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Bemisia tabaci (tobacco whitefly) is one of the most harmful invasive species in the world. It causes devastating damage
to many crops during the invasion process and is an important pest worldwide. B. tabaci harms crops mainly by directly
feeding on plant juice, affecting plant nutrient metabolism, causing plant leaves to appear yellow spots, yellowing and falling
off in severe cases, and abnormal or irregular fruit structure. Adults and nymphs of B. tabaci can also secrete honeydew to
contaminate plant organs and induce coal pollution. When the density is high, the leaves can turn black, which seriously
affects the photosynthesis of plants and reduces the quality of crops. Another important way of B. tabaci is to spread plant
viruses. Generally, after an outbreak of B. tabaci, the virus transmitted by it will occur. These viruses can cause plant leaf
curling, plant dwarfing and fruit abortion, causing serious losses. A single foliar spray of 10 pesticides was used in order
to screen out high-efficiency pesticides for controlling B. tabaci on tomato. Control experiments to carry out at the initial
stage of the occurrence of B. tabaci, and a survey of the control effect was carried out 1, 3 and 7 days after the treatment.
The results showed that the best effect on B. tabaci had on F (5% Diprofen) variant 1 day after treatment. It was 41 %, which
was significantly higher than other test reagents. None of the reagents showed good fast-acting effects. Option C (22,4 %
Spirotetramat) had the best control effect on B. tabaci three days after spraying — 72 %. The worst effect (62 %) was when
treated with pesticides in experimental variants | (60 % Flonicamid) and G (10 % Cyantraniliprole). Spraying the plants gives
the best effect of neutralizing the pest and is 86 % on option J (20 % Mevirpirazone) after 7 days, which is much higher than
other test reagents. Phytotoxicity for tomatoes was not detected in three field studies conducted from 13 to 20 October 2020.
We can choose in the field control process of pest B. tabaci 20% Mevirpirazone suspension concentrate, which can be
used in combination with 22,4 % Spirotetramat suspension concentrate and 5% Diprofen dispersible concentrate to achieve
better control effect. This method of pesticides selection will provide effective protection of greenhouse vegetables from
the damage impact of pest B. tabaci.
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Introduction

China is a big agricultural country. As one
of the important agricultural products, vegetables are
very rich in types and variety resources (Fang Wei, 2011),
China is the world’s largest vegetable consumer country,
with the rapid development of the times and the continuous
improvement of the people’s living standards. In order to
meet people’s demand for fresh vegetables in different
seasons, more and more facility vegetables such as
solar greenhouses and plastic greenhouses are being
planted (Wu, 2017). The development of the facility
vegetable industry has played a key role in the year-round
supply of vegetables in the long-existing seasons of lack
of vegetables in winter and summer in China. It is of great
significance to vegetable production in high latitude areas
with short frost-free periods and insufficient light and heat
sources (Fang, 2011). The proportion of facility vegetable
production in the vegetable planting industry has gradually
increased. The large-scale development of facility
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vegetable plots has become the main force in vegetable
production (Hou, 2011).

B. tabaci belongs to the whitefly genus Hemiptera
(Palumbo et al., 2001; Liu et al., 2012; De Barronet et al.,
2011; Chuetal., 2005; Zhang et al., 2019). Itis an omnivorous
insect and mainly damages Solanaceae, Cucurbitaceae,
Cruciferae, leguminous vegetables and some flower crops.
It has a wide host range, with more than 600 species of host
plants, which can transmit more than 15 kinds of viruses
and cause more than 40 kinds of plant diseases (Xu et al.,
2011; Wang et al., 2016; Pan et al., 2015; Liet al., 2015). The
adults, nymphs, and eggs of B. tabaci in facility vegetables
basically feed on the back of the leaf. The sprayed chemicals
are basically covered on the front of the leaf, which is less
harmful to pests (Peng et al., 2016). Frequent increase in
the frequency of application of pesticides did not significantly
reduce the number of pests. This phenomenon is caused
by unreasonable chemical control in production that makes
pests resistant to commonly used pesticides (Tang et al.,
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2016; Wang et al., 2010; Luo et al., 2010; Roditakis et al.,
2010). In the process of using pesticides, only 1 % of them
are effective, and the remaining 99% are scattered in
the soil, air and water bodies, greatly causing agricultural
environmental pollution and ecological damage (Erdogan et
al., 2008; Kang et al., 2006; Qin et al., 2011).

At present, there are three main types of conventional
chemical insecticides used to control B. tabaci: nicotinic
insecticides (imidacloprid), synthetic insecticides (pyrethroids)
and insect growth regulators (floxacin). Due to the long-term
use of these agents to control the B. tabaci has developed
acertain resistance to these types of drugs, making it difficult to
prevent and control pest. We often use the method of rotating
chemical agents to slow down the resistance of whitefly.
Chemical agents such as 10% imidacloprid, abamectin,
25% Actai (WG) are commonly used to prevent and control
the whitefly in the early stage of the occurrence of whitefly. In
order to avoid the pests from developing resistance, a variety
of agents can be used in rotation (Wang, 2012; Castle, 2005;
Watanabe et al., 2018; Turson et al., 2011). The purpose
of this experiment is to understand the resistance level
and development status of B. tabaci, and to provide a basis
for the rational use of pesticides and delay the development
of B. tabaci resistance.

Materials and methods

Test agent

25% Thiamethoxam water dispersible granules
(Zhejiang Qianjiang biochemistry Co., Ltd.), 9% Mineral oil
emulsifiable concentrate (Shandong Keda Venture Biology
Co., Ltd.), 22,4% Spirotetramat suspension concentrate
(Bayer Crop Science), 17 % Flurpyrone soluble concentrate
(Bayer Crop Science), 70% Acetamiprid water dispersible
granules (Shaanxi Thompson Biotechnology Co., Ltd.),
5% Diprofen dispersible concentrate (BASF (China)
Co., Ltd.), 10% Cyantraniliprole suspension concentrate
(FMC (China) Investment Co., Ltd.), 1,8% Abamectin
emulsifiable concentrate (Zhejiang Zhongshan Chemical
Group Co., Ltd.), 50 % Flonicamid water dispersible granule
(Shandong Huimin Zhonglian Biotechnology Co., Ltd.),
20% Mevirpirazone suspension concentrate (Shanghai
Shengnong Biochemical Products Co., Ltd.).

Test materials

The experimental crop was tomato (Zaofen 2) in
greenhouse.

Test method

The test plotis located in the solar greenhouse on the east
campus of Henan University of Science and Technology.
Tomatoes were planted on August 19, 2020, with 667 m?
planting 2000 plants. The cultivation conditions (cultivation,
fertilization, plant and row spacing, etc.) of the test plots are
consistent and conform to local cultivation habits. Atotal of 10
chemical treatment groups and a clear water control were
set up in the experiment: treatment A — 25 % Thiamethoxam
water dispersible granules (20 g for 667 m?); treatment B —
9% Mineral oil emulsifiable concentrate (500 g for 667 m?);
treatment C — 22,4 % Spirotetramat suspension concentrate
(30 mL for 667 m?); treatment D — 17 % Flurpyrone soluble
concentrate (40 mL for 667 m?); treatment E — 70%
Acetamiprid water dispersible granules (3 g for 667 m?);

treatment F — 5% Diprofen dispersible concentrate
(40 mL for 667 m?); treatment G — 10% Cyantraniliprole
suspension concentrate (40 mL for 667 m?); treatment
H — 1,8% Abamectin emulsifiable concentrate (40 mL for
667 m2); treatment | — 50% Flonicamid water dispersible
granule (10 g for 667 m?); treatment J — 20 % Mevirpirazone
suspension concentrate (40 mL for 667 m?). Each treatment
was repeated 3 times, a total of 33 test plots, each plot area
is about 18 m2, arranged in random blocks. The dosage
of each test agent is the maximum recommended dosage.
The medicament is sprayed with Zhejiang Taizhou Minghui
3WBD-16 electric sprayer, and the water consumption is
30 L per 667 m?. The first application will be carried out on
October 13, 2020.

Investigation methods

Investigate the number of insect populations before
spraying, and at 1, 3, 7 days (October 14, 16 and 20) after
spraying, the number of insect populations was determined
at designated locations. Each plot adopts a 5-point sampling
method, and each spot is marked with 2 tomato plants.
Investigate the number of adults in the whole plant when
the adults are not active in the morning.

Formula for calculating efficacy: Decline rate of insect
population = (number of insects before spraying — number
of insects after spraying) / number of insects before spraying
times 100 %.

Corrected control effect = 1 —the number of prednisolone
in blank control area times the number of insects after
chemical treatment / the number of insects after chemical
treatment in blank control area times the number of insects
before pesticide treatment times 100 %.

Statistical Analysis

DPS software was used to perform statistical analysis
on the test data, and Duncan’s new multiple range method
was used to analyze the variance of different agents against
B. tabaci.

Results

Control effect of treatment agent on B. tabaci

The effect of different treatments on the control of B. tabaci
was different 1 day after the medicine. The corrected control
effect of treatment F on B. tabaci is the best 41 %, which is
equivalent to the effects of treatments H, A, B and J, which
is significantly higher than other test reagents. Treatment C
has the worst control effect on B. tabaci on tomato by 28 %.
None of the treatment reagents showed good quick-acting
properties. 3 days after the treatment, although there are
differences in the control effects of different treatments on
B. tabaci, the overall difference is small. Treatment C has
the best control effect on B. tabaci at 72%, and treatments
I and G have the worst effect at 62 %. 7 days after treatment
the best control effect of treatment J was 86 %, which was
equivalent to treatment G and D, and treatment B had
the worst effect of 52 %, which was significantly higher than
other test reagents (Table 1, Figure 1).

Drug safety

In the three field surveys conducted on October 13-20,
2020, the tomato plants were growing well, and there were
no symptoms of wilting, yellowing and other phytotoxicity,
indicating that each chemical treatment group controlled
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smoke powder according to the dosage and concentration
of the field trial. Lice are safe for tomato crops.

Discussion

The test results showed that: one day after treatment,
treatment F had the best effect on B. tabaci by 41 %, which
was significantly higher than other test reagents. Treatment
C had the worst effect on B. tabaci control by 28%, none
of the treatment reagents shows good quick-acting. Three
days after treatment C had the best control effect on B.
tabaci at 72%, and treatments | and G had the worst effect
at 62 %. Seven days after the treatment the best control effect
of treatment J was 86 %, and the worst effect of treatment
B was 52%, which was significantly higher than other test
reagents. In the three field surveys conducted on October
13-20, 2020, the tomato plants were growing well, and there
were no symptoms of wilting, yellowing and other phytotoxicity,
which indicated that the control of B. tabaci in accordance
with the dosage concentration of this field experiment was

safe for tomato crops. In the field control process, you can
choose 20% mefenproper suspending agent, which is used
together with 22,4 % spirotetramat suspending agent and 5%
diprofenac dispersible liquid agent.

In order to control B. tabaci effectively, comprehensive
control measures should be taken in addition to the above
chemicals. The first is agricultural control. The field should
be cleaned up in time. In the field with serious B. tabaci
infestation, weeds and leaves should be treated as soon
as possible, and the leaves with insect eggs should be
removed. Reasonable arrangement of crop rotation,
scientific layout, greenhouse cucumber, eggplant and other
non-mixed cultivation, can be interplanted with celery, garlic
and other crops with strong insect resistance. In winter,
timely opening the shed for ventilation can effectively
control the overwintering population of B. tabaci and reduce
the population base of B. tabaci (Peng Li et al., 2016; Zheng
Huixin et al., 2017).

Table 1
Control effect of tested insecticides on B. tabaci
p 1 day after medicine 3 days after medicine 7 days after medicine
re-
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A 139,3 98,3 0,29 0,39 54,2 0,61 0,72 86 0,38 0,58
B 102,1 75,1 0,26 0,37 43,0 0,58 0,70 72,6 0,29 0,52
C 1374 115,2 0,16 0,28 53,7 0,61 0,72 92,2 0,33 0,55
D 95,0 76,0 0,20 0,31 49,5 0,48 0,63 23,5 0,75 0,83
E 234,7 195,0 0,17 0,29 105 0,55 0,68 128,1 0,45 0,63
F 187,0 128,5 0,31 0,41 94,2 0,50 0,64 62,0 0,67 0,78
G 155,3 17,2 0,25 0,35 82,1 0,47 0,62 34,2 0,78 0,85
H 124,5 86,2 0,31 0,40 57,2 0,54 0,67 82,3 0,34 0,55
I 1440 112,0 0,22 0,33 75,3 0,48 0,62 62,3 0,57 0,71
J 172,6 123,5 0,28 0,38 78,0 0,55 0,67 34,6 0,80 0,86
CK 113,5 132,0 157,8 168,5
Note: The control effect is the average value of each repeat.
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Fig. 1. 10 kinds of pesticides to control B. tabaci in different days
Note: The lowercase letters in the table indicate the significance of the difference at the 0.05 level
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The second is physical control. The adults of B. tabaci
have strong yellow tendency and can be trapped by yellow
plate. The yellow board is usually suspended 20 cm above
the crop, and the height of the yellow board is adjusted with
the growth of the crop.

The third is biological control. Studies have shown that
the feeding of B. tabaci can increase the content of resistant
substances in some peppers, which is conducive to
the enhancement of insect resistance (Li Chuanming et al.,
2017). The experimental results of using different pesticides
to control whitefly on cowpea proved that the avermectin
biopesticide is more effective than other pesticides. 22%
Flonicamid suspension has high control effect on eggs
and nymphs, and 10 % Flonicamid water dispersible granules
have high control effect on adults. When the generation of B.
tabaci is serious, it can be based on different insect states.
The control effect is to choose the mixed use of several
pesticides (Chen Jincui et al., 2017).

Chemical fumigation is used to control B. tabaci. The
fumigation agent is 22% aphid aerosol, and the insecticidal
rate can reach more than 95% (Li Yan and Zhao Wanxuan,
2010). Imidacloprid was sprayed and rooted to control B.
tabaci, and the results showed that root irrigation was better

than spraying (Zong Jianping, 2009; Farifia AE et al., 2019;
Zou Chunhua et al., 2014). Using different concentrations
of imidacloprid roots to irrigate the method, the control effect
on tomato B. tabaci showed that imidacloprid root irrigation can
effectively preventand control the harm of B. tabaciand promote
the growth of tomato plants, which can be popularized in
production (Wang Shaoli et al., 2017; Liu Zhongliang, 2017).

Conclisions

Use 10 kinds of insecticides to control B. tabaci on
tomatoes in greenhouses. One day after treatment, 70%
Acetamiprid water dispersible granules have the best effect
on B. tabaci at 41%; 22,4% Spirotetramat suspension
concentrateis effective for B. tabaciontomatoes and the worst
control effect is 28%. 3 days after treatment, the 22,4 %
Spirotetramat  suspension concentrate has the best
control effect on B. tabaci at 72%. 7 days after treatment,
the best control effect of 20% Mevirpirazone suspension
concentrate on B. tabaci is 86 %. In the reagent production
process, we can choose 70 % acetamiprid water dispersible
granules, 22,4% Spirotetramat suspension concentrate
and 20 % Mevirpirazone suspension concentrate to promote
the prevention and control of B. tabaci and achieve better
prevention effect.
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Jlro WyHeso, acnipaHm, Cymcbkul HayioHanbHUl agpapHull yHieepcumem, M. Cymu, YkpaiHa, XeHaHCbKul iHecmumym
Hayku ma mexHosnoeii, M. XeHaHb, KHP

BnaceHko Bonodumup AHamonitiogu4, 00KmMop CinbCbKo2ocrnodapcbKux Hayk, npoghecop, CymcbKuli HauioHanbHUU
azpapHul yHisepcumem, M. Cymu, YkpaiHa

Monboesuti koHmpone ennusy 10 iHcekmuyudie Ha Bemisia tabaci 3a mennuyHoz2o supouwyysaHHs nomidopie y Kumai

Komaxa Bemisia tabaci (6inokpunka miomioHosa) € 00HUM i3 Haubinbw wkidnueux iHeasugHux eudie y ceimi. BoHa
3ae0ae pyUHigHOI WKoOU bazambOM CiflbCbKO20Crn00apChbKUM Kyfbmypam r1id 4ac npouyecy 8paxeHHs POCIUH i € TOWUPEHUM
wkiOHUkom Qoekinns. B. tabaci 3aedae wkodu Kymbmypam, xueumbcsi 6e3rnocepedHbO COKOM POC/UH, 8riueae Ha
MemaborsisM MOXUBHUX PEYOBUH, CPUYUHSIE YMBOPEHHS X08MUX MM Ha sucmkax ax 00 UifIKoeumoao MOXO08MIHHS
U onalaHHs1 8 pasi CUMbHO20 YPaxXeHHs, a MakoxX aHomarnbHy abo HernpasunbHy cmpykmypy nnodie. [opocni ocobuHu
ma Himepu B. tabaci makox Moxyms eudinamu MedsiHy pocy, sika 3abpyOHIOE opaaHu POCUH ma 8UKIUKAE MOYOPHIHHS.
Y pasi i sucokoi wjinbHocmi nucmsi MoXe YopHimu, wjo ceplosHO ernnueae Ha (homoCUHMe3 POCAUH | 3HUXYE SKICMb
ypoxaro. IHwul saxnusud HanpsM wkidnueocmi B. tabaci — nowupeHHs sipycie pocnuH. 3a3suyali nicnis cnanaxy B. tabaci
8i00ysaembCsl iHGhiKysaHHSI POCUH gipycamu. Lii gipycu MOXymb CIpUYUHUMU CKPYYy8aHHs1 IUCMSI POCIIUHU, Kap/IuKogicmb
pocrnuH i abopmueHicmb rnodie, wo 3asdae cepliosHux 36umkig. [ns eidbopy eucokoegpekmugsHux necmuyudie Ons
6opombbu 3 B. tabaci Ha momamax 6yro 3acmocogaHo 0bnpuckysaHHs1 nucms 00HuUM i3 10 necmuyudie. KOHMPOnbHi
0bniku nposodunu Ha nodyamkosit cmadii nosieu B. tabaci, a 06cmexeHHs KOHMPObHO20 eghekmy nposodunu Yepes 1, 3i 7
0OHig nicis 06pobku necmuyudamu. Pe3ynsmamu noka3anu, wo Halukpawul echekm ennugy Ha B. tabaci manu Ha eapiaHmi
F (5% Hunpoger) yepe3s 1 dexb nicnisi 06pobku. BiH cmaHosug 41 %, wjo 6yo 3Ha4HO 8ULUM, HiX 8 iHWUX 00CTIOXY8aHUX
peazeHmig. KodeH i3 peaceHmig He nokasag Xopowux weudkolito4ux eghekmig. Yepesd mpu OHi nicris 06npuUCKy8aHHs
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Halkpawul KoHmpornbHUl echekm Ha B. tabaci e 72 % mae sapiaHm C (22,4 % Cnipomempamam). O6pobku necmuyudamu
Ha OdocnidHux eapiaHmax | (50 % ®nonikamio) ma G (10 % Cyantraniliprole) manu Halzipwul echekm — y 62 %. Hatikpawud
KOHMpPOnbHUL eghekm 3HeWKOOXKEHHS WKiOHUKa cmaHosumb 86 % 4epes 7 OHie niciisi 06pobKu npenapamom eapiaHma J
(20% Mesipnipa3soH), wo 3Ha4yHO 8UWE, HIX 8 IHWUX mecm-peazeHmig. Y mpbox nonboeux OOCHIOKEHHSIX, MPOBEOEHUX i3
13 no 20 xoemHsi 2020 poky, He susierieHo himomokcuyHocmi Arisi momamis. Y npoueci KoHmponto B. tabaci mu moxemo
gubpamu Onsi QocsigHEHHS Kpaujo2o eghekmy i KoHmpomo wkidHuka 20 % koHueHmpam cycneH3ii Mesipnipa3oHy, skuli
MOXHa 8uKopucmosysamu 8 noedHaHHi i3 22,4 % koHyeHmpamom cycneHsii Cnipomempamamy ma 5% ducnepaosaHum
KoHueHmpamom Lurnpocgpery. Takul criocib6 nidbopy necmuyudie 3abe3nedums eghekmugHUl 3axucm 08ouyig 3aKkpumozo
rpyHmy 8i0 wkidnueoi 0ii B. tabaci.

Knrovoei cnoea: nowkoOxeHHs1, Momioop, CKpUHiHe, 06pobka, npogbinakmuka ma 3He3apaXxeHHsI 0804ig 8i0 WKIOHUKIE.

Date of receipt: 14.12.2021.
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