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Abstract

Neonicotinoid insecticides are used for preventing insects from transmitting plant viruses. This group of chemicals
are easily taken up by plants and translocated to different tissues and are applicable for soil treatment in sustained-
release tablets, which greatly reduces environmental contamination compared to foliar spray. The goal of this study
was to examine the efficacy of thiamethoxam, acetamiprid and nitenpyram in tablet formulation against whitefly,
Bemisia tabaci, the vector of tomato chlorosis virus (ToCV) under laboratory and greenhouse conditions. Effective
50% lethal concentration (LC50) of thiamethoxam, acetamiprid, and nitenpyram on B. tabaci were 2.18, 0.46 and
0.18 μg/g plant tissue, respectively. In vitro test showed that tablets of 10 mg nitenpyram applied in seedbed with
thiamethoxam transplanting treatment showed 80.9% control of B. tabaci on tomato and 75.5% of ToCV after 32
days of transplanting. Therefore, neonicotinoid tablets were an effective strategy of soil treatment in controlling
viruliferous insects and ToCV with reduced environmental contamination.
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Background
Vegetable crops have been threatened by viral diseases
that cause significant economic losses (Dáder et al. 2015;
Tolin and Fayad 2016), and tomato chlorosis virus
(ToCV) is one of the pathogenic agents leading to the
diseases. ToCV can reduce the vigor of tomato plant
and lead to a significant decline in fruit production
(Zhao et al. 2014). For directly suppressing plant viruses,
no effective chemicals are available. Instead, viruses may
be controlled by management of virus-spreading vectors
(Roditakis et al. 2017; Zheng et al. 2017). Previous stud-
ies have shown that ToCV is transmitted by whitefly,
Bemisia tabaci (Wintermantel and Wisler 2006; Orfani-
dou et al. 2014). Neonicotinoids insecticides, a group of
systemic chemicals, have been widely used to control

piercing sucking insects (Kodandaram et al. 2017) in-
cluding B. tabaci. These chemicals can be easily
absorbed by and translocated in plants. The downside of
using this product group, however, is the risk of environ-
mental contamination if applied on foliage (Byrne et al.
2007; Gill et al. 2012; Hallmann et al. 2014).
To take the advantage of the highly effective insecti-

cides, neonicotinoids, while reducing environmental
contamination, an improved technique of pesticide ap-
plication needs to be proposed. Seed treatment with
neonicotinoids is one effective technique (Douglas and
Tooker 2015), but chemicals in the coating layer can be
quickly released, resulting in a limited period of effect-
iveness (Ekbom and Müller 2011; Kennedy and Connery
2012). Alternatively, tablet formulation can improve the
product efficiency (Castle et al. 2009). The tablet formu-
lation allows chemicals to be slowly released and there-
fore can extend the period of effective action. This
method also offers an environmentally safer alternative
(Prudnikova et al. 2013; Volova et al. 2017). Tablets are
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easy to store and transport and are less toxic to plants
and human beings (Zhang 1993).
Effective prevention of viral diseases starts at an early

stage of seedlings. Neonicotinoids tablets can be applied
at seeding or transplanting period, which stop whitefly
in seedbed and transplanting stage, and therefore can ef-
fectively prevent the spreading of viral diseases. The ob-
jectives of this work were to determine the efficacy of
neonicotinoids (thiamethoxam, acetamiprid and niten-
pyram) in tablet formulation, their safe dosages, best
time of application under laboratory and greenhouse
conditions; and to validate the effect of these neonicoti-
noids insecticds on whitefly and ToCV under field con-
ditions after transplanting.

Results
LC50 of thiamethoxam, acetamiprid and nitenpyram on B.
tabaci
To determin the effective leathal concentration of neoni-
cotinoid in plants on B. tabaci, biological assay together
coupled with HPLC analysis were applied. Mortality rate
of B. tabaci ranged from 1.81 to 94.27% when tomato
leaves were soaked in aqueous solution of thiamethoxam
from 2 to 100 μg/mL in advance, and no B. tabaci died
at concentrations of thiamethoxam lower than 2 μg/mL
(Fig. 1). The mortality rate of B. tabaci ranged from 2.64
to 100% when treated with 0.5 to 10 μg/mL of acetami-
prid, and from 10 to 100% with 0.5 to 10 μg/mL of niten-
pyram. All whiteflies were dead when treated with either
acetamiprid or nitenpyram at concentrations higher than
10 μg/mL. Under the same conditions, mortality rate in
untreated control was 0%. Therefore, the bioactivity of
acetamiprid and nitenpyram on whiteflies was more ef-
fective than thiamethoxam. The detected concentrations
of thiamethoxam, acetamiprid and nitenpyram in soaking

solutions were in accordance with the regression equation
as y = 0.0678x + 0.2776 (R2 = 0.9956), y = 0.0834x + 0.1766
(R2 = 0.9997) and y = 0.0744x + 0.037 (R2 = 0.9986), where
y represents probability of inhibition and x represents
logarithmic transformation of chemical concentration
applied.
A HPLC method was established for analyzing three

neonicotinoids. Retention times of standard compounds
were 5.78, 10.75 and 5.48 min for thiamethoxam, aceta-
miprid and nitenpyram, respectively. The recovery of the
three compounds ranged from 88.5 to 98.7% with rela-
tive standard deviation (RSD) from 1.3 to 6.5%. The con-
centration of each tested neonicotinoid insectcide in
tomato leaves was determined by HPLC. Toxicity regres-
sion equation of thiamethoxam, acetamiprid and niten-
pyram on B. tabaci was determined as y = 2.74x + 4.07
(R2 = 0.98), y = 4.71x + 6.58 (R2 = 0.91), y = 3.45x + 7.61
(R2 = 0.99), where y represents probability of inhibition
and x represents logarithmic transformation of chemical
concentration in plant. LC50 was 2.18, 0.46 and 0.18 μg/g
fresh plant for thiamethoxam, acetamiprid and niten-
pyram, respectively.

Impact of tablets of thiamethoxam, acetamiprid and
nitenpyram on emergence and growth of tomato
seedlings
None of the three insecticides in tablets affected the
emergence of tomato (Additional file 1: Table S1), but
had different effects on the growth of tomato seedlings.
Tomato roots and leaves were deeply injured with aceta-
miprid tablets at 1 mg/plant and thiamethoxam at > 5
mg/plant. Dehydration of the leaf margins caused by
these two insectcides occured at concentrations lower
than that for injury (Fig. 2). As the concentration of thia-
methoxam and acetamiprid increased, seedling defoliation

Fig. 1 Toxicity of three insecticides against Bemisia tabaci. Mortality rate in untreated control is 0%. Rectangular bars represent mean values,
which were marked with standard deviation. The x-axis shows the concentrations of the pesticide solutions used for leaf soaking
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and poorly developed roots occurred. Leaf surface of to-
mato seedlings was not injured by thiamethoxam tablets
at concentrations lower than 5mg/plant, but plant height
was significantly suppressed at 1 and 2mg/plant. Tomato
seedlings were more tolerant to nitenpyram at set doses
except 15mg/plant, at which tips of tomato leaves grad-
ually turned yellow 7 days after emergence. Therefore,
thiamethoxam and nitenpyram were selected for further
study and acetamiprid was removed from the test list.

Absorption and translocation of nitenpyram and
thiamethoxam in tomato plants
Leaves of tomato plants under the treatment of niten-
pyram tablets at 5, 10 and 15mg and thiamethoxam at
1, 2 and 5mg were collected at 7 to 42 days after seed
emergence with a 7-day interval to detect the uptake of
pesticides in tomato plants. Nitenpyram was detected at
12.55 to 46.28, 30.79 to 102.07 and 14.89 to 111.99 μg/g
corresponding to tablet dose of 5, 10 and 15mg, respect-
ively (Fig. 3). Insecticide content detected in the seed-
lings treated with 10 mg nitenpyram was approximately
twice that with 5 mg. However, for the treatment with
15mg nitenpyram, the amount of insecticide taken up
into plants did not further increase as expected. Thia-
methoxam of 12.47 to 15.58, 11.89 to 33.38 and 68.85 to
192.73 μg/g were detected corresponding to tablet of 1,
2, and 5 mg, respectively within 42 days. The concentra-
tion of both chemicals in plants reached a peak 7 days

after emergence at 10 and 15 mg nitenpyram and 5mg
thiamethoxam. However, with lower doses, the concen-
tration reaching to peak was extended to 14 days after
emergence for nitenpyram at 5 mg and thiamethoxam at
2 mg and 1mg. Following the peak time, both chemicals
started declining (Fig. 3).

Effects of soil application of neonicotinoid tablets on B.
tabaci and ToCV
Whitefly control at seedling stage and after transplanting
In the pot experiment, mortality rate of B. tabaci treated
with neonicotinoid tablets was from 90 to 98% between 14
and 28 days after planting (Fig. 4), and no symptoms of
ToCV was observed on the insectide-treated plants.
Owing to a strict management in seedling cultiva-

tion factory, whitefly population in tomato fields was
very low in the period from seed emergence to seed-
ling transplanting stages with or without treatment of
nitenpyram tablet (5 and 10 mg) at seeding. Thia-
methoxam (40 mg) tablet used at transplanting ob-
tained the whitefly control ranging from 79.5 to 83.2%
on the 32nd day, and from 56.1 to 62.9% on the 46th
day (Table 1). The control efficacy of whitefly on the
32nd day was much higher than that on the 46th day.
The best control efficacy of pesticide tablet was
achieved by nitenpyram (10 mg) treatment at seeding
followed by thiamethoxam (40 mg) at transplanting,
which was 4.1% lower than that of thiamethoxam (60 g

Fig. 2 Effects of pesticide tablets on tomato seedling in seedbed. Tomato seedlings treated by tablets containing 10 mg thiamethoxam (a), 10
mg nitenpyram (b), 1 mg acetamiprid (c), and no chemicals for control (d). Leaf surface injury was found 14 days after emergence
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a.i./ha) on foliage. Though, the effect of insects control
was good enough.

ToCV control after transplanting
Symptoms of ToCV were not found on tomato plants
until 20 days after transplanting, when some faded green
spots or slight chlorosis were observed on main veins of
leaves or basal leaf blades of the non-treated plants.
Symptoms were not observed on tablet-treated leaves
until 30 days after transplanting.

Compared with the ToCV disease index of non-
treated plants (Table 1), both foliar spray with regular
formulated product and soil application with tablet re-
sulted in significant control on ToCV. Disease intensity
progressively increased during the evaluation period,
which was shown by significant disease index increase
from 32 to 46 days after transplanting. Tablets of niten-
pyram with seed sown at 5 mg and 10 mg followed by
40mg thiamethoxam at transplanting, showed the high-
est level of control against ToCV. Disease control
reached 70.3% and 75.8% by the tablet treatments, which

Fig. 3 Uptake of thiamethoxam (a) and nitenpyram (b) in tomato plants after emergence
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were about 20% more than thiamethoxam foliage spray,
and 12% more than that of tablets applied only on
transplanting.

Discussion
Sustained-release dosage forms of pesticide include
microcapsule, tablet, pellet, granule, and seed coating
agent, which hold the active ingredient to be released
slowly over a prolonged period of time. These dosage
formulations are of great importance in reducing the
loss of active ingredients in the environment, increasing
utilization, reducing usage rate and the cumulative re-
sidual toxicity. Neonicotinoids are usually characterized
by long persistence (Anderson et al. 2015; Struger et al.
2017) and are very suitable for soil treatment in the form
of tablets at sowing (Jeschke et al. 2011). According to

the characteristics of the pesticides and the occurrence
of pests and diseases, appropriate time and application
method should be selected to achieve safe and effective
control.
Neonicotinoids are systemic pesticides that can be

absorbed by tomato roots when applied in soil and
translocated in plants. Through systemic movement in
plants, these chemicals show a high level of toxicity
against pests above ground (Huseth et al. 2014). The
concentration of insecticides in plants has been associ-
ated with the uptake content. The uptake efficiency in
tomato seedlings of thiamethoxam was much higher
than that of nitenpyram, indicating thiamethoxam was
easier to be absorbed and transmitted in tomato seed-
lings than nitenpyram. This helps plants prevent insect
damage, but may be unsafe to the seedlings due to

Fig. 4 Effects of nitenpyram tablets on Bemisia tabaci in seedbed, measured at 14, 21, and 28 days after planting. Mortality rate of B. tabaci in
untreated control is 0%

Table 1 Effect of neonicotinoid tablets on Bemisia tabaci and tomato chlorosis virus measured on days 32 and 46 after
transplanting

Treatment /plant Whitefly control (%) Disease index (%) Disease control (%)

32 d 46 d 32 d 46 d 32 d 46 d

Tablet of nitenpyram (5 mg) on seed 48.9 c 30.1 c 6.2 b 15.2 b 31.9 d 16.0 c

Tablet of nitenpyram (10 mg) on seed 51.2 c 35.0 c 4.0 cd 13.7 c 56.0 bc 24.3 b

Tablet of nitenpyram (5 mg) on seed followed by thiamethoxam
(40mg) at transplanting

79.5 b 56.1 b 2.7 e 10.7 d 70.3 a 40.9 a

Tablet of nitenpyram (10 mg) on seed followed by thiamethoxam
(40mg) at transplanting

80.9 ab 57.2 b 2.2 e 10.9 d 75.8 a 39.8 a

Tablet of thiamethoxam (40mg) at transplanting 83.2 ab 62.9 a 3.8 cd 13.8 c 58.2 b 23.8 b

Thiamethoxam (60 g a.i./ha) on foliage 85.0 a 63.9 a 4.4 c 13.2 c 51.6 c 27.1 b

Non-treated control – – 9.1 a 18.1 a – –

The values within each column followed by different letters differ significantly (P ≤ 0.05). The infestation with B. tabaci in non-treated control was 136.4 per plant
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phytotoxicity. In this study, both thiamethoxam and aceta-
miprid could damage young seedlings after a high dose
was taken into the plant. The activity of three neonicoti-
noids against adult B. tabaci B-type were ranked from
high to low: nitenpyram > acetamiprid > thiamethoxam.
Escepically, the nitenpyram tablet formulation combined
high plant safety with high insecticidal activity.
Soil application of tablets with 5 or 10 mg nitenpyram

allowed plants to absorb sufficient doses to kill B. tabaci,
and therefore effectively prevented ToCV before trans-
planting. This helped to control the disease at seedling
stage post transplanting. LC50 of nitenpyram was deter-
mined as 0.18 μg/g fresh plant in this study, which was
significantly lower than previously reported (Wang et al.
2017). This is mainly because the concentrations in this
study were detected in fresh leaves by HPLC, while those
reported in literature (Wang et al. 2017) were normally
the concentrations of pesticides active ingredient in
water sprayed on leaves.
All treatments had similar effects on controlling ToCV

and significantly reduced the disease it caused. However,
nitenpyram in tablet formulation applied in soil at sow-
ing was more effective than in suspension formulation
applied by foliar spray, which suggested that controlling
B. tabaci can reduce the occurrence of tomato chlorosis
virus disease at the nursery stage. ToCV could be spread
by whiteflies and invade tomato seedlings in seedbed,
but did not result in visually apparent symptoms at an
early stage. Therefore, the seedbed stage was a critical
period for ToCV control.
We have shown that seeds sowed with nitenpyram tablets

ensured tomato plant to be more resistant to ToCV. As
plants matured, insecticide concentration decreased in
plants. When the tomato plants were about to enter the
flowering period, the insecticides were mostly released from
the tablets. Therefore, a secondary application of the insec-
ticides was required. For example, YITE® tablets are sug-
gested to be applied twice during the whole plant growing
period based our investigation (unpublished data).
Early prevention and control of B. tabaci could delay

the occurence of tomato chlorosis virus disease and re-
duce disease severity at a later stage, which favored to-
mato plants for normal photosynthesis, growth and
flowering. The dose of pesticide tablets used at seeding
needed to be based on the infestation level of B. tabaci.
Our results showed that using tablets of 5 mg niten-
pyram at tamato sowing stage was sufficient to control
the initial infestation of B. tabaci. After transplanting,
tablets should be used in a 3- or 4-week interval during
pest’s active season. The use of tablets not only con-
trolled ToCV at an early stage, but also could reduce fo-
liar sprays after transplanting, thus decreasing pesticide
release in an environmentally sound and safe manner
over the whole growing season.

Conclusions
A tablet is a sustained release formulation that can be
used for soil treatment, as it contains high dose of che-
micals, releases slowly, and possesses long validity. The
application of neonicotinoid tablets were effective for
soil treatment to prevent the spread of tomato chlorosis
virus by controlling its insect vector, B. tabaci. The high-
est dose of nitenpyram was recommended at 10 mg per
plant by seed treatment, and the persistent period can
last for more than 1 month, thus ensuring the normal
growth of plants, and maintaining a high yield.

Methods
Technical grade of acetamiprid (a.i. 97.3%), thia-
methoxam (a.i. 95.4%), and nitenpyram (a.i. 97.3%) were
obtained from Shandong Sino-Agri United Biotechnol-
ogy Co., Ltd. (Jinan, China). Analytical standards of the
pesticides were obtained from Shanghai Institute for
Food and Drug Control (Shanghai, China). GCB, PSA
and C18 were obtained from Agilent Technologies
(Beijing, China). MeOH (HPLC grade) was provided by
Fisher Scientific (Shanghai, China). Pure water was ob-
tained from a Milli-Q device (Millipore Crop, Beford,
MA, USA). Other reagents (analytical grade) were pro-
vided by Beijing Chemical Works (Beijing, China). Prod-
uct YITE® Tablet, containing 40 mg thiamethoxam (a.i.),
10 mg starch, 10 mg surfactants and 140 mg bentonite
per tablet, was provided by Baoding Shunnong Plant
Protection Limited Company (Hebei, China). Pesticide
tablets containing either acetamiprid, thiamethoxam or
nitenpyram were prepared with a weight of 200mg con-
taining active ingredients (1–40 mg a.i.), starch (10 mg),
surfactants (10 mg) and bentonite (179–140 mg). Pesti-
cides were milled to median particle diameter of 10 μm
by fluid energy milling (BKY100, Kunshan Boké Smash
Equipment Co., Ltd.) before tableting. Actara® (Syngenta,
Shanghai, China) is a formulation of water dispersible
granule containing 25% (w/w) thiamethoxam.
B-biotype B. tabaci was provided by the Institute of

Vegetables and Flowers, Chinese Academy of Agricultural
Sciences. Whitefly colonies were maintained in a growth
chamber at a photoperiod of 16:8 h (light:dark), 28 ± 2 °C
and 50%–60% relative humidity (RH). Tomato ‘HeZuo
908 Pink’ plants were grown in a greenhouse at China
Agricultural University under the same temperature and
humidity settings as used in the growth chamber.

Toxicity assay
Toxicity of neonicotinoids was examined using both bio-
assay and HPLC analysis. The procedure was based on
the optimized leaf immersion method (Wu et al. 2003).
Briefly, insecticides were dissolved in dimethyl sulfoxide
to make a stock solution with concentration of 104 μg/
mL. When used, the stock was further diluted into 100,
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50, 20, 10, 5, 2, 1, and 0.5 μg/mL using deionized water
with 0.1% Tween 20 added. Ten grams of fresh tomato
leaves collected from seedlings at 4-leaf stage were
soaked in 300 mL of the above serial solutions and de-
ionized water (control) respectively for 1 h. The treated
leaves were rinsed constantly for 3 min with deionized
water to remove surface residual chemical. In the end,
excessive water was removed using filter paper. The
leaves were prepared in duplicates, with one set for bio-
assay, and another for HPLC analysis. The insecticide-
treated leaf was referred as a toxic leaf.
A 500-μL micro tube containing 1.5% water agar was

prepared, with the lid having a hole punched. A toxic
leaf was inserted into the tube with the petiole end em-
bedded into the medium through the hole. The micro
tube was then placed into a thimble tube (15 cm in
height and 1.5 cm in diameter), which was sealed with a
cotton ball after moving 20 adult B. tabaci (Fig. 5). Fresh
tomato leaves treated by deionized water were used as a
control. Each treatment had 3 replicates. The materials
were incubated for 48 h at 22–25 °C. The rate of mortal-
ity for the insects were counted by the number of live in-
sects on treated plants devided by that on nontreated
plants. The experiment was conducted twice.

Safety assessment of insecticide tablets on tomato
seedlings
Insecticides and solid adjuvants were mixed adequately
and pressed through mold to obtain a constant weight
of 0.1 g per tablet, with active ingredient being 1, 2, 5, 10
and 15mg of either thiamethoxam, acetamiprid or niten-
pyram respectively. A plastic tray (540 mm × 280mm)
containing grids of cells was filled with soil (peat/ver-
miculite, 2:1 v/v) at 1 cm in thickness, followed by add-
ing one tablet in each cell, and covered with 1 cm soil
layer. Tomato seeds were sowed in the prepared soil in
each cell. Tablets and seeds were spaced at least 3 cm in
distance. The seedlings were grown in a greenhouse
(27 ± 2 °C, 80% RH and 12 h photoperiod). Plant emer-
gence and growth were evaluated.

Uptake of insecticides in tomato plants
The aboveground tomato seedlings treated with insecti-
cides were collected at 7, 14, 21, 28, 35, and 42 days after
emergence and stored at − 20 °C. Insecticides were de-
tected qualitatively and quantitatively in the leaf samples
using HPLC analysis as described above. The collected
data were used to calculate the control effect, persistence,
and the LC50 based on the uptake dynamic of insecticides.

Effect of pesticide tablets on the control of B. tabaci and
ToCV
To detect the effect of nitenpyram tablet on controlling
B. tabaci during the period of tomato seedling, pot

experiments were carried out in a green house at China
Agriculture University. At seeding, tablets containing 0
(control), 5, 10 and 15mg nitenpyram were buried under

Fig. 5 Demonstration of bioassay. To maintain the freshness of leaves,
plant leaflet was placed in a 0.5mL centrifuge tube with the petiole in
water agar. Insect sucking equipment was designed by connecting a
rubber tube to a syringe, which was used to intake white flies from
plant leaves and transfer into the test tube. There were 20 adult B.
tabaci in each tube. The tube was covered with a cotton plug
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tomato seeds with 3 cm of soil in between and one tablet
per seeding site in each seeding hole. In each treatment,
150 tomato plants were grown with 3 replications and a
completely randomized design. Mortality was counted at
14, 21, and 28 days after sowing.
To test the persistency of control effect of pesticide

tablets on B. tabaci and ToCV, field trials were con-
ducted at Shouguang Vegetable Production Station from
July 9th to September 15th 2017. In the nursery facility,
tablets containing 5 and 10mg nitenpyram were applied
together with tomato seeds in seedling bed with one tab-
let per seeding site by the same method of pot experi-
ments. After 28 days from sowing, emerged tomato
seedlings were transplanted into a field, and placed with
tablets of 40 mg thiamethoxam (YITE®), which were bur-
ied about the same depth and 5 cm away from the bot-
tom of the root in soil. Non-treated tomato seedlings
were treated in three ways: 1) seedlings were placed with
tablets of 40 mg thiamethoxam at transplanting; 2) thia-
methoxam (Actara®, 25% thiamethoxam WG) was ap-
plied on foliar at 7, 14 and 24 days after the
transplanting at 60 g a.i./ha; and 3) non-treated seedlings
as a control. After transplanting, tomato seedlings were
slightly watered to keep the soil moist and loose. The
seedlings were watered for the first time at 7 days after
planting and a minimal amount of water was added dur-
ing drought before blossom. Each plot was sized with 50
m2 and had 200 tomato plants with 4 replications. The
experiment was a randomized complete block design.
Field management was carried out using a local standard
production operation. The control efficacy of pesticides
on B. tabaci and ToCV, and the disease index of ToCV
was investigated at 32 and 46 days after transplanting.
The trial was conducted twice.
The control effect on B. tabaci (IT%) was as IT = [(CK

– IT1)/CK] × 100, where CK is the number of live white-
flies, and IT1 is the number of live whiteflies treated with
pesticides. To calculate the effect of pesticides against
ToCV, disease symptoms were categorized (Li et al.
2016) from 9 levels: level 0: no symptoms; 1: several
faded green spots appeared on part of basal leaves, or
slight chlorosis spots shown along main veins, but the
plant did not show dwarf symptom; 3: faded green spots
appeared on the entire piece of basal leaves, but only
basal leaves appeared yellowing, dwarf phenomenon was
not obvious; 5: chlorosis appeared on the upper and
lower leaves of the whole plant, plant was weak and
dwarf, and the decrease of the yield of tomato fruit is 1/
3; 7: etiolation phenomenon was badly on the leaves of
whole plant, leaves became rigid, plant were dwarfed,
and yield reduced by half; 9: etiolation phenomenon was
badly on whole plant, the height of dwarf plant was less
than 1/2 of the normal plants, and it had no value to
continue to grow. Disease index (DI) was calculated as

DI = ∑(disease level × number of plants surveyed of each
level)/ (The highest level × number of all plants sur-
veyed) × 100. The control effect of ToCV was calculated
as PT = (DI0 – DI1)/ DI0 × 100, where PT = control effect
(%), DI0 = DI of control, and DI1 = DI of pesticide
treatment.

Detection of insecticide content in tomato using HPLC
Pesticides were extracted from neonicotinoid-treated
leaves for HPLC analysis (Core 2003; Bilehal et al. 2016).
Tomato plant tissues were frozen with liquid nitrogen
and then crushed into fine powder. A 3-g powder sam-
ple was placed in a 50 mL polypropylene centrifuge tube.
An aliquot of 3 mL of ACN with ACOH 1% was trans-
ferred into a tube and vortexed vigorously for 60 s, and
then NaCl (1 g) was added. The mixture was hand-
shaken for 30 s, vortexed for 60 s, and then centrifuged
at 3040 ×g for 10 min. One milliliter of the supernatant
(ACN phase) was transferred into a 1.5 mL centrifuge
tube containing 50mg primary secondary amine (PSA),
10 mg graphitized carbon blacks (GCB) and 100 mg
Na2SO4, but 50 mg C18 was replaced with 10mg of
GCB for the extract of nitenpyram, then vortexed for 30
s. Subsequently, the extract was centrifuged again at
3040×g for 10 min, and the supernatant was filtered into
a glass tube through 0.45 μm membrane. The sample
was stored in a freezer at − 20 °C for later use.
HPLC analysis was conducted by referring to pub-

lished literatures (Abdel-Ghany et al. 2016; Vichapong
et al. 2016).. Chemical separation was performed with a
Spuril™ C18 (5 μm× 250mm × 4.6 mm) column (Agilent
Technologies, Beijing, China) at room temperature
(25 ± 1 °C). MilliQ (A) water and MeOH (B) were used
as mobile phases, and the following gradient was 35/65
(A/B) between 0 to 6 min for thiamethoxam and 0 to 12
min for nitenpyram and for acetamiprid, and after then
changed to 0/100 (A/B). Flow rate was 1mL/min and in-
jection volume was 10 μL. Detection wavelength was
254 nm for both thiamethoxam and acetamiprid, and
260 nm for nitenpyram.
A calibration curve was established by analyzing spiked

tomato plant matrices over a range of six concentrations
from 0.1 to 100 μg/g. The precision and repeatability were
expressed as RSD (%) of three concentrations for each
chemical: 1, 10 and 50mg/kg for thiamethoxam and 5, 10
and 50mg/kg for nitenpyram.

Statistical analysis
Data were analyzed using in SPSS statistical package
(Version 25.0. Armonk, NY: IBM Corp., USA), and ana-
lysis of variance (ANOVA) was performed. Toxicity re-
gression equations were established by correlating probit
value of B. tabaci mortality rate and logarithm of the
dose of insecticides, from which LC50 of the insecticides
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was derived. Means were separated by Fisher’s multiple
range test at significant level α = 0.05.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s42483-019-0044-4.

Additional file 1: Table S1. Safety assessment of insecticide tablets on
tomato seedlings.
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