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ABSTRACT

The toxicity of tested compounds against 4™ instar larvae of cotton:
leafworm, Spodoptera littoralis (Boisd.) was studied and the obtained
results revealed that Agerin had low residual effects, thus considered less
harmful to predators, but failed to exhibit any mortality against S. litforalis
larvae after the first day of feeding on treated leaves. On the other hand,
although chlorpyrifos had high initial kill (96%) one day after feeding, but it
had a moderate residual effect. With respect to Lufenuron, the data showed
that, it had long residual effect against Spodoptera littoralis larvae for more
than 27 days afier spraying, but it was comparatively less harmful to
predators. Concerning the effect of binary mixtures of tested compounds
against the 4™ instar of the cotton-leafworm, the data confirmed that, the
average initial and residual activity of all tested mixtures increased and
ranged between (100 and 24.8%), (100 and 87.4%) and (100 and 90%) for
Agerin+chlorpyrifos, Agerin+Lufenuron and chlorpyrifos+Lufenuron,
respectively. Accordingly lufenuron could be combined with conventional
insecticides to get rapid initial kill, and subsequently could be included in
the spray programmes. The effect of binary mixtures of tested compounds
on some biometric measurements of S. /ittoralis was also discussed.

INTRODUCTION

Cotton leafworm, S. littoralis considered the most destructive pest
attack all parts of cotton plants including green bolls. Chemical control is
still adapted as one of the major techniques recommended to control such
pest. The synthetic insecticides began to suffer from less potency for
controlling this pest owing to the increased rate of developing resistance.
IGR's considered new compounds, which kill the insect, thought their
interference with the mounting process, a process that is vital to the well
being of the insect (Moawad, 1974; Moawad, ef al, 1996a and b). In
addition to their larvicidal activity, they were effective in producing
abnormalities in larval, pupa and adult stages of insects. Moreover, the
effect extended to include reduction in number of eggs and percent
hatchability. Also, using infectious pathogens, which are compatible with
most insecticides considered a new approach to control cotton-leafworm. ..
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The present work aims to evaluate the toxicity and latent effects of
Bacillus thuringiensis (Agerin), Chlorpyrifos (Dursban) and Lufenuron
(Match) at their recommended rates, half-recommended rates and their
binary mixtures against 4" instar larvae of the field strain of S. littorails.

MATERIALS AND METHODS

I-Test organisms:
Cotton leafworm, Spodoptera littoralis (Boisd):

Egg-masses of the cotton leafworm, S. littoralis (Boisduval) were
collected early in the season from cotton field in Kafr EI-Sheikh
Governorate before the beginning of any chemical control programe and
reared in the laboratory as described by EI-Defrawi er al., (1964).

II. Chemical used:
1- Chlorpyrifis

(0, O-diethy! O-3,5,6-trichloro-2-pyridyl phosphorothioate ). A formulated
sample (48% EC) was supplied from Dow Agro Sciences

2- Lufenuron:

(RS)-1-{2,5-dichloro-4-(1,1,2,3,3,3-hexafluoropropoxy)phenyl]-3-(2,6-
difluorobenzoyl)urea. A formulated sample (5%EC) was supplied from
Sengenta Co.

3- Agerin:

A sample formulated as wettable powder [the active ingredient is Bacillus
thuringiensis sub species kurstaki, 3200 Interrnational Units per milligram
(6.4% a.i.)] was supplied by Abbott's laboratories, Chemical and
Agricultural Products Division, North Chicago. 11, USA.

ITT Treatments:
1.Experimental design and seed treatment:

The cotton area was divided into plots, each plot 1/100 feddan in
two successive seasons, 2003 and 2004. Complete randomized blocks
design was used and each treatment was replicated four times together with
the control plots. The tested compounds and their binary mixtures were
sprayed using a knapsack sprayer at their half and recommended rates/200
liters per feddan. All treatments are shown in Table (1). :

Samples of cotton leaves were collected at random form each
treatment at intervals after spraying and the treated cotton leaves were
offered to 4" instar larvae (50 larvae/treatment/ interval). Larvae were fed
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on treated leaves during the first day of each interval and the survive larvae
were fed for another four days on untreated leaves. Cumulative mortalities
were calculated at the end of each interval and corrected according 1o
Abbott's formula (1925). The cumulative mortalities of the first intervals
(samples collected after spraying directly) was considered as initial kiil,
while the total mean of the cumulative mortalities of the other intervais were
considered ‘as residual effects. Also, percent pupation, percent pupal
malformation and percent of moths emergence were all estimated. Data
were statistically analyzed by the analysis of variance and significance were
determined at 5% level of significant by Duncan Multiple range Test
{Snedecor 1962).

Table (1): Tested treatments, their rates of application, their binary mixtures
and intervals of collecting post-treatment samples

No. Treatments | Rateffeddan | Intervals of treated cotton |
leaves collected post-
treatment (days)
1 B. thuringiensis (Agerin) 500 g 0,1,2,3,4,5,6,9,12
2 B. thuringiensis (Agerin) 250 g 0,3,6,9,12 R
3 Chlorpyrifis 48% E.C 1000 ml 0,3,6,9,12 ]
| 4 Chlorpyrifis 48% E.C 500 m! 0,3,6,9.12
5 Lufenuron 50% E.C 160 mi 0,3,6,9,12,15,18,21, 24,27
6 Lufenuron50% E.C 80 mi 0,3,6,9,12
7 Agerin + Chlorpyrifis 250g + 500m] 0,3,69,12
§ Agerin + Lufenuron 250g + 80ml 0,3,6,9,12
9 Chlorpyrifis + Lufenuron | 500mi+80mj | 0,3,6,9,12
10 Control - 1 0,1,2,3,4,5,6,9,1215,18,
21,2427 B
RESULTS AND DISCUSSION

1. Toxicity of tested compounds applied alone at their recommended
rates as well as their side effects on some biological aspects:
1.1 Toxicity of tested compounds applied alone at their
recommended rates:
1.1. a. Effect of Bacillus thurillgiensis (Agerin) alope against 4™ )
instar larvae of S. litforalis (Boisd.):

Concerning the larval mortality, data obtained in Table (2) showed
that, although Agerin failed to exhibit any mortality even after the first day
of feeding on treated leaves, but the actual larval mortality did not appear
before 2 days of treatment then it increased to reach an average of 64.3%
after 5 days post ingestion of treated cotton leaves at 0-time. The mortality
percentage decreased with increasing the time elapsed after spraying. The
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lowest average percentage (2.5%) has been recorded on 9 days post spraying
and confirmed that Agerin had short residual effect.

With regard to the effect of treatments on percent pupation of S.
littoralis, it is quite clear that, Agerin (at zero time) caused severe effect on
pupal formation. The average percent of pupal formation is very low (7.2%)
compared with 89.4% of untreated control. Moreover, there is a positive
correlation between average percent pupation and time elapsed after spray.
The total mean of residual effect on % pupation of Agerin was 37.5% as
compared with 89.4% for control (Table 2).

With respect to the effect of tested compounds on some biological
aspects, the data revealed that Agerin caused an average of 10.5%
malformed pupae and 58.4% adult emergence compared with 0.8 and 89.1%
as corresponding values of control. )

The current results are documented with the findings of many
investigators (EI-Hamaky ef al, 1987; El-Ghar ef al, 1995; Moawad et
al, 1996 and Abdel-Latief, 2001). In addition, El-Halim (1993),
Romeilah and Abdel-Meguid (2000) and Attala (2001) reported that,
Dipil 2x (B. thuringiensis) have strong effect on 4™ instar larvae of S
littoralis and reduced the percentages of pupation, adult emergence and the
average weight of pupae. Moreover, this compound increased the
percentage of deformed pupae.

1-1.b. Effect of Chlorpyrifos (O.P) alone against 4™ instar larvae of S.
littoralis.

Concerning the effect of chlorpyrifos on larval mortality, the data
presented in Table (3) revealed that this compound has high initial kill
(96%) one day after feeding. Moreover, the percent mortality increased
steadily to reach 100% after 2 days. Then the percent mortality decreased
gradually with increasing the time elapsed after spraying, where the lowest
percentage (14.3%), has been recorded on day 12 after spraying. The total
mean of residual activity was 41.8%, which reflect a moderate residual
effect of chlorpyrifos.
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Table (2) Effect of B. thuringensis at recommended rate on some biological
aspect (percentage pupation, malformed pupae and adult emergence) of 4
instar larvae of S. littoralis.

Treatments  Effectiveness| A* | season | %larval mortality Popupation] % Yoadult
after days malformediemergence
1 days C* pupaé
Initial 0 | 2003 | 0.0 68.5 : 3.1 11.1 0.0
activity  |days| 2004 | 0.0 60.1 6.3 2.3 11.1
Average] 0.0 | 643 72 | 97 5.6
172003 ] 00 | 616 8.1 20.4 0.0
days| 2004 | 0.0 55.7 11.1 225 180
Average] 0.0 60.2 9.6 21.5 9.0
2 2003 [ 00 50.1 12.5 18.3 36.3
days| 2004 | 0.0 479 11.1 20.4 30.3
\Average| 0.0 49.0 11.8 19.4 333
3 12003 [ 0.0 46.6 15.7 15.0 36.1
days[ 2004 | 0.0 | 434 12.5 15.0 55.0
\Average] 0.0 450 14.1 15.0 45.6
4 | 2003 | 0.0 40.8 19.0 12.5 503
days{ 2004 | 0.0 40.0 24.0 113 553 |
A S
Average| 0.0 40.4 21.5 ii.9 52.8
Agerin ) 5 Doos 0.0 36.4 255 12.5 66.0
500g/fed. iﬁf:fl“‘;l days| 2004 | 00 | 282 | 286 | 63 | 66
| |Averagel 0.0 322 27.0 9.4 66.3
6 | 2003 | 0.0 22 57.3 91 | 704
days{ 7004 | 0.0 | 186 | 503 | 26 | 732
Average| 0.0 20.4 53.8 59 418
{9 {2003 | 0.0 5.0 J‘ 7.5 2.2 82,1
days) 2004 | 0.0 0.0 80.0 0.0 85.0
Averagel 0.0 | 25 | 758 I 83.6
12 1 2003 | 0.0 00 | 820 0.0 88.0
daysi 2004 | 0.0 0.0 I 87.6 0.0 842
Average| 0.0 0.0 | 848 0.0 86.1 ]
Total mean of residual 00 31.2 37.5 10.5 58.4
activity
General mean 0.0 | 3488 341 10.4 525 |
2003 | 0.0 0.0 89.1 0.6 90.3
Control 72004 | 0.0 0.0 89.6 0.9 88.9
Average] 00 | 0.0 894 | 08 | 896

Wehre: A*= Day of collecting samples after spraying, C*= Cumulative 5 days Initial
activity: Effectiveness at zero time from spray. Residual activity: Effectiveness at 1, 2, 3, 4,
5,6, 9 and 12 days from spray.
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As for the effect of chlorpyrifos on pupal formation, the data
presented in Table (3) revealed that chlorpyrifos had no direct hit on pupal
formation since it induced zero % pupal mortality at zero time. Moreover,
its residual effect on pupal formation is moderate with general percent
mortality of 43.3% while the corresponding value of control is 90.3%.
Chlorpyrifos had also moderate effect on both pupa! malformation and
adults' emergence. In term of figures it caused 8.8% malformed pupae and
44% adults-emergence compared with 1% and 91.7% as corresponding
values of control.

Table (3) Effect of Chlorpyrifos at recommended rate on some biological
“aspect (percentage pupation, malformed pupae and adult
emergence) of 4™ instar larvae of S. littoralis.

Treatments |Effectiveness| A* | season | %larval mortality Pepupation| % Seadult
after days malformediemergence
I days | Cumulative pupae
5 days ]
Initial activity; 0 2003 | 96.0 106 - - -
days| 2004 | 96.0 100 - - -
Average| 96.0 100 - - -
312003 | 72| 757 3.0 | 150 | 274
days| 2004 | 16.0 65.3 0.0 0.0 15.0
Chlorpyrifos Residual Average| 16.6 70.5 1.5 7.5 212
1.0L/fed, activity 6 | 2003 | 96 | 503 500 | 125 | 50.0
days| 2004 | 78 | 426 | 333 150 | 535
Average| 8.7 46.5 41.7 13.8 | 5.8
9 | 2003 | 3.0 39.8 66.7 8.3 66.7
daysi 2004 | 0.0 31.8 40.0 9.1 75.8
Average! 1.5 35.2 534 8.7 71.3
12 { 2003 [ 00 15.0 73.3 83 68.5
days| 2004 | 0.0 13.6 60.0 0.0 83.1
Average! 0.0 14.3 66.7 4.15 75.8
Total mean of residual 6.8 418 433 i1.0 550 |
activity
General mean 24,64 53.44 34.64 8.8 44.0
[ 2003 | 00 7.7 90.6 1.0 91.2
Control 2004 | 0.0 7.7 90.0 1.0 92.3
Average| 0.0 77 903 1.0 517 |

Wehre: A*= Day of collecting samples after spraying
Initial activity: Effectiveness at zero time from spray.
Residual activity: Effectiveness at 3, 6, 9 and 12 days from spray.

These results agreed fully with the previous finding of Rizk ef al,
(1990), Mourad et al, (1991) and Abdel-Latief (2001) who reported that the
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initial kill of chlorpyrifos against 4™ instar larvae of S. littoralis ranged
between 94-100%, but its residual activity ranged between 28.44-64% after
12 days from spraying.

1.1.c. Effect of Lufenuron (IGR) alone against 4™ instar larvae of S.
littoralis (Boisd.): ’

Table (4) represents the initial effect at zero time and residual effect
after 9 intervals (i.e., 3, 6, 9, 12, 15, 18, 21, 24 and 27 days) from spraying
lufenuron against 4" instar larvae of S. littoralis in both successive seasons,
2003 and 2004. Fourth instar larvae were fed on ireated cotton leaves for 24
hours, then alive larvae were fed on untreated cotton leaves till pupation at
each interval.

With regard to larval mortality, the data obtained in Table (4)
showed that lufenuron gave low mortality (6.1 %) after first day of feeding
on treated leaves, but thereafter the mortality increased within the first
period to reach 100% as initial activity.

Concerning the residual activity, hufenuron was still highly persistent
causing 90.1% after 15 days from spraying. A positive correlation was
noticed between cumulative mortality and time elapsed after feeding. The
lowest percentage (33.4%) has been recorded after 27 days post spraying,
while the total average of residual activity was 75.6%, confirming that
lufenuron was highly persistent to control such pest.

As for the effect of lufenuron on percent of pupal formation, the
results showed that lufenuron induced 0.0% pupation up to 9 days from
spraying. There was a positive correlation between percent pupation and
time elapsed after spraying where 69.8% pupation was noticed after 27 days
post treatment as compared to 90.3% for control, while the total average of
% pupation as residual activity was 23.2% as compared to 90.3% for
control. Regarding the effect of Iufenuron on percentage of malformed
pupae, the results (Table 4) showed that this compound caused 5.9%
deformed pupae, compared with 1% for the control. Moreover, the data also
indicated that lufenuron caused significant reduction of adult emergence.
The general mean of adult emergence in case of lufenuron-treated group
was 24.6% while the corresponding value is 91.7% for control. The current
results are in line of those stated by (Javaid et al, 1999; El-maghraby et
al., 1999; Abdel-Aziz, 2000 and Aioub ef al., 2002)

It. was noticed that the average im’ti;l and residu;I activity of éIl
tested mixtures ranged between (100 and 24.8%), (100 and 87.4%) and (100
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Table (4) Effect of Lufenuron at recommended rate on some biological aspect
of 4™ instar larvae of S. littoralis.

Treatments | Effectiveness | A* | season [%blarval mortality after| Yopupation % Yoadult
- days malformed | emergence
1 days c* pupae
Tnitial activity { 0 | 2003 | 8.0 100 . . ;
days " 2004 | 4.l 100 . - -
Average| 6.1 100 - - - |
U3 ] 2003 | 40 100 - - -
days 72004 | 36 9.6 : ) -
Average: 3.8 98.3 - - -
6 | 2003 | 32 953 . - -
days [73002 | 3.6 957 1 . - -
Averpge] 34 95.5 - - -
9 172003 | 0.0 95.1 ; N -
days 3004 | 0.0 95.1 : - -
Average| 0.0 951 R =
12 | 2003 | 0.0 94.0 111 . 33
days 75004 1T 0.0 934 0.0 - 0.0
‘fgof‘;‘l‘l';‘;:: Residual Average] 0.0 93.7 5.6 R 42
activity 1512003 | 0.0 898 it 30.0 1.1
days 75004 | 0.0 90.34 1.1 203 83
Average| 0.0 50.1 111 252 9.7
18 | 2003 | 0.0 80.1 18.5 26.0 18.5
days 5001 T 60 | 504 8.12 143 123
Avcrage! 0.0 803 133 302 155 )
21 | 2003 | 0.0 504 399 185 383
days 73604 1 0.0 52.9 459 1.1 562
Average] 0.0 517 42.9 14.8 588 |
24 | 2003 | 0.0 456 67.0 8.5 69.0
days 5004 | 0.0 38.7 65.0 0.0 32
Average| 0.0 422 66.0 43 fiK
27 | 2003 | 0.0 307 4 0.0 853
days " 2004 1 0.0 36.1 682 6.0 387
Average] 0.0 334 698 0.0 363
“Total mean of residual activity | 0.0 756 232 6.5 273
' General mean 0.0 78.04 209 59 246
- 2003 | 0.0 90.6 1.0 912
Control 2004 | 0.0 90.0 10 923
Average] 0.0 903 1.0 nr

Wehre: A*= Day of collecting samples after spraying, C*= Cumulative 5 days. Initial
activity: Effectiveness at zero time from spray. Residual activity; Effectiveness at 3, 6, 9,
12, 15, 18, 21, 24 and 27 days from spray.
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2. Toxicity of the tested compounds applied alone and in binary
mixtures against 4™ instar S. litoralis larvae at their half
recommended rates:

The purpose of this study was to evaluated the mitial and residual effects
of Agerin, chlopyrifos and lufeuron applied alone and in binary mixtures at
half recommended rates against 4™ instar larvae of the field strain of cotton
leafworm §. littoralis.

2.1. Effect of the tested compounds alone:

Data presented in Table (5) showed that Agerin and lufenuron
exhibited no single case of mortality afler the first day of feeding on treated
leaves but extending feeding period for another 4 days on untreated cotton
leaves giving cumulative mortality 39.9 and 94.8%, respectively at zero -
time, while chlorpyrifos was more effective with percentage mortality of
70.9% after one day from feeding, but its cumulative larval mortality was
96.6% after 5 days.

Regarding the residual time intervals, (i.e. 3 days after spray,
considering the cumulative mortality after 5 days from feeding) the tested
compounds could be arranged descending by as follows: Agerin (45%)
Table 2, chlorpyrifos (70.5%) Table 3 and Lufenuron (98.3%) Table 4, their
activities were positively influenced by extending the feeding period.

Concerning the third time interval (6 days post spraying), lufenuron
was the most effective inducing 95.5% Table 4, followed by chlorpyrifos
and Agerin as their average larval mortality 46.5 and 20.4%, (Table 3 and 2)
respectively. This arrangement differs in the fourth and fifth time intervals
(9 and 12 days after spraying).

Based on the general mean of residual activity of the tested compounds
(Table 5), lufenuron was the superior compound (76.5%) while chlorpyrifos
came in the second order recording 13.7%. On the other hand, Agerin:
(9.3%) considered the least effective one in this respect.

2.2. Effect of binary mixtures of the tested compounds against 4™ instar
larvae of cotton leafworm, §. litroralis:

With respect to the activity of the same three tested compounds each
applied alone against 4% instar larvae of S littoralis at their half
recommended rates, the data presented in Table (5), revealed that the
average of initial and residual activity for 2003 and 2004 cotton seasons
exhibited {(94.8 and 76.3%), (96.6 and 13.7%) and (39.9 and 9.3%) for
lufenuron, chlorpyrifos and Agerin, respectively.

It was noticed that the average initial and residual activity of all
tested mixtures ranged between (100 and 24.8%), (100 and 87.4%) and (100
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and 90.6%) for Agerin + Chlorpyrifos, Agerin + Lufenuron and
Chlorpyrifos + Lufenuron, respectively. In other words, the highest average
of initial and residual activity was obtained when Lufenuron was mixed
either with Chlorpyrifos or with Agerin, while the mixture of Agerin +
Chlorpyrifos was the least in activity.

Reviewing the above mentioned results, it could be concluded that.
Lufenuron, when applied at its recommended rate have high toxic potential
against cotton leafworm, S /ittoralis and it had long residual effect, where
its persistent in the field lasted over 27 days after spraying. Moreover,
Luferuron could be used in combination with conventional insecticides,
such as chlorpyrifos, if there is a need to get a rapid initial kill. In addition,
it could be included in the spray programmers for the management of cotton
pests, rather than continuous application of conventional insecticides. The.
foregoing results are in agreement with the trend of results obtained by
many investigators (Abdel-Megeed ef al, 1984; Kassem and Zeid, 1987;
El-Hamaky ef al., 1990; Rizk et al, 1990; Korkor , 1999 and Abdel-
Latief, 2001) '

2.3. Effect of the tested compounds and their binary mixtures on some
biometric measurements of S. littoralis (Boisd.):

To evaluate the separate effects of B. rthuringiensis (Agerin),
chlorpyrifos and lufenuron as well as their bmary mixtures on some
biometric measurements (i.e. percent pupation, malformed pupae and adult
emergence), each compound was applied at two rates; the first at its
recommended rate and the other at its half recommended rate. Fourth instar
of S littoralis, larvae were fed on treated cotton leaves for the first day of
each interval, after that the larvae were fed on untreated leaves till pupation.

2.3. a. Effect on pupation percentage:

Data in Table (6) showed that, lufenuron proved to be the most
effective compound in reducing the percent pupation when it was used alone
(causing 1.1 and 20.6% pupation) at its recommended rate and half
recommended rate, respectively as compared with 90.3% for control. Agerin
was the least effective ones (causing 47.1 and 60. 1 pupation) at its
recommended and half recommended rate, respectively. Regarding the
obtained results, lufenuron proved to be more effective when being used
alone or combined with Agerin or chlorpyrifos. The toxicity of Agerin was
significantly increased when mixed with chlorpyrifos or lufenuron, where
percentage pupation was reduced from 60.1% of Agerin alone (half rate) to
299 and 6.1% when binary mixed by chlorpyrifos or lufenuron,
~ respectively.



Table (5): The initial and residual activity of half recommended dose of Agerin, Chlorpyrifos and Lufenuron and their binary
mixtures against 4” instar larvae of cotton leafworm S. littoralis (Boisd)

Corrected % mortality at indicated time intervals % effectiveness
Treatment LRa\tfﬁ:d Season Initial time | 3 day 6 day 9 day 12 day Mean | Initial |Residual
I days |Cumulative| I days (Clhmulative 1 days [Cumulative) 1 days [Cumulativel 1 [Cumulative activity | activity
5 days 5 days 5 days 5 days [days| 3days
2003 0.0 420 0.0 286 0.0 1. 0.0 00 (00| 00 163 | 420 9.9
Agerin | 250g | 2004 | 0.0 378 0.0 253 0.0 9.5 0.0 0.0 00| 00 145¢ | 378 8.7
Average | 0.0 39.9 | 00 271 0.0 10.3 0.0 0.0 Too] 00 154¢ | 399c | 93¢
2003 | 720 | 96.1 82 249 50 17.3 0.0 9.5 00| 00 296 | 961a | 129
Chl"'l’y“fo 00—~ 698 [ 970 | 64 | 300 | 32 | 182 |00 160 T00] 00 [ 310 | 970 | 146
Average | 709 | 96,6 73 275 4.1 17.8 0.0 98 [00] 00 303¢ | 96.1a | 13.7e
2003 0.0 94.0 0.0 88.7 0.0 80.0 0.0 713 (0607 676 504 [ 955 T 0]
Lufenuron [ 80m! 2004 | 00 956 0.0 894 0.0 823 | 00 | 691 |00, 631 799 | 956 | 76.1
{ Average [ 0.0 94.8 0.0 89.1 0.0 81.2 0.0 702 100] 655 | 802b | 948 | 76.5b
Agerin [ 250g | 2003 | 860 100 40 339 0.0 281 0.0 207 Jo0( a5 37.4 100 218
oo T 72004 | 849 100 58 50.9 0.0 30.7 0.0 230 |00 63 422 100 277
Chlm;py“f" B0l erage | 855 | 100 | 25 | 422 100 | 294 [ 00 | e 10854 (308 1002 | 2489
Agerin | 250g | 2003 4.0 100 40 100 2.0 946 0.0 850 |00 684 89.6 100 87.0
+ + 2004 40 100 3.0 95.3 4.0 934 | 00 9.5 J00] 788 90.2 100 87.8
Lufenwron | 80ml -5 T00 | 35 | 977 1 30 | 940 00 | 877 (00| 76 |805a | 100a | 87.4ab
Chlorpyrifo|500ml| 2003 | 720 | 100 438 96.6 0.0 95.2 0.0 87.7 1 0.0| 808 89.2 100 90.1
j_ g (;:nl 2004 | 773 100 6.0 96.4 4.0 91.6 0.0 913 00| 849 928 | 100 91.1
Lufenuron Average | 74.7 100 | 54 1 95 2.0 93.4 0.0 895 |00 829 | 925ab| 100a | 90.6a

Mean followed by the same letter mn each column are not significantly
activity: Effectiveness at 3, 6, 9 and 12 days from spray:

o
at 5% level. Initial activity: Effectiveness at zero time from spray. Residual

20067 (p) £ “arun) yq1oys-17q 12/o) S2y oy r

6£6
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2.3. b. Effect on percentage of malformed pupae:

Data presented in Table (6) showed that both Agerin alone and
chlorpyrifos {alone) are equally effective on percentage of malformed pupae
counting (6.9 and 2.2%) in case of high rate and half rat of Agerin,
respectively, while the corresponding values of chlorpyrifos are 6.8 and
2.7%, respectively. However, no significant differences were observed
between Agerin and chlorpyrifos. It is of interest to mention that lufenuron
exhibited 9.2% malformed pupae at its half-recommended rate while no
single case of malformed pupae was observed at the high rate. However, the
logic interpretation for that might be due to the fact that malformation and
teratogenecity required sublethal concentration of biologically active
compound. Thus, the high concentration might be lethal and killed the
pupae during metamorphosis.

Concerning the effect of binary mixtures of the tested compounds,
lufenuron when mixed with Agerin or chlorpyrifos exhibited highly
mortalities, although do not effect on % malformed pupae, while Agerin.+
chlorpyrifos was recerding 8.9% as compared 1% for control.

2.3.c. Effect on percentage of adult emergence:

Data in Table (6) indicated that, the rate of adult emergence was
drastically decreased by using lufenuron causing (.8 and 23.0%, when used
alone at the recommended rate and half the recommended rate as compared
with 91.8% for control. However, Agerin was the lowest effective
compound causing 58.5 and 80.1% at its recommended rate and half the
recommended rate, respectively.

Regarding the effect of binary mixtures, chlorpyrifos + lufenuron
was highly effective in reducing the adult emergence (3.1%), followed by
Agerin + lufenuron (17.0%) and Agerin + chlorpyrifos recording 51.4% as
compared with 91.8% for control.

These results are compatible with the finding of El-Hamaky ef al,
(1987) who revealed that among eight mixtures tested, chlorpyrifos and-
profenofos with chlorfluozuron were the most toxicants reducing the
reproductive potential of cotton leafworm, also the percentage pupation, the
pupa weight, adult emergence, number of deposited eggs per female and
percentage of hatched eggs were reduced.



Table (6): Latent toxicities of Agerin, Chlorpyrifos and Lufenuron and their binary mixtures against 4™ instar larvae of cotton

leafworm S. littoralis (Boisd)

Treatment | Ratffed Seasonl % pupation indicated time intervals % malformed pupae Y%adult emergence
0 day|3day 6dayf9 day|12day| Mean [0 day|3day|6 day 9day112day Mean |0 day)3day| 6 day |9 day|12day| Mean
B 2003 | 140 |34.5] 742|809 | 90.2 5881 62 [4.0 | 00 [ 0.0 | 0.0 1206580{713]90.2 {872 828 [ 779
Agerin | 500ml 550471151 [40.9 77.6 | 860 | 870 | 613 Ls3 38100 1001 00 | 24 [624)80.0(86093.0] 90.0 | 823
Average| 14.6 [37.7] 75.9 | 83.5 806 6010 7.3 [ 391 0.0 { 0.0 | 0.0 {22bci 602(75.7{88.1 | 90.1 | 86.4 |80.1ab
2003 | 8.1 [15.7 57.3171,5 8201 469 1 11.11150] 91 [ 22 | 0.0 | 7.5 | 0.0 |36.1{ 704 {82.1] 88.0 | 553
250g S S _—
2004 | 63 |12.5|50.3 | 80.0| 87.6 | 473 | 83 [15.0] 86 [ 0.0 [ 0.0 | 64 | 111|550 732|850 842 | 617
Average] 7.2 [14.1 53.8[75.3 848 1471c] 9.7 15.01 861 1.1 ] 0.0 169ab] 5.6 1456] 7181836 86.1 |38.5¢cd
2003 | - |23.0]500(667 733 (426 | - 1150{125[83 [ 83 {88 { - [274]500]667] 685 | 425
Chlorpyrifos| 1000ml[™3604" | =" 10.0 | 33.3 | 40.0 | 60.0 ] 267 | - 100 ]150] 9.1 | 0.0 | 48 | - |150]53.5)75.8] 83.1 | 455
}Ecr&gc TS (A7 (534667 (347 = 175|138 [ 87 [ 42 (68| - 1213|518 713 751 | 3414
S00ml | 2003 | - 6501752815 834, 6101 - 1831331001 00| 23 - 706810928874 662 |
2004 | - |534]70.1| 784,900 | 584 | - [1Li) 401 00|00 30| - |721]8431854] 935 | 67.1
Average] - 159.2]727[80.1 ) 86.7 [597b - 197137700 00 f2Tbel - T71.4J 827 88.7 | 90.5 166.7bc!
160ml[2003 - ] -1 - - 111[ - - - - - - - ~f- - 1831 1T
2000 | - |- - | -]00 (60| -1 -] -] -1 -1 -1-["[-T-7T6]00
lufenuron Average| - - - - T 1. lf - - - - - - - - - - 42 | 0.8fF
80mi | 2003 | - [111]185]36.0 500] BA | - 12321190102 00 [105] - 183 ]125(400) 560 | 234
72004 | - 183110285423 | 101 { - (181 149 91 | 00 | 81 { - |43 [11.1]432] 544 | 226
Average] - 197 1481325 467 |206e - |207]169] 87 1 0.0 |92a| - |63 |11.8]416] 552 | 23.0¢
Control - 2003 190.0,90.0]94.090.0 | 890 | 906 | 0.0 | 001 26 | 6.0 | 24 | 1.0 |82.0|97.0]94.0] 100 | 88.0 | 612
2004 [ 93.090.01920 830|870 | 900 | 24 {00 0.0 | 00 [ 2.4 | 1.0 [90.0{100|91.0(920{ 883 { 923
[Average| 91.5 190.0193.0 ,89.0 | 88.0 [ 903a| 1.2 1 0.0 13 1 0.0 | 23 | 1.0 ) 86.0/96.0192.5]96.0 | 882 ] 91.8a

Mean followed by the same letter in each column are not significantly at 5% level

L00T (#) £€ “atug) yyrays-jq 12fvy say oudy p
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| Table {6} Continued

% pupation indicated time intervals

Treatment |Rat/fed | Season % malformed pupae Yeadult emergence
0 day| 3day| 6 day|9 day] 12day| Mean 0dayJ3day 6 day 9da}j12day Mean | 0 day | 3day |6 day |9 day| 12day | Mecan
Apgerin | 250g | 2003 | - 21412361473 )579"! 310 ) - ]25.0 16.3 6.7| 00 1961 - (155.0]5897 70.1 79.34 527
T N 2004 | - [125{3331400]603| 287 | - |200] 83 | 83 | 3.7 | 81 | - |40.0]603 685 81.2 | 500
Chlorpyrifos! 80ml <
Averagel - |[17.1{285(1235] 20.0 |299de] - 225|123 | 7.5 | 1.9 189 | - 4751596 693 803 |51.4d
Agerin | 250g | 2003 | - | - | - | 83 N8y ) -7 - 1 - 1671156 - T -] - 13337402148
+ + 2004 | - | - - [104]156( 39 { - | -] - 00| 26 05| - | -1 - [400]562) 192
fufenuron | 80m]
Average! - | - | - - 183761 -1 - T - 18469 [3Mbc, - | - | - [367) 48217.0¢
Chlorpyrifos] 500ml | 2003 | - | - | - [ - |14 12 | - |~ - [T 711122 - - -1 - T20] a0
+ +
2004 - - - - - - - - , } - - - - A 2
ufenuron | Soml 0 97 | 22 -] 58] 12 1 2
Average| - - - - | 890 1.7f - - - - 85 { 1.7¢| - - - - 15.6 { 3.If
Control - 2003 | 90.0 [90.0] 94.0 | 90.0 | 890 | 90.6 | 0.0 { 0.0 | 2.6 ; 0.0 24 | 1.0 182.07920[94.0] 100 | 88.0 | 91.2
2004 | 93.0]90.0) 92.0) 88.0] 87.0 | 90.0 | 24 | 0.0 o.ol 00 ] 24 | 1.0 {90.01100{91.0]92.0] 88.3 | 92.3
Average| 91,5 [90.0]93.0[89.0 [ 8807603a[ 12 0.0 13 100 23 [ 1.0 {8.01960[92.5{96.0] 88.2 [ 91.82

Mean followed by the same letter in each column are not significantly at 5% level

012 'Y Ausoy 756
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Our results were also matched with the previous finding of El-Halim (1993)
mentioned that both larval and pupal duration were markedly prolonged
with increasing the dose of B. thuringiensis, while percentage pupation was
reduced, marked latent adverse effects were detected on adult emergence,
fecundity and egg viability, particularly with doses above 320 [U/ml. In
addition, Awad ef al, (1995) found that all tested insecticides reduced
significantly: ‘percent pupation and moth emergence till 12 days post-
treatment. Moreover, Korkor el al, (1996) confirmed that all tested
compounds decreased pupation percentage and moth emergence at the
tested intervals. Zidan ef al, (1996} showed that (Dipel 2x) B
thuringiensis, increased larval duration, while decreased pupal weight and
caused slight malformation in pupae and Moths resulting from treated
larvae. In addition, Aioub ef al, (2002) found that lufenuron and
flufenoxtiron causing nullified adult emergence from treated larvae and no
normal adult was emerged at any time after lufenuron application till the
experimental end time during the two seasons.
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