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Persistence of spirotetramat and its metabolites is reported on apple fruit under field conditions at different
locations of Himachal Pradesh and Jammu and Kashmir during 2015. Experiments conducted in four orchards
in the two apple growing states revealed that at Matiana (2000 m above sea level), and Thanedhar (2200 m
above sea level), both in H.P., spirotetramat sprayed twice at 20 d interval @ 150g (standard dose) and 300
(double dose) g a.i ha-1 left initial deposits of 0.799-0.996 and 1.596-1.786 mg kg-1 respectively on apple fruit. At
harvest, the residues in fruits as well as the soil were below determination level of 0.05 mg kg-1. Half-life (RL50)
was 1.90-2.02 and 2.00-2.32 d at the standard and double dose, respectively. No residues of spirotetramat-enol
metabolite was detected. In J. & K., at Youngora (1600 m above sea level), and Lassipora (1800 m above sea
level) harvest time residues were below determination level with no enol metabolite being detected. The data
will enable establishment of maximum residue limits by the FSSAI and suggest a safe waiting period for harvesting
apple fruit.
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Apple (Malus domestica) is commercially cultivated in
temperate zone and is fourth in order of fruit production in
the world after banana, orange and grape. China is the
leading nation in its production. In India, apple crop is mainly
grown in the states of Jammu and Kashmir, Himachal
Pradesh, Arunachal Pradesh, Mizoram, Sikkim, Tamil Nadu
and Uttarakhand. Its production wise cultivation in Himachal
Pradesh is mainly confined to eight districts viz. Shimla,
Kullu, Mandi, Chamba, Kinnaur, Lahul and Spiti, Kangra
and Sirmour (Saxena and Gandhi, 2014) or in the areas
which experience 1000-1500 chilling hours, i.e. the number
of hours during which temperature remains at or below 70C
during the winter season. Low chilling cultivars of apple are
becoming very popular amongst the farmers of the lower
altitudes due to their early maturity and remunerative price
in the market, but warmer climate aggravates insect-pest
incidence including San Jose scale (Quadraspidiotus
perniciosus), white scale (Pseudoulacaspis sp.), woolly
apple aphid (Eriosoma lanigerum) and blossom thrips
(Thrips rhopalantennalis) (Gupta, 2010, 2013; Gupta and

Gupta, 2013; Sherwani et al., 2016) causing severe damage
to the crop leading to reduction in fruit yield.

Spirotetramat (cis-3-(2,5-dimethylphenyl)-8-methoxy-2-
oxo-1-azaspiro[4.5]dec-3-en-4-yl ethyl carbonate, cis-4-
(e thoxycarbony loxy) -8-methoxy-3- (2 ,5-xy ly l ) -1 -
azaspiro[4.5]dec-3-en-2-one) is a tetramic acid derivative
insecticide (Fig. 1). It exhibits an excellent systemic and
translaminar property, gets translocated within the entire
vascular system, moves upwards and downwards through
its xylem and phloem bundles, controls the hidden pests
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Spirotetramat (Empirical
formula C21H27NO5 ; Molecular

weight 373.44)

Spirotetramat-enol (Empirical
formula C18H23NO3; Molecular

weight 301.38)

Figure 1. Chemical structures of spirotetramat and spirotetramat-
enol
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filters of dimensions 13 and 47 mm (0.45 µm pore size)
were procured from Rankem, New Delhi.

Preparation of standard solutions

Stock solutions of spirotetramat and its metabolite
spirotetramat-enol were prepared in HPLC grade acetonitrile
and suitably diluted to obtain the working standards of 0.03
to 0.50 ppm. Reagent blank was run along with the actual
samples to ensure non-interference by solvents and
reagents.

Instrumentation

 The Shimadzu high performance liquid chromatograph
(HPLC LC-20AT) was used for the estimation of
spirotetramat and its metabolite spirotetramat–enol
residues. HPLC alongwith degasser DGU-20A5,
autoinjector SIL-20 AHT and SPD-M20A photo diode array
detector (PDA) was supplied by Shimadzu Corporation,
Kyoto, Japan. BONDAPAKTM Reverse phase (RP) C18

column (2.0 mm X 30 cm) was procured from Waters India
Pvt Ltd. Robot Coupe high volume homogenizer (Blixer®

6V.V) and low volume high speed homogenizer (Silent
Crusher M) were from Heidolph, Germany. Rotospin
centrifuge tube shaker was procured from Tarson Products
Pvt. Ltd., Kolkata. Centrifuge (Model 5804) was procured
from Eppendorf India Ltd., Chandigarh. Turbo evaporator
(Turbo Vap® LV) was from Caliper Life Sciences.

Experiment layout

Persistence behaviour of spirotetramat (Movento 150 OD)
on apple was studied as supervised field trial in four different
major apple growing areas viz. Location I (Matiana,
31.2102°N, 77.4056°E 2000 m, above sea level), Shimla
and Location II (Thanedhar, 31.3183°N, 77.4458°E, 2200
m above sea level), Shimla, of Himachal Pradesh, India
and two locations in Jammu and Kashmir viz. Location III
(Youngora, 34.2164°N, 74.7719° E, 1600 m above sea
level), Ganderbal, and Location IV (Lassipors, 33.8718°N,
74.8993°E, 1800 m above sea level), Pulwama.
Spirotetramat (Movento 150 OD) was sprayed on fruit
bearing apple trees at the rate @ 150 g a.i. ha-1 (standard
dose) and 300 g a.i. ha-1 (double dose) @ 1000 L volume,
two times with power sprayer at an interval of 10-25 d during
2015 crop season depending upon the environmental
condition of the location. First application was given at fruit
development stage. Two apple trees comprised single

like root aphids and protects new shoots or leaves appearing
after its foliar application (Nauen et al., 2008; Schoevaerts
et al., 2011). It inhibits lipid biosynthesis, affecting incomplete
ecdysis, reduction in fecundity and fertility (Fischer and
WeiB, 2008; Kuhnhold et al., 2008; Schoning, 2008). Psylla
on pear is resistant to other group of chemicals but can be
managed easily by spirotetramat (Jaworska et al., 2012).
Spirotetramat is a proven effective chemical against species
of whiteflies, aphids, scales, mealy bugs, psyllids and thrips
on vegetable crops, cotton, soybean, pome and stone fruits,
grapes, hops, citrus, nut trees, and bananas (Bruck et al.,
2009). In apple orchards, application of miticides has been
approved (Gupta et al., 2005) against population exceeding
2 mites leaf-1 threshold value which otherwise can easily be
managed by using summer oil.

Apple fruits are consumed mostly as fresh fruit, juice,
jam and wine. Pesticides applied during the fruit growth
period can dissipate at a faster rate because of dilution effect
due to plant growth (Sundaram, 1995; Xia et al., 1992).
Appearance of mite infestation after growth pushes the
growers to use spirotetramat as an alternative effective
chemical, but its harmful residues are likely to be carried to
the harvested produce and processed products, if applied
close to harvest on fruits. Dissipation rate of the pesticides
is one of the most important parameters in assessing their
fate in the environment. Therefore, the present investigation
was carried out to reduce the pesticide load below the
maximum residues limit (MRL) through monitoring of
persistence data and residue risk assessment of
spirotetramat from the point of view of new molecule
registration for inclusion in the list of Central Insecticide
Board and Registration Committee (CIBRC).

MATERIALS AND METHODS

Chemicals and reagents

Movento 150 OD formulation, the certified reference
spirotetramat (99.20% purity) along with its metabolite,
spirotetramat-enol (99.80% purity) were supplied by Bayer
CropScience Limited, India. Primary secondary amine
(PSA), particle size 40 µm, was purchased from Agilent
Technologies, USA. Anhydrous magnesium sulphate,
sodium sulphate, sodium chloride and HPLC grade water
were procured from Merck Specialties Pvt. Ltd. Worli,
Mumbai. HPLC grade acetonitrile was purchased from
Genetix Biotech Asia Pvt. Ltd., New Delhi. Nylon membrane
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replication and each treatment was replicated thrice.
Untreated control plants were kept for comparison.

Meteorological conditions

Weather parameters like temperature, relative humidity (%)
and rainfall (mm) were recorded during the experimental
period from first spray till completion of experiment (Table 1).

Sample collection

Fruit samples (2 kg) for persistence study were collected
from location I and II for residue estimation including
dissipation behaviour at regular intervals of 0, 1, 3, 5, 7, 10,
15, 20, 25 d. However, harvest time fruit (2 kg) and soil
(1kg from each replication of tree basin soil, depth 5 cm)
samples at 30 d interval (post last spray) were collected
and processed for residue analysis.

Sample preparation

The samples were processed and analysed in the Pesticide
Residue Laboratory, Department of Entomology, Dr YSP
University of Horticulture and Forestry, Nauni, Solan (H.P.).
Residues of spirotetramat and its metabolite spirotetramat–
enol were extracted and purified from apple fruits using
QuEChERS (Sharma, 2013).

Fruits. Apple fruits (2 kg) were homogenized in Robot Coupe
high volume homogenizer. The 15 g homogenized sample
was transferred into 50 mL polypropylene centrifuge tube
containing 30 mL HPLC grade acetonitrile and homogenized
at 15000 rpm for 2 min in high speed homogenizer. Then 3
g sodium chloride was added into the tube and shaken at
50 rpm for 3 min in Rotospin followed by centrifugation at
3000 rpm for 3 min. Eighteen milliliter of upper organic layer
was taken in 50 mL centrifuge tube containing 9 g anhydrous
sodium sulphate to remove moisture content. From this 11
mL extract was transferred into 15 mL polypropylene

centrifuge tube containing 0.4 g PSA sorbent and 1.15 g
anhydrous magnesium sulphate for dispersive clean up. The
tube was capped, shaken for 5 min at 50 rpm in Rotospin
mixer and then centrifuged at 3000 rpm for 3 min. Six milliliter
extract was transferred to the turbo glass test tube and
evaporated to dryness in the Turbovap concentrator at 45oC
in the presence of nitrogen. Residues were dissolved in 3
mL acetonitrile : water mixture (80:20 v/v), filtered through
13 mm nylon filter (0.45 µm pore size) and 20 µL was
injected into HPLC.

Soil. Soil samples were extracted and cleaned up by using
QuEChERS technique. Apple tree basin soil (1 kg) was air
dried and passed through 2 mm sieve. Representative soil
sample of 10 g was taken in 50 mL polypropylene centrifuge
tube containing 20 mL HPLC grade acetonitrile, 4 g
magnesium sulphate and 1 g of sodium chloride. Tube was
shaken at 50 rpm for 1 min in Rotospin followed by
centrifugation at 3000 rpm for 3 min. Approximately 10 mL
of upper organic layer was taken in 15 mL centrifuge tube
containing 1.5 g anhydrous magnesium sulphate and 0.25
g PSA. The tube was capped, shaken for 1 min at 50 rpm in
Rotospin mixer and then centrifuged at 4000 rpm for 10
min. Transferred 4 mL extract to the test tube and
evaporated to dryness in the Turbovap concentrator at 45oC
in the presence of nitrogen. Residue was dissolved in 2 mL
acetonitrile : water mixture (80:20 v/v), filtered through 13
mm nylon filter (0.45 µm pore size) and injected 20 µL into
HPLC.

HPLC-PDA analysis

Spirotetramat and its metabolite spirotetramat-enol residues
were estimated on liquid chromatograph equipped with
photodiode array detector (PDA) and RP C18 column. The
mobile phase acetonitrile : water (80:20 v/v) was run at a
flow rate of 0.50 mL min-1. Spirotetramat and its enol
metabolite were detected at 229 nm. With these operating

Table 1. Meteorological conditions during experiment period (from 20th July to 2nd October 2015) at the four test locations

S. Weather parameter Location I Location II Location III Location IV
no. (July 26 to Sept 7, (July 26 to Sept 7, (July 20 to Sept 20, (Aug 07 to Oct 02,

2015) 2015) 2015) 2015)

1 Maximum temperature (°C) 22.03 22.03 29.35 26.09
2 Minimum temperature (°C) 12.81 12.81 15.31 12.23
3 Relative humidity (%) 77.63 77.63 69.00 55.27
4 Rainfall (mm) 336.00 336.00 320.00 149.50
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parameters, the retention time of spirotetramat-enol and
spirotetramat was 6.2 and 7.6 min, respectively.

Validation of analytical method

The efficiency and validity of an analytical method are
determined by the agreement between the true value of
analyte in the sample and the value obtained by its analysis.
Measure of accuracy is expressed as percentage of the
analyte recovered of the true value of the amount of spiking
(Tiryaki, 2016). To validate the method / establish efficiency
of the method and see the linearity of the pesticides,
recovery studies were carried out by fortifying apple fruit
and soil samples with spirotetramat and its metabolite
spirotetramat-enol at 0.03, 0.15, 0.30 and 0.50 mg kg-1 and
each spiking level was replicated five times employing
QuEChERS multiresidue method. The average recoveries
of spirotetramat and its metabolite spirotetramat-enol were
more than 75 per cent in apple fruit and soil, in agreement
with the guidelines of SANTE (SANTE, 2015). The accuracy
values were evaluated by using four low to high
concentrations of pesticides in apple fruits and soil. The
precision of the method was expressed as the per cent
relative standard deviation (% RSD) for replicate analysis
of the spiked samples.

Data analysis

The residue data were subjected to statistical analysis
according to Hoskin (1961) to compute the residue half life.
Log residues were regressed on time interval to half-life of
residues. Residue half life (RL50) was calculated as T1/2 =
Log2/b, whereas T1/2 = Residue half life (RL50) in days; b =
slope.

RESULTS AND DISCUSSION

Method validation

Spirotetramat and its metabolite spirotetramat-enol gave a
good linear response at all proportionate concentrations with
correlation coefficients (R2) higher than 0.999. The linear
response of all the standards is evident from chromatograph
of matrix matched calibrations (Fig. 2). The data on the per
cent recovery of spirotetramat and its metabolite
spirotetramat–enol from fortified apple fruits and soil
samples at 0.03, 0.15, 0.30 and 0.5 mg kg-1 levels are
presented in Table 2. In fruits, the recovery of spirotetramat
was in the range of 96.00-104.47 per cent and in soil, it was
in the range of 103.93-117.87 per cent. The recovery of
spirotetramat-enol from fruit was in the range of 94.53-

Figure 2. Overlaid chromatographic view of spirotetramat and spirotetramat-enol in spiked apple fruit
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101.76 per cent and in soil, 88.00-100.27 per cent. The
results are similar to Salazar-Lopez et al. (2015) in grape
fruits and leaves (92.00-97.00 %); Schoning (2008) in
tomato, avocado, citrus, potato and hops (84.00-104.0 %)
and Singh et al. (2013) in okra, eggplant and pepper (82.00-
97.00%). The precision of the method determined by per
cent relative standard deviation (RSD) values for
repeatability ranged from 1.90-7.86 for spirotetramat and
spirotetramat-enol at different spiking levels in fruit and soil
(Table 2). The limit of determination (LOD) of both
spirotetramat and spirotetramat- enol in apple fruit and soil
was 0.03 mg kg-1. The calibration curves were linear over
the test ranges of spirotetramat and spirotetramat-enol and
correlation coefficients (R2) were > 0.99 for both the analytes.
The clean up procedure for this method was found to be
efficient and as such no significant matrix effect was
observed (Fig. 2).

Persistence of spirotetramat residues on apple
fruits at Matiana and Thanedhar

The data on the persistence of spirotetramat on apple fruits
at Matiana and Thanedhar along with its spirotetramat-enol
metabolite, their degradation kinetics, residue half-life and
pre-harvest intervals at the limit of quantitation (LOQ) of
0.05 mg kg-1 are presented in Table 3.

The fruits from both the locations were analysed for
spirotetramat and its metabolite spirotetramat-enol residues.
The initial deposits of spirotetramat were in the range of
0.799-0.996 and 1.596-1.786 mg kg-1 on apple fruits at both
locations at the standard and double doses, respectively
(Table 3). The residues of spirotetramat reached below its
LOD of 0.03 mg kg-1 in 10 and 15 d at the respective two
doses.

The residues were below LOD in both the apple fruits
and soil samples collected at fruit harvest time from all the

four locations. No residue of spirotetramat-enol was
detected in any sampling up to the detection of parent
spirotetramat molecule.

Two applications of spirotetramat at 144 g a.i. ha-1 in
North Europe resulted in residues in the range of 0.14-0.17
mg kg-1 on apricot after a period of 7 d, while in Southern
Europe from similar treatment, residues in the range of 0.05-
0.07 mg kg-1 were reported. On peaches, spirotetramat
yielded residues to the tune of 0 .14 mg kg-1 at the application
rate of 180 g a.i. ha-1 in North Europe after 7 d. In Southern
Europe same treatment reported residues in the range of
0.09-0.15 mg kg-1 after 7 d (Anonymous, 2008). The present
results also showed similar trend in residue level after 7 d
in the range of 0.051-0.075 and 0.139-0.190 mg kg-1 from
the treatments at the standard and double doses,
respectively (Table 3).

Metabolic study of spirotetramat in plants has shown
that the major residues in apple fruits and leaves remained

Table 2. Recovery of spirotetramat and spirotetramat-enol from apple fruit and tree basin soil

Fortification level                                           Mean (%) recovery* (%RSD)
(mg kg-1)                                                  Apple fruits                                                 Soil

Spirotetramat Spirotetramat-enol Spirotetramat Spirotetramat-enol

0.03 96.00 (7.86) 101.33 (3.80) 115.33 (3.80) 96.66 (7.17)
0.15 104.24 (2.80) 94.53 (3.50) 117.87 (3.50) 100.27 (3.60)
0.30 100.47 (1.90) 99.87 (3.34) 103.93 (3.33) 88.00 (6.77)
0.50 101.24 (7.19) 101.76 (4.07) 117.56 (4.08) 100.00 (6.84)

*Average of five replicates; RSD = Relative standard deviation

Table 3. Persistence of spirotetramat in/on apple fruits at Matiana
and Thanedhar

Interval      *Spirotetramat residues (mg kg-1±SD)
(d)                      150 g a.i ha-1                          300 g a.i ha-1

Location I Location II Location I Location II
(Matiana) (Thanedhar) (Matiana) (Thanedhar)

0 0.996±0.044 0.799±0.011 1.786±0.004 1.596±0.006
1 0.510±0.003 0.451±0.003 1.342±0.014 1.174±0.002
3 0.342±0.010 0.288±0.002 0.714±0.012 0.630±0.026
5 0.179±0.003 0.144±0.001 0.446±0.015 0.329±0.005
7 0.075±0.003 0.051±0.005 0.190±0.007 0.139±0.003
10 BDL BDL 0.096±0.004 0.048±0.002
15 - _ BDL BDL
Control ND ND ND ND

*Mean of three replications; SD = Standard deviation; ND= Not
detected; BDL = Below determination limit (0.03 mg kg-1)
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unchanged from the parent compound (Sur, 2008). The
metabolite spirotetramat-enol is oxidized to BY108330-
ketohydroxy and subsequently to BY108330-MA- amide
(Babczinski and Hellpointer, 2008). Spirotetramat is also
known to degrade quickly in soil. The metabolites generated
from spirotetramat are not expected to accumulate in the
environment since they are further degraded to form non-
extractable residues and CO2. Results of present study on
persistence of spirotetramat on apple fruits and soil are are
in agreement with faster degradation rate of spirotetramat-
enol metabolite with the findings in grapes and soil (Vermuri
et al., 2014), chilli fruits (Chahil et al., 2015; Mathew et al.,
2012) and in mango fruit and soil (Mohapatra et al., 2012).
However, Salazar-Lopez et al. (2015) reported
spirotetramat-enol residues in leaves and grape fruits to an
extent of 0.03 and 0.04 mg kg-1, respectively on 1 d and
0.005 and 0.008 mg kg-1 after 5 d of its application @ 90 g
a.i. ha-1 and thereafter, there was no significant difference
in enol residues upto 48 d after application. Shukla et al.
(2006) did not observe spirotetramat-enol residues in brinjal
fruits on d 0 (1 h) but recorded 0.06 µg g-1 residues at double
dose which reduced below the LOQ of 0.05 mg kg-1 on 3rd

day.

Harvest time residues of spirotetramat in apple
fruits and tree basin soil

No residues of spirotetramat and its metabolites were
detected in apple fruits and tree basin soil at the LOQ level
of 0.03 mg kg-1 at all the above four locations (H.P. and J. &
K.) including at harvest.

Half-life and pre-harvest intervals of spirotetramat

The kinetic equation, half-lives, and coefficient (R2) of the
spirotetramat residue dissipation were calculated from the
experimental data summarized in Table 4. The data revealed
statistical conformity of the dissipation data of spirotetramat

due to strong correlation coefficient (r= 0.990, 0.998) in
apple. It followed first order kinetics which is based on the
first order rate equation: C=Co e

-kt and t1/2=ln 2/k, where C
(mg kg-1) is the pesticide concentration at time t, Co is
apparent initial concentration (mg kg-1), k is rate constant,
and t1/2 the pesticide half-life in apple. The half life values
varied between 1.90-2.02 and 2.00-2.32 d for spirotetramat
at standard and double dose levels, respectively (Table 4).
Faster half – lives of 1.91 and 1.30 d on green chilli fruits
were observed by Chahil et al. (2015) following application
rate of 120 and 240 g a.i. ha-1. The correlation coefficient
(r= 0.990, 0.998) indicated statistical conformity of the
dissipation data to the first order kinetics. A pre-harvest
interval (PHI) was calculated to be 3 d at both the single
and double doses, which is also suggested as waiting period
for safe consumption of apple fruits if MRL is set at the
value of 0.7 mg kg-1 (Codex, 2017).

CONCLUSION

QuEChERS can be used for the analysis of spirotetramat
and its enol metabolite in apple fruit and tree basin soil as
all the validation parameters and the linearity for the
compounds were in the acceptable range. On the basis of
dissipation kinetics, half-life ranging from 1.9 to 2.32 d is
suggested. Waiting period of 3 d is suggested at the
standard dose (150 g ai ha-1).
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Table 4. Statistical constants for spirotetramat on apple fruits

Location Dose Correlation Regression equation t1/2 WP
(g a.i. ha-1) coefficient (r) (Y= a+bx) (d) (d)

Location I 150 -0.989 -0.051 -0.149 X 2.02 1.0
300 -0.997 0.252 -0.129 X 2.32 3.0

Location II 150 -0.990 -0.112 -0.159 X 1.90 1.0
300 -0.998 0.233 -0.153 X 2.00 3.0

WP= Waiting period based on MRL of 0.7 mg kg-1



Persistence of spirotetramat in/on apple     57Pesticide Research Journal 30(1): 51-58 (2018)

REFERENCES
Anonymous (2008) Spirotetramat. US Environmental Protection

Agency, USA, 234: 1779-2018.

Babczinski P and Hellpointer E (2008) Environmental fate of
spirotetramat (Movento Reg.). Bayer Crop Science Journal
61: 181-202.

Bruck E, Albert A, Fischer R, Krueger S, Kuhnhold J, Klueken AM,
Nauen R, Niebes JF, Reckmann U, Schnorbach HJ, Steffens
R and Waetermeulen X (2009) Movento, an innovative
ambimobile insecticide for sucking insect pest control in
agriculture: biological profile and field performance. Crop
Protection 28: 838-844.

Chahil GS, Koushik M, Sahoo SK and Singh B (2015) Risk
assessment of mixture formulation of spirotetramat and
imidacloprid in chilli fruits. Environmental Monitoring and
Assessment 187: 4105.

Codex MRLs (2017) Codex Pesticides Residues in Food Online
Database. Codex Alimentarius, International Food Standards,
WHO, FAO. http://www.fao.org/fao-who-codexalimentarius/
standards/pestres/pesticide-detail/en/?p_id=234 (Accessed in
May, 2017).

Fischer R and WeiB HC (2008) Spirotetramat (Movento)- Discovery,
synthesis, and physiochemical properties. Bayer Crop Science
Journal 61: 127-140.

Gupta D (2010) Insect pest management in temperate fruits. In:
Plant Protection Practices in Organic Farming. A Sharma and
RS Chandel (Eds.). International Book Distributors, Dehradun,
India. Pp.191-211.

Gupta D and Gupta PR (2013) Mites of fruit crops and mushrooms
and their management. In: Pest Management and Residual
Analysis in Horticultural Crops-An Integrated Approach.
Rachna Gulati and Beena Kumari (Eds.). New India Publishing
Agency, New Delhi. Pp. 81-98.

Gupta D, Dubey JK and Dinabandhoo CL (2005) Bioefficacy of
some new acaricides against phytophagous apple mites. In:
Short Rotation Forestry for Industrial and Rural Development.
KS Verma, DK Khurana and Lars Chritersson (Eds). Indian
Society of Tree Scientists, Nauni, Solan 173 230 (H.P.) India
Pp. 387-389.

Gupta PR (2013) Pestilence in temperate climatic zone and its
management. In: Integrated Pest Management. AK Dhawan,
B Singh, MB Bhullar and R Arora (Eds.). Scientific Publishers,
India. Pp. 130-151.

Hoskin WM (1961) Mathematical treatment of loss of pesticide
residues. FAO Plant Protection Bulletin 9: 163-168.

Jaworska K, Olszak RW, Labanowska BH and Korzeniowski M
(2012) Efficacy of spirotetramat in the control of pear psylla
(Cacopsyll pyri L.) on pear trees in Poland. Journal of Fruit
Ornamental Plant Research 20: 91-106.

Kuhnhold J, Klueken AM, de Maeyer L, Waetermeulen XV, Bruck
E and Elbert A (2008) Movento, an innovative solution for
sucking insect pest control in agriculture: Field performance
in fruits and vegetables. Bayer Crop Science Journal 61: 279-
306.

Mathew TB, Beevi Naseema, George S, Pallavi T, Nair K, Rajith R
and Pratheesh Kumar N (2012) Persistence and dissipation
of combination- mix (spirotetranmat + imidacloprid) on chilli
(Capsicum annum L.). Pesticide Research Journal 24: 151-
154.

Mohapatra Soudamini, Deepa M, Lekha S, Nethravathi B, Radhika
B and Gourishanker S (2012) Residue dynamics of
spirotetramat and imidacloprid in/on mango and soil. Bulletin
of Environmental Contamination and Toxicology 89: 862-
867.

Nauen R, Reckmann U, Thomzik J and Thielert W (2008) Biological
profile of spirotetramat (Movento) – New two way systemic
(ambimobile) insecticide against sucking pest species. Bayer
Crop Science Journal 61: 245-277.

Salazar-Lopez NJ, Maria I, Silveria- Gramont, Fabiola G Zuno-
Floriano, Guillermo Rodriguez- Olibarria, Matt J Hengel, Ana
I Valenzuela- Quintanar, Maria I and Aldana- Madrid (2015)
Dissipation of spirotetramat and spirotetramat-enol in leaf and
fruit of grape variety Red Globe (Vitis vinifere L.). Journal of
Progressive Research in Biology 2: 60-65.

SANTE (2015) Guidance Document on Analytical Quality Control
and Method Validation Procedures for Pesticide Residues
Analysis in Food and Feed. SANTE/11945/2015

Saxena Mamta and Gandhi Chander P (2014) Indian Horticulture
Database – 2014. National Horticulture Board, Ministry of
Agriculture, Government of India, 85. Institutional Area,
Sector-18, Gurgaon 122 015 India (Website : www.nhb.gov.in).

Schoevaerts C, Goossens D, D’Haemer K, Van Dyck H and Maeyer
L De (2011) The multi-target use of spirotetramat (Movento®):
simultaneous control of key pests in apple. XXVIII International
Horticulture Congress on Science and Horticulture for People
(IHC 2010): International Symposium on Plant Protection. C
Hale (Ed.).International Society for Horticultural Science,
Lisbon, Portugal. Acta Horticulturae 917: 69-76.

Schoning R (2008) Residue analytical method for the determination
of residues of spirotetramat and its metabolites in and on plant
material by HPLC-MS/MS. Bayer Crop Science Journal 61:
417-454.

Sharma KK (2013) Pesticide Residue Analysis Manual. Directorate
of Knowledge Management in Agriculture. Indian Council of
Agricultural Research. Krishi Anusandhan Bhavan I, Pusa,
New Delhi. P. 251.

Sherwani A, Malik M and Wani AA (2016) Insect pests of apple
and their management. In. Insect Pest Management of
Fruit Crops. Division of Entomology, Division of Plant
Pathology, Sher-e-Kashmir University of Agricultural Sciences
and Technology of Kashmir, Shalimar, Srinagar. Pp. 195-
306.

Shukla VR, Patel AR, Parmar KD, Patel BV, Patel NB and Shah
PG (2006) Persistence of spirotetramat residues in/on brinjal
and soil. Pesticide Research Journal 28: 243-247.

Singh B, Koushik M, Sanjay S, Urvashi B and Raminderjit B (2013)
Development and validation of HPLC method for the
determination of spirotetramat and spirotetramat cis enol in
various vegetables and soil. Journal of AOAC International
96: 670-675.



58 Patyal et al. Pesticide Research Journal 30(1): 51-58 (2018)

Sundaram KMS (1995) Persistence and fate of tebufenozide (RH-
5992) insecticide in terrestrial microcosms of a forest
environment following spray application of two MIMIC
formulations. Journal of Environmental Science and Health,
B30: 321-358.

Sur R (2008) Metabolism of spirotetramat (Movento Reg.) in plant.
Bayer Crop Science Journal 61: 227-244.

Tiryaki O (2016) Validation of QuEChERS method for the
determination of some pesticide residues in two apple

varieties. Journal of Environmental Science and Health, B51:
722-729.

Vermuri S, Sreenivasa RC and Swarup S (2014) Dissipation of
spirotetramat and imidacloprid in grapes and soil. Journal of
Multidisciplinary Engineering Science and Technology 1: 319-
324.

Xia HL, Wang YG, Wan HB, Ma HQ and Chen ZM (1992) Growth
dilution by tea plants during the degradation of pesticides in
tea plants. Journal of Tea Science 12: 1-6.

Manuscript No. PRJ/08/17-11
Received 28 August, 2017; Accepted 16 February, 2018



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


