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Abstract

Megalurothrips usitatus, also known as common thrips or cowpea thrips, is a widely distributed and highly destructive pest,
primarily infesting legume crops. Due to its short generation cycle, high reproductive capacity, and concealed lifestyle, the
effectiveness of chemical pesticide control has been continuously diminishing with the modernization of agricultural production
and the extensive use of pesticides. Megalurothrips usitatus has gradually developed resistance to various commonly used
pesticides, with resistance levels increasing year by year, thus exacerbating the difficulty of pest management and causing
significant economic losses to agricultural production. Scholars, both domestically and internationally, have conducted in-depth
research using methods from morphology, molecular biology, and ecology, showing that there are three main causes of pest
resistance: enhanced detoxification enzymes, reduced sensitivity at target sites, and decreased cuticle penetration. These findings
provide a wealth of theoretical support for resistance monitoring and management. The resistance of Megalurothrips usitatus to
multiple pesticides is not only a local issue but also affects global agricultural sustainability. Research on the monitoring, risk
assessment, and mechanisms of resistance in Megalurothrips usitatus contributes to prolonging the effective use of pesticides,
improving control outcomes, and enhancing both the yield and quality of cowpea crops. These studies also provide a scientific
basis for developing more effective control strategies and ensuring sustainable agricultural development.
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1. Research Background and Significance

Megalurothrips usitatus (Bagnall), commonly known as  reductions in both yield and quality. The prevailing method
bean flower thrips or cowpea thrips, is a primary pest that  for controlling cowpea thrips is the application of chemical
significantly impacts cowpea crops, leading to substantial pesticides. However, due to the pest’s short generational cycle,
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high reproductive capacity, concealed lifestyle, and the annual
increase in resistance, the efficacy of chemical pesticides has
been steadily diminishing. Consequently, resistance in M.
usitatus has become increasingly pronounced [1, 2]. Cur-
rently, cowpea thrips exhibit varying degrees of resistance to
multiple chemical pesticides, with significant regional dif-
ferences in resistance levels [3]. Monitoring the resistance of
cowpea thrips is essential to prolong the efficacy of pesticides
and to prevent the rapid development of resistance caused by
overuse. Conducting risk assessments can help determine the
most effective pesticides for specific regions, thereby opti-
mizing pest control outcomes. Furthermore, an in-depth in-
vestigation into the resistance mechanisms of cowpea thrips
can provide a scientific basis for developing more effective
control strategies, reducing reliance on chemical pesticides,
enhancing cowpea yield and quality, and contributing to the
sustainable development of agricultural production.

2. Overview of the Present Research
Situation

2.1. Introduction to Thrips

Thrips, collectively known as Tysanoptera insects, primar-
ily belong to the family Thripidae, which is mainly phy-
tophagous, although a few species exhibit predatory behavior.
By the time they are discovered, the population size is often
substantial enough to cause significant damage, complicating
prevention and control efforts.

2.2. Megalurothrips usitatus

2.2.1. Main Characteristics of
Megalurothrips usitatus

Huang Weikang provided a comprehensive summary of the
research progress on cowpea thrips, offering valuable refer-
ences for their morphological characteristics and identifica-
tion [4]. Cowpea thrips are primarily identified based on
female morphology: female adults measure approximately 1.6
mm in body length, with a brown to dark brown coloration.
The antennae are bead-like, slightly extending forward, and
brown in color. Certain body parts, such as the tarsus, most of
the foreleg tibia, and the distal ends of the middle and hind
tibiae, exhibit a distinct yellow coloration. The narrow wings
are fringed with slender tassel-like hairs. The forewings are
colorless at the base and near the apex, while the middle and
distal sections are brown. The head is slightly wider than it is
long, with nearly parallel cheeks. The anterior bristle of the
pronotum is well developed, with three pairs of posterior
bristles, the longest being the central pair. The number of hairs
on the anterior vein of the forewings ranges from 11 to 14,
arranged at equal intervals. There are two hairs at the distal

end of the anterior vein and 11 to 14 hairs on the posterior vein.
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The abdomen lacks auxiliary bristles. The middle pair of
posterior bristles on the seventh tergite is located anterior to
the posterior margin. The posterior margin comb on the eighth
tergite is incomplete, present only on the sides and absent in
the middle.

2.2.2. Damage Characteristics of
Megalurothrips usitatus

The damage caused by cowpea thrips has been escalating
over time. Previously, cowpea thrips were primarily harmful
in spring and summer, but recent studies indicate that their
period of activity has extended to include autumn as well.
Research indicates that cowpea thrips mainly affect tobacco
and navel oranges in Yunnan, and cowpeas in Hainan and
Guangxi [4]. Cowpea, a staple vegetable in China and an
important “vegetable basket” product, is highly susceptible to
thrips throughout its growth cycle [5]. Adult and nymph
cowpea thrips possess file-sucking mouthparts, which pierce
the plant epidermis to suck plant sap, severely disrupting the
plant's physiological functions. This leads to leaf shrinkage
and stunted growth during the seedling stage. After flowering,
cowpea thrips rapidly invade the flower core, causing it to rot
and die, significantly reducing the quality of the cowpeas [6].
M. usitatus predominantly reproduces through parthenogen-
esis, with limited instances of bisexual reproduction. They
exhibit strong oviposition capability, with serious infestations
occurring in summer and autumn, and have developed sub-
stantial resistance to chemical pesticides [4]. In February
2023, the Ministry of Agriculture conducted a training course
on cowpea medication supervision and inspection in Haikou
City, Hainan Province, which included quality supervision
and sampling inspections of cowpeas in Hainan, Guangdong,
and Guangxi. The frequent occurrence of cowpea diseases
and pests poses significant control challenges, requiring
stringent standards for chemical pesticide use. The selection
of appropriate chemical agents is crucial for effective pre-
vention and control of cowpea diseases and pests, directly
impacting product quality.

2.3. The Concept and Causes of Drug Resistance

2.3.1. The Concept of Drug Resistance

Drug resistance can be categorized into two types: innate
resistance and acquired resistance. Innate resistance refers to
the natural ability of certain pests to withstand pesticides due
to their genetic makeup. Acquired resistance, on the other
hand, is the ability of pests to develop tolerance to doses of
pesticides that would typically be lethal to the majority of a
normal population [7]. In the context of agricultural produc-
tion, many forms of resistance are evolved through genetic
changes [8].

2.3.2. Causes of Pest Resistance
Pest resistance can be attributed to the principle of “sur-
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vival of the fittest”. Pests exposed to insecticides in agricul-
tural settings can develop resistance due to the improper ap-
plication of these control agents [9, 10]. When the same pes-
ticide is applied repeatedly in the same area over an extended
period, pests with stronger resistance survive and reproduce.
This leads to a gradual increase in detoxification metabolic
enzymes within their bodies, a decrease in target site sensi-
tivity [11], and a reduction in epidermal penetration rates. As
a result, the resistance of these pests is strengthened over
successive generations. Over time, this process leads to the
emergence of new pest populations with enhanced resistance.

The enhancement of detoxification metabolic enzymes,
also known as metabolic resistance, is a crucial mechanism by
which pests develop resistance to insecticides [12, 13]. When
insecticides are introduced into the bodies of pests, only a
small fraction of the active ingredients reach their targets. The
majority are excreted after being processed by detoxification
metabolic enzymes, such as cytochrome P450 multifunctional
oxidase, carboxylesterase, glutathione-S transferase, acetyl-
cholinesterase, and ABC transporters [14]. The increased
metabolic capacity of these detoxification enzymes can sig-
nificantly reduce the amount of insecticide that reaches the
intended target sites, thereby enhancing the resistance of pests
to these chemicals [15]. Moreover, these detoxification met-
abolic enzymes do not operate in isolation; they are inter-
connected and function synergistically to bolster the meta-
bolic resistance of insects [16-19].

The decrease in target site sensitivity, also known as in-
creased target resistance, occurs when gene mutations alter
the protein structure of the insecticide target in pests. These
mutations reduce the expression level of the coding target
gene, leading to decreased synthesis of the receptor protein.
As a result, the efficacy of the insecticide is diminished,
thereby increasing the pest's resistance [20]. For instance,
acetylcholinesterase is the target enzyme for organophos-
phorus and carbamate insecticides. This enzyme rapidly hy-
drolyzes acetylcholine in the synaptic cleft. When insecticides
bind to acetylcholinesterase, they inhibit its ability to hydro-
lyze acetylcholine. In Laodelphax striatellus (Fallén),
changes in the expression of nicotinic acetylcholine receptor
subunits mediate resistance to cycloxaprid and imidacloprid
[21-23]. In studies of pyrethroid-resistant populations of
Anopheles gambiae and Anopheles arabicus in northern
Uganda, it was found that the GST4 gene was highly ex-
pressed in these mosquitoes. Research indicates that multiple
mutation sites in the coding region of the GST4 gene are
present in resistant individuals. These mutations enhance the
binding ability of the GST4 protein to pyrethroids, thereby
conferring strong resistance to these insecticides.

The penetration rate of the cuticle is reduced, meaning the
rate at which pesticides penetrate into insects decreases!. This
reduction is due to changes in the pest's epidermal structure,
which prolongs the time it takes for the insecticide to reach the
target site. During this process, pests also utilize the influence
of detoxification enzymes to enhance their resistance. By
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reducing the penetration rate, pests gain more time to release
metabolic enzymes, which improves the catabolism of the
insecticide and reduces its effect on the target site [24].

2.4. Research on the Resistance Mechanism of
Megalurothrips usitatus

2.4.1. Molecular Level

The molecular mechanism of insect resistance is the core
focus of resistance research. When a pest develops re-
sistance to an insecticide, it is likely to develop resistance to
other insecticides with the same structure, type, or mecha-
nism [25-28]. Resistance is also associated with mutations in
sodium channels within the pest [29]. Pyrethroid insecti-
cides, known for their high efficiency and low toxicity, are
commonly used for pest control. In a study by Yuan et al.
[30], the resistance mechanism of cowpea thrips was ana-
lyzed in depth. The resistance of the Sanya population to
cypermethrin was assessed using cowpea thrips from Hainan.
From 2019 to 2021, thrips populations in Haikou, Ledong,
and Sanya exhibited high to extremely high levels of re-
sistance to permethrin and fenpropathrin, with an increasing
trend observed year by year. On this basis, mutation sites in
selected cowpea thrips were detected, revealing the M283R
mutation site in all three field-resistant populations. This
mutation site was first identified in the Haikou population
(HK2019), with mutation frequencies of 3.3%, 3.3%, and
10.0% over three years. Total RNA was extracted from M.
usitatus, and cDNA was synthesized by constructing a re-
combinant plasmid. A positive plasmid containing the
full-length sodium ion channel was obtained and sequenced.
The study found that the M283R mutation site in the sodium
channel protein of cowpea thrips appeared in the domain
I-S5 of the pyrethroid drug binding region. This finding
suggests that resistance is associated with factors such as
sodium channel mutations. However, further experiments
are needed to verify the degree of association with resistance,
providing experimental data to support an in-depth under-
standing of the overall resistance mechanism of M. usitatus.

2.4.2. Physiological Level

In addition to the molecular level, studying the resistance of
M. usitatus also requires attention to physiological changes.
Cytochrome P450 enzymes are closely related to insecticide
metabolism and play an essential regulatory role in the me-
tabolism of both endogenous compounds (such as steroids,
fatty acids, and hormones) and exogenous compounds (such
as pesticides, drugs, environmental pollutants, and plant tox-
ins) [31-33]. NADPH-cytochrome P450 reductase (CPR) and
cytochrome P450 (P450) are central components of the P450
enzyme system [34-36]. The detoxification metabolic genes
in insects are associated with the emergence and development
of insecticide resistance [37, 38]. P450 genes contribute sig-
nificantly to insect resistance to pesticides, primarily through
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overexpression, which leads to high levels of metabolic re-
sistance to various pesticides. The role of P450 genes in insect
resistance is multifaceted, involving mutations in the coding
region, promoter region mutations, changes in cis- and
trans-regulatory factors, and gene amplification. These
mechanisms collectively contribute to the high level of re-
sistance observed in insects. However, research on the regu-
lation of pest resistance through CPR gene mutations is still in
its early stages, and its relationship with insecticide metabo-
lism and resistance has not been systematically studied. Alt-
hough there have been reports on the relationship between
CPR and drug resistance in several insects [39, 40], the spe-
cific mechanisms remain to be fully explored. The expression
level of the CPR gene and its regulation of drug resistance
vary among different pests. The mechanism of CPR-mediated
drug resistance is a complex field requiring further investiga-
tion, which has potential implications for pesticide develop-
ment and resistance management.

2.4.3. Research on the Relationship Between
Insecticide Resistance and Environmental
Factors

The effect of environmental factors on the resistance of M.
usitatus should be carefully considered [41]. Environmental
factors such as temperature, humidity, and light can influence
the efficacy of pesticide compounds [42]. High temperatures
can accelerate the biochemical reactions of insecticides [43].
For instance, the pathogenicity of acephate, methomyl, and
imidacloprid to the red and green biotypes of Myzus persicae
increases with temperatures ranging from 15-25<C. However,
there are exceptions; for example, the pyrethroid insecticide
cypermethrin exhibits higher toxicity to Thrips alliorum
(Priesner) under low-temperature conditions [44]. The corre-
lation between insecticide toxicity and temperature is linked
more to the type of insecticide than to the pest itself. Addi-
tionally, secondary substances in host plants can influence
pest responses to insecticides. After feeding on host plants,
pests may experience activated or inhibited detoxification
enzyme activity [45]. For example, the cytochrome P450 gene
in Helicoverpa armigera is easily induced by phytochemicals
[46]. Feeding on cowpea can induce the expression of gluta-
thione S-transferase (GST) in Spodoptera frugiperda. Envi-
ronmental factors play a critical role in the development and
emergence of pest resistance. However, these influences are
complex and multifaceted, necessitating further study to fully
understand their specific mechanisms. A comprehensive un-
derstanding of how environmental factors affect pest re-
sistance will enhance our overall knowledge of the resistance
mechanisms in M. usitatus.

2.5. Management of Drug Resistance

2.5.1. Resistance Monitoring
The monitoring methods for insecticide resistance in gen-
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eral insects encompass molecular biology, ecology, and
physiology. Bioassay is a traditional technique for monitoring
drug resistance, with its core aspect being the cultivation of
sensitive strains [47]. By collecting cowpea thrips populations
from natural environments with minimal or no pesticide usage,
cultivating sensitive or relatively sensitive strains, and ap-
plying bioassay methods, the susceptible toxicity baseline
(LD-p), LC50, or LD50 can be determined. The resistance
level is then expressed as the ratio of LC50 or LD50 (re-
sistance index). The discriminating dose method is another
commonly employed monitoring technique. This method
involves continuously treating the field population with a
discriminating dose by hybridizing high-level resistant lines
with sensitive lines to monitor the frequency changes of re-
sistant individuals. Both methods have their own strengths
and limitations. Accurate resistance determination requires
repeated experiments and strict control conditions. The re-
sistance monitoring methods must also account for the spe-
cific characteristics of the pest. Yuan Linlin et al. evaluated
the resistance of M. usitatus to permethrin and fenpropathrin
in Hainan Province from 2019 to 2021. The toxicity of these
two pyrethroid insecticides to relatively sensitive strains and
nine field populations was assessed. The bioassay method
used was an improvement on the TIBS (Thrips Insecticide
Bioassay System) method [48]. The leaf-tube membrane
method was refined by treating cowpea with different con-
centrations of the insecticides and then exposing the cowpea
thrips adults to the treated plants. The mortality rate of the
cowpea thrips was recorded, and the resistance ratio was
calculated. The median lethal concentration (LC50, 95%
confidence interval) of different pesticides in various popula-
tions was determined using Polo Plus 2.00 software. For the
indoor relatively sensitive strains, the LC50 of permethrin
was 1.4 mg/L, and the LC50 of fenpropathrin was 1.9 mg/L.
The results indicated that from 2019 to 2021, the resistance of
Haikou, Ledong, and Sanya populations to fenpropathrin and
permethrin showed an increasing trend.

2.5.2. Risk Assessment

Understanding the risk assessment methods for general
insects is crucial for effective agricultural pest management
[49]. The study by Zhang et al. [50] presented the results of
national agricultural pest resistance monitoring and provided
scientific medication suggestions in 2020, offering practical
experience and data support for the risk assessment of general
insects. The resistance of Frankliniella occidentalis (Pergande)
to five varieties of three insecticides was monitored. The
results indicated that F. occidentalis exhibited high levels of
resistance to spinetoram and emamectin benzoate, with re-
sistance ratios ranging from 195 to 10,095 and 331 to 1,384,
respectively. It showed moderate to high levels of resistance
to spinosad and chlorfenapyr, with resistance ratios between
34 and 2,552 and 24 and 295, respectively. It exhibited low to
medium levels of resistance to thiamethoxam, with a re-
sistance ratio of 5.5 to 37. Compared to 2019, the overall
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resistance ratios did not change significantly. Comprehensive
resistance management suggests the rotation and alternate use
of insecticides or pesticide combinations with different
mechanisms, such as chlorfenapyr and thiamethoxam, in
areas with high resistance levels. Although this study focused
on F. occidentalis, it still provides valuable reference data for
the risk assessment of M. usitatus.

Risk assessment is fundamental for formulating scientific
prevention and control strategies. More in-depth research is
required for the risk assessment methods of M. usitatus. The
study by Zhang et al. [50] screened chemical agents for the
prevention of M. usitatus, providing practical application data
for its risk assessment. In this study, five commonly used
chemical pesticides were tested for their effectiveness against
cowpea thrips. The results demonstrated that the compound
reagent of 5% emamectin benzoate + 20% acetamiprid had
the best control effect on cowpea thrips, with a population
decline rate of 78.46% and a corrected control effect of
81.00%. After using 20% acetamiprid, the population decline
rate reached 66.20%, and the corrected control effect was
70.17%, though the duration of the control effect was shorter.
The effect of 5% imidacloprid was less satisfactory, with a
population decline rate of only 46.15% and a corrected control
effect of 52.49%, and the duration was short. These reagents
have no adverse effects on the growth and development of
beans and are high-efficiency, low-toxicity insecticides.

3. Prospect

Insecticide resistance in M. usitatus can primarily be at-
tributed to three mechanisms: increased detoxification en-
zyme activity, reduced sensitivity at target sites [11], and
decreased epidermal penetration rates [19]. Future research
should focus on a comprehensive investigation of these re-
sistance mechanisms, integrating studies at both the molecular
and physiological levels to develop more effective resistance
management strategies. It is also crucial to consider the im-
pact of environmental factors on the development of re-
sistance. Future research can address the following aspects:
investigating the genetic and molecular bases of resistance,
including the identification of specific genes involved in
detoxification and target site modifications; examining the
physiological and biochemical pathways that contribute to
resistance and their interactions with environmental factors;
studying the role of environmental conditions, such as climate,
soil composition, and agricultural practices, in influencing
resistance development and spread.

In-depth research on the resistance mechanisms of M.
usitatus is crucial. This includes analyzing the interaction
between molecular and physiological levels. Emerging gene
editing technologies can be utilized to accurately verify
potential drug resistance-related genes. Developing new
insecticides should be based on a comprehensive under-
standing of resistance mechanisms to create more innovative
and efficient insecticides, improve selectivity, and slow
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down resistance development. The application of biopesti-
cides and genetic engineering technology also represents a
significant future research direction. A comprehensive pest
control strategy should integrate biological control, cultural
control, and chemical control. Tailored prevention and con-
trol programs should be developed according to the specific
characteristics of different regions. Environmental impact
studies are essential to understand how factors such as cli-
mate change, soil quality, and pesticide residues contribute
to drug resistance. International cooperation and information
sharing are also vital. Strengthening global partnerships and
sharing experiences and technological advancements in
resistance management can help establish a global pest re-
sistance monitoring and prevention network. This will ena-
ble real-time information sharing and enhance pest control
efforts worldwide.
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