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ABSTRACT

Insect pests are the major yield decreasing factors in our agro-ecosystem. Among many pest management approaches, biological
control is considered as the main strategy to address these issues including sucking pests. Different biocontrol agents are being
used for the management of these sucking insect pests. Neoseiulus barkeri (Acari: Phytoseiidae) has been proved as an efficient
acarine predator of sucking insect pests of different crops. This predator has also been reported from different localities of
Pakistan. The main objective of this study was to screen out locally used pesticides i.e., pyriproxyfen, acetamiprid, chlorfenapyr,
diafenthiuron and thiacloprid against N. barkeri in order to find its compatibility with some pesticides. Leaf disc arenas were used
and leaf dip bioassay was conducted. Pesticides were tested for their compatibility with N. barkeri at different concentrations
under controlled laboratory conditions. The results showed 25%, 30%, 70%, 50% and 65% mortality occurred by tested pesticides
at field relevant doses after 144 h respectively. Missing mites data indicated repellency due to pesticides, was highest at the start of
experiment, and then these acclimatized on leaf discs. Thiacloprid having lowest LC_ value 295 and proved toxic for the predator

50
while diafenthiuron and pyriproxyfen have higher values. The findings of the study revealed that among five tested pesticides

chlorfenapyr and thiacloprid proved moderately harmful for N.barkeri, hence cannot be recommended in IPM module.

INTRODUCTION

Sucking insect-pests pose major threat to agriculture through
reduction of crop yields per unit area (Jeschke et al., 2011).
Whiteflies, thrips, aphids and spider mites are major threat due
to their vigorous feeding behavior and source of transmission of
many plant diseases (De Barro ef al., 2011; Amna et al., 2012;
Sarwar, 2014). For getting rid off these notorious sucking pests,
the main reliance is on synthetic chemicals as the immediate
control strategy. But in parallel, the injudicious use of these
chemicals is causing environmental hazards, human diseases
and resistance in pest species (Abang et al., 2013). On the other
hand, biological control is considered as ecosystem friendly
pest management approach (Perdikis ef al., 2008; Sarwar and
Sattar, 2016). Predatory mites proved as successful bio-control
agents of sucking mite and insect pests due to many attributes
(Szabo et al., 2014). Numerous species of phytoseiids are
commercially reared as bio-control agents of sucking pests
of field and covered crops (Chant and McMurtry, 2007). The
predatory mite Neoseiulus barkeri Hughes 1948 (Phytoseiidac)
has been reported from Asia, America, Australia, Africa and
Europe (de Moraes et al., 2004). It has received considerable
attention regarding its capability to control whiteflies (Nomikou
et al., 2003), thrips (Wu et al., 2014) and spider mites (Jafari et
al., 2013) and rearing trials on wide temperature range (Jafari ez
al., 2012) proved it suitable for use in augmentative biological
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control programs. During recent years, integrated use of
phytoseiids along with compatible reduced-risk pesticides has
become popular approach (Damos et al., 2015).

The reduced risk pesticides have less detrimental effects as
they are selective, target oriented and safer for the beneficial in
contrast to conventional broad spectrum pesticides. Effects of
several pesticides have been reported against predatory mites in
different agricultural systems (Damalas and Eleftherohorinos,
2011; Lamberth et al., 2013; Poliane et al., 2014). Acetamiprid
(Poletti et al.,2007; Beers and Schmidt, 2014), clofentezine and
phosalone (Raudonis ef al., 2004) thiamethoxam, thiacloprid,
methoxyfenozide, pyriproxyfen, indoxacarbspinosad (Biondi
et al., 2012), fenbutatin oxide, buprofezin, fenobucarb,
imidacloprid, dinotefuran, validamycin, carbendazim and sulfur
(Kongchuensin and Takafuji, 2006) had non-significant effect
on immature developmental stages of different phytoseiids in
contrast to pyrethroids, i.e., esfenvalerate, fenpropathrin, and
rotenone were highly toxic (Villanueva and Walgenbach, 2005;
Castagnoli et al., 2005). Pyrethrins and imidacloprid decreased
fecundity and had negative effect against some phytoseiids and
some studies revealed better performance of phytoseiids in
integration with imidacloprid (Poliane et al., 2013).

In Pakistan, after the introduction of transgenic crops
the major threat of sucking insect-pests particularly whitefly
and spider mites has become very crucial (Rafiq et al., 2008;
Ahmad et al., 2010) and huge investments are being spent
on pesticides (Malik, 2014). By keeping in view the adverse
effects of pesticides on biocontrol agents a study was planned
to test pesticides at different concentration levels against M.
barkeri (Acari: Phytoseiidae) to recommend the safer and
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compatible chemicals against sucking pests.
MATERIALS AND METHODS

Predatory mites culture

Native strain Neoseiulus barkeri (Acari: Phytoseiidae)
reared under laboratory conditions since 2010 with no
pesticides exposure, were used for the experimentation. The
mass culture was reared on stored grain mite Rhizoglyphus
tritici in growth chamber at 26+2°C, 65+5% R.H. and
12:12 (L:D) photoperiod. The culture was kept in small
petri dishes (5.5 cm diameter) placed on water soaked foam
in large petri dishes (14 cm diameter). The water served as
barrier for the escape of mites.

Pesticides

The pesticides used are given in the Table I along with
field relevant dose and trade names. These pesticides were
purchased from local market. Serial dilutions were prepared
in acetone starting from the field relevant dose, T1= Field
relevant dose, T2=50%, T3=25%, T4=12.5%, T5=6.25% of

M. Zahid et al.

field relevant doses and T6 =control (Acetone). There were
four replicates for each pesticide concentrations and control.

Bioassay

Rearing arenas were prepared by using 14cm diameter
petri dish along with 12cm foam soaked in water as barrier
to prevent escaping of the predatory mites. Brinjal, Solanum
melongena leaves (3 months old) were trimmed with cork
borer to prepare leaf disc (1.7 cm diameter). The leaf discs
were dipped individually in different concentrations for 10
seconds each and were allowed to dry at room temperature
(Kongchuensin and Takafuji, 2006). These discs were
placed upside down on the soaked foam. Newly emerged
adult females (10 individuals) were released on each
disc. Immature of R. tritici were offered as food on daily
basis. These mites were added in the arenas to replace the
consumed preys. Data on the mortality was recorded at 24 h
interval basis till 144 h. The mites were considered dead if
no movement in the appendages was observed on touching
gently with the help of a fine needle. The absconded
predators were excluded from data.

Table L.- Pesticides along with trade names, groups, concentration in ppm and field recommended doses.

Sr. No. Name of pesticide = Trade name Group Concentration in sprayable Recommended dose/
material (ppm) acre/100Itrs. water

1 Pyriproxyfen Priority 10.8EC IGR 540 500 ML

2 Acetamiprid Mospilan 20%SP Neonicotinoid 300 150 GM

3 Chlorfenapyr Pirate 360 G/LSC Pyrrols 2700 75 ML

4 Diafenthiuron Polo 50%SC Thiourea 1000 200 ML

5 Thiacloprid Talent 48%SC Neonicotinoid 600 125 ML

Table II.- Effect of pyriproxyfen administered for different time period on mortality (%) of N. barkeri (n=10) leaf

arenas.

Mortality Treatment

(%) T1 T2 T3 T4 T5 T6 Mean

24 7.50 £ 2.50 5.00 + 2.89 5.00 = 2.89 2.50 + 2.50 2.50 + 2.50 0.00 = 0.00 3.75+ 1.01D
48 15.00 £ 2.89  12.50 + 2.50 7.50 = 2.50 5.00 + 2.89 2.50 £ 2.50 2.50 + 2.50 7.50 = 1.38C
72 20.00 £ 0.00  15.00 + 2.89 7.50 £ 2.50 5.00 = 2.89 2.50 + 2.50 2.50 + 2.50 8.75 + 1.63BC
96 2500+ 2.89 1750+ 479  12.50 + 2.50 7.50 £ 2.50 5.00 + 2.89 250+ 250 11.67+ 1.97AB
120 25.00+ 2.89 2250+ 2.50  12.50 = 2.50 7.50 £ 2.50 5.00 = 2.89 250+ 2.50 1250 + 2.02A
144 25.00+2.89 2250+ 250 15.00 = 2.89 7.50 £ 2.50 5.00 = 2.89 250+ 250 1292 + 2.04A
Mean 19.58 + 1.65A 1583 + 1.69B 10.00 = 1.20C 583+ 1.03D 3.75+ 1.0IDE 2.08 + 0.85E

Missing (%)

24 1250+ 2.50 1250+ 2.50  12.50 = 2.50 1250 £ 250 1250+ 2.50  10.00 £ 0.00  12.08 + 0.85A
48 15.00 £ 2.89 1250+ 2.50  12.50 = 2.50 1250 +£ 250 1250+ 2.50  10.00+ 0.00  12.50 + 0.90A
72 15.00 £ 2.89 1250+ 2.50  12.50 + 2.50 1250+ 2,50 1250+ 2.50  10.00+ 0.00  12.50 £ 0.90A
96 17.50 + 2.50  20.00 + 0.00  12.50 + 2.50 1500+ 2.89 1250+ 250  10.00+ 0.00  14.58 £ 1.04A
120 17.50 £ 2.50  20.00 + 0.00  15.00 = 2.89 1500+ 2.89 1250+ 250  10.00+ 0.00  15.00 + 1.04A
144 1750+ 2.50 1750+ 2.50  15.00 + 2.89 1500+ 2.89 1250+ 250  10.00+ 0.00 14.58 + 1.04A
Mean 15.83 + 1.03A 15.83 + 1.03A 13.33 + 0.98AB 13.75+ 1.01AB 12.50 = 0.90BC 10.00 + 0.00C

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05); T1, Field relevant dose; T2, 1/2 of field

relevant dose; T3, 1/4 of field relevant dose; T4, 1/8 of field relevant dose; T5, 1/16 of field relevant dose; T6, Control.
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Statistical analyses

Data were analyzed statistically by calculating
means, standard errors, percentages and two-way analysis
of variance (ANOVA). Mortality due to pesticides was
calculated by using Probit analysis and LC,  values were
calculated with Minitab 17 Statistical Software (2010).
Toxicity was evaluated according to IOBC criteria against
beneficial arthropods (Jansen, 2010).

RESULTS

Pesticide at different concentrations and time intervals
were tested against N. barkeri and harmless or slightly
harmful and moderately harmful effects were observed.
Highly significant mortality was observed at different
concentrations (F= 41.06, 75.71, 255.34, 164.49, 192.13,
df =5,108, P< 0.0000) and time intervals (F=10.62, 5.26,
35.42,41.37,24.03,df =5,108, P< 0.0000) for pyriproxyfen,
acetamiprid, chlorfenapyr, diafenthiuron and thiacloprid
respectively. Pyriproxyfen was harmless and maximum
mortality (25%) was observed at field relevant dose (540
ppm) after 96 h while minimum mortality (2.50%) for 67.5
ppm after 24 h. Same value of the mortality was reported
for T4, T5 after 24 and 48 h, respectively (Table II). Non-
significant interaction regarding time and concentrations for
mites escape (F=0.44, df =25,108, P=0.9899) and mortality
(F=1.17, df =25, 108, P=0.2823) was observed (Table II).
Acetamiprid was slightly harmful and caused maximum
mortality (30%) at field relevant dose (300 ppm) after 144
h, while minimum mortality (2.50%) at 18.75 and 37.5
ppm after 24 hours and so on (Table III). There was non-
significant interaction regarding time and concentrations

for escape (F=0.19, df =25,108, P=1.0000) and mortality
(F=0.44, df =25,108, P=0.9900) (Table III). Chlorfenapyr
was moderately harmful for N. barkeri and maximum
mortality (70%) was observed at field relevant dose (2700
ppm) after 120 h while minimum mortality (5.00%) was
observed at 168.75 ppm concentration after 24 h interval
(Table IV). There was non-significant interaction regarding
time and concentrations for escape of mites (F=0.27, df
=25,108, P=0.9998) and highly significant interaction for
mortality (F=3.35, df =25,108, P<0.0000) was observed
(Table IV). Diafenthiuron also proved moderately harmful
for N. barkeri and maximum mortality (50%) was reported
at field relevant dose (1000 ppm) after 120 h, while
minimum mortality (2.50%) was reported at 62.5 ppm
concentration after 24 h (Table V). There was non-significant
interaction regarding time and concentrations for escape
of mites (F=0.20, df =25,108, P=1.0000) but a significant
interaction for mortality (F=1.64, df=25, P=0.0441)
(Table V). Thiacloprid was also moderately harmful for N.
barkeri whereas maximum mortality (65%) was reported
at field relevant dose (600 ppm) after 72 h while minimum
mortality (2.50%) was reported at 37.5 ppm concentration
after 24 h interval (Table VI). There was a non-significant
interaction regarding time and concentrations for escape
of mites (F=0.21, df =25,108, P=1.0000) and a highly
significant interaction for mortality (F=3.68, df=25,108
P<0.0000) (Table VI). The predatory mites escape from the
arena were highly significant (F=5.51, df=5,108 P<0.0001)
(F=3.56, df=5,108, P<0.0051) at different concentrations
of pyriproxyfen and chlorfenapyr (Tables II and 1V) (df=5,
P<0.0000) for acetamiprid, diafenthiuron and thiacloprid
(Tables III, V and VI).

Table I11.- Effect of acetamiprid administered for different time period on mortality (%) of N. barkeri (n=10) leaf

arenas.
Mortality Treatment

(%) T1 T2 T3 T4 T5 T6 Mean

24 17.50 £ 2.50  12.50 = 2.50 7.50 £ 2.50 2.50 £ 2.50 0.00 = 0.00 0.00 = 0.00 6.67 £ 1.55C
48 25.00 £ 2.89  15.00 + 2.89 10.00 = 0.00 5.00 + 2.89 2.50 £ 2.50 2.50 £ 2.50 10.00 + 1.90B
72 25.00 +£ 2.89  20.00 = 4.08 12.50 = 2.50 5.00 + 2.89 2.50 £ 2.50 2.50 £ 2.50 11.25 £ 2.11AB
96 25.00 £ 2.89  20.00 + 4.08 12.50 + 2.50 5.00 + 2.89 2.50 £ 2.50 5.00 + 2.89 11.67 £ 2.06AB
120 27.50 £ 2.50  22.50 = 2.50 12.50 = 2.50 5.00 + 2.89 2.50 £ 2.50 7.50 £ 2.50 12.92 + 2.13AB
144 30.00 £ 0.00  22.50 = 2.50 12.50 = 2.50 5.00 + 2.89 2.50 £ 2.50 7.50 £ 2.50 13.33 £ 2.23A
Mean 25.00 £ 1.20A 18.75 + 1.39B 11.25 + 0.92C 4.58 + 1.04D

Missing (%)

24 10.00 £ 0.00 12.50 £ 2.50 12.50 £ 2.50 10.00 £ 0.00 10.00 £ 0.00 2.50 £ 2.50 9.58 + 0.95A
48 12.50 £ 2.50  12.50 = 2.50 12.50 £ 2.50 12.50 £ 2.50 10.00 £+ 0.00 5.00 + 2.89 10.83 +£ 1.03A
72 15.00 £ 2.89  12.50 + 2.50 12.50 £ 2.50 12.50 £ 2.50 10.00 £ 0.00 7.50 £ 2.50 11.67 + 0.98A
96 15.00+ 2.89  15.00 = 2.89 12.50 £ 2.50 12.50 + 2.50 12.50 + 2.50 7.50 £ 2.50 12.50 £ 1.09A
120 15.00 £ 2.89  15.00 + 2.89 12.50 +£ 2.50 15.00 + 2.89 12.50 + 2.50 7.50 £ 2.50 12.92 £ 1.12A
144 17.50 £ 2.50  15.00 = 2.89 15.00 + 2.89 15.00 £+ 2.89 12.50 + 2.50 7.50 £ 2.50 13.75 +£ 1.18A
Mean 14.17 = 1.03A 13.75+ 1.01AB 1292 + 0.95AB 12.92 + 0.95AB 11.25+ 0.69B 6.25+ 1.01C

For statistical and other detail see Table 1.
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Table IV.- Effect of chlorfenapyr administered for different time period on mortality (%) of N. barkeri (n=10) leaf

arenas.

Mortality Treatment

(%) T1 T2 T3 T4 TS T6 Mean

24 27.50 £ 2.50fg 20.00 + 4.08gh 10.00 + 0.00ijk 7.50 £ 2.50jkl 5.00 + 2.89jkl ~ 0.00 = 0.001 11.67 + 2.14D
48 50.00 + 4.08c  40.00 + 4.08de 27.50 £ 2.50fg 12.50 + 2.50hij 7.50 + 2.50jkl ~ 2.50 = 2.50kl 23.33 + 3.79C
72 60.00 = 4.08b  47.50 + 4.79cd  30.00 = 4.08f 17.50 + 2.50hi  7.50 + 2.50jkl ~ 2.50 = 2.50kl 27.50 + 4.51B
96 67.50 £ 2.50ab 47.50 + 4.79cd 32.50 £ 2.50ef 20.00 £ 4.08gh 10.00 + 0.00ijk  5.00 = 2.89jkl 30.42 + 4.68AB
120 70.00 + 4.08a  50.00 + 4.08c  32.50 £ 2.50ef 20.00 + 4.08gh 10.00 + 0.00ijk  5.00 + 2.89jkl 31.25 + 4.90A
144 70.00 + 4.08a  50.00 £ 4.08c  32.50 £ 2.50ef 20.00 + 4.08gh 12.50 + 2.50hij  7.50 + 2.50jkl 32.08 + 4.74A
Total 57.50 + 3.42A 4250+ 2.71B 27.50+ 1.93C 1625+ 1.57D 8.75 £ 0.92E 3.75 £ 1.01F

Missing (%)

24 7.50 £ 2.50 7.50 £ 2.50 7.50 £ 2.50 7.50 £ 2.50  10.00 = 0.00 5.00 + 2.89 7.50 £ 0.90B
48 7.50 £ 2.50 7.50 £ 2.50 7.50 £ 2.50 7.50 £ 2.50 10.00 = 0.00 5.00 + 2.89 7.50 £ 0.90B
72 10.00 £ 0.00 7.50 £ 2.50 10.00 = 0.00 10.00 + 0.00  10.00 = 0.00 5.00 £ 2.89 8.75 £ 0.69AB
96 10.00 £ 0.00 10.00 + 0.00 10.00 £ 0.00 10.00 + 0.00  10.00 = 0.00 7.50 £ 2.50 9.58 + 0.42AB
120 10.00 £ 0.00 10.00 + 0.00 12.50 £ 2.50  10.00 £ 0.00  10.00 = 0.00 7.50 £ 2.50 10.00 = 0.60A
144 12.50 + 2.50 10.00 £ 0.00 12.50 + 2.50 12.50 £ 2.50  10.00 £ 0.00 7.50 £ 2.50 10.83 = 0.83A
Total 9.58 + 0.73A  8.75+ 0.69A 10.00 = 0.85A 9.58 + 0.73A 10.00 = 0.00A 6.25+ 1.01B

For statistical and other detail see Table I.

Table V.- Effect of diafenthiuron administered for different time period on mortality (%) of N. barkeri (n=10) leaf

arenas.
Mortality Treatment

(%) T1 T2 T3 T4 T5 T6 Mean

24 20.00 £ 4.08def 15.00 £ 2.89fgh 10.00 + 0.00hij  5.00 £ 2.89jkl  2.50 + 2.50kl  0.00 + 0.001 8.75 £ 1.74C
48 37.50 +£ 2.50b  25.00 £ 2.89cd 17.50 £ 2.50efg 12.50 £ 2.50ghi 7.50 + 2.50ijk 0.00 + 0.001 16.67 £ 2.67B
72 45.00 £ 2.89a  35.00 + 2.89b  25.00 £ 2.89cd 20.00 £ 0.00def 12.50 £ 2.50ghi 2.50 + 2.50kl 23.33 + 3.05A
96 47.50 £ 2.50a  35.00 £ 2.89b  27.50 £ 2.50c 22.50 £ 2.50cde 15.00 £ 2.89fgh 2.50 £ 2.50kl 25.00 + 3.13A
120 50.00 + 4.08a 37.50 £ 2.50b  27.50 + 2.50c 22.50 £ 2.50cde 15.00 + 2.89fgh 5.00 + 2.89jkl 26.25 + 3.23A
144 50.00 + 4.08a 37.50 £ 2.50b  27.50 = 2.50c 22.50 £ 2.50cde 15.00 £ 2.89fgh 5.00 + 2.89jkl 26.25 + 3.23A
Mean 41.67 £ 2.53A 30.83+ 1.99B 2250+ 1.62C 17.50 £ 1.62D 11.25+ 1.39E  2.50 £ 0.90F

Missing (%)

24 10.00 = 0.00 12.50 £ 2.50 10.00 = 0.00 12.50 £ 2.50 10.00 + 0.00 7.50 £ 2.50 1042 £ 0.73A
48 12.50 + 2.50 12.50 + 2.50 12.50 £ 2.50 12.50 +£ 2.50 10.00 + 0.00 7.50 £ 2.50 11.25 £ 0.92A
72 15.00 + 2.89 15.00 + 2.89 12.50 £ 2.50 12.50 £ 2.50 12.50 £ 2.50 7.50 £ 2.50 12.50 + 1.09A
96 15.00 + 2.89 15.00 + 2.89 12.50 £ 2.50 15.00 £ 2.89 12.50 + 2.50 7.50 = 2.50 12.92 + 1.12A
120 17.50 £ 2.50 15.00 + 2.89 12.50 £ 2.50 15.00 + 2.89 12.50 £ 2.50 7.50 £ 2.50 13.33 £ 1.15A
144 17.50 £ 2.50 15.00 + 2.89 12.50 £ 2.50 15.00 + 2.89 12.50 £ 2.50 7.50 £ 2.50 13.33 £ 1.15A
Total 14.58 + 1.04A 14.17 + 1.03*8  12.08 = 0.85AB 13.75+ 1.01AB 11.67 £ 0.78B  7.50 + 0.90C

For statistical and other detail see Table I.

The escape of mites was found significantly different
at different time intervals and remained non-significant
(F=1.96, df=5,108, P=0.0907), (F=1.42, df=5,108,
P=0.2218) for pyriproxyfen and diafenthiuron (Tables II
and V) a significantly different (F=2.29, df=5,108, P=0.508)
for acetamiprid (Table III), highly significant (F=3.20,
df=5,108, P=0.0098) for chlorfenapyr (Table IV), and
significant (F=2.47, df=5,108, P=0.0371) for thiacloprid

(Table VI). Highest escape of predator was observed in the
start of experiment, then no further escape could be due to
acclimatization on leaf disc. The classification of pesticides
toxicity against beneficial arthropods of our agro-ecosystem
according to IOBC (International Organization for Biological
Control) (Jansen, 2010) category under laboratory conditions
was given in Table VIII. Probit analysis revealed LC, values
were varied according to all tested pesticides.
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Table VI.- Effect of thiacloprid administered for different time period on mortality (%) of N. barkeri (n=10) leaf

arenas.

Mortality Treatment

(%) T1 T2 T3 T4 TS T6 Mean

24 22.50 £ 2.50b  17.50+ 2.50de 10.00 = 0.00e-h 7.50 £ 2.50f-i  2.50 + 2.50hi  0.00 = 0.00i  10.00= 1.81C
48 40.00 + 4.08a  27.50+ 2.50c  17.50 + 2.50de 12.50 + 2.50efg 5.00 + 2.89ghi 2.50 + 2.50hi 17.50+ 2.90B
72 60.00 + 4.082  40.00+ 4.08b  22.50 + 2.50cd 12.50 + 2.50efg 5.00 + 2.89ghi 2.50 £ 2.50hi 23.75+ 4.42A
96 65.00 = 5.00a  42.50+ 4.79b  27.50 £ 4.79¢  12.50 + 2.50efg 5.00 + 2.89ghi 5.00 + 2.89ghi 26.25+ 4.77A
120 65.00 = 5.00a  42.50+ 4.79b  27.50 £ 4.79¢  15.00 £ 2.89def 5.00 + 2.89ghi 5.00 + 2.89ghi 26.67+ 4.73A
144 65.00 + 5.00a  42.50+ 4.79b  27.50 + 4.79c  15.00 + 2.89def 5.00 + 2.89ghi 7.50 £ 2.50g-i 27.08+ 4.64A
Mean 52.92 + 3.73A 3542+ 248B 22.08+ 1.90C 12.50+ 1.09D 4.58 + 1.04E  3.75+ 1.01E

Missing (%)

24 10.00 £+ 0.00 7.50+ 2.50 10.00 = 0.00 12.50 + 2.50 7.50 + 2.50 5.00 + 2.89 8.75+ 0.92C
48 10.00 + 0.00 10.00+ 0.00 10.00 £ 0.00  12.50 + 2.50 7.50 £ 2.50 7.50 £ 2.50 9.58+ 0.73BC
72 12.50 + 2.50 10.00+ 0.00 10.00 = 0.00 12.50 + 2.50 7.50 £ 2.50 7.50 £ 2.50 10.00+ 0.85ABC
96 15.00 + 2.89 12.50+ 2.50 10.00 = 0.00 12.50 + 2.50 10.00 = 0.00 7.50 + 2.50 11.25+ 0.92AB
120 15.00 + 2.89 12.50+ 2.50 12.50 + 2.50  15.00 + 2.89 10.00 + 0.00 7.50 £2.50  12.08+ 1.04A
144 15.00 + 2.89 12.50+ 2.50 12.50 + 2.50  15.00 + 2.89 10.00 + 0.00 7.50 £ 2.50  12.08+ 1.04A
Total 12.92 + 0.95AB 10.83+ 0.83BC 10.83 £ 0.58BC 13.33 + 0.98A  8.75 £ 0.69CD 7.08 £ 0.95D

For statistical and other detail see Table 1.
Table VII.— Cumulative LC, values of tested pesticides against V. barkeri:

Pesticides LC,, SE 95% Fiducial CI Chi square P Value

Upper Lower
Pyriproxyfen 1279.93 478.69 478.6973 734.1133 2.130 0.546
Acetamaprid 405.292 74.45 300.3058 648.3242 4.951 0.175
Diafenthiuron 6314.55 971.60 4817.297 9102.761 0.694 0.875
Thiacloprid 295.516 22.58 254.3607 345.0062 1.259 0.739
Chlorfenapyr 985.609 82.54 832.7281 1163.507 0.222 0.974
CI, Confidence interval; P, Probability.
LC,, values after 144 h were 6314, 1280, 985, 405 DISCUSSION

and 295 for diafenthiuron, pyriproxyfen, chlorfenapyr,
acetamiprid and thiacloprid respectively (Table VII).
Thiacloprid was highly toxic for N. barkeri exhibiting the
lowest LC,, value.

Table VIII.— Category of tested pesticides against /V.
barkeri.

Tested Maximum Standard  Categories
pesticides mortality* mortality**
Pyriproxyfen 25% 0-25% Harmless
Acetamiprid ~ 30%, 26-50% Slightly harmful
Diafenthiuron 50% 26-50% Slightly harmful
Thiacloprid ~ 65% 51-75% Moderately Harmful
Chlorfenapyr  70% 51-75% Moderately Harmful
>75% Harmful

* At field relevant dose up to 144 h; ** According to IOBC
(Jansen, 2010).

Mortality and repellent effects due to tested pesticides
varied significantly for N. barkeri (Acari: Phytoseiidae).
Pyriproxyfen at field relevant dose had least harmful effects
and these outcomes are in agreement with findings of
Villanueva and Walgenbach (2005), who observed similar
trend of mortality (1.3%), (5.0%) and missing (10.0%),
(16.3%) at 105ppm after 24 and 96 h respectively, against
Neoseiulus fallacis. Our results also matched with IOBC/
wprs recommendations reported by Jansen (2010) that
in field conditions pyriproxyfen at dose rate of 50grams
active ingredients per hectare had moderately harmful
effects against Typhlodromus pyri. Harmless effects of
acetamiprid against V. barkeri were noted. These findings
are in agreement with Beers and Schmidt (2014), who
tested acetamiprid against Galendromus occidentalis at
different dose rates i.e., 357(2X), 179(X), 18(0.1X) and
0 mg active ingredients per liter and found 36.00, 32.00,
40.00 and 0.00 percent mortality respectively. Villanueva
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and Walgenbach (2005) tested acetamiprid at dose rate of
115 ppm against Neoseiulus fallacis and observed mortality
as (8.8%), (26.1%) and escape (8.8%), (17.0%) after 24
and 96 h respectively. Kongchuensin and Takafuji (2006)
tested acetamiprid at 200ppm dose rate against Neoseiulus
longispinosis and observed 60.2% mortality. These results
are not in agreement to our findings which could be due to
difference of species and experimental conditions. Poletti
et al. (2007) tested acetamiprid at dose rate of 80mg active
ingredients per liter against Neoseiulus californicus and
Phytoseiulus macropilis and found comparatively less
mortality (10.0%) and (2.0%) after 48 h. These difference
of results could be attributed to difference of species and
conditions. According to IOBC/wprs recommendations,
acetamiprid was harmless against Typhlodromus pyri and
Phytoseiulus persimilis. Our findings are in agreement with
IOBC/wprs who declared acetamiprid safer against tested
predatory mites. Results of our study revealed toxic effects
of chlorfenpyr against N. barkeri, while Cloyd et al. (2006)
observed different effects of chlorfenapyr against Neoseiulus
californicus and Phytoseiulus persimilis and found (89%,
47%) survivors at 0.40 ml/2L dose rate and (85%, 52%)
and at 0.8 1ml/2L dose rate respectively. Our results showed
different mortality trend according to dose rate. Moderately
toxic effect of chlorfenapyr was examined by IOBC/wprs.
Its toxicity caused adverse effects on tested predatory mite
and hence not recommended in IPM module. IOBC/wprs
tested diafenthiuron at dose rate, 500 g active ingredients
per hectare against Typhlodromus pyri and Phytoseiulus
persimilis and found harmless and observed very slight toxic
effects. Higher mortality percentage (50) at field relevant
dose was observed. In the present results high mortality
from diafenthiuron was due to formulation difference
(50% SC) as compared to results of IOBC. The present
study confirmed thiacloprid as toxic pesticide for predatory
mites which is in agreement with findings of Vilanueva
and Walgenbach (2005), who tested thiacloprid at 75ppm
against Neoseiulus fallacis and found (2.5%) mortality
and (12.5%) missing after 24 h and (14.8%) mortality and
(12.4%) missing after 96 h. Similar results in our experiment
regarding missing indicate repellent action of thiacloprid as
same whereas high mortality in our experiment may be due
to change in conditions and species under test. Our results
are also in relevance to Cuthbertson et al. (2012), who tested
thiacloprid at dose rate 0.45ml/L against four predatory
mites, Neoseiulus cucumeris, Typhlodromips montdorensis,
Iphiseius degenrans and Amblyseius swiriskii and found
(18%, 4%, 56%, 10%) mortality after 24 h and (20%, 18%,
72%, 18%) mortality after 48 h respectively. Moreover
IOBC/wprs, tested thiacloprid 480 SC against Typhlodromus
pyri and observed slightly harmful effects. Our results are in
disagreement with IOBC due to difference of species used
in both cases.

CONCLUSION

Pyriproxyfen and acetamiprid were found harmless

M. Zahid et al.

against Neoseiulus barkeri under laboratory conditions.
These are selective pesticides and suggested to be used
in recommended dose rates against their target pests.
While diafenthiuron, thiacloprid and chlorfenapyr were
toxic pesticides against tested predatory mite hence not
recommended to be use in IPM module. However further
research is still needed to study sublethal effects of these
tested pesticides on further generations of this predatory
mite.

ACKNOWLEDGEMENTS

The authors acknowledge Higher Education
Commission (HEC) Pakistan for financial support in the form
of Ph.D. indigenous scholarship schemes for completion of
this piece of research work.

Statement of conflict of interest
Authors have declared no conflict of interest.

REFERENCES

Abang, A.F., Kouame, C.M., Abang, M., Hanna, R. and
Fotso, A.K., 2013. Vegetable grower’s perception of
pesticide use practices, cost and health effects in the
tropical region of Cameroon. Int. J. Agron. Pl. Prod.,
4: 873-883.

Ahmad, S., Noor-ul-Islam, Mahmood, A., Ashraf, F.,
Hayat, K. and Hanif, M., 2010. Screening of cotton
germplasm against cotton leaf curl virus. Pak. J. Bot.,
42: 3327-3342.

Amna, M., Maklad, H., Abolmaaty, S.M., Hassanein,
M.K. and Abd EL-Ghafar, N.Y., 2012. Impact of
type of greenhouse cover sheets on certain major
cucumber pests under protected cultivation. N.Y. Sci.
J.,5:19-24.

Beers, E.H. and Schmidt, R.A., 2014. Impacts of orchard
pesticides on Galendromus occidentalis: Lethal and
sublethal effects. Crop Prot., 56: 16-24. http://dx.doi.
org/10.1016/j.cropro.2013.10.010

Biondi, A., Mommaerts, V., Smagghe, G., Vinuela,
E., Zappala, L. and Desneux, N., 2012. The non-
target impact of spinosyns on beneficial arthropods.
Pest Manage. Sci., 68: 1523-1536. http://dx.doi.
org/10.1002/ps.3396

Castagnoli, M., Liguori, M., Simoni, S. and Duso, C.,
2005. Toxicity of some insecticides to Tetranychus
urticae, Neoseiulus californicus and  Tydeus
californicus. BioControl, 50: 611-622. http://dx.doi.
org/10.1007/s10526-004-8121-7

Chant, D.A. and McMurtry, J.A., 2007. Illustrated keys
and diagnoses for the genera and subgenera of the
Phytoseiidac of the world (Acari: Mesostigmata).
Indira Publishing House, West Bloomfield, Michigan,
USA. pp. 220.

Cloyd,R.A., Cindy, L.and Keith, S.R.,2006. Compatibility
of three miticides with the predatory mites Neoseiulus


http://dx.doi.org/10.1016/j.cropro.2013.10.010
http://dx.doi.org/10.1016/j.cropro.2013.10.010
http://dx.doi.org/10.1002/ps.3396
http://dx.doi.org/10.1002/ps.3396
http://dx.doi.org/10.1007/s10526-004-8121-7
http://dx.doi.org/10.1007/s10526-004-8121-7

Toxicity of Pesticides against Neoseiulus barkeri 161

californicus McGregor and Phytoseiulus persimilis
Athias-Henriot (Acari: Phytoseiidae). Hort. Sci., 41:
707-710.

Cuthbertson, A.G.S., Mathers, J.J., Croft, P., Nattriss,
N., Blackburn, L.F., Luo, W., Northing, P., Murai,
T., Jacobson, R.J. and Walter, F.A., 2012. Prey
consumption rates and compatibility with pesticides
of four predatory mites from the family Phytoseiidae
attacking Thrips palmi Karny (Thysanoptera:
Thripidae). Pest Manage. Sci., 68: 1289-1295. http://
dx.doi.org/10.1002/ps.3296

Damalas, C.A. and Eleftherohorinos, I.G., 2011. Pesticide
exposure, safety issues, and risk assessment
indicators. Int. J. environ. Res. Publ. Hith., 8: 1402-
1419.

Damos, P., Colomar, L.E. and Ioriatti, C., 2015. Integrated
fruit production and pest management in Europe:
The apple case study and how far we are from the
original concept? Insects, 6: 626-657. http://dx.doi.
org/10.3390/insects6030626

De Barro, P, Liu, S., Boykin, L. and Dinsdale, A.,
2011. Bemisiatabaci: A statement of species status.
Annu. Rev. Ent., 56: 1-19. http://dx.doi.org/10.1146/
annurev-ento-112408-085504

De Moraes, G.J., Lopes, P.C. and Fernando, L.C.P., 2004.
Phytoseiid mites (Acari: Phytoseiidae) of coconut
growing areas in Sri Lanka, with descriptions of three
new species. J. Acarol. Soc. Jpn., 13: 141-160. http://
dx.doi.org/10.2300/acari.13.141

Jafari, S., Fathipour, Y. and Faraji, F., 2012. Temperature-
dependent development of Neoseiulus barkeri
(Acari: Phytoseiidae) on Tetranychus urticae (Acari:
Tetranychidae) at seven constant temperatures. /nsect
Sci., 19: 220-228. http://dx.doi.org/10.1111/j.1744-
7917.2011.01444.x

Jafari, S., Abassi, N. and Bahirae, F., 2013. Demographic
parameters of  Neoseiulus  barkeri  (Acari:
Phytoseiidae) fed on Thrips tabaci (Thysanoptera:
Thripidae). Pers. J. Acarol., 2:287-296.

Jansen, J.P., 2010. Beneficial arthropods and pesticides:
building selectivity list for IPM. JOBC/WPRS Bull.
55:23-47.

Jeschke, P., Nauen, R., Schindler, M. and Elbert, A.,
2011. Overview of the status and global strategy for
Neonicotinoids. J. Agric. Fd. Chem., 59: 2897-2908.
http://dx.doi.org/10.1021/jf101303¢g

Kongchuensin, M. and Takafuji, A., 2006. Effects of
some pesticides on the predatory mite, Neoseiulus
longispinosus (Evans) (Gamasina: Phytoseiidae).
J. Acarol. Soc. Jpn., 15: 17-27. http://dx.doi.
org/10.2300/acari.15.17

Lamberth, C., Jeanmart, S., Luksch, T. and Plant, A.,
2013. Current challenges and trends in the discovery
of agrochemicals. Science, 341: 742-746. http://
dx.doi.org/10.1126/science.1237227

Malik, K.A., 2014. Biotechnology in Pakistan status and
prospectus. Pakistan Academy of Sciences, G-5/2
Islamabad, pp.60.

Minitab 17 Statistical Software, 2010. Computer software.
State College, PA: Minitab, Inc. (www.minitab.com).

Nomikou, M., Janssen, A. and Sabelis, M.W., 2003.
Phytoseiid predators of whiteflies feed and
reproduce on non-prey food sources. Exp. Appl.
Acarol., 31:15-26. http://dx.doi.org/10.1023/
B:APPA.0000005142.31959.e8

Perdikis, D., Kapaxidi, E. and Papdoulis, G., 2008.
Biological control of insect and mite pests in
greenhouse solanaceous crops. Eur. J. Pl Sci.
Biotech., 2: 125-144.

Poletti, M., Maia, A-HN. and Omoto, C., 2007.
Toxicity of neonicotinoid insecticides to Neoseiulus
californicus and Phytoseiulus macropilis (Acari:
Phytoseiidae) and their impact on functional response
to Tetranychus urticae (Acari: Tetranychidae).
Biol. Contr., 40: 30-36. http://dx.doi.org/10.1016/j.
biocontrol.2006.09.001

Poliane, S.A., Nuria, B., Sandra, S., Oscar, M., Alberto, U.,
Anton, J.M.J. and Alberto, U., 2013. Compatibility of
Phytoseiulus persimilis and Neoseiulus californicus
(Acari: Phytoseiidae) with imidacloprid to manage
clementine nursery pests. Crop Prot., 43: 175-182.
http://dx.doi.org/10.1016/j.cropro.2012.09.018

Poliane, S.A., Jacas, J.A. and Urbaneja, A., 2014.
Comparative toxicity of pesticides in three different
phytoseiid mites with different life style occurring
in citrus, Euseius stipulates, Neoseiulus californicus
and Phytoseiulus persimilis. Exp. appl. Acarol., 62:
33-46. http://dx.doi.org/10.1007/s10493-013-9726-2

Rafiq, M., Ghaffar, A. and Arshad, M., 2008. Population
dynamics of whitefly (Bemisia tabaci) on cultivated
crop hosts and their role in regulating its carry-over
to cotton. Int. J. Agric. Biol., 10: 577-80.

Raudonis, L., Surviliene, E. and Valiuskaite, A., 2004.
Toxicity of pesticides to predatory mites and insects
in apple tree site under field conditions. Environ.
Toxicol., 19: 291-295. http://dx.doi.org/10.1002/
t0x.20036

Sarwar, M., 2014. Some insect pests (Arthropoda:
Insecta) of summer vegetables, their identification,
occurrence, damage and adoption of management
practices. Int. J. Sust. Agric. Res., 1: 108-117.

Sarwar, M. and Sattar, M., 2016. An analysis of
comparative efficacies of various insecticides on
the densities of important insect pests and natural
enemies of cotton, Gossypium hirsutum L. Pak. J.
Zool., 48: 131-136

Szabo, A., Penzes, B., Sipos, P., Hegyi, T., Hajdu, Z. and
Marko, V., 2014. Pest management systems affect
composition but not abundance of phytoseiid mites
(Acari: Phytoseiidae) in apple orchards. Exp. appl.
Acarol., 62: 525-537. http://dx.doi.org/10.1007/
$10493-013-9752-0, http://dx.doi.org/10.1007/
$10493-013-9766-7

Villanueva,R.T.and Walgenbach, J.F.,2005. Development,
oviposition, and mortality of Neoseiulus fallacis
(Acari: Phytoseiidae) in response to reduced-risk


http://dx.doi.org/10.1002/ps.3296
http://dx.doi.org/10.1002/ps.3296
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3108117
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3108117
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3108117
http://dx.doi.org/10.3390/insects6030626
http://dx.doi.org/10.3390/insects6030626
http://dx.doi.org/10.1146/annurev-ento-112408-085504
http://dx.doi.org/10.1146/annurev-ento-112408-085504
http://dx.doi.org/10.2300/acari.13.141
http://dx.doi.org/10.2300/acari.13.141
http://dx.doi.org/10.1111/j.1744-7917.2011.01444.x
http://dx.doi.org/10.1111/j.1744-7917.2011.01444.x
http://dx.doi.org/10.1021/jf101303g
http://dx.doi.org/10.2300/acari.15.17
http://dx.doi.org/10.2300/acari.15.17
http://dx.doi.org/10.1126/science.1237227
http://dx.doi.org/10.1126/science.1237227
http://dx.doi.org/10.1023/B:APPA.0000005142.31959.e8
http://dx.doi.org/10.1023/B:APPA.0000005142.31959.e8
http://dx.doi.org/10.1016/j.biocontrol.2006.09.001
http://dx.doi.org/10.1016/j.biocontrol.2006.09.001
http://dx.doi.org/10.1016/j.cropro.2012.09.018
http://dx.doi.org/10.1007/s10493-013-9726-2
http://dx.doi.org/10.1002/tox.20036
http://dx.doi.org/10.1002/tox.20036
http://dx.doi.org/10.1007/s10493-013-9752-0
http://dx.doi.org/10.1007/s10493-013-9752-0
http://dx.doi.org/10.1007/s10493-013-9766-7
http://dx.doi.org/10.1007/s10493-013-9766-7

162 M. Zahid et al.

insecticides. J. econ. Ent., 98: 2114-2120. http://
dx.doi.org/10.1603/0022-0493-98.6.2114, http://
dx.doi.org/10.1093/jee/98.6.2114

Wu, S., Gao, Y., Xua, X., Wanga, E., Wangb, Y. and Lei,
Z., 2014. Evaluation of Stratiolaela osscimitus and
Neoseiulus barkeri for biological control of thrips
on greenhouse cucumbers. Biocontr. Sci.Techn., 24:
1110-1121. http://dx.doi.org/10.1080/09583157.201
4.924478


http://dx.doi.org/10.1603/0022-0493-98.6.2114
http://dx.doi.org/10.1603/0022-0493-98.6.2114
http://dx.doi.org/10.1093/jee/98.6.2114
http://dx.doi.org/10.1093/jee/98.6.2114
http://dx.doi.org/10.1080/09583157.2014.924478
http://dx.doi.org/10.1080/09583157.2014.924478

