J. Pest Cont. & Environ. Sci. 11(1}:105-119 (2003)
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chlorpyrifos as a new approach for integrated management
of Spodoptera littoralis
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ABSTRACT

The efficiency of four bioinsecticides; XenTari, Rokur, Ecotech Bio and
Dipel-2X applied at recommended rate and their combinations with
insecticide, chlorpyrifos at 0.25 and 0.5 of its rate alone, compared with
chlorpyrifos at 0.25, 0.5 and 1 of recommended rate, was investigated
against the cotton leafworm, Spodoptera littoralis. The results showed that
the synthetic insecticide chlorpyrifos with all tested concentrations was
rapid effective at zero time. The mixtures of 0.5 and 0.25 fold of
recommended dose of chlorpyrifos gave less LTs values compared to each
bioinsecticide alone. The activity of chlorpyrifos appeared and disappeared
rapidly with the time. To kill 95% of second and fourth instar larvae after
24h feeding by pretreated cotton leaves, needs about 36 hours for
chlorpyrifos alone while about 6 days for Dipel-2X and Ecotech Bio and 10
days for other tested bioinsecticides. The bioinsecticides Ecotech Bio alone
and Dipel-2X alone were statistically lowest active. Although, the
combination of Ecotech Bio with chlorpyrifos and Dipel-2X with
chlorpyrifos at 0.5 and 0.25 its rate were highest active treatments against
fourth instar larvae. Mixtures of Dipel-2X and Ecotech Bio with
chlorpyrifos at 0.25 of its rate or XenTar and Rokur with chlorpyrifos at 0.5
its rate can be integrated in [PM programm of cotton.

INTRODUCTION

The alternative methods for controlling agricultural pests have received a
great deal of attention in the last couple of decades because of the
deleterious side effects resulted from the intensive use of conventional
insecticides. The use of natural plant products as insect toxicants,
antifeedants, oviposition deterrents, insect growth inhibitors and
biopesticides is considered one of the promising tactics in insect pest
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management (Freeman and Andow, 1983; Klocke, 1987; Srivastava et al,
1990; Hough-Goldstein and Hahn, 1992 and Menn and Hall, 1999).
Implementation of integrated pest contro] tactics will help to reduce pests
and environmental hazard problems. This strategy involved use of the
lowest possible level of a pesticide, restricting chemical application to part
of the crop fields and timing the treatments (El-Saedy er al, 1998).
Although pest-controlling by chemical pesticides have an important role in
management insect pest attacking crops, the extensive use of synthetic
pesticides has inevitably been followed by target pest resurgence, secondary
pest outbreaks, development of insecticide resistance in target pests and
disruption of the natural enemies (Chao and Allen, 1986 and Kristensen et
al, 1998) and increased pesticide residues in the agriculture ecosystem
(Metcalf, 1980).

The Egyptian cotton leafworm, Spodoptera littoralis Boisduval,
(Lepidoptera : Noctuidae) is one of the major pests in the near east, It has
quickly developed resistance to chemical pesticides (Chung and Cote,
1992}. Therefore, the cotton leafworm in Egypt exhibits multiple resistance
to nearly all insecticides used (El-Sebae, 1977).

In recent years, much attention has been paid to the use of the Bacillus
thuringiensis (B.t.) against S. littoralis (Klein ef al., 1996 and Abdel-Halim,
1997). B.thuringiensis is completely compatible with some insecticides and
fungicides (Hardman and Gaul, 199C). The mixtures of B.t. and synthetic
insecticides, endosulfan and chlorpyrifos-methyl (Pree and Daly, 1996)
cypermethrin and deltamethrin (Hardman and Gaul, 1990) fenvalerate and
pyriproxyfen (Abou-Taleb, 2000) have been evalvated against various
insects.

The present investigation aimed to study the efficiency of some
bioinsecticides either alone or in their combination with different ratio of
chlorpyrifos against the cotton leafworm, S. Jittoralis.

MATERIALS AND METHODS

Experimental design: The experiment was conducted during 2001 cotton
season at Alexandria University Experiment Station at Abees area. The
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cultivated cotton variety was Giza 70. The treatments were arranged in a
complete randomized block design. Four replicates (1/100 feddan "fed.”,
6x7m’ per each) were used for each treatment including the check. All
cultural methods were carried out according to good agricultural practice.

Tested chemicals: Chlorpyrifos (Chlorozan), 48% (EC) {0,0-Diethyl O-
(3,5,6-trichloro-2-pyridyl)  phosphorothioate]; 1  Lifed. Biological
insecticides Bacillus thuringiensis subsp. Aizawai; XenTari, 10.3% (Water
Dispersible Granule), 300g/fed. and subsp. Kurstaki, Roker, 10% (WP),
300g/fed., Ecotech Bio, 10% (WP), 300g/fed. and Dipel 2X, 6.4% (WP),
500 g/fed.

Tested insect: The cotton leafworm, S. littoralis (Boisd), was obtained from
a stock culture maintained under constant condition of 28+1°C and 65£5%
R_H. The culture started with egg-mass introduced from the Plant Protection
Research Center, Dokki, Giza Gavernorate. The larvae provided with fresh
castor oil leaves daily.

Field application: The following treatments were tested by spraying the
calculated amounts in 400 liter water/fed. using a hand pressure sprayer
equipment; chlorpyrifos at a rate of 1 Lifed., 0.5 L/fed. and 0.25 L/fed.,
Dipel 2X at & rate of 500 g/fed. and its mixtures with chlorpyrifos at 0.5
L/fed. and 0.25 L/fed., XenTari at a rate of 300g/fed. and its mixtures with
chlorpyrifos at 0.5 L/fed. and 0.25 L/fed., Roker at a rate of 300g/fed. and
its mixtures with chlorpyrifos at 0.5 L/fed. and 0.25 L/fed. and Ecotech Bio
at a rate of 300g/fed. and its mixtures with chlorpyrifos at 0.5 L/fed. and
0.25 Lifed. Cotton leaves from treated and untreated plots were collected
from three levels of plants in perforated paper bags at intervals 0, 1,4, 9 and
12 days after application.

Bioassay procedure: Three leaves of each sample were placed in 1 liter
glass jar containing 20 larvae of second instar or 10 larvae of fourth instar
cotton leafworm. Larvae were exposed to collected treated cotton leaves at
0, 1,4, 9 and 12 days for 24h, then untreated cotton leaves were replaced
and changed daily over consecutive 9 days. Five replicates were made for
each treatment besides the check one. Second and fourth larval instars of
laboratory colony were used and mortality counts were recorded daily over
10 days for each interval. The toxicity index was obtained according to
Finney (1971). Also, the data were subjected to analysis of variance
(ANOVA) (CoStat Statistical Software, 1990).
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RESULTS AND DISCUSSION

Insect pathogens are considered today as possible substitute and as means
of reducing the use of chemicals in the environment (Ali, 2001). Numerous
investigations have been published on the use of B.t. for the control of
lepidopteran insects, but the vanability in the results obtained in the field
has not been adequately explained (Abd-Allah, 2000). Application of
bioinsecticides alone or in combination with chemical insecticides would
consider being the future challenge in the practical application of B.t. in
insect control. Thus, present work shows the results of a field study using
several bioinsecticides and synthetic insecticide, chlorpyrifos and their
combinations to control this insect. '

Data presented in Table (1) indicate that all the tested concentrations of
chlorpyrifos gave fast effective against the second instar larvae at zero time
with LTsp being 0.4, 0.39 and 0.99 days for the concentrations of 1, 0.5 and
0.25 recommended -rate, respectively. The highest LTsy values were
observed by all bioinsecticides at zero time then these values decreased with
the time sampling but-increased again at day 9 and day 12. This result
indicates that the important of application time, it is a good agreement with
results of Abou-Taleb (2000) who reported that the use of B.t. with careful
appropriate time of application. Mixtures of 0.5 and 0.25 recommended rate
of chlorpyrifos gave less LTsq values compared to each bioinsecticide alone
at zero time. Also, Pree and Daly (1996) obtained the data suggest that the
mixtures of B.t. and small quantities of endosulfan could result in increased
effectiveness over B.t. alone.

The LTsp values of tested bioinsecticides and their mixtures with
chlorpyrifos against 4™ instar Spodoptera larvae are shown in Table (2). The
LTsq values of XenTari and Rokur were less than that of Ecotech Bio and
Dipel-2X at all time intervals. The LTsg values of mixture chlorpyrifos, 0.5
or 0.25 recommended rate with Rokur, Ecotech Bio or Diple-2X were less
than that of each tested bioinsecticide alone at all time intervals. The LT,
value of synthetic insecticide chlorpyrifos alone was 0.5 day at zero time
while 6.5 days at day 12. This result indicated that the residual activity of
chlorpyrifos disappeared rapidly. Most of the insecticides were more active
through the first week of treatment then the efficacy declined afterwards,
that may be due to their fast degradation rate at the field (Revk ef al  1996)
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Table (1): LTs, Values (days) of tested bioinsecticides and their blends with chlorpyrifos at recommended rate (1F), 0.5 rate (0.5F) and 0.25
rate (0.25F) against second Spodoptera instar larvae fed on pretreated leaves for 24h

LTse at Intervals in days

Treatments Rate 0 1 4 9 12

LTw Slope (+ SE) LTy Siope {+ SE) LTs% Slope (+ SE) LT Slope (+ SE) LTw Slope (+ SE}

XenTan IF 1.67 1.72 (£ 0.04) 1.58 3.42(x0.06) 1.16 2.68 (+0.08) 299 L57(x0.02) 16.38 097 (+0.03)
Rokur IF 208 2.25(x0.03) 194 279(+0.04) 16 3.00(x0.06) 3.06 219 (+0.02) 7.03 1.60(x0.06)
Ecolech Bio IF 3.05 289(x0.04) 1.55 199 (+0.03) 0.8 1.88 (x0.06) 203 1.50(x0.03) 423 2.65(x0.04)
Cipel 2X IF 2,19 339(x0.05) 1.87 2.94 (+0.04) 1.73  3.12(+ 0.06) 248 2.10(+0.03) 6.74 1.49(x00%)
Chlorozan IF 04 1.73(x0.10) 1.02 2.56(007) 1.7 295(x007) 277 198 (x0.03) 6.72  1.66(+0.06)
XenTari + Chiorozan 1IF + 0.5F 0.19 128(x0.07) 138 237(x004) 1.57 2.49(+ 0.04) 199 213(£0.03) 381 232(x0.04)
Rokur+ Chlorozan 1F + 0.5F 0.67 1.46(x0.03) 1.88 2.07 (£ 0.03) 132 2.54(x0.06) 29 2.10{x0.03) 638 35.70(x022)
Ecotech Bio + Chiorozan IF + 0.5F 0.15 150017 1.0 211(x0.04) 1.61 2.09(+x0.04) 268 2.27(x0.03) 335 267(x0.04)
Dipel 2X+ Chlorozan IF + 0.5F 0.35 246 (1 049) 132 2.40(+ 0.04) 1.19 247 (x0.06) 1.55 271 (+0.04) 1.79 294 (x0.04)
Chlorozan +.5F 0.39 3.08 (x+0.89) 137 2.62 (+0.06) 2.04 4.99(x0.13) 217 381007 233 282 (x0.03)
XenTari + Chloozan IF + 0.25F 089 2.15(x0035) 236 2.90(+0.05) 1.6 312(x006) 216 1.57(+0.03) 7.84 1.81(£0.04)
Rokur+ Chlorozan 1E + 0.25F 039 192(x0.12) 2.2 2.28(+0.03) 1.31 4.56 (+0.15) 217 2.67(x0.03) 444 385(+x007)
Ecotech Bio + Chlorozan IF + 0.25F 017 2.12(x0.92) 394 2.80(+0.03) 155 3.69(x047) 25 345(x0.05) 4.00 332 (+0.05)
Dipel 2X+ Chlorozan iF + 0.25F 0.03 098(x021) 1.72 2.60 (£ 0.05) 135 454 (+0.14) 225 267(x0.04) 353 288{x0.04)
Chlorozan 0.25F 099 3.00(+0.10) 1.79 3.06 (+ 0.05} 3.21 405+ 0.08) 134 375(x005) 378 3.68(x0.06)
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Table (2): LTso Values (days) of tested bioinsecticides and their blends with chlorpyrifos at recommended rate (1F), 0.5 rate (0.5F) and 0.25
larvae fed on pretreated leaves for 24h

rate (0.25F) against fourth Spodoptera instar

LT &t Intervals in days

“Treatments Rate [ 1 4 9 12

LTw Slopc(+SE)  LTw Slope(+SE)  LTx Slope(+SE)  LTw Slope (+ SE) LT Slope (+ SE)
XenTari IF 192 295 (+0.04) 145 281 (£005) 103 211(£005 226 224(+x003) 424 342(+ 009
Rokur IF 189 247(+003) 195 318(+005) 148 260(+005) 236 232(+003) 398 293(x005)
Ecotech Bio IF 215 290(+004 177 303 (2005) 256 435(2009) 348 316(:005) 525 317(2008)
Dipel 2X IF 263 3.13(+004)  L86 288(xD05) 305 335(+004) 387 212(2007) 691 161(x0.03)
Chiorozan IF 05 303(+048)  10B 326(£008) 117 344:010) 239 162(x002) 645 190(2008
XenTari + Chlorozan IF+05F 208 284(+004) 179 280(+0.04) 195 261(+004) 306 253(x004) 46 3.80(x007
Rokur+ Chiorozan IE+0SF 041 150(+0.05) 169 3112005 139 186(+002) 252 243(x003) 39 33202009
Ecotech Bio + Chlorozsn ~ IF+0.5F 015 121011 107 320(£009) 108 186(£003) 177 186(x003) 304 233¢x 0.04)
Dipel 2X+ Chlorozan {F+0SF 041 175(+007) 169 327(£006) 1338 3.03(:008) 26 225(:003) 539 3139(x00M
Chlorozan 0.5F 041 139004 142 278(2004) 082 257(+0.10) 139 187(x003) 266 228(+x003)
XenTari + Chlorozan IF+0.25F 183 204(+0.04) 128 275(+005) 03 170(x003) 176 224(+003) 285 315(£004
Rokur+ Chlorozan (F+025F 118 275(:00% 201 322(£005 064 170(+005) 182 210(£003) 362 343(x005)
Ecotech Bio + Chlorozan ~ 1F+0.25F 059 180(+0.05) 197 263(£003) 131 248{2004) 204 24202003 31 263(x004)
Dipel 2X+ Chlorozan \F+025F 049 201011 21 250(+0.03) 173 229(+003) 245 210(+003) 39 203(+0.0%
Chlorozan 0.25F 132 241(+003) 179 238(x004) 074 213(+008) 094 224009 145 248 (+0.07)
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The results in Table (3) show the toxicity index of tested treatments
against second and fourth instar larvae exposed 24h to pretreated cotton
leaves which sampled at zero time. The most active compound is
chlorpyrifos alone. Mixture of XenTari + chlorpyrifos at 0.5 or 0.25 of its
rate reduced the LTys of second and fourth instar Jarvae by approximately
55% compared to XenTari alone. Rokur + chlorpyrifos at 0.25 of its rate
reduced the LTys values by 40% for fourth instar larvae and by 75% for
second instar larvae compared to Rokur alone. Also, LTgs values of mixture
Ecotech Bio or Dipel-2X + 0.5 or 0.25 recommended rate of chlorpyrifos
were reduced by about 80% and 60% against second and fourth instar
larvae, respectively. It was observed that the kill 95% of second and fourth
instar larvae, at zero time, needs about 36 hours in the case of chlorpyrifos
alone while about 6 days in the case of Dipel-ZX and Ecotech Bio and 10
days in the case of other tested bioinsecticides. In other words, response of
S. littoralis to tested bioinsecticides takes long period of time than
chlorpyrifos and the response to Dipel-2X and Ecotech Bio takes short
period of time than the other tested bioinsecticides to occur. This is
consistent with the finding of Ali (2001).

The means of mortality percentages resulted from exposing 2™ and 4"
instar larvae to different tested treatments are summarized in Table (4). The
statistical analysis indicated that the high percentage of second instar Jarvae
mortalities was recorded as 98% at zero interval time for chlopyrifos, half
recommended rate and mixture of chlorpyrifos + Ecotech Bio or Dipel-2X.
The average of mortality percentage for second instar larvae throughout the
experiment time indicated that mixture of Dipel-2X + chlorpyrifos, half rate
was the most active treatment (88% mortality), while all tested
bioinsecticides were less active. No statistical differences among the
mixtures of tested bioinsecticides and chlorpyrifos in both concentrations
0.5 or 0.25 its rate. The bioinsecticides Ecotech Bio alone and Dipel-2X
alone were statistically lowest active. Although, the combination of Ecotech
Bio with chlorpyrifos and Dipel-2X with chlorpyrifos in both concentrations
0.5 and 0.25 its rate were highest active treatments against fourth instar
larvae. Hardman and Gaul (1990} indicate enhanced effects of B.t. in
combination with various insecticides. In addition, Ali (2001) found that the
efficacy of Bts has a very good additive toxicity for chlorpyrifos either in
laboratory or the field Spodoptera strains.

111



Table (3): Toxicity index values (h) of tested bioinsecticides and their blends with chlorpyrifos at recommended rate (1F). 0.5 rate (0.5F) and 0.25 rate
{0.25F) against second and fourth Spodoptera instar larvae fed on pretreated leaves at zero time for 24h

ﬂonmo_a. index at 95% Confidince limits
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“Treatments Rate Second instar larvae Fourth instar [arvae
LTw LTu LTs LTw LTew LT,

XenTari 1F 233(323.3-173.5) 257(324-154) 288(58-1.2) 166 (189.8 - 146.4) 46.08(51.12-41.28) 12.72{16.32 - 9.84)
Rokur iF 271(337.9-2203} 502(56.9-44.2) 936(13.2.8.5) 211{2453-181.9) 4536 (51.35-40.10; 9.84 {(13.2.7.20)
Ecotech 8 iF 272(3228-2306) 73.2(79.7-67.2) 19.7(245-158) 190 (220.3- 164.5) 51.6 (56.88-46.56) 13.82(17.76- 10.80)
Dipel 2X iF 180 (183.6 - 140.6) 526(574-48.0) 17.3(21.1-13.9) 211(243.4-184.1) 6312 (65.64-63.12) 18.72(23.04- 15.12)
Chiorozan 1F 31.8(42.5-254) 96 (16.8-46) 096{3.8-0.2 41.5(55.2-34 1) 12 {17.52 - 6.00) 336 (762-07D
XenTari + Chlorozan 1F+05F B87.8(1229-655) 46 (120-12) 0.24(1.68- 0.02) 190 {221 - 163.9) 49,02 (55.2. 44 88) 13.2{16.6 - 1008
Rokur+ Chiorozan 1F+05F 215(302.2-158.6) 16.1(24.0-10.3 1.21(34-05) 121(160.6-948) 9.84 {16.56. 504) 0.72{24-019)
Ecotech Bio + Chiorozan 1F + 0.5F 44,6 (82.9- T 36 (122-05) D24(31-00%) £4.2(138.9.57.12) 36 (13.44.0.5) 0.17 (2.64 - 0.002)
Dipal 2X+ Chiorozan 1F+D.5F 38.8(54.0-230.5) 844 (15.8-2.2) 1.68(6.7-0.1} 86.4 (110.8-50.12) 9.84 (16.32.53) 1.2 {336-0.24)
Chiprozan 0.5F 85.2(1195-64.8) - 94 {161-24) 2B4(816-0.2) 126 (166.6-98.4)  10.32(15.12.4.08) 0.48{1.92-012)
XenTari + Chiorozan 1F+025F 124 (153.6-1022) 214(27.1-16.3) 26 (6.5-1.9) 159 (182.2- 140.4) 43.92(48.96-39.12) 12 (154 - 9.36)
Rokur+ Chiorozan 1F + 0.25F 66,7 (83.6 - 52.6) 9.4 (16.1-43) 1.2 (4.1-0.2) 1M30131.5-97.7) 2832(A212-240) 1.2 (10.1-4.8
Ecotech Biv + Chiorozan 1F + 0D.25F 25.6(37.9-9.4) 41 {20.2-001) 0.72(12.7-0.01) 16 {146.2-984.3)  14.16 {20.4 - 9.35) 1.68(3.84-0.72
Dipst 2X+ Chlorozan 1F + 0.25F 28.3(59.8-8.4) 072(26.9-0.01) 0.002(16.1-0.001) 76.8 (101.5-80.7) 11.76 (18.00-6.72) 168 (4.56-0.50)
Chlorozan 0.25F 84.0(102.5-71.3) 23.8(281.197) 6.72{0.8-4.2) 152 (179.5-130.8) 31.68 (36.96.25.64) 6.45(9.36-4.232)
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Table (4): Effect of tested bioinsecticides and their blends with chlorpyrifos st recommended rate (EF), 0.5 rate (0.5F) and 0.25 rate (0.25F) against second and
fowrth Spodoptera instsr larvac daring 10 days at each sampling interval

“Treatments Rate Monality percentage of second instar larvae at Mortality percentage of fourth instar larvec st

(] | 4 9 12 Average 0 1 4 9 12 Aversge
XenTari IF 830de 853a 890a 606f 292h 695¢ 79.7cde 85.2abcd 87.0ab  725bed 568bc 763 bede
Rokur 1F 747f 535a 84.5a 629¢f 358b 674c 77.7d6c B03cde B43mb Tldbed 57.5bc 743 cde
Ecotech Bio IF 673pg B8l0a 8052 677def 555ab 719de T68de 822cde 75Bbc 64.0de 503bc 700¢
Dipel 2X IF 77.7ef 7788 8258 682def 35.0b 696¢ 71.7¢  798cde 673c 558¢ 420c ~ 8341
Chlorozan 1F 048sabc 37.2a B37a 657ef 402b T5lcde 9782 90.72d 90.Tsh 664cde 413c  Tldbede
XenTari + Chlorozan IF+05F 955ab 84.5a 822a 742bcd 582ab 79.0bcd 77.5de 80.7cde 77.Tabc 657cde 523bc 708de
Rokur+ Chlorozan IF+05F 875¢d 7858 850a 65.2e¢f 3670 700¢ 93.0ab 828 bede 79.8abc 69.7bcd 583bc  76.7 bode

Ecotech Bio + Chlorozan IF +0.5F 98.0a 84.0a 790a 673def 62.5uwb 78B6bcd 953ab 91.7a  84.7ab  754bed 648bc 22.4abc
Dipel 2X+ Chiorozan IF+05F 988a 87.0a B87.7a 839a 83.7a 8802 948ab B3I 7bcde 872ah  6R4bcd 482bc V6.5 bode

Chlorozan 0.5F 0002 8872 822a 79.7ab T78a 850ab 93.0ab B53abed 9282 BLOb 685D Rl sh
XenTari + Chiorozan IF+025F 895bed 79.3a 848a 691cde 410b 720de B08cde 87.5abc B4.7ab 788k 717b  30.7akc
Rokur+ Chicrozan IF+025F 962ab 7.Ba 200a 760bc 545ab 781 bcd 885abc 793cde 910ab 7T75bcd 633bc 300abe

Ecotech Bio + Chiorozan IF+0.25F 99.5a 6458 857a 755bc  603ab 754cde 91.7ab 77.5de 853sb 759bcd 64.7bc 79.0bcd
Dipet 2X+ Chlorozan IF+025F 990a 6973 897a 740bcd 638ab B81.5bc 952ab 752¢ T93abe 695bcd 57Bbc 754 cde
Chlorozan 0.25F O12abc 8228 67.7b 654ef 633ab 7309cde 85.0bcd 8l.2cde 923a 9032 8702 8722
LSDy o 554 I1L714 741 5.16 20.79 5.5 6.95 529 333 8.34 14.86 52

WValues within the same column having the same letters are not statistically diferent from each other, p<0.05
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According to Ministry of Agriculture recommendation for using the
natural products and safe materials on controlling pests, succeeded material
should giye initial effect more than 70% reduction and residual effect not
less than 40% reduction (Rizk ef al, 1999). Therefore, the results obtained
could be evaluated according to the initial and residuat effect. The mortality
percentage of Spodoptera larvae, second and fourth instar larvae together
carried out within the first 24h, during feeding of pretreated leaves sampled
at zero time called initial effect and that carried out within the followed 9
days called latent effect. The mortality percentage carried out within all time
intervals except the first 24h of the first interval time called residual effect
and the average of mortality percentage at all time intervals called general
effect. As shown in Fig. (1) that the high initial effect (80% mortality) was
recorded by chlorpyrifos while low initial effect (< 40% mortality) was
recorded by all tested bioinsecticides. Concerning the latent effect,
chlorpyrifos caused 98% mortality, while cach tested bioinsecticide caused
about 80% mortality. The residual effect of all tested treatments ranged
from 75% to 80% mortality. Regarding to general effect, the most active
treatment was chlorpyrifos, while the lowest active treatment was Dipel-2X.
Clearly, chlorpyrifos and tested bioinsecticides have been equal residual
effects, however, chlorpyrifos was only compound caused high initial effect.
The synthetic insecticide, chlorpyrifos at 0.5 rate and its mixtures with
Ecotech Bio and Dipel-2X caused about 85% mortality as initial effect and
95% mortality as latent effect. Although in the case of chlorpyrifos alone at
0.25 of its rate, the initial effect was only about 50%. The mixtures of
chlorpyrifos + Ecotech Bio and + Dipel-2X were the most toxic treatments
(85% mortality). The residual effect and general effect of all treatments
were almost the same, ranged from 75 to 80% mortality. In general, the
synthetic insecticide, chlorpyrifos had initial effect at both concentrations
half and normal rate of recommended dose. The tested bioinscticides cause
slight initial effect. All tested treatments chlorpyrifos, XenTari, Rokur,
Ecotech Bio and Dipel-2X had high latent and residual effect.
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Initial effect Latent effect Rasidual effect Genaral effect

| @XenTari+ Chiorozan (1F + g.25F) mRokur+ Chiorozan (1F + 0.25F)
wEcotech Bio + Chiorozan (4F + 0.25F} 13 Dipel 2X+ Chlorozan (4F + 0.25F) |
mChlorozan {0.25F)

Fig. (1) Effect of tested bioinsecticides and their blends with chlorpyrifos at recommended
rate {1F), 0.5 rate (0.5F) and 0.25 rate (0.25F) against second and fourth Spodoptera
Litoralis \nstar larvae
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