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ABSTRACT 

Thrips tabaci Lindeman is a cosmopolitan and polyphagous insect pest. It is known worldwide and 

recorded on more than 300 plant species. T. tabaci is a key pest of onion and several other crops, and its 

control is vital to the production and profitability of crops. If onion thrips population is not controlled, 

damage can reduce yield volume and quality. In addition to direct damage to the host plants, T. tabaci has 

been characterized as an asymptomatic vector of three devastating tospovirus species, such as Tomato spot-

ted wilt virus, Iris yellow spot virus, and Tomato yellow ring virus. For this reason, several synthetic insec-

ticides were used for control. However, these insecticides bring unwanted effects, like pesticide resistance, 

elimination of nontarget species, environmental pollution, and threats to human health. To solve the nega-

tive consequences of insecticides, biopesticides, such as plant secondary metabolites, entomopathogenic 

viruses, bacteria, fungi, and nematodes, have been recognized as effective alternatives. The use of plant-

based insecticides and entomopathogenic control methods gained more attention in integrated pest man-

agement. Their strong side is lack of residues, saving beneficial insects and minimizing air and water pol-

lution. Plant-derived compounds and entomopathogenic biological control agents offered a variety of bio-

logical modes of actions against onion thrips, such as repellency, feeding deterrence, anti-oviposition, fe-

cundity deterrence, metamorphosis inhibition, and parasiting the host’s body. 
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INTRODUCTION 

 

Of the 6000 currently identified thrips species 

(Thysanoptera), only about 1% is recorded as eco-

nomically important pests (Morse & Hoddle 2006). 

This figure has implied that the thrips are a major 

problem in agriculture. Thrips tabaci Lindeman is 

among one of the major polyphagous species since it 

has been recorded to occur on more than 300 plant 

species. If thrips are not controlled, damage can re-

duce yield and quality and even are more problematic 

due to transmission of different devastating viruses. 

To this day, synthetic pesticides are exten-

sively used against onion thrips. However, the cryp-

tic nature, high reproductive capacity, multi-gener-

ations per year, hidden lifestyle (pupation in the 

soil), and polyphagous nature make them hard to 

control by this way. Repeated application of chem-

ical insecticides in the field and greenhouse often 

favors unwanted effects such as pesticide resistance, 

elimination of nontarget species, pest resurgence, 

and secondary pest outbreaks (Foster et al. 2010). 

To solve all the above drawbacks of insecti-

cides, the use of environmentally friendly integrated 

pest management (IPM) is the most recommended. 

In this context, aromatic plants and entomopatho-

genic organisms offer better alternatives to syn-

thetic pesticides and are effective against onion 
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thrips. The aromatic plants contain various bioac-

tive insecticidal compounds, and the entomopatho-

genic biological control agents are effective to cause 

lethal effects on the targeted pests without affecting 

the environment. Numerous plant species, including 

aromatic plants and their essential oils (Harrewijn et 

al. 1994), entomopathogenic biological agents, 

fungi, viruses, bacteria, and nematodes are appreci-

ated in regard to IPM. Currently, the use of plant-

based insecticides and entomopathogenic agents has 

gained more attention in IPM. The positive effects 

of using biological protection are: lack of residues, 

which is a matter of substantial concern for consum-

ers, specific target, usually slow building of re-

sistance against protective effect, lack of negative 

effects on beneficial insects, and no pollution of air 

and water, generally, saving the environment. Aro-

matic plants have developed manifold mode of ac-

tions against pests, including metamorphosis inter-

ference, feeding and ovipositional deterrence, and 

other kinds of repellency (Regnault-Roger 1997). 

Entomopathogenic biological agents have devel-

oped different modes of actions, for example para-

lyzing and predating their hosts. Thus, in the context 

of onion thrips management, plant-based pesticides 

and entomopathogenic biological agents are effec-

tive in pest controlling with environmental safety 

and human health care. 

This review has aimed to provide information 

from research literature about the most effective bi-

opesticides, their mode of actions, and approaches 

to their potential method of applications against on-

ion thrips. 

Damage caused by onion thrips 

Both adults and larvae of onion thrips cause damage 

to their hosts by piercing the surface tissues and 

sucking the contents of plant cells. This damage 

caused the photosynthetic capacity of plants to de-

crease (Lewis 1973). In addition to direct damage to 

the crops, T. tabaci is a vector of three devastating 

tospovirus species, such as Tomato spotted wilt virus 

(TSWV), Iris yellow spot virus (IYSV) and Tomato 

yellow ring virus (TYRV) (Berniak 2016; Cortês et 

al. 1998; Macharia et al. 2015; Rotenberg et al. 

2015; Wijkamp et al. 1995). The direct and indirect 

damages of onion thrips led to reduce the total yield 

from 4 to 27% and the bulb size from 28 to 73% 

(Fournier et al. 1995; Lewis 1973).  

Monitoring and treatment decisions with regard 

to onion thrips and sampling 

Early identification of pest species is an important 

component to designing IPM strategies. Onion 

thrips emerge from overwintering sites and colonize 

weeds and any other volunteer plants. They highly 

invade the onion field margins at the early- and mid-

spring seasons and then disseminate to the inside 

parts of onion farm, so, at the beginning of the 

spring, samplings should be taken from boarder 

plants. As onion thrips prefer the younger stages of 

the plant, the primary samplings should be taken 

from the young onion plants in the lowest center 

part of the leaf sheath (Shelton et al. 1987). 

The infestation of onion fields with thrips 

should be evaluated using sticky boards, glue-based 

traps made of high-quality polypropylene material. 

However, the efficiency level is dependent on their 

color, which can differ for different pests. For exam-

ple, for whiteflies and aphids yellow sticky board is 

effective, whereas for thrips species blue is reliably 

effective (Jasrotia et al. 2016). The number of onion 

thrips from sticky boards and plant samples should 

be counted in the laboratory. Management decisions 

are made based on the plant colonization threshold. 

Action threshold 

It is one of the most important decision-making el-

ements in IPM. The reliable treatment threshold 

level for T. tabaci hypothesized by season (dry or 

rainy) and the resistance level of crop cultivars 

should be taken into account. The adopted coloniza-

tion thresholds are different. For example, the fol-

lowing threshold levels were suggested: in Califor-

nia – 30 thrips per plant (Edelson et al. 1989), in 

New York state – 3 per leaf (Nault & Shelton 2012), 

in Ethiopia – 5–10 per plant (Shiberu & Mahammed 

2014), and in Honduras – 0.5–1.6 per leaf in the dry 

season (Rueda et al. 2007). 

Ways to control onion thrips 

Aromatic plants 

Aromatic plants are currently widely used in differ-

ent fields and for different purposes particularly in 

medicine, pharmacy, cosmetology, and agriculture 

due to several essential oils produced in their roots, 
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leaves, flowers, seeds, and stems. The most dominant 

active compounds extracted from aromatic plants 

are alkaloids, nonproteic amino acids, steroids, phe-

nols, flavonoids, glycosides, glucosinolates, qui-

nones, tannins, terpenoids, salanine, meliantrol, 

azadirachtin, piretrolone, cinerolone, and jasmolone 

(Abe et al 2008; Howe & Jander 2008; Vallverdú-

Queralt et al. 2014). 

There have been trials to establish aromatic in-

secticides from various plant species to control on-

ion thrips at field and greenhouse conditions and the 

following have been recommended: Artemisia ar-

borescens, Azadirachta indica L., Chrysanthemum 

cinerariifolium, Datura stramonium, Dodonaea an-

gustifolia L., Dianthus caryophyllus, Melaleuca al-

ternifolia, Nicotiana glauca, Origanum majorana, 

Ocimum gratissimum, Rosmarinus officinalis, and 

Tagetes minuta (Fitiwy et al. 2015; Omosa et al. 

2016; Prabhu et al. 2011; Shiberu & Negeri 2014; 

van Tol et al. 2007). 

Aromatic plants are applied as spraying in field 

and greenhouse conditions and used according to pro-

cedures similar to those applied to chemical insecti-

cides (Stepanycheva et al. 2019). The extracted essen-

tial oils diluted in water or formulated products are 

sprayed before planting or later foliarly. A recent 

study reported that pulverized neem plant has sys-

temic action when sprayed onto the soil and thus roots 

absorb it and translocate within the body. Sometimes 

aromatic insecticides can be effective in the form of 

fumigation in greenhouse (Koschier 2008). 

However, the effectiveness of some aromatic 

plant products may be insufficient at high density of 

onion thrips. The reason for the decreasing of their 

controlling efficiency may be due to short residual 

property of the prepared plant parts and their rapid 

oil volatility that make them less toxic to the tar-

geted pests. For this matter, with a practical point of 

view, aromatic plants may be more effective when 

they are mixed with other control methods. It is rec-

ommended that weekly repeated applications at 

least three times until harvest should be necessary 

to decrease the density of onion thrips below the 

economic injury level. Aromatic plants are much 

more effective in a condition where the population 

of onion thrips is lower or moderate (Nault & Shel-

ton 2012). In Ethiopia, Nicotiana spp., Phytolacca 

dodecandra, Securidaca longipedunculata, and Ni-

cotiana tabacum were effective against onion thrips 

under field condition (Shiberu et al. 2013). 

Plant-based bioactive compounds offer a vari-

ety of biological mode of action against onion thrips 

– acting as attractants, repellents, antifeedants, anti-

oviposition agents, poisoners, fertility reducers, per-

petrators of egg sterility, and metamorphosis inhib-

itors (Koschier & Sedy 2002, 2003; Saniewski et al. 

2014; Nerio et al. 2010). 

Attractant activity 

Onion thrips are small insects and live in the curled 

leaves, which leads to omitting them easily during 

monitoring. This problem can be solved by placing 

mentioned above colored sticky boards as traps 

(Vernon & Gillespie 1990). Trap effectiveness 

could be increased by combining an attractive color 

cue with an attractive odor cue (Teulon et al. 2007). 

An attractive odor derived from aromatic plants is 

a complex mixture of different secondary metabo-

lites such as monoterpenes, sesquiterpenes, and 

phenylpropanoid compounds. Combining two or 

more attractive secondary metabolites to increase 

their effectiveness could seem a common practice 

toward trap efficiency improvement. However, the 

mixing of p-anisaldehyde and methyl isonicotinate 

had less efficiency for onion thrips compared to ap-

plying them separately (Teulon et al. 2007). This 

implies that onion thrips would have only one odor 

receptor, therefore blended compounds could mask 

each other (Koschier 2008; Nottingham et al. 1991). 

Repellent activity 

Plants produce odors that often are repellents to nu-

merous species of insects. Therefore, colonization is 

preceded with testing various plant cues such as 

color, shape, and size of the plants (Lewis 1973). 

Repellents are products of secondary metabolites, 

used as olfactory messengers to interfere, and dis-

courage insects from landing or movement onto 

plant surface. In New Zealand, onion thrips was re-

pelled by R. officinalis essential oil and deterred by 

D. angustifolia, O. gratissimum, and O. majorana 

essential oils, and the controlling efficiency against 

onion thrips was about 71–87% (van Tol et al. 2007). 

Oviposition deterrents 

The interaction of the plant and pathogen is not lim-

ited to feeding but also with a interfering with eggs 
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deposition. Plant nutritional quality, particularly ni-

trogen content, architecture, morphology, anatomy, 

and secondary compounds have been reported as 

detrimental factors for ovipositional choice of fe-

male thrips (Koschier & Sedy 2003; Singh & Sa-

ratchandra 2005). A field study with A. indica ex-

tracts showed that the action against onion thrips 

was correlated with nutritional deterrence and dis-

couraging egg lay, as well as with toxicity and in-

fertility. The physiological toxicity of azadirachtin 

is based on growth retardation, which reduces the 

female fecundity, and thus reduces the density of 

thrips on onion (Shiberu & Negeri 2014). 

Metamorphosis deterrents 

Metamorphosis is a gradual change in every devel-

opmental stage of insects. This process leads to 

change insects’ form, structure, and size and is after 

all used to determine the survival rates of insects. 

Juvenile hormones synthesized by endocrine glands 

involve in every developmental stage of insects. 

They determine whether the next stage is larval-lar-

val, larval-prepupal, prepupal-pupal, or pupal-adult. 

The secondary metabolites produced by plants 

mimic prothoracicotropic hormone (PTTH) and 

block ecdysone that refuses the next metamorphosis 

stage and, finally, leads to death (Schmutterer 

1990). Therefore, neem extract was used to prevent 

insect hormone production, thereby interfering with 

their maturation on a scale large enough to suppress 

their reproduction (Dang et al. 2012). 

Entomopathogenic fungi 

Some fungi species have the ability to kill insects by 

their colonization. Beauveria bassiana, Metarhizium 

anisopliae, Lecanicillium (Verticillium) lecanii/mus-

carium, Entomophthora parvispora, Entomophthora 

thripidum, Paecilomyces lilacinus, and Neozygites 

parvispora have been tested against onion thrips 

(Abe & Ikegami 2005; Annamalai et al. 2013; Carl 

1975; Ezzati-Tabrizi et al. 2009; MacLeod et al. 

1976; Maniania et al. 2003; Samson et al. 1979; Wu 

et al. 2016). According to Thungrabeab et al. (2006) 

about 36 isolated entomopathogenic fungi species 

successfully lowered the onion thrips population; 

however the pathogenic efficiency varied among 

the species. In another report, B. bassiana signifi-

cantly lowered the population of larval and adult 

stages of onion thrips under greenhouse conditions 

(Wu et al. 2014). A study in western Kenya docu-

mented that the entomogenous fungus M. anisopliae 

has the potential to control thrips in onion (Maniania 

et al. 2003). In Ethiopia, B. bassiana significantly 

decreased onion thrips density at field condition. 

The mode of actions of these entomopatho-

genic fungi is associated with their contact with the 

host insects. These fungal species often need wet 

conditions to allow the filamentous growth and pro-

duction of conidia. The infection processes involve: 

1. attachment of the spore to the host’s cuticle; 

2. germination of hyphae on cuticle that produce en-

zymes, such as proteases, chitinases, quitobiases, 

upases, and lipoxygenases, which penetrate the 

host’s cuticles and epidermis, degrading the insect’s 

cuticle that facilitates the process of penetration; 

3. once hyphae entered to inside of the host’s body 

they disseminate through the hemocele and invade 

different tissues, fatty bodies, Malpighian tubules, 

mitochondria, and hemocytes, leading to death of the 

insect within 3–14 days after infection. Once the in-

sect dies and many of the nutrients are exhausted, 

fungi start micellar growth and invade all the organs 

of the host. Finally, hyphae penetrate the cuticle from 

the interior of the insect and emerge at the surface, 

where they initiate spore formation under appropriate 

environmental conditions (Senthil-Nathan 2015). 

Entomopathogenic nematodes 

Nematodes are present in the soil and cover crops, 

and affect insects upon contacts (Chałańska & 

Łabanowski 2014). Steinernema and Heterorhabdi-

tis are the two most studied nematode genera that 

were suggested as biocontrol agents against insects. 

The most effective nematode species against onion 

thrips are Heterorhabditis spp., Steinernema feltiae, 

Steinernema carpocapsae, Heterorhabditis bacteri-

ophora, and Heterorhabditis indica (Azazy et al. 

2018; Bedding & Molyneux 1982; Kashkouli et al. 

2014). Usually entomopathogenic nematodes are 

effective when they are applied to moist soil and in 

the evening or early morning. Post-irrigation appli-

cation increases the effectiveness of nematode es-

tablishment and washes the nematodes from the 

leaves into the soil, which is their natural reservoir 

(Simões & Rosa 1996). In the Netherlands, Great 

Britain, and Germany the use of entomopathogenic 

nematodes in the field is approved either solely or 
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in a mixture utilizing common spray equipment 

(Jung 2004). In Egypt, foliar spraying of H. bacte-

riophora and H. indica with adequate concentra-

tions was successful in lowering the onion thrips 

populations at field conditions (Azazy et al. 2018). 

These entomopathogenic nematodes were more ef-

fective on nymphal stages than adults. S. car-

pocapsae, S. feltiae, and H. bacteriophora were 

tested against onion thrips in the laboratory and 

were more effective on prepupa and pupa stages 

(Kashkouli et al. 2014). 

The modes of actions of the entomopathogenic 

nematodes are: 1. infective juvenile nematodes mi-

grate and search new hosts and colonize them enter-

ing the hosts’ body through mouth, anus, and spira-

cle; 2. these nematodes release Xenorhabdus bacte-

ria to kill the host; 3. the parasites Heterorhabditidae 

and Steinernematidae transform into adults in the 

dead hosts’ body; 4. adult females and males of Het-

erorhabditidae and Steinernematidae reproduce in 

the dead hosts; 5. eggs of the parasites passes differ-

ent developmental stages and the third juvenile 

stage again begin to search the new hosts (Senthil-

Nathan 2015). 

Predator mites 

The effective predators of the onion thrips are Orius 

albidipennis, Neoseiulus cucumeris, Amblyseius cu-

cumeris, Amblyseius barkeri, Orius strigicollis, Am-

blyseius swirskii, Deraeocoris pallens, Franklino-

thrips vespiformis, Chrysopa vulgaris, Chrysopa 

carnea, and Medetera ambigua (Brødsgaard & 

Stengård Hansen 1992; Gillespie 1989; Lewis 1973; 

Madadi et al. 2007; Wu et al. 2014). In Denmark, 

the control efficiency of A. cucumeris and A. bark-

eri was compared under greenhouse condition, 

where A. cucumeris was more effective than 

A. barkeri (Brødsgaard & Stengård Hansen 1992). 

According to Wu et al. (2014), in greenhouse con-

dition, 250 Stratiolaelaos scimitus and Neoseiulus 

barkeri per m2 each were effective against onion 

thrips. The control of N. cucumeris against onion 

thrips was more efficient on sweet pepper than on 

cucumber and eggplant. This difference may be re-

lated to the plant surface structure, and the presence 

of glandular trichomes, leaf hair, thorns, odors, and 

spines that may affect the search pattern and the be-

havioral response of predators (Madadi et al. 2007. 

Parasitoids 

The most important parasites of thrips are endopar-

asitoids infecting the body of their host and ulti-

mately killing the hosts. Parasitoid Ceranisus menes 

was significantly more efficient to suppress onion 

thrips than predators. The control efficiency of par-

asitoids against onion thrips depends on the host 

plant species; e.g. – in India, control performance of 

parasitoids on onion was significantly higher than 

that on garlic (Jayanthi Mala & Nighot 2013). The 

speculated reason behind is the odor of garlic that 

may repel parasitoids. 

Conclusion and future recommendation 

T. tabaci is a key pest on a wide range of crop and 

weed species. It is also an asymptomatic vector of 

three devastating tospoviruses – TSWV, IYSV, and 

TYRV. T. tabaci developed a resistance to different 

types of chemical insecticides and it is a challenge 

to develop effective management in relation to en-

vironmental aspects. 

Aromatic plant-based insecticides and biolog-

ical control agents are alternative options against 

onion thrips in regard to IPM. Nowadays, the effec-

tiveness of several plant products and biological 

control agents has been screened in a small-scale 

farm and at a laboratory condition. However, the de-

velopment and application of plants and their bioac-

tive constituents are limited at a commercial level. 

Thus, it is time to enlarge the production and avail-

ability of these plant pesticides at a commercial 

level for future research. Actually, biological con-

trol agents have been investigated as a potent alter-

native to control onion thrips in laboratories and 

greenhouses but rarely at field conditions. There-

fore, actual research goal is to propose efficient 

technologies usable at field levels. 
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