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ABSTRACT

The initial mortality and residual effect of abamectin and chlorpyrifos-methyl against the second instar
larvae of the leafworm, Spodoptera littoralis (Boisduval) and beneficial arthropods were evaluated on tomato
crop during 2019 and 2020 growing seasons under field and semi field conditions.The obtained data were
revealed that Chlorpyrifos-methyl gave 100% initial mortality one to five days in 2019 and one to three days
in 2020 growing season after application when the recommended rate was used in both seasons.Also,
abamectin expressed 100 and 96% initial mortality during the first 24 hr after application in 2019 and 2020
growing seasons, respectively.When the recommended rate was applied,abamectin and chlorpyrifos-methyl
were completely lost their toxic residues after 7.55 and 18.39 in 2019 and7.64 and 16.77 days during 2020
growing season of field application, respectively.On the other hand, abamectin had negatively effection on the
population of predators at the first day after application then the population was turned back to its normal
abundance after 48hr, particularly with half of the recommended rate as well as the field rate of application in
both seasons. However, chlorpyrifos-methyl was showed negative impact on the predators, which resulted
100% reduction of predators' population within 96 hr post application, and then the percentage reduction
continuously increased till day 13 then it decreased starting from day 14.Therefore, it could be recommended
that using abamectin for controling Lepidopterous pests on vegetables to minimize the pre-harvest interval,
which makes these crops edible for human use shortly after treatment and also to preserve beneficial predators.
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INTRODUCTION

The cotton leafworm, Spodoptera littoralis is serious
pest attacks cotton plants during the growing season and
causes severe damage to cotton and other crops such as
tomato, soybean, sugar beet, and corn. One of the most
economically important crops that attacked by S. littoralis is
tomato. It is widely grown vegetables in the world (Dorais et
al., 2008). It constitutes a basic component of human diet in
many countries around the world (Dorais et al., 2008). Egypt
considers the fifth largest tomato producer in the world with
production of seven million tons each year (FAO, 2011).

The insecticidal effect of various pesticides was
evaluated against cotton leafworm, Spodoptera littoralis
(PPDB). Chlorpyrifos-methyl and abamectin have been
chosen in this study because of their efficacy against wide
range of plant pests. Chlorpyrifos-methyl is a well known
pesticide belongs to the organophosphate group. It uses as
insecticide and acaricide to control soil and foliage pests in
grain, cotton, fruit, nuts and vegetables (Kang et al., 2004).
The active ingredient of chlorpyrifos-methyl has been
classified as highly and slightly hazardous pesticides,
respectively (WHO, 2010).

In addition, abamectin representing a novel family of
natural products derived from the mycelia of a soil organism,
Streptomyces avermitilis (Campelwl etal., 1983). Putter et al.,
(1981) described the structural formula of abamectin and
reported that this isolate, although slow acting as a toxin at
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low dosages, adversely affected the reproduction of some
insects. Abamectin has demonstrated activity against a range
of insect pests, especially lepidopteran insects (Reed et al.,
1985; Beach and Todd, 1985; Christiep and Wrightd, 1990).
It is important to know the efficacy of pesticides against the
harmful pests, beneficial predators, and the pre-harvest
intervals (PHI) before filed application. The degradation and
residual behaviors of insecticides after their application may
be affected by many factors such as plant species, insecticide
chemical structure, and type of formulation, volatilization,
application method, climate, and photo degradation (Garau et
al., 2002).

Therefore, the present study aimed to investigate the
efficacy of abamectin and chlorpyrifos-methyl against 2™
instar larvae of leafworm, S. littoralis (Boisduval), and their
persistence residues on tomato crop under field conditions.
Also, determination of pre-harvest interval (PHI) for the
tested pesticides.

MATERIALS AND METHODS

Expermintal design of field evaluation for abamectin
and chlorpyrifos-methyl against cotton leafworm
Abamectin (commercially, named EVERKEN®,
EC,1.8%) and chlorpyrifos-methyl (commercially, named
RELDAN®, EC, 50%) were evaluated for its initial toxicity
as well as the persistence of toxic residues using target pest
(cotton leafworm) and non-target beneficial arthropods
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(predator populations) as indicators for the bioresiduality on
tomato plants in two successive summer seasons of 2019 and
2020. Four pesticides rates for each compound were tested
including 50. 100, 150, and 200% of the recommended field
rate which referred to as 0.5X, 1X, 15X and 2.0X,
respectively. Control treatment was received water instead of
pesticides. The experiment was conducted on about 0.25
feddan was divided to 25 plots of 42 square meters each. Five
plots were used for each treatment as replications and the
replicates of each treatment were distributed in completely
randomized block design.

Expermintal design of semi field evaluation for
Abamectin and chlorpyrifos-methyl against second instar
larvae of the cotton leafworm:

The pesticides were applied on tomato plants at
previously described rates. Treated tomato leaves were
collected daily after pesticides treatments, transferred to the
laboratory and placed in 1/2kilogram glass jars, each provided
with ten second instar larvae (five jars for each treatment).
Treated leaves were enough for feeding larvae for two
successive days. The efficacy of pesticides against 2™ instar
larvae of cotton leafworm was evaluated daily on collected
tomato leaves as mortality %. The evaluation was continued
till day 8 for abamectin and 15 day for chlorpyrifos-methyl.
The evaluation was ended on day 8 because the toxic residues
of abamectin, even when it was used at the duplicated rate
were ineffective against the 2™ instar larvae of cotton
leafworm. The means of each treatment was compared
between the 8 and 15 time intervals for abamectin and
chlorpyrifos-methyl, respectively,

Effect of abamectin and chlorpyrifos-methyl against the
predator populations:

Negative impact of abamectin and chlorpyrifos-
methyl at different rates on predator populations was
evaluated as predator population which was counted on 25

plants, randomly chosen from each plot. These counts were
conducted just before starting the field treatment and repeated
at daily intervals up to 8 days after abamectin field application
and 15 days after chlorpyrifos-methyl field application.
Reduction percentage of predator population was calculated
according to the formula of Henderson and Tilton (1955).

% Reduction = (1- {n in Co before treatment * nin T after treatment/n

in Coafter treatment * nin T before treatment}) * 100

Where:

n = Insect population, C= Control, T= Treatment
Statistical analysis

Data was analyzed using analysis of variance
followed Duncan Multiple Comparison test at 5% level of
probability. For each time interval, control, abamectin and
chlorpyrifos-methyl at different rates were statistically
compared based on the least significant difference at 5%
level of probability.

RESULTS AND DISCUSSION

A: Efficacy of abamectin and chlorpyrifos-methyl on the
cotton leafworm

The obtained data revealed that abamectin
significantly persists shorter than chlorpyrifos-methyl under
field conditions in 2019 and 2020 growing seasons (Table 1
and 2). Mortality percentages of cotton leafworm larvae in
control treatment ranged from 0.0 to 8.0% and from 0.0 to
10% in 2019 and 2020 seasons, respectively. Toxic residues
of abamectin and chlorpyrifos-methyl on tomato foliages
slightly increased as concentration increased. It is obvious that
the (50% and 100%) recommended rate of abamectin gave
(96% and 100%) and (94% and 96%) initial mortality (day 0)
in 2019 and 2020 growing seasons, respectively. Moreover, it
showed 100% initial mortality at (150% and 200%)
recommended rates. after treatment in both seasons.

Table 1. Mortality percentages of cotton leafworm 2"instar larvae exposed to the residues of abamectin and
chlorpyrifos-methyl on Tomato plants at daily intervals after application in 2019 Tomato growing season.

Mortality percentages (Mean + SE) at daily intervals after spraying abamectin and chlorpyrifos-methyl at

aR;gfig;tion different rates during 2019 tomato growing season Ia%';
_ Day0 Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8Day9DaleDay].1Day12Day13Dayl4Day15 '
chiopyrifos= 20 20 40 40 60 60 80 80t 60 60 20 40 00 00 00 NS
oox  Meyl  +157 +157 £335 £335+437 437 $541 541 437 #437 +157 +335 ¢1.57 o 00Ul
: Abamedti 20 40 60 80 40 20 o o0 0o NS
AMECN 4157 +335 +437 +541 +335 +157 ° : oo s
chiorpyrifos- 1000 1000 1000 1000 1000 90 920 860 800 760 680 520 320 60 40 .o ...
ogx  Mmety +00 +00 +00 +00 +00 +547 +837 +769+1059 +854 +547 +437 +437 +437 +269 > +*
' . 960 80 580 260 60 20 20
Abamectin 571 1837 4148341817 +548 +448 +448 00 00 - - - - - - - 1235
chlompyrifos- 1000 1000 1000 1000 1000 1000 960 920 860 800 720 600 380 60 40
00 1737
Lox  mety +00 00 200 =00 +00 +00 +926 +837 +737 +545 +426 +707 +626 +541 +157 -
: 1000 80 680 320 120 60 40
Abamectin "y 1837 +747 1303 +835 +545 +326 00 00 - - - - - - - 1A%
chiorpyrifos- 1000 1000 1000 1000 1000 1000 980 960 920 860 760 640 440 120 60 oo 1o
Lex  meiy +00 +00 +00 00 +00 +00 +547 +926 +837 +647 +6.17 +547 +707 +335 +241 >0 *©
: 1000 1000 920 760 520 280 140 40
Abamectin 300 £00 #1140 £707 + 652 374 +245 #2245 00 - - - - - - - 176l
chlorpyrifos- 1000 1000 1000 1000 1000 1000 1000 1000 %0 900 840 660 460 140 80 o= ;o
20X methyl +00 +00 +00 +00 +00 +00 =00 +00 +926 +626 +7.37 +526 +423 1145 +386 "
: 1000 1000 1000 840 680 360 180 100
Abamectin "y 05 +00 +00 +1000+707 +837 +548 #454 00 - - - - - - - 172
LSD  chlomyrifos- g5y 721 1089 1388 1188 1462 354 316 456 312 417 218 358 265 NS NS —
0.05 methyl
'53? Abamectin 750 621 1380 1288 1388 1562 454 216 NS - - - - - - . _

For each row, Comparison based on Duncan Multiple Comparison test with the least significant range at 5% level of probability. Comparison
within each column between different rates of abamectin and chlorpyrifos-methyl applications is based on LSD 0.05.
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Table 2. Mortality percentages of cotton leafworm 2™ instar larvae exposed to the residues of abamectin and
chlorpyrifos-methyl on tomato plants at daily intervals after application in 2020 Tomato growing season.

Mortality percentages (Mean + SE) at daily intervals after spraying abamectinand chlorpyrifos-methyl

E;thi c?;ti on different rates during 2020 tomato growing season Iﬁ%';
] Day0 Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Dayl0 Dayll Dayl? Dayl3 Dayl4 Dayls ™
oo Chlomyrifos 20 20 40 40 60 60 80 80 100 100 60 80 80 o0 00 00 NS
- methyl  +157 +157 +335 +335 +437 +437 4541 4541 £707+43707+437 +541 +541 00 00 O
720 20 40 20 40 20
Abamectin {57 457 +335 +157 +245 +157 00 00 00 - - - - - - - NS
05 Chiomyrifos- 1000 1000 1000 90 920 860 780 760 720 680 520 360 160 40 0o 00 15
: methyl  +00 +00 +00 +00 +1240 +747 +737 +794 +660 +950 +554 +547 +337 +335 00 00 15
40 780 560 200 100 80 40
Abamectin 548 +837 +181741005 537 +145+067 0 0 - - - - - - - 1058
Lox  Chlomyrifos- 1000 1000 1000 1000 90 920 840 820 800 760 560 440 220 60 oo oo 153
! methyl  £00 +00 +00 =00 +1307+1240+1126+1137+1045 +926 +807 +626 +541 +437 00 00 16
960 800 600 240 140 120 80
Abamectin 578 +707 41414 +548 + 500+ 447 #1g 00 00 - - - - - - - 0I6
L5x  Chlomyifos- 1000 1000 1000 1000 1000 940 880 860 840 800 600 480 260 100 o0 oo 1361
: methyl 00 +00 00 +00 +00 +1245+1145 +747 +847 +1045 +737 +647 +507 +345 00 00 18!
100041000+ 900 720 560 340 200 60
Abamectin 50" ""00 " #1140 +707 + 652 374 +245 +245 0 - s s BB
>ox__ Chiomyrifos- 1000 1000 1000 1000 1000 980 940 900 880 840 660 520 300 10 .0 o0 916
! metyl  £00 +00 +00 +00 +00 +1337+1245+1126+1145+1126 +837 +726 +626 +554 00 00 9.
1000 1000 940 80 660 420 240 100
Abamectin_ y00 +00 +707 +1342 +837 +645 509 309 *© - - - - - - - 1686
55D chlom ;,‘;05' 854 765 1286 1334 1268 1443 534 245 468 376 376 267 234 154 NS NS —

LSD

005 Abamectin - 854 581 1553 1681 1571 836 425

13 NS - - - - - ..

For each row, Comparison based on Duncan Multiple Comparison test with least significant range at 5% level of probability. Comparison within
each column between different rates of abamectin and chlorpyrifos-methyl applications is based on LSD 0.05.

Corbitt et al., 1989 reported that the initial toxicity of
abamectin on Chinese cabbage was more toxic within the first
Three days and gradually decreased against second-instar
larvae of Spodoptera littoralis. Also, the susceptibility of
Spodoptera littoralis second larval instar has been confirmed
in various studies (Paul et al., 1990 and Abdel-Latif and
Abdu-Allah 2013).

However, chlorpyrifos-methyl gave 100% initial
mortality at all of recommended rates in both seasons. Data
was showed that in day 1 the recommended rate of 50% and
100% of abamectin gave (82% and 88%) and (78% and 80%)
initial mortality, in 2019 and 2020 seasons, respectively. Also,
it expressed 100% initial mortality at (150% and 200%)
recommended rates within the first 24hr, then the mortality

percentage start to decline until reached 0 in day 8 in all of the
recommended rates in both seasons. Moreover, chlorpyrifos-
methyl gave 100% initial mortality at all off recommended
rates during day 1, 2. 3, and 4 in both seasons then it started to
decreased gradually until reached 0 in day 15. Similar results
were reported by Ahmed and Hassanein (2005) and Barrania
etal., (2012)

Data of the two seasons 2019 and 2020 confirmed that
abamectin persists shorter under field conditions with Tsg
values were 3.22, 3.62, 513 and 5.49 compared with
chlorpyrifos-methyl that showed 10.31, 10.80, 11.23 and
1164 day at 50%, 100%, 150% and 200% of the
recommended rate, respectively (Table 3).

Table 3. Summary of the biological residues of abamectin and chlorpyrifos-methyl at four different rates when
cotton leafworm 2™ instar larvae were used as a bio-indicator for its residual performance under Minia

weather conditions

Bio-residue profiles based on percentages of mortality of second instar larvae

Rate of application

: : 2019 season 2020 season Average of the two seasons
and linear equation T T To T To T
05X chlorpyrifos-methyl 10.95 17.84 10.11 16.12 10.31 16.97
) Abamectin 3.72 7.44 3.24 7.41 3.22 7.32

Linear equation chlorpyrifos-methyl y=-7.2598x +129.52 y=-7.7771x +125.34 y =-7.5093x + 127.42
Abamectin y=-13474x+100.25 y=-12.012x + 88.988 y =-12.177x + 89.229

1.0X chlorpyrifos-methyl 11.37 18.39 10.25 16.77 10.80 1757

) Abamectin 3.93 7.55 3.78 7.64 3.62 7.51
chlorpyrifos-methyl y=-7.1219x +130.99 y=-7.6696x + 128.62 y =-7.3874x +129.79

Linear equation

Abamectin

y =-13.796x + 104.19

y =-12.939x + 98.861

y =-12.861x + 96.558

1.5X

chlorpyrifos-methyl
Abamectin

11.89 19.23
5.07 8.44

10.81 17.69
5.18 8.67

11.23 18.22
5.13 8.56

Linear equation chlorpyrifos-methyl y=-6.8111x +130.95 y=-7.2583x + 128.46 y =-7.1618x + 130.46
q Abamectin y =-14.839x + 125.3 y=-14.332x + 124.31 y =-14.585x + 124.79

20X chlorpyrifos-methyl 12.28 19.83 11.04 17.84 1164 18.79

) Abamectin 5.47 8.87 5.51 9.04 5.49 8.95
chlorpyrifos-methyl y =-6.623x + 131.31 y =-7.356bx + 131.21 y =-6.9815x + 131.25

Linear equation

Abamectin

y =-14.699x + 130.38

y =-14.172x + 128.06

y =-14.434x + 129.21

In another studies by Ramadan et al., (2016), the
values of half-life of abamectin was estimated to be 4.1 days
and pre-harvest interval (PHI) was 7 days. Also, Abdelfatah
et al., (2020) reported that half-life of abamectin was 3.91
days and (PHI) was 10 days after the application on tomato

fruits. While, Shalaby et al., (2012) found that the pre-havest
intervals (PHI= safety period) for tomato fruits were 15 days
for treated plants by profenofos and cyfluthrin after spraying,
while this period was more than fifteen days in the case of
plants treated by chlorpyriphos-methyl.
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It could be concluded that abamectin is appropriate for
controlling leafworm and other Lepidoptera pests in short
season vegetables which reduces the pre-harvest interval
compared to chlorpyrifos-methyl. The same recommendation
was reported by Abdelfatah et al., (2020) who recommended
that the use of tomato fruits treated with abamectin was safe
for consumption after these intervals.

B: Negative impact of abamectin and chlorpyrifos-methyl
on predatory population:

Based on the reduction percentages of predator
populations either between different rates of abamectin at
each time interval or between the residues of each rate at
different time intervals, the trend of harmful effects was
different from the comparisons based on the mean number of
Table 4. Reduction percentages in predator populations

different rates of field application in 2019 Tomat

predators. It is more accurate to depend on percent reduction
in predator population because in this criterion the pre spray
and post spray counts for each of control and chemical
treatments will be taken in consideration. Data in Tables (4 o
5) showed that the abamectin had greatest reduction in
predator population when applied at all rates on day 1 ranged
from 43.92 to 58.61 in 2019 and from 48.85 to 57.96% in
2020 growing season. However, on day 2 the reduction
percentage ranged from 21.67 to 29.32 in 2019 and from
20.82 to 26.29% in 2020 growing season. In general, the
lowest reduction was recorded on day 8 in both seasons 2019
and 2020 (Tables 4 and 5).

when sprayed abamectin and chlorpyrifos-methyl at
0 growing season.

Rate of

Percentages of reduction (Mean + SE)

application Day1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Day 10Day 11Day 12 Day 13Day 14Day 15 Son
cFlrpyrifes. 1000 1000 1000 940 6939 6148 5353 A5M 57 BB 21 W2 679 5A Ty
osx Mty *00 *00 +00 154 1424 +I407 +1341 +1241 +1207 #1107 £937 841 +311 +254 £011 4
PX bamectin 4392 2167 1201 830 705 690 174 083 T T s
+176 +074 +243 +215 +114 +107 +162 +016 :
Chlorpyrifos- 1000 1000 1000 1000 960 9371 860 858/ 7063 788L 5842 4846 2808 215 1332 1o
Lox  mehyl  *00 00 +00 00 +1340 41336 +1238 +1147 +1066 +017 +854 +73 +765 +525 537 1>
0% bamectin 5403 516 1669x 1118 1101 1084 58 498 oo
+192 +234 186 +142 +179 +074 +082 +065 :
Chlorpyrifos- 1000 1000 1000 1000 0785 9549 8976 880 8687 8265 8085 6612 4883 2049 B |-
s Myl 00 *00 *00 00 525 +1412 +1345 +138 +1224 £123 +103 +947 907 +835 +738 1"
X bamectin 5747 2878 1954 1735 1508 1379 9® 607  _  _  _ _ _ x
+202 +176 +277 +079 +095 +114 +107 +008 :
Chiorpyrifos- 1000 1000 1000 1000 9891 958 9080 8904 6783 8466 8L7240 7305 5030 3076 BB 1.,
oox Myl +00 *00 00 00 +1343 +1383 +I273 +1238 +1174 +953 +83 +8%2 +735 +625 +582 =
O bamectin 5361 2932 2200 2002 1868 1843 1570 1175 T T T T s
+235 +131 +091 +117 +071 +115 +109 +011 :
Gos ToTYiPT NS NS NS 768 1243 1134 845 603 9% 876 748 958 824 672 488 -
55D Abamectin 694 565 312 443 645 561 43 2589 - - - - - - - —

For each row, Comparison based on Duncan Multiple Comparison test wi
the value under each column, represent the least significant difference for t

Table 5. Reduction percentages in predator populations

th least significant range at 5% level of probability. For each column,
he means represented in each column.

when sprayed abamectin and chlorpyrifos-methyl at

different rates of field application in 2020 Tomato growing season.

Rate of Percentages of reduction (Mean + SE)
application Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Day10 Day 1l Day 12 Day 13 Day 14 Day 15 '5%'§
chiorpyrifos- 1000 1000 1000 1000 9245 8923 BLI0 7308 6735 6446 3840 3006 145 351 005 ;oo
osx Myl 00 *00 00 +00 £123+1384 +1107 4115 +1042 1152 +936 +954 +888 £125 +054 1°
SN bamecin 2885 2082 1534 1056 1119 794 281 224 T U
+248 + 173 + 143 + 114 + 152 + 086 + 145 + 065 :
chiorpyrifos- 1000 1000 1000 1000 9584 9480 8025 835 8632 83% 6278 4747 2076 1797 128 1,
Lox  mehyl  £00 00 +00 00 +1225+1285+1385 +1254 +1032 +958 £912 +832 674 +465 314 14
0% bamedtin 5218 2286 1746 1276 1225 1164 66l 386 T T g
+ 245 + 245 + 122 +220 + 114 + 176 + 047 + 005 :
chiorpyrifos- 1000+ 1000 1000 1000 1000 O70L 9588 9103 879L 8505 7251 6449 5008 2791 1947 1o o,
Lsx  mehyl 00 +00 00 00 *00 +1565:1554%1257 +1135 +1243 +1135+1035 £935 +831 +743 1>
SN bamectin 5671 2581 2000 1704 1536 1363 926 651 T b
2045 +211 +220 186 + 179 + 123 + 178 + 156 :
chiorpyrifos- 1000 1000 1000 1000 1000 999 0704 929 8880 8090 8045 6611 5162 293L 1970 1o,
20X methyl +00 +00 +00 =+00 =00 +1543 #1438 #1331+1167 +1053 +813 +934 +839 +7.65 £525 ~
O bamecin 579 2629 2151 1860 1732 1613 1228 944 T
£200 + 145 + 275 + 120 + 175 + 112 + 1.76 + 059 :
LSD chlorpyrifos-
OoE mg%rw NS NS NS NS 777 752 647 634 789 645 553 458 545 734 352 —
S50 Abamectin 834 452 465 632 568 4% 694 NS - - - - - - - _

For each row, Comparison based on Duncan Multiple Comparison test wi
the value under each column, represent the least significant difference for t

Low mortality on predators population was reported
when sprayed abamectin on different crops against various
pests (Kim and Yoo, 2002; Michael and Parrella, 2005 and
Nadimi et al. 2011).

The greatest reduction in predator population after
treatment with chlorpyrifos-methyl was on day 1, 2, 3and 4

th least significant range at 5% level of probability. For each column,
he means represented in each column.

at all recommended rates except 0.5X, while the lowest
reduction was recorded on day 15 in all tested rates. In
contrary, chlorpyrifos-methyl was highly toxic against
predators population which recorded 100% mortality of
Aphytis melinus, Coccophagus Lycimnia and Leptomastix
dactylopii (Suma et al., 2009).
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In general, data suggested that abamectin has
negatively affect predator population within the first 24 hr.
after application and the negative effect was negligible after
one week, suggesting release natural enemies one week after
the field application of abamectin. While, chlorpyrifos-
methyl negatively affect predator population on the day 1 to
4 after application and the negative effect was negligible
after 2 weeks, suggesting releasing natural enemies two
week after the field application of chlorpyrifos-methyl.
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