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ABSTRACT

INTRODUCTION
Tomato (Solanum lycopersicum Linnaeus) is one of the most widely produced
and consumed vegetable in the world, both for fresh market and processed food
industries. Globally, it is grown over an area of 4.776 million hectares with a total
production of 160.850 million tonnes. India stands for second position after
China with a total production of 18.653 million tonnes over an acreage of 0.907
million hectares (Anonymous, 2013). Tomato is one of the most remunerative
cash crops of mid-hills in Himachal Pradesh with a total production of 0.388
million tonnes (Vanitha et al., 2013) where it is grown under open and protected
conditions. In this state, the launching of “Pandit Deen Dayal Kisan Bagwan
Samridhi Yojna (PDDKBSY)” has resulted tremendous increase in area under
protected cultivation and with this increasing acreage under protected cultivation,
the availability of quality tomato can be increased manifold during off-season.
Tomato crop is more prone to insect-pests due to their tenderness and softness,
and majority of insects and mite pests associated with protected cultivation
belonging to the order Homoptera (aphids, whiteflies, mealybugs), Thysanoptera
(thrips), Diptera (leafminers) and Acarina (mites) (Papasolomontos, 2004; Perdikis
et al., 2008; Mehta et al., 2012). Amongst these, greenhouse whitefly, Trialeurodes
vaporariorum (Westwood) (Hemiptera: Aleyrodidae) and mite, Tetranychus ludeni
Zacher (Acari, Tetranychidae) are important ones and causing economic damage
to tomato crop under protected conditions. For managing these pests, the use of
chemical pesticides is one of the quick and effective method of pest management.
Thus, the intrinsic toxicity of various conventional insecticides and acaricides
have already been studied against different insect and pests of tomato (Chinnabai
et al., 2000; Sood et al., 2006; Dimetry et al., 2008; Chueca et al., 2009) but the
continuous use of same group of chemicals has resulted in plethora of problems
including insecticides resistance and insect resurgence. In order to tackle this
situation, the present investigation was devised to study the relative intrinsic
toxicity of novel pesticides attributing insecticidal and/or acaricidal properties
against nymphal and adult stages of T. vaporariorum and T. ludeni.

MATERIALS AND METHODS
The experiment was conducted during 2010-11 inside hi-tech insectary
maintained at 26±1ºC, 60±5% RH and 16:8 photoperiod (Light: Dark),
Department of Entomology, Chaudhary Sarwan Kumar Himachal Pradesh Krishi
Vishvavidyalaya, Palampur (Himachal Pradesh), India. French bean (Phaseolus
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The relative toxicity of novel pesticides
possessing insecticidal and/or acaricidal
properties was studied against immature and
adult stages of greenhouse whitefly and red
spider mite under laboratory conditions.
Amongst them, azadirachtin was found to be
highly toxic against 2nd instar nymphal stage of
T. vaporariorum with lowest median lethal
concentration (0.00046%) followed by
abamectin (0.00051%), acetamiprid
(0.00068%), bifenthrin (0.00112%), spinosad
(0.00115%), buprofezin (0.00240%) and
mineral oil (0.05632%) whereas in case of
adults, abamectin resulted in highest toxicity
with lowest median lethal concentration
(0.00095%) followed by acetamiprid
(0.00108%) azadirachtin (0.00123%),
bifenthrin
(0.00261%),
buprofezin
(0.00412%), spinosad (0.00514%) and
mineral oil (0.09533%). Abamectin was also
found highly toxic against respective
protonymphal and adult stages of T. ludeni
with lowest median lethal concentration
(0.00021 and 0.00043%) followed by
bifenthrin (0.00043 and 0.00065%),
hexythiazox (0.00216 and 0.00450%),
azadirachtin (0.00220 and 0.00664%), dicofol
(0.00346 and 0.01059%), propargite
(0.00484 and 0.01621%) and mineral oil
(0.06992 and 0.10183%).
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90 per cent. Further, the corrected per cent mortality was
calculated using Abbott’s formula (Abbott, 1925) and data
were subjected to Probit analysis (Finney, 1971) for evaluation
of median lethal concentration and subsequent relative
intrinsic toxicity.

vulgaris) (cv. Contender) plants were raised in plastic pots (9.5
x 9.5 cm) for maintaining test insect and mite culture and
further evaluation of intrinsic toxicity. The initial culture of T.
vaporariorum and T. ludeni were taken from insectary of the
department for mass multiplication. The details of the
insecticides and miticides assessed in present study are
indicated in Table 1.

RESULTS AND DISCUSSION

The intrinsic toxicity of insecticides against nymphs of
greenhouse whitefly was determined using bioassay method
described by Cahill et al. (1996) wherein second instar
nymphs were counted on marked leaves and these leaves
were dip treated for 30 seconds with each test concentration.
However, leaf disc bioassay method described by Cahill et al.
(1995) was adopted for assessing toxicity against adults of T.
vaprariorum. In this method, leaf discs (dia 4.5 cm) were dip
treated for 30 seconds in each test concentration, shade dried
and placed over the bed of agar gel (1.3%) in glass Petri dishes
(dia 5.0 cm) by keeping ventral surface of leaf discs exposed
for feeding. Thereafter, counted adult population (2-3 day old)
were demobilized by exposing to low temperature in freezer
for 2-3 minutes and transferred to each Petri plates which
were then covered with close fitted ventilated lids. After the
activeness of adults, Petri plates were inverted to normal
orientation for facilitating feeding.

Relative intrinsic toxicity of insecticides against different
stages of T. vaporariorum
Nymphal stage
The perusal of data (Table 2) revealed that azadirachtin
showed the lowest median lethal concentration (0.00046%)
against second instar nymphal stage of greenhouse whitefly
followed by abamectin (0.00051%) and acetamiprid
(0.00068%). However, the highest median lethal concentration
(0.05632%) was observed for mineral oil followed by
buprofezin (0.00240%) and spinosad (0.00115%). The order
of relative intrinsic toxicity was observed as ‘azadirachtin
(122.4) > abamectin (110.4) > acetamiprid (82.8) >
bifenthrin (50.2) > spinosad (48.9) > buprofezin (23.4) >
mineral oil (1.0)’. The highest bioactivity of azadirachtin against
second instar nymphs of T. vaporaroirum might be attributed
due to its complex chemical configuration and multiple mode
of action. These findings are also supported by Mitchell et al.
(1997) and Kumar and Singh (2014), who have also reported
higher efficacy of azadirachtin against nymphs of T.
vaporariorum and Bemisia tabaci, respectively.

Petri dish bioassay method as described by Bowie et al. (1988)
was adopted for determining the toxicity of miticides against
protonymphs and adults of mite. Each test concentration (2ml)
was sprayed on leaves with the help of Potter’s tower and
allowed to dry on filter paper. Thereafter, counted neonate
protonumphs and adults were released on treated leaves
placed over agar gel (1.3%) in Petri dishes.

Adult stage
It is evident from Table 3 that the highest median lethal
concentration (0.09533%) against adults of T. vaporaroirum
was noticed for mineral oil followed by spinosad (0.00514%)
and buprofezin (0.00412%). However, abamectin showed
lowest median lethal concentration (0.00095%) followed by
acetamiprid (0.00108%) and azadirachtin (0.00123%).

Each test concentration was replicated thrice and mortality
data were recorded after 48 hours of release. The intrinsic
toxicity of insecticides and miticides against T. vaporariorum
and T. ludeni were worked out by evaluating 5-6 working
concentrations of each pesticide giving mortality between 10Table 1: Details of the evaluated insecticides and miticides
Common name

Commercial formulation

Manufacturer/Source

Abamectin
Acetamiprid
Azadirachtin
Bifenthrin
Buprofezin
Dicofol
Hexythiazox
Mineral oil
Propargite
Spinosad

Abacin 1.9 EC
Pride 20 SP
Neemazal-TIS 1 EC
Talstar 10 EC
Ben 25 EC
Colonal-S 18.5 EC
Xmite 5.45 EC
Servo Agrospray T
Omite 57 EC
Success 2.5 SC

Crystal Phosphates Ltd., New Delhi
Dow Agro Science India Pvt. Ltd., Mumbai
E.I.D. Parry India Ltd., Chennai
FMC India Pvt. Ltd., Bangalore
Nagarjuna Agrichem Ltd., Hyderabad
Indofil Chemical Company, Mumbai
Biostadt India Ltd., Mumbai
Indian oil corporation, Mumbai
Dhanuka Agritech Ltd., Haryana
Dow Agro Science India Pvt. Ltd., Mumbai

Table 2: Relative intrinsic toxicity of insecticides against nymphal stage of T. vaporariorum
Insecticide

d.f

Fiducial limit (%)

Regression equation

LC50(%)

Relative toxicity

Abamectin
Acetamiprid
Azadirachtin
Bifenthrin
Buprofezin
Mineral oil
Spinosad

5
5
4
4
5
4
3

0.0003-0.0008
0.0004-0.0009
0.0003-0.0007
0.0007-0.0017
0.0016-0.0033
0.0357-0.0769
0.0008-0.0015

Y=2.231+1.620x
Y=2.006+1.629x
Y=2.515+1.494x
Y=1.158+1.586x
Y=1.373+1.523x
Y=0.929+1.479x
Y=1.806+1.548x

0.00051
0.00068
0.00046
0.00112
0.00240
0.05632
0.00115

110.4
82.8
122.4
50.2
23.4
1.0
48.9
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Table 3: Relative intrinsic toxicity of insecticides against adult stage of T. vaporariorum
Insecticide

d.f

Fiducial limit (%)

Regression equation

LC50(%)

Relative toxicity

Abamectin
Acetamiprid
Azadirachtin
Bifenthrin
Buprofezin
Mineral oil
Spinosad

4
4
5
3
3
5
4

0.0006-0.0014
0.0007-0.0016
0.0008-0.0017
0.0017-0.0037
0.0023-0.0061
0.0636-0.1429
0.0034-0.0078

Y=1.819+1.607x
Y=1.820+1.563x
Y=2.148+1.362x
Y=1.158+1.588x
Y=2.072+1.311x
Y=0.257+1.591x
Y=0.642+1.607x

0.00095
0.00108
0.00123
0.00261
0.00412
0.09533
0.00514

100.3
88.2
77.5
36.5
28.8
1.0
20.6

Table 4: Relative intrinsic toxicity of acaricides against protonymphal stage of T. ludeni
Acaricide

d.f

Fiducial limit (%)

Regression equation

LC50(%)

Relative toxicity

Abamectin
Azadirachtin
Bifenthrin
Dicofol
Hexythiazox
Mineral oil
Propargite

4
5
4
3
5
4
3

0.0001-0.0003
0.0013-0.0034
0.0003-0.0006
0.0020-0.0059
0.0013-0.0030
0.0436-0.1121
0.0027-0.0086

Y=1.616+1.474x
Y=1.736 +1.392x
Y=2.720+1.391x
Y=2.775+1.445x
Y=2.089+1.605x
Y=0.141+1.708x
Y=1.029+1.478x

0.00021
0.00220
0.00043
0.00346
0.00216
0.06992
0.00484

332.9
31.7
162.6
20.2
32.7
1.0
14.4

Table 5: Relative intrinsic toxicity of acaricides against adult stage of T. ludeni
Acaricide

d.f

Fiducial limit (%)

Regression equation

LC50(%)

Relative toxicity

Abamectin
Azadirachtin
Bifenthrin
Dicofol
Hexythiazox
Mineral oil
Propargite

4
5
4
3
5
4
3

0.0002-0.0007
0.0040-0.0109
0.0003-0.0010
0.0065-0.0173
0.0027-0.0076
0.0634-0.1635
0.0085-0.0312

Y=2.402+1.587x
Y=2.011+1.639x
Y=2.197+1.541x
Y=1.621+1.668x
Y=2.264 +1.654x
Y=1.536+1.425x
Y=2.179+1.277x

0.00043
0.00664
0.00065
0.01059
0.00450
0.10183
0.01621

236.8
13.7
156.6
9.6
22.6
1.0
6.2

Abamectin, acetamiprid, azadirachtin, bifenthrin, buprofezin
and spinosad were 100.3, 88.2, 77.5, 36.5, 28.8, 23.1 and
20.6 times more toxic than mineral oil, respectively. Several
workers have also reported that acetamiprid was very effective
for the control of T. vaporariorum (Chinnabai et al., 2000;
Sood et al., 2006) which corroborate the present findings.
The intrinsic toxicity of buprofezin are in close conformity
with those observed by Sood and Sharma (2010) against adults
of T. vaporariorum.

(2008) which substantiates the present findings on azadirachtin.
Mineral oil showed lowest toxicity against protonymphs which
is in conformity with the finding of Chueca et al. (2009), who
have also observed the toxicity of mineral oil against red spider
mite at higher doses.
Adult stage
The highest median lethal concentration (0.10183%) was
noticed for mineral oil showing lowest toxicity against adults
of T. ludeni (Table 5) followed by propargite (0.01621%) and
dicofol (0.01059%). However, abamectin exhibited highest
toxicity with lowest median lethal concentration (0.00043%)
followed by bifenthrin (0.00065%) and hexythiazox
(0.00450%). Considering mineral oil toxicity as unity, the
corresponding relative toxicity values were found to be 236.8,
156.6, 22.6, 13.7, 9.6 and 6.2 for abamectin, bifenthrin,
hexythiazox, azadirachtin, dicofol and propargite, respectively.
Akashe (2004) also observed median lethal concentration for
abamectin as 0.0004 per cent against adults of T. urticae which
is in close conformity with the present findings. These present
observations are in agreement with those observed by Sahu et
al. (2008) who determined median lethal concentration of some
acaricides against tea spider mite wherein slight variation might
be due to the differences in the developmental period of these
mite species. Furthermore, Reddy et al. (2014) tested five
commercially available acaricides against two spotted spider
mite, T. urticae under laboratory and greenhouse conditions
and found abamectin as superior over others.

Relative intrinsic toxicity of acaricides against different stages
of T. ludeni
Protonymphal stage
The data on relative intrinsic toxicity of acaricides against
protonymph of T. ludeni (Table 4) revealed that abamectin
was found to be the most toxic with lowest median lethal
concentration (0.00021%) followed by bifenthrin (0.00043%)
and hexythiazox (0.00216%). However, the highest median
lethal concentration (0.06992%) was noticed for mineral oil
showing less toxicity followed by propargite (0.00484%) and
dicofol (0.00346%). The order of relative toxicity was
observed as ‘abamectin (332.9) > bifenthrin ((162.6) >
Hexythiazox (32.7) > azadirachtin (31.7) > dicofol (20.2) >
propargite (14.4) > mineral oil (1.0)’. The present finding on
abamectin are in conformity with the observation of
Baranowski (1991). Alzoubi and Cobanglou (2007) have also
reported the higher nymphicidal activity of bifenthrin which
affirms the present observation. The toxicity of neem against
immature stages of T. urticae was studied by Dimetry et al.

It can be inferred from present investigation that abamectin,
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Dimetry, M. Z., Amer, S. A. A. and Saber, S. A. 2008. Laboratory
evaluation of neem formulations with and without additive against
the two spotted spider mite, Tetranychus urticae Koch. Acarologia.
48: 171-176.

acetamiprid, azadirachtin and bifenthrin showed higher
relative intrinsic toxicity against greenhouse whitefly, whereas
abamectin, bifenthrin, hexythiazox and azadirachtin resulted
in higher relative intrinsic toxicity against red spider mite. Since
these pesticides are belonging to different groups and hence
can be successively exploited for managing these pests under
protected conditions.

Finney, D. J. 1971. Probit analysis. Cambridge University Press. 3rd
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Kumar, A. and Singh, R. 2014. Bioefficacy of some insecticides against
the greenhouse whitefly, Trialeurodes vaporariorum, Westwood
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