg/ml and 0.14
ug/ml for, Spinosad and Azadirachtin respectively,
the mortality times decreased with the concentra-
tion increase. Sublethal effects were studied by
treating of third instar larvae with a concentration
equivalent to the respective LCso Both insecticides
significantly increased larval development period
from treatment until pupation, but the effect of
Azadirachtin was greater than Spinosad. The pu-
pation period was significantly prolonged in male
pupae when the larvae were treated with Spinosad,
whereas with Azadirachtin this effect happened in
both sexes. Egg viability was reduced with
Azadirachtin, and the oviposition period was af-
fected by Spinosad. No significant differences
were found in pre-oviposition periods, spermato-
phore number, fecundity and adult longevity.

INTRODUCTION

The Egyptian cotton leaf worm, Spodoptera
littoralis (Boisduval) (Lepidoptera: Noctuidae) is
a key pest of cotton and other many crops in the
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Mediterranean area ahd Middle Eastern countries
(Campion et al 1977; Nasr et al 1984; Ahmad
1988; Dominguez 1993). The insect infests more
than 112 host plants belonging to 44 families
{Moussa et al 1960) makes it a model of serious
polyphagous pests. The control of this pest is fo-
cused to the searching of new insecticides with
biological and ecological qualities.

Spinosad (Dow Agrosciences LLC) is a mix-
ture of spinosyns A and D produced during fer-
mentation of the soll actinomycete Saccharopoly-
spora spinosa Mertz-& Yao (Dutton et al 2003).
It is a neurotoxin with a novel mode of action in-
volving the nicotinic acetylcholine receptor and
probably GABA receptor as well (Salgado 1998).
This insecticide is highly active by ingestion and
causes cessation of feeding followed later by
tremors, paralysis and death of Susceptible insects.
Spinosad-based products have been registered in
more than 30 countties for control of pests belong-
ing to Lepidopteta, Diptera, some Coleoptera, ants
and thrips (Thompson ef al 2000). Spinosad has
very low mammalian toxicity (Brestin ef al 2000),
and is classified by the United States Environ-
mental Protection Agency as an environmentally
and toxicologically reducing risk material
(Thompson ef al 2000). As a biorational pesti-
cide, Spinosad now represents an important option
for pest control in a growing number of crops pro-
duced under systems of integrated pest manage-
ment (IPM). The adoption of Spinosad-based
products by IPM practitioners Is due to its effec-
tiveness as an insecticide combined with its rela-
tively low toxicity to natural enemies (Miles &
Dutton 2003).
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There are little information on lethal and sub-
lethal effects of Spinosad on S. littoralis. Some
authors has reported toxicity on S. littoralis larvae
(Sannino 2001; Sannino & Piro 2003; El-Awa
2003 and Lechuga et al 2004). El-Awa (2003)
found that Spinosad reduces the fecundity of S.
littoralis females came from treated larvae.

On the other hand, insecticides derived from
the Neem tree seed extracts which originated from
Azadirachta indica A. Juss. (Meliaceae), have
been shown to cause several effects on a number
of insect species (Mordue & Blackwell 1993).
Some studies have shown that Azadirachtin in-
crease the larval development period in noctuid
larvae, such as S. lirtoralis (Martinez & Van
Ewmden 2001), S. mauritia (Jagannadh & Nair
1992), and H. armigera (MaDeling et al 2000).
Moreover, the fecundity and egg viability were
reduced when S linoralis (Gelbice & Némece
2001; El-Awa 2003) and 5. exemptu (Tanzubil &
McCaffery 1990) larvae were treated  with
Azadirachtin.

Sublethal effects may be as important as lethal
effects in crop protection programs as a result of
feeding suppression, delaying development, and
reducing reproductive potential ‘of survivors. Thus,
sublethal effects of Spinosad and Azadirachtin
may have a great importance in regulating popula-
tion of a target species, particulary in polivoltine
species.

The objectives of this study were to determine:
(1) lethal effects of Spinosad and Azadirachtin on
S. littoralis larvae; and (2) sublethal effects of
both insecticides on the insect development and
reproduction.

MATERIALS AND METHODS
1. Insects

A laboratory colony of S. littoralis have been
collected from Cloyer crop in - Menofiya Gover-
norate (Egypt). Insects were raised for ten genera-
tions in the laboratory before being bioassayed to
avoid genetic drift, selection, and inbreeding
(Boller & Chanmers 1977). Larvae were reared
on an artiticial diet containing alfalfa powder
(Vargas-Osuna 1985) and maintained at 25+2 °C,
65+5 % RH and a photoperiod of 16:8 h (L.:D).

2. Insecticides

Spinosad: Active material is (spinosyn A &
© D). Trade name SPINOSAD480 that contains 480
g/l of active ingredient and is formulated like con-
centruted suspension,

Azadirachtin: ALIGN that contains 3.2% of
active ingredient derived from seed kernels of the
Neem tree, Azadirachta indica.

3. Lethal Effects

Third instar S. littoralis larvae were treated by
diet incorporation method. Newly molted 3rd-
instar larvae were placed in individual plastic cups
and fed on diet disks (9 mm in diameter), which
were treated with different Spinosad and
Azadirachtin concentrations.

4. Sublethal Effects

Newly molted 3rd-instar larvae were treated
with concentrations 1.38 pg/m! and 0.14 pg/ml for
Spinosad and Azadirachtin, respectively, during
24-48 hrs. Control larvae were fed on untreated
disks of diet. Males from the night after emer-
gence were paired with 1 or 2-day-old virgin fe-
males in a filter paper cylinder (12 cm in diameter
and 24 cm high), one pair per cylinder, and fed on
a'15% honey solution and maintained in the con-
tainers until they died. The four possible crosses
between treated and untreated female and male
were performed. Egg production was recorded
daily and eggs were allowed to hatch. When fe-
males died, they were dissected to determine the
presence of spermatophores in the bursa copula-
trix.

All bioassays were conducted at 25+2°C. Mor--
tality was recorded every twenty four hours.

S. Statistical Analysis

Median lethal concentrations (LCses) were de-
termined by linear regression analysis and a test
was made for parallelism according to the relative
potency estimation method (Finney, 1971), using
the microcomputer program POLO-PC (Russell et
al 1977). The Median lethal times (LTss) were
calculated from truncated data on the proportion of
the test population that died by treatment (Biever
& Hostetter 1971).

The larval and pupal development, pre-
oviposition period, oviposition period, total fecun-
dity, egg viability and adult longevity data were
analysed by ANOVA and comparison of means by
the least significant difference test (1.SD).
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RESULTS

A- Lethal Effects

The mortality increased with the concentration
of Spinosad and Azadirachtin (Table 1). Most of
the S. littorglis larvae treated with Spinosad died
in the same instar of treatment, but the mortality of
treated ones with Azadirachtin was in the last in-
stars.

Analysis by probit regression line revealed the
following equations and LCses (with 95% confi-
dence limits): y = 1.48 x + 4.79, ¥* = 7.52 (3 df)
and 1.38 pg/ml (0.82 - 2.81) for Spinosad (Fig. 1);
y = 1.23x+6.05, ¥* = 9.30 (3 df) and 0.14 pg/ml
(0.06 -0.32) for Azadirachtin (Fig. 2). The adjust-
ment was acceptable using the y~ test. No differ-
ences were found between regression line slopes.
On the bases of the relative potency, Azadirachtin
was ten times more toxic than Spinosad (Table
2).

Median lethal times were significantly affected
by the concentration either Spinosad (p=0.0366;
LTso=4.1days at 1 pg/ml and 1.1 days at 4 pg/ml),
or Azadirachtin (p=0.039; LTse= 9.7 days at 0.32
pg/ml and 8 days at 1.6 pug/mtl) (Table 3).

B- Sublethal Effects

Development period of treated larvae were
prolonged significantly with Spinosad (20.54
days, p<0.0001) and Azadirachtin (26.40 days,
p=0.0024) (Table 4). The pupation periods were
also longer than control, while male pupae tended
to develop slower than females (Table S5); Spino-
sad treatment caused significant differences only
in male pupae (p=0.0030), but Azadirachtin af-
fected either males (p<0.0001) or females
(p=0.0208).

Most of females mated and laid viable eggs
(Table 6). Mean number of eggs per female were
increased in matings where one or both adults
came from larvae treated with Spinosad, but the
differences were not significant. However, with
Azadirachtin the highest fecundity was only found
in combinations of treated female and male
(1747.5 eggs). The maximum value of egg viabil-
ity ocurred in combinations of female treated with
Spinosad and untreated male (95.55%). With
Azadirachtin, the combinations of treated female
with untreated male reduced significantly
(p=0.0280) the egg viability. The mean number of
spermatophore per female was not affected by the
treatments (Table 7).

Mean of pre-oviposition period and number of
viable eggs were not significantly different among
mating combinations in either insecticides. Mean
of oviposition period weresignificantly (p=0.0007)
longer only in mated combinations of female and
male treated with Spinosad (Table 8). The mean
of males and females longevity were not affected
by the insecticide treatments (Table 9).

DISCUSSION
Spinosad

The median lethal concentration (LCsy) of
Spinosad is in agreement with Lechuga et al
(2004) using the same bioassay method, and most
of larvae died in the same instar in which they
were treated. Similar results were found by Yee &
Toscano (1998), who reported that first, third and
fifth instar larvae of S. exigua died after 24hrs of
exposure to high doses of Spinosad, and reduced
the leaf consumption.

The treatment of S. littoralis larvae not only
exerted its lethal action, but also caused an ex-
tended effect on larval development and pupation
period. When sublethal concentration of Spinosad
was applied to newly molted third instar S. lit-
toralis larvae, the larval development time was
prolonged and the pupation period was reduced.
The effect on larval development could be related
to the reduction of cosumption reported in S. ex-
igua larvae by Yee & Toscano (1998).

In our bioassay conditions, the female fecun-
dity and egg vibility were not affected, although
the oviposition period was reduced in all mating
combinations. Reduction of fecundity has been
reported by El-Awa (2003) when fourth instar
larvae were treated with a concentration equiva-
lent to the LCss.

Azadirachtin

Azadirachtin have higher activity than Spino-
sad for third-instar S. /littoralis larvae, but the mor-
tality period after treatment was prolonged until
20 days. The results are in agreement with
Martinez &Van Emden (2001). This long time
of mortality of S. littoralis larvae is related to the
complex mode of action, mainly to its antifeedant
activity (Mordue, 2004).

Sublethal concentration of Azadirachtin caused
a prolonged larval development period, similar
results are obtained by Jagannadh & Nair (1992)

Annals Agric. Sci., 53(1), 2008
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Table 1. Mortality of S. littoralis larvae treated in third instar with Spinosad
and Azadirachtin

" Concentration Mortality
Insecticide Il N
(ng/mb) n Time(days) %
0 90 0 0 0
0.25 90 14 1-7 15.6
. 0.5 90 18 1-7 20.0
Spinosad
i 90 45 1-7 50.0
2 90 46 1-7 51.1
4 90 71 1-7 78.9
0 90 0 0 0
0.0128 90 10 2-21 11.1
. 0.064 90 39 2-19 433
Azadirachtin
0.32 90 60 2-18 66.7
1.60 90 72 2-18 80.0
8.00 90 89 2-14 98.9

N = Treated larvae number. n = Died larvae number

Probitmortality

Fig. 1. Probit regression line for third instar larvae of S. littoralis
treated with Spinosad

Annals Agric. Sci., 53(1), 2008
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B .; - T

log Congatration

Fig. 2. Probit regression line for third instar larvae of 8. littoralis
treated with Azadirachtin

Table 2. Regression lines subjected to parallelism and LCs, values on third instar of S. littoralis
larave treated with Azadirachtin and Spinosad

. Confidence Limits 95%
Treatment e df Regressnt(i)(r)l line LSsol °
equation (ng/mb) Lower Upper
Azadirachtin y=130x+6.10 0.14 0.08 0.24
18.99 7
Spinosad y = 1.30x+ 4.80 1.43 0.92 2.29

Table 3. Median lethal time of S. littoralis larvae treated in third instar with
Spinosad and Azadirachtin

.. Concentration L
Insecticide Replication LTS50 Mean (days
(ug/mi) plica ¥
] 3.1
l ) 51 4.1a
2 : 21 2.6 ab
. 2 3.1
Spinosad
4 | 1.2
2 1.1 1.1b
3 1.0
1 9.0
0.32 2 9.0 9.7a
, . 3 10.0
Azadirachtin | 8.5
1.60 2 8.0 8.0b
3 7.5

Means followed by the same letter are not significantly ditferent (1.SD, p=0.05)

Annals Agric. Sci., 53(1), 2008
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Table 4. Effect of Spinosad and Azadirachtin on larval development of S. littoralis

Insecticide Concentration N Time (days)

(ng/mb) Mean Interval +s.e.

) Control 111 19.98 a 12-16 0.11

Spinosad

1.38 70 20.54 b 12-15 0.14

. . Control 59 20.25a 18-26 0.26

Azadirachtin

0.14 55 26.40 b 23-31 0.27

Means followed by the same letter are not significantly different (LSD, p = 0.05)
s.e.. = standard error,

Table 5. Effects of Spinosad and Azadirachtin on pupal development of S. littoralis

i Time (days

Insecticide Sex Concentration N (days)
(ug/ml) Mean +s.e.
Control 48 13.04 a 0.09
, Q 1.38 30 12.90 a 0.12

Spinosad
Control 47 14.96 a 0.09
3 1.38 36 14.50 b 0.11
o Control 25 17.76 a 0.21
o i 0.14 23 16.09 b 0.22
Azadirachtin

2 Control 23 19.57 a 0.20
0.14 21 17.52b 0.21

Means followed by the same letter are not significantly different (LSD, P = 0.05)

Table 6. Response of S. littoralis females came from larvae treated with
Spinosad and Azadirachtin according to different mating combina-

tions
Numbers of females
Combination N Mated Eggs laid Eggs viable laid

exd 18 17 17 16
? xdJ, 12 12 12 12
Q. x38 10 10 10 10
Qsxds 13 13 13 13
2xd 12 12 12 12
Qx3a 10 10 10

Qax 3 9 9 9
Pax 3a 8 8 8

N = Mated female number. S = Spinosad treatment. A = Azadirachtin treatment

Annals Agric. Sci., 53(1), 2008
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Table 7. Reproductive potential of S. littoralis larvae treated with Spinosad

and Azadirachtin according to different mating combinations

Mean No of Mean No
Combination N Eggs / femal % Viability Sperms /Q
17 1876.5 a 83.78 a 12a
(200-3550) (75-100)
? xd, 12 (19454 a) 9198 a 1.1a
(1200-2475) (76.5-98.4)
Q. x& 10 2371.5a 95.55a 1.1a
(1600-2900) (88.6-100)
2.,xd, 13 22746 a 86.95a 12a
(1275-3850) (68.2-96.5)
x4 12 15529 a 7523 a 13a
(650-2270) (41.9-90.3 )
@xda 10 15162 a 54.53 ab 12a
(225-2712) (0-100 )
Pax 8 9 12722 a 36.81b l.1a
(275-2475) (0-79.6 )
Qaxda 8 1747.5 a 62.03 ab l.1a
(915-3200) (30-96.1)

Means followed by the same letter are not significantly different (LSD, p = 0.05).
N = Mated female number. S = Spinosad treatment. A = Azadirachtin treatment.

Table 8. Oviposition periods of S. littoralis females came from larvae treated with Spinosad

and Azadirachtin according to different mating combinations

Pre-oviposition  Oviposition period No Egg viablity

Combination N, P eri;):e:'i]ays) (131?; sn) N, : (131?:;1)
T
e xd, 12 ‘:'06_72;‘ 4(-34;;) {2 4(.34;;
S R
SN B
T
O S < B
Qax 3 9 ‘2'07_ i)a 4(2226)8 3 2(17:; :
Qax3a 8 O(g‘_i;‘ 4(2256 )a . 4(2136 )a

Means followed by the same letter are not significantly different (LSD, p = 0.05).

N1 = Female number. N2 = Fertil female numbet.
S = Spinosad treatment. A = Azadirachtin treatment.

Annals Agric. Sci., 53(1), 2008
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Table 9. Adult longevity of S. littoralis males and
females developed from larvae treated
with Spinosad and Azadirachtin accord-
ing to different mating combinations

Males Females
Combination N Mean Mean
2xd 17 10.00 a 947 a
(5-13) (6-13)
Q xJs 12 10.75a = 10.17a
L (7-16) (8-14)
Qx4 10 10.60 a 8.80a
o | (9-13) (7-10)
Rsx3s 13 11.15a 10.15a
(9-15) (9-12)
2 x4d 12 9.00a 8.08a
(7-11) (6-11)
QxS 10 940a 830a
(8-14) (6-14)
Qax 3 9 878 a 8.78 a
(7-13) (5-11)
Rax3a 8 9.38a 9.00 a
(6-12) (6-11)

Means followed by the same letter are not significantly
different (LSD, p = 0.05).
S = Spinosad treatment. A = Azadirachtin treatment.

~on S. mauritia, MaDeling et al (2000) on Heli-
caverpa armigera, and Kumar ef al (1997) on S.
litura. The pupation period was reduced in both
sexes, as has been reported in fifth instar S. litura
larvae treated with exudate from reddish terminal
leaves (Kumar et gl 1997).

In the present work, the fecundity was not af-
fected by Azadirachtin treatments. El-Awa (2003)
reported that a commercial insecticide (Achook)
based on Azadirachtin reduced the fecundity of S.
littoralis when fourth instar larvae were treated
with the estimated LC,s value. Extracts of Neem
seed caused a significant reduction of fecundity
and other reproductive parameters on S. littoralis
(El-Meniawi ¢f al 1999) and S. litura (Kaur et al
2001). ’

The egg viability was also reduced, as it was
reported previously in S. littoralis larvae treated
either with Azadirachtin (Gelbic & Nemec, 2001;
El-Awa, 2003) or with extracts of Neem seeds
(Dimetry er al 1998; El-Meniawi ef al 1999).
However, our results show that both sexes were
affected by treatment with Azadirachtin.

Adult longevity of S. littoralis treated with
Azadirachtin was not affected. Nevertheless, re-

duction of longevity has been reported in S. liturg -
when larvae were treated with an exudate from
reddish terminal leaves (Kumar ef al 1997).

The sublethal effects of Azadirachtin in S. /it-
toralis are probably related to significant reduc-
tions or delays in ecdysteriod titres of the haemo-
lymph due to a blockage of release of prothoraci-
cotropic hormone from the brain-corpus cardia-
cum complex (Mordue & Blackwell 1993).

The obtained results show the usefullness of
the use of these insecticides in IPM programs for
the control of S. littoralis. Spinosad have a faster
action than Azadirachtin, whereas the last one
have a long-term effects mainly on the egg-
viability of aduits came from treated larvae.
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