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Abstract

Study was conducted to test four insecticides, profenofos, emamectin benzoate,
A-cyhalothrin and lufenuron against two field populations of Plutella xylostella
and Spodoptera litura at different larval instars during 2010-11. The field
populations collected from Rawalpindi and Taxila cauliflower fields was tested
using leaf dip bioassay method under laboratory conditions. Results showed that
emamectin benzoate was the most toxic insecticide for both P. xylostella and S.
litura. However, profenofos was the second most toxic insecticides to different
larval instars of S. litura and A-cyhalothrin to P. xylostella. High LCsg values for
lufenuron for this limited time exposure might be due to its slow acting as chitin
synthesis inhibitor. Emamectin benzoate can be suggested as the most effective
insecticides against both field populations along with profenofos and A-
cyhalothrin.
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Introduction

in one of the 20 resistant insect species (Shelton et al.,
2000; Mota-Sanchez et al., 2002). Variation in

Cruciferous family especially cabbages and
cauliflowers are the most important winter vegetables
grown extensively in temperate and tropical areas of
the world (Liu et al., 2003). Two lepidopteran insects,
Diamondback moth diamondback moth (DBM)
(Plutella xylostella L.) and tobacco caterpillar
(Spodoptera litura Fab.) are the most destructive
insect pest of cruciferous plants mostly for cabbage
and cauliflower over the world (Shankar et al., 1996;
MalliKarjuna et al., 2004). They feed mainly on leaves
resulting in reduced superiority and quantity of food.
Its serious attack can cause 30-100% crop failure if no
insecticide is used for its management (Verkerk and
Wright, 1996). Frequently usage of insecticides for
long period, they have developed resistance against
many insecticides which make it prominent insect pest
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detoxification enzymes activity among S. litura strains
could be attributed due to insecticide usage pattern
(Karuppaiah et al., 2017).

Selection of insecticide for the management of
diamondback moth (DBM) and tobacco caterpillar
required continuous testing under both field and
laboratory condition, so it is important to select
appropriate insecticide according to insect pest. Many
insecticides having longer residual action on plants or
insects like prothiophos, cartap and fenvalerate
mixture are suitable for their management (Nakagome
and Kato, 1981). Organophosphates have been
considered as the most important group of insecticide
due to variations in chemical structures (Liu et al.,
2003). In Pakistan farmers relay only on insecticides
to control insect pests and due to indiscriminate use of
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insecticides against S. litura resistance problems
occurred (Tong et. al., 2013; Basit et al., 2013).
Commonly used insecticides against S. litura showed
that resistance ratios were high for endosulfan,
cypermethrin, profenofos, chlorpyriphos, quinalphos,
phoxim, triazophos, methomyl or thiodicarb and low
to medium for deltamethrin and B-cyfluthrin (Mushtaq
et al., 2008). One of the major reasons for the
development of resistance to insecticides by DBM is
the increase in number of sprays. Farmer still uses the
broad spectrum pyrethroids, organophosphates,
organochlorines and many other conventional
insecticides against DBM (Kumar, 1995). Eco-
friendly and less toxic new insecticides are also
available in the market. (Vastrad et al., 2003) reported
that thiodicarb, fipronil, lufenuron, spinosad,
carbosulfan and indoxacarb are still performing well
as compared to malathion. In Malaysia, high uses of
abamectin in crucifer crops against diamondback moth
have developed serious problem of resistance
(Verkerk and Wright, 1996). To find out most
effective insecticide and information about insecticide
availability in future this study was planned by using
conventional insecticides at different stages of
diamondback moth and tobacco caterpillar.

Materials and Methods

Field collection

Two field populations of S. litura and P. xylostella
were collected from Rawalpindi and Taxila
cauliflower/cabbage fields during 2010-11. Larvae
and eggs were collected and kept in plastic jars along
with host plant leaves for their safe transport to
laboratory and kept separately from previously tested
for initial susceptibility levels.

Laboratory rearing of DBM

The larvae were kept at 25+2°C, 65%RH and 16 hour
photophase in plastic jars (1 kg) on cauliflower leaves.
Pupae were collected daily and provided with 10%
honey solution at adult stage. Two to three fresh leaves
of cauliflower were provided on daily basis for eggs
laying. Bioassays were performed after completion of
one generation laboratory rearing to reduce field
residual effect and to get sufficient number of larvae
for bioassays.

Laboratory rearing of tobacco caterpillar

Fields collected larvae were reared on semi-synthetic
gram-based diet in the laboratory at 25+2°C and 60-
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65% relative humidity with a light (16 h): dark (8 h)
photoperiod (Ahmad et al., 2007a). Small pieces of
diet were put in six hole petri dishes and larvae were
released on it, one larvae in each hole was placed
under controlled laboratory condition. Diet was
changed after 24 hour and pupae were collected on
alternative days. Cells of petri dishes were cleaned for
rearing of larvae till pupation. Mature pupae were
collected and kept in separate plastic box lined with
tissue paper. Emerged adults were kept in plastic jars
and fed on a solution containing sucrose, vitamin
solution in a soaked cotton wool ball (Ahmad et al.,
2007b). Egg batches were collected daily and larval
instars in next generation were used for bioassays.

Bioassays

Four commercial insecticides, A-cyhalothrin (Karate®
2.5EC; Syngenta (Pvt) Ltd, Pakistan), profenofos
(Curacron® 50EC; Syngenta (Pvt) Ltd, Pakistan),
emamectin benzoate (Proclaim® 1.9EC, Syngenta
(Pvt) Ltd, Pakistan) and lufenuron (Match® O5EC,
Syngenta (Pvt) Ltd, Pakistan) were used. Top Film®
(Helb Pesticides (Pvt) Ltd, Pakistan) as a surfactant
was used at 5 ppm for increased adhesiveness to leaf
surface in preparation of insecticide solutions and also
in control. Standard leaf disc bioassay method (Sayyed
et al., 2008: Ahmad et al., 2007a) was used during
bioassay. Leaves of cauliflower crop collected from
unsprayed fields, washed with water, dried and
immersed in a test solution for 10-15 second and then
allowed to dry at room temperature for one hour. After
drying, the leaf discs were placed in petri dishes
containing moistened filter paper.

Data analysis

Mortality rate of S. litura and P. xylostella were
examined after 48 and 72 hours of insecticide
exposure. Insects were considered as dead when they
failed to show any movement with gentle touch with
blunt needle. Abbott’s formula was used to calculate
the corrected mortality (Abbott, 1925) and analyzed
by Probit analysis (Finney, 1971) using POLO-PC
software (LeOra software, 1987). These values were
compared from significance difference for these
insecticides at particular age level and for different
populations under study of p. xylostella and S. litura
(Travis and Rick, 2000).



Muhammad Imran et al.

Results and Discussion

Comparison of LCso values of four insecticides,
profenofos, emamectin benzoate, A-cyhalothrin and
lufenuron against first instar larvae of P. xylostella
population collected from Taxila revealed that
emamectin benzoate to be the most effective
insecticide with least LCs(0.79 and 0.59) value after
48 and 72 hours, respectively follow by A-cyhalothrin,
profenofos and lufenuron. Similarly at 2" and 3"
larval instars of Taxila population, lufenuron was most
toxic insecticide with least LCso (0.73, 0.40 and 0.60,
0.48) respectively after 48 and 72 hours. At 3" instars
larvae of Taxila population profenofos was most
effective with least LCso (0.82 and 0.63) respectively
(Table 1).

The results at Rawalpindi populations showed that
profenofos was most effective insecticides against 1%
and 3 instars larvae with least LCso (0.41, 0.36 and
0.74, 0.57 respectively) and lufenuron was less
effective with high LCso values. Similarly at 2" instars
larvae emamectin benzoate was most effective (Table
1). Overall results revealed that among these four
insecticides against P. xylostella profenofos was most
effective with least CF1 and CF2 values (Table 1).
Comparison of LCsp values of four insecticides against
first instar larvae of S. litura population collected from
Taxila revealed that emamectin benzoate was most
effective against 1% (0.03 and 0.02), 2" (0.23 and
0.16), 3 (0.89 and 0.66), and 4™(2.38 and 1.83) instars
larvae after 48hr and 72hr respectively with least LCsg.
Similar result was found from Rawalpindi population
that emamectin was most effect against 1%, 2", 39, and
4™ (0.05 and 0.04, 0.13 and 0.09, 1.57 and 0.93, 2.01
and 1.79 after 48hr and 72hr respectively) instars
larvae (Table 2). Overall results showed that
emamectin benzoate was most effective on both field
collected population of Rawalpindi and Taxila after
48hr and 72hr with least LCspand CF1 and CF2 values
(Table 2).

Overall finding of these four insecticides on both
tested insect Plutella xylostella and Spodoptera litura
showed that emamectin benzoate was most effective
with least CF3 values (Table 2). Comparison of these
four insecticides revealed that lufenuron was most
effective at Taxila population and profenofos at
Rawalpindi population of P. xylostella, similarly
emamectin benzoate was most effective at both
population of S. litura collected from Taxila and
Rawalpindi (Table 1, 2).
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Susceptibility level of the tested populations was
comparatively more than that used by as local
reference strain (Rafig, 2005). This might be the
variation in the less use of these insecticides due to less
incidence of P. xylostella for the last couple of years.
The number of application may have decreased on
cauliflower and cabbages due to less population
pressure, and less exposure may have resulted in
number of susceptible individuals in the field
population. This could be the possible reason for the
increase in susceptibility to these insecticides, and the
variation in different larval instars with non-
significant variation might be due to this susceptibility
(Mazlan and Mumford, 2005; Ronald et al., 2000)
Variation in susceptibility to insecticides is considered
as an important factor in different population of insect
pests (Mohan and Gujar, 2003; Rafig, 2005). In most
of these resistance cases, insecticide to insecticides is
compared to the LCso or mortality values of these with
a reference population either for laboratory or field
studies (Sexena et al., 1989; Vastrad et al., 2003). This
helps to identify the crop areas with susceptible to
resistant populations. Information regarding less
resistance to the tested P. xylostella in field
populations can be utilized for area-wide management
of this important insect pest. It also foresee the
importance of insecticide monitoring especially at the
second instar larvae of P. xylostella collected from
different ecological and cropping zones for
establishment of management practices as per
different requirements of the cruciferous growers.
Comparison to the reference strains (Ahmad,
2008) proved the field population tested to be
more susceptible as compared to that of cotton
areas where this pest is under intense selection
with indiscriminate use of insecticides (Khan and
Mehmood, 1999). The reason may be less use of
insecticides and small land holding of vegetable
growers in the collection areas of Rawalpindi and
Taxila cropping fields. Increase in susceptibility
might be due to less population pressure of this
insect pest on different vegetable grown in this
area that may have resulted in decreased selection
pressure with non-significant susceptibility
variation (Sayyed et al., 2000; Ahmad, 2009).
However, there existed quite variable response for
different instars tested for these insecticides
which might be their distinct variability in size,
feeding potential and exposure rate.
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Information of susceptibility to emamectin
benzoate and profenofos suggests their use for
management of this important insect pest in
vegetables especially cauliflower and cabbages.
This can also be utilized for other crop growing
areas especially where cash crop like cotton are
under intensive cultivation and need to be relied
on chemical control. However, other insecticides
like cyhalothrin and thiamethoxam were proved
to be ineffective when used for this pest. Although

increased dose rate may be helpful but it will be
uneconomical in field situations and become
source of more environmental pollution.
Lufenuron may be considered either alone or in
combination with these insecticides and binary
combination of these effective insecticides with
this insect growth regulator may also be tested for
extraction of further possibilities of more options
for pest management.

Table 1: Toxicity of four different insecticides to four larval instars of field collected diamondback moth,
Plutella xylostella L. under laboratory conditions using leaf dip bioassay method

Insecticide | strain | Instars | Time (FL:%OS%) (FLI;SSOS%) Slope +SE | CF1 | CF2 | CF3
Profenofos | TXL | 1% 48 (0.73?’27. 2) (3.32?160.5) 2.60£0.65 | 3.83 | 3.83 | 52.3
72 (. 414'?f 53) (1_92;3'_75? 39) 3.06£0.87 | 2.92 | 294 | 53
2nd 8 | o 4%?522) (2.231'_23 25 | 219%044 | 207 | 207 | 283
21 4%_73 09) (1_6%?’2 0s) | 273057 | 219 | 219 | 395
3 | 48 | oarros | @ioome | 1312025 | 195 | 195 | 266
72 (0_3%?13. 00) (2_7‘;?151.3) 1.49+029 | 175 | 1.75 | 315
| as | g 614'?15.95) (9_527_';9 4 | 0912022 | 256 | 256 | 35
2 (0_3%_7f 31) (5_2131_'539.7) 1.09+0.24 | 211 | 211 | 38
RWP | 1% | 48 (0.1%01.75) (2_752'_2149.9) 116£026 | 1 | 1 | 136
7 (0.1%-3()6.62) (1.421'?5349) 1.50£0.34 | 1 1 18
2nd 8 | o 411'?13.75) ( 4.5%_1;’1.2) 1.35£0.34 | 2.51 | 251 | 34.3
72 (0_302'?12. 36) (3_56;?237.5) 1414034 | 227 | 227 | 515
31 48 (0.302'_714. 29) (6.21f_'f08) 0.99+0.22 | 1.80 | 1.80 | 24.6
2| 1%?; 05) (3_9%?’475. g | 109%0.26 | 158 | 158 | 285
40 48 (0_815'2 65) (11_219_'283) 0.99+0.21 | 3.63 | 3.63 | 49.6
RO 4%?f 69) (6_91;'?35) 1.02+¢0.23 | 261 | 261 | 47
serpoate | XL | 1| 48 (0.301'-719.32) (3.461'-2234.4) 143035 | 121 | 192 | 263
12 (0_2%?5 89) (1_526:%63) 2.19+0.49 | 1.11 | 1.64 | 295
2 | a8 | o0 5) (2_53;?3 s | 183:036 | 12 | 190 | 26
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2 (0_2%_55 87) (1_93;_1? 19 | 1682037 | 103 | 153 | 275
3 | o 612'_2; 0 | 023?_'20 g | 100:022 | 190 | 302 | 413
72 (0_3%?53) (6_01931'87 42 | 1072024 | 166 | 244 | 44
4" 48 (0_51;);?2 86) | (19 4_111113069) 0.690.22 | 250 | 3.97 | 543
2 (0_215_121.94) (14_;_%2157) 0.70£0.23 | 2.09 | 3.08 | 555
RWP | 1 48 (0_3()7'?559) (6_0163_59.9) 1074024 | 137 | 217 | 29.6
72 (0_2()7'7326) (3_970'?322.8) 1224027 | 132 | 1.94 | 35
2 | 48 (0_1%?5 23) (4_f£1713) 109:031 | 1 | 158 | 216
72 (0_1%?599) (3_2%?477.6) 1174032 | 1 | 147 | 265
3rd 48 (0_3%?f73) (6.41(\?.'1114) 1.06£0.25 | 1.44 | 229 | 31.3
72 (0_221'_61? | 4_0%_23?78) 1.18+0.27 | 1.26 | 1.86 | 335
4n 48 (1_425?5 65) (27_11_351’505) 0.7620.21 | 4.46 | 7.07 | 96.6
& (0.613'?319) (19.3—%3894) 072¢021 | 3 | 441 | 795
i;;/halothrin TXL | ¥ 48 (0_711'_2f 89) (4_271'?{39.7) 1712035 | 193 | 307 | 42
72 (0_3%?11.28) (2.23;-5864.6) 1.99+0.48 | 145 | 2.25 | 405
2" 48 (0_4%?3 35) (2_8‘2?110.7) 1.82+0.38 | 1.35 | 2.14 | 29.3
2 (0.3%-718.15) (1_721'1?, 77y | 2544061 | 139 | 216 | 39
3 | 48 | eipse) | (rebgey | 108026 | 198 | 314 | 26
2 (0_319'95 79) (5_3161_'526.3) 1.22+028 | 1.78 | 278 | 50
4" 48 (0_512'_1; a1) (11_33_'338) 0874022 | 1.83 | 2.90 | 396
72 (0_3%_9f 72) (6_367_?70) 1.00£0.24 | 1.64 | 2.55 | 46
RWP | 1 48 (0_3%?1?05) (3_561'?’169.6) 129¢0.25 | 1 | 158 | 216
72 (0_2%?590) (2_1%?70.80) 163033 | 1 | 155 | 28
ond @ | o 812623 2 | 6 61385’6. g | 1502038 | 251 | 3.7 | 543
72 (0_3%_9f 8) (5_2182_'%36) 115032 | 1.68 | 2.61 | 47
| | e N (9_5288_'3 15 | 089023 | 166 | 263 | 36
2 (0_3%7f 40) (5_1191_:6.6) 1.10£0.25 | 1.39 | 2.16 | 39
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g | ag (0.71:>fel.27) (23_8_12,5323875) 0672021 | 2.94 | 465 | 636
2 | ooraee | (aiewsy | 071021 | 162 | 253 | 455
Lufenuron | TXL | 19 | 48 | (=0 | o @g) | 2262053 | 271 | 3.7 | 543
2 | osiiee) | (otrss | 2812076 | 335 | 372 | 67
20 | a8 (0_2%7f28) (2_9%?230.9) 149038 | 122 | 1.78 | 243
72 (o.o%flt()).m) (1_93;_5134.6) 136:038 | 1 | 111 | 20
3¢ | 48 (0_2%_65 1 (6_359_'597) 0858021 | 1 | 146 | 20
2 | 1%?587) “ o o | 100:023 | 12 | 133 | 24
g | 48 (0_519'_3; o (10_33_275) 095:0.23 | 2.23 | 3.26 | 446
2| sy | (s7a7ae | 1162027 | 247 | 275 | 495
RWP | 1% | 48 | %00 | (sepns | 1278024 | 113 | 166 | 226
2 | o083 | (Leseos | 174032 | 135 | 15 | 27
2 | 48 | oarrse) | (aopern | 1198032 | 151 | 222 | 303
2 | oo | (aesape) | 124032 | 118 | 211 | 38
3 | 48 | gsezen | (isiooy | 0882023 | 225 | 292 | 45
72 (0_2%_7550) (6_0125_;‘67) 098:0.25 | 119 | 211 | 38
g | 48 (1_223'_95 69 | (22 11_(2)2131) 0.82£0.24 | 486 | 7.12 | 973
2| oeidsy (17_5_22'3368) 0774023 | 443 | 492 | 885

CF1, compared with least value of each insecticide separately for each test insect
CF2, compared with least value of all insecticides for each insect separately
CF3, compared with least value of all insecticides of both test insects

TXL= Taxila

RWP= Rawalpindi
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Table 2: Toxicity of four different insecticides to four larval instars of field collected, Spodoptera litura L.

under laboratory conditions using leaf dip bioassay method

Insecticide |strain | Instars | Time (FLE\?SOS%) (FLE\?BOS%) Slope+SE | CF1 | CF2 CF3
Profencfos | TXL |14 |48 | O | B0, 0912005 |282 (603|603
2| oaiose | @ibiss |L15:018 |163 285 |285
2|48 | seaan | gsajas |L102014 |345 (736|736
2| osinan | eoiapa |L25017 |43 |755 |755
3|48 | qeraen | (4iaey |L36:0.19 |40L (856 |856
2| qeiats) | (10230 |L43022 |577 101 (101
g |ag (8_81453'227_0) (1673_816829) 093:0.16 [233 |540 |540
72 (6_1192_'210_1) (95_19%287) 108:0.18 |346 |605 |605
RWP |1t |48 (0_3%?595) (3_8%_1142.7) 130:018 |1 |21.3 |213
2| o N (2_72?110.0) 1145016 |1 |17.5 |175
2 |48 (1_12???10) (21‘_‘{32_'%20) 0912012 |309 |66 |66
72 (0.3%389) (4_52_3144.5) 116:0.16 |1.63 |19 |19
3148 | seoon | (o0saug |L182015 |217 (463 |463
2| oaiose | @riasy |LT047 177 31 a1
18| wrorn | (zsee |092:014 |164 (350|350
2| aeiain | (6573084 | L0505 |206 |361 (361
pemoge | TXL |10 |48 (0.002'?504) (0.202'-3(;81) L2ox015 11 1 1
2| ooro0g | (oasoe 101 |1 |1 1
2 |ag (0_12_2536) (1_622'?507) 117:0.18 |7.66 |7.66 |7.66
2| (o302 | (os5ase) 12010 |8 |8 |8
3¢ |48 (0_5%?528) (5_7%?223.5) 1224016 (296 [29.6 |296
72 (0_3%?(?97) (3_0‘2?97) 1511022 |33 |33 |33
o |ag (1_5%_33?52) (17_390_?83) 1155014 |79.3 [79.3 |793
72 (1_01()'?2?85) (11?5?8.9) 1271018 |915 915 |915
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RWP |1 |48 (0_002'?506) (0_3%11.49) 108019 |166 |1.66 |1.66
2 (0.0%%.05) (0.2%-3577) 138023 12 12 ]2
2|48 | ooron) | (oisee |L050.15 |433 433|433
2| ooio1s) | (076320 |L09006 (45 |45 |45
3948 | ggooas) | (16063 |098014 |523 |523 |523
72 (0_5%?f45) (8_010%;8.7) 110:015 465 (465 |465
g |ag (1_0%?31.25) (18_%1'961.5) 1042015 |67 |67 |67
72 (0_912'_7587) (11_11%37.6) 128:019 895 [89.5 |895
f::/halothrin TXL 1|4 (2.2%520) (49.17(2288) 101021 1 183 1183
72 (2_6%_076.87) (27‘_‘76_'509) 134:023 123 |253 |253
2|48 | 7164 | (ooseo) | 1002013 | 197 (360|360
2| uosizs) | (esdar |L10:016 | 189|389 389
31498 | anio0) | @esens |L112016 |122 |2226 |2226
2| eraie | (eiss |L21048 | 114 2335|2335
@18 | his) | sossome |L12:018 |13 [2386 |2386
72 (27%1_50_9) (305_218309) 126£021 |12.4 |2550 |2550
RWP |1 |48 (2_877'_0182_5) (64_;_‘;26.4) 097:0.21 |129 236 |236
72| e (22_‘17_998.8) 1331027 |1 |205 |205
2 |ag (3_92f1f1_8) (51?87-'391) 120£0.17 |136 |248 |248
72 (3_771'?182_3) (42_7£f40) 1326021 |184 |379 |379
3¢ |48 ( 436_357_'313) (57121387) 102£0.17 |12.2 |2233 |2233
2| qrbess | @rmisr |L166020 |9.68 1990 | 1090
g |48 (332?_?30) (855_11%%95) 0.86:015 |12.7 |2326 |2326
72 (8_733'37 i) (21;1-0151 1) |09820.15 |479 085 |85
Lufenuron  [TXL |1 |48 (1_325'_3;71) (16?’11_5172) 114+018 |159 |783 |78.3
2| oarat0) | (0oasa |L2502L |169 (84 |84
2 |4g (2_9‘2?; 2 (3;’3?2 g |1102015 |327 |162 | 162

4
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2| e (22%6_?2.5) 136020 |4.21 208 |208
3|48 | qsesse) | (soasss |L05:0.16 |189 (930 930
2| 5ma | (oedgn | 1266018 | 208 |1030 | 1030
|48 | oo | (sooagay |L26:02L |106 (5233|5233
72 (43‘;'_114) (4076_41%16) 153:028 |95.1 [4705 |4705

RWP |1 |48 (0.818.-428.26) (11_250_';1.3) 1124015 |1 |493 |49.3
72 (0_4%?E58) (5_5%?188.4) 1345022 |1 |495 |495

20 |48 (5_5140_'177_7) (101?311) 1012016 |7.22 |356 |356
72 (3_779'?172_3) (416_316_'534) 1372022 |7.75 |383 |383

3¢ |48 (12_252_';5_9) (1839?363) 107:0.15 |151 |746 | 746
2| eanons) | (iodeo) |L15:016 |157 775|775
18| gbees) | (epow |L25:019 |279 |1376 |1376
2| i ress) | (6lares |0958014 |56 |2820 |2820

CF1, compared with least value of each insecticide separately for each test insect
CF2, compared with least value of all insecticides for each insect separately
CF3, compared with least value of all insecticides of both test insects

TXL=Taxila
RWP= Rawalpindi
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