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CHAPTER 1.0 INTRODUCTION 

1.1 Background of the study 

Brassica napus, also known as oilseed rape, is a plant in the Brassicaceae family (AHUJA et 

al.,2011). It is the world’s third-largest source of vegetable oil and is mainly grown for its oil-rich 

seed. The oil is obtained by crushing the seeds. Rapeseed meal, a by-product of the crush, is 

frequently used in animal feed. Rapeseed oilseed is the second-largest source of protein meal in 

the world. 

The crop has grown to play a significant role in many arable rotations. It is a good substitute for 

a cereal crop and is frequently called a “break crop.’’ Growing oilseed rape has several agronomic 

advantages, such as enhancing soil tilth and serving as an entry crop for first wheat, which can 

therefore aid in maximising the first wheat yield opportunity. Oilseed rape is a healthy high-

margin break crop in the rotation but given the high prices for seeds brought on by the current 

global demand, it has the potential to be a cash crop if it can be planted and managed till harvest. 

Since 1981, the introduction of high-yielding cultivars with an increasing proportion of hybrids 

has been chiefly responsible for the growth in the oilseed rape crop’s average yield. Rapeseed oil 

for human consumption and meal as a good animal feed now have new markets thanks to the 

improved yield potential and the development of double-low varieties (2% erucic acid and 25 

mol/g glucosinolates in seeds) (DIMOV AND MÖLLERS, 2010). This has increased the crop’s 

profitability and increased the area under cultivation. However, the yearly growth rate of average 

yields in Europe (Germany, France, and the United Kingdom) and Australia has decreased since 

1990, for example, in Germany from 2.1% in 1961-1990 to 0.5% in 1991-2018. In contrast, it 

continues to rise in China (2.0%) and Canada (1.5%). (Figure 1). The decline in average yields in 
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Europe and Australia has been linked to increased pest and disease stress, warm temperatures, 

low precipitation, and a decrease in the availability of registered active ingredients for chemical 

control, such as the ban on neonicotinoids (KUTCHER et al., 2010; ASSEFA et al., 2018). 

(NOLEPPA, 2017). 

  

 

Figure 1 Development of average yields of oilseed rape in main producing countries from 

1961-2017  

Source FAOSTAT (http://www.fao.org/faostat/en/#data/QC)  

 

1.2 Problem statement of the research 

In Europe, oilseed rape is a valuable crop both commercially and politically. Since 2000, its 

significance has increased by about 60% in the area. However, the European oilseed rape Pollen 

http://www.fao.org/faostat/en/#data/QC
https://www.frontiersin.org/files/Articles/590908/fagro-02-590908-HTML/image_m/fagro-02-590908-g001.jpg
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beetle, one of its main pests, has threatened production (Brassicogethes spp). When present in large 

populations, this insect can seriously harm the plant. Heavy beetle assaults can result in a 

significant loss in output, with some growers in northern Germany losing their entire harvest in 

2006. 

Broad-spectrum insecticides have historically been used to control pollen beetles. Still, until 

recently, pyrethroids were the only class of insecticides registered in many countries due to the 

removal of organophosphates as a control alternative. 

The first reports of pesticide resistance in Polish populations of Brassicogethes aeneus Fabricius date 

back to 1967. However, the first instances of pyrethroid resistance were discovered in 1999 in 

North-Eastern France; however, pyrethroid-resistant beetles may have been widespread as early 

as 1997. Many studies have now located them using various techniques to evaluate pyrethroid 

susceptibility in many of the oilseed-rape growing regions of Europe. 

The Insecticide Resistance Action Committee organised a Pollen Beetle Working Group in 2007. 

(IRAC). This action group brought together representatives from agrochemical companies, 

government regulators and advisors, academics, and research institutes to collaborate on 

providing essential information and advice that would allow for effective resistance and pest 

management of pollen beetle and other oilseed rape pests. As a result, the European resistance 

monitoring program, which employs a fundamental, uniform technique, was established to 

provide information on the current distribution and severity of pyrethroid-resistant beetles 

throughout Europe.  
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1.3 Aim of the study 

The study aimed to monitor the spread of pyrethroid-resistant pollen beetle populations because 

they require different control measures, and affected countries must develop strategies to control 

them in the future. 
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CHAPTER 2.0 LITERATURE REVIEW 

2.1 Oilseed rape 

Oilseed rape is a vital crop in European Agriculture that rose notably to pre-eminence during 

the last part of the 20th century (ALLEN et al., 2001). Brassica napus dominate this European crop 

in the family of Brassicaceae, usually cited as Brassica napus spp, oleifera, and sometimes turnip rape 

(Brassica campestris). It is well-grown, especially in Finland and Sweden (BORISOVNA et al., 

2021). Turnip rape, in some cases, is accorded subspecific status, as B. campestris ssp. oleifera. 

Brassica napus is widely grown outside Europe- especially in Australia and Canada and is 

commonly called canola. In Asian countries like Japan, China and India, the dominant rape crop 

is B. campestris (ALFORD et al., 2003). 

Worldwide, the oilseed rape area is approximately 30 million ha. About 5 million ha is grown in 

Europe (ALFORD et al., 2003). Therefore, oilseed rape is significant, especially in central and 

Northern Europe, particularly in the Czech Republic, Denmark, France, Germany, Hungary, 

Poland, the UK, and Ukraine (OLESEN et al., 2011). 

Seeds from oilseed rape are usually crushed to extract oil (MARTIN et al., 2015). The oil 

produced is used for culinary purposes, as fuel and as a lubricant, especially on machinery in the 

food processing industry. It is as well used in the production of synthetic rubber and soaps. The 

residue of the cake (seed cake) is usually used for fodder for livestock (MIRPOOR et al., 2021). 

The part that is left uncrushed is used for feeding birds. In some cases, the crop is as well grown 

as green salads and fodder for cattle. 

Rapeseed Brassica napus is a biennial or annual herbaceous plant- grown for oil production, usually 

extracted from its seeds (DIXON et al., 2007). The oilseed plant has several erect which radiate 
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from a single base. The stems towards the base are purple. The plant’s foliage is primarily smooth 

and bluish green. The highest leaves usually grow straight off the stem, while those at the base 

are stalked. The plant’s inflorescence is pale, bright to yellow flowers whose diameter is about 

11–15 mm after pollination pods contains a single row of 20–40 dark brown to black seeds. The 

growth height of the oilseed rape crop can reach 1.0–2.5m, mainly grown annually and usually 

harvested after one growing season (ULASET al., 2013) 

2.1.1 Basic requirements 

The oilseed rape is adapted to have extraordinary growth in cool, moist climates with a 

temperature range of 2-10 degrees Celsius; however, temperatures closer to 10 degrees accelerate 

the most rapid growth (HÅKANSSON et al.,2011). Therefore, the oilseed rape is an excellent 

season crop in subtropical regions and a winter crop in more temperate areas. The plant can 

grow on various soil types; however, soils of medium texture and well-drained are most 

preferred. Oilseed rape does well in a PH between 5.5 and 8.3 and never be seeded in the soil 

where other brassicas have grown within 3-4 years to avoid build-up and potential attack of pests 

and diseases (GUIDI et al., 2013). 

 

2.1.1.1 Propagation 

Oilseed rape is usually propagated by seeds primarily drilled in rows of a prepared field 

(MCDONALD et al., 2012). The tiny seeds are sown shallowly at approximately 2–3cm depth. 

Oilseed rape planted during spring is drilled in rows 18-23cm apart, while those seeded in winter 

require more space and are recommended to be drilled in rows approximately 40cm apart.   
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2.1.1.2 Crop management practices 

Weed control is vital in oilseed rape as it significantly affects crop growth and productivity 

(SKELLERN et al.,2018). Better seedbed preparation helps to reduce the growth of weeds. 

These optimal conditions are achieved by tilling the soil before planting during fall. A soil test is 

done before planting the oilseed rape to prevent nutrient deficiencies, as the crop has a high 

nutrient requirement (BARRACLOUGH et al.,1989). Fertiliser application is usually made to 

the seed furrows’ sides to avoid crop damage. Nitrogenous fertiliser is applied at a recommended 

rate of 50-60 kg per hectare, particularly for oilseed rape planted during spring and 70 kg per 

hectare for winter sown crops (HOLMES et al.,1997). Besides nitrogenous fertiliser, oilseed rape 

may require adding other nutrients like phosphorus, potassium, sulphur, and magnesium to the 

soil. Soil testing determines the rate at which these nutrients are applied (ÖZTÜRK et al., 2010). 

2.1.1.4 Harvesting 

Oilseed rape is a fast-ripening crop ready for harvesting when the seeds change from green to 

black (OSMATON et al.,2001). The oilseed rape crop is harvested mechanically by a combine 

harvester or swathing, while in some countries, it is usually cut by hand, for example, in China 

(PARI et al., 2020).   

2.1.2 Health benefits of rapeseed oil 

Culinary and industrial are the two main types of rapeseed oil (GUNSTONE et al.,2004). 

However, the culinary, also called canola oil, is majorly used for kitchen cooking, while the latter 

is used in the chemical and automotive industries (PAHL, 2008). As a result, oil is used widely 

around the world. 

Oilseed rape is widely known for its affordability and versatility as a cooking oil and is usually 

found in fried foods, salad dressings and baked goods (SUÁREZ et al., 2021). It is naturally 
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deficient in saturated fat while having the highest content of unsaturated fat, which is excellent 

for human health. In addition, it has an excellent source of E vitamin, the most vital antioxidant 

that usually improves eye and skin health. 

Studies show that rapeseed oil is an excellent source of omega-3 fat called alpha-linolenic acid. 

Which is more beneficial to human health as it lowers blood pressure and eventually decreases 

the likelihood of heart attack (PUNIA et al., 2019).  

2.1.3 Taxonomy and Morphology 

Around 3740 species in 325 genera comprise the Brassicaceae, also known as the mustard family 

(HOHMANN et al.,2015). It consists primarily of species from the genus Brassica, many of 

which are economically significant and some among the earliest cultivated plants. The family’s 

largest genus, Brassica, is used as fodder for producing oils, vegetables, and condiments 

(HOHMANN et al.,2020). One of the first members of the Brassicaceae to be domesticated for 

food production, oil production, and fodder is Brassica rapa (GUPTA et al.,2007). The species 

has a lengthy history of breeding and selection, contributing to its high levels of morphological 

variety (ZHANG et al.,2016). Several infraspecific classifications have been proposed; more than 

140 names appear in the plant list. Some of the morphotypes most common in cultivation 

include oilseed (B. rapa subsp. oleifera (rape), B. rapa subsp. dichotoma (brown sarson or toria) and 

B. rapa subsp. trilocularis, (yellow sarson)), leafy vegetables (B. rapa subsp. pekinensis (Chinese 

cabbage), B. rapa subsp. chinensis (pakchoi) and B. rapa subsp. nipposinica (mizuna)), root vegetables 

(Brassica rapa subsp. rapa (turnip)), and fodder crops (TANHUANPÄÄ et al.,2016). In the 18th 

century, the turnip and the oilseed-producing morphotypes were described as two different 

species by Linnaeus, who named them B. rapa and B. campestris (PROTA, 2018). Metzger united 

the two species under B. rapa (DEJANOVIC et al.,2021). The synonyms for B. rapa in the plant 
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list (2013) are B. amplexicaulis, B. japonica, B. musifolia, B. polymorpha and Raphanus chinensis 

illegitimate names; B. lutea is an invalid name, and Sinapis communis and S. glauca are unresolved 

names among the synonyms for Brassica. 

Brassica rapa is an annual-biennial herb up to 1.5 m tall, with stout taproot, sometimes partially 

swollen (turnip), and branched stem (MUNRO et al., 2014). During the vegetative stage, leaves 

of Brassica rapa are arranged spirally but in a basal rosette. The stipules are absent; lower leaves 

are petiolate, pinnately parted with 1–5 pairs of small lateral lobes and a large terminal lobe up 

to 90 cm 35 cm, crenate, toothed, sinuate or entire, usually hairy; stem leaves are pinnately parted 

to simple, clasping at the base. The inflorescence of oilseed rape is a terminal umbel-like raceme 

up to 60 cm long, with open flowers that overtook the buds and elongated in fruit (ARA et 

al.,2015). Flowers bisexual, regular, 4-merous; pedicel up to 3 cm long, ascending; sepals 5-8 mm 

long, spreading, yellow green; petals obovate, 0.5-1 cm long, clawed, bright yellow; stamens 6; 

ovary superior, cylindrical, ovary superior, cylindrical, ovary superior, cylindrical, ovary superior, 

cylindrical, ovary superior, cylindrical, ovary superior, cylindrical, ovary superior, cylindrical, 2-

celled, globose stigma. Oilseed rape fruit is dehiscent, up to 30-seeded, linear silique 4-10 cm 

long and 2-4 mm wide (ARA et al., 2015). Dark brown, globose seeds that are 1-1.5 mm in 

diameter and coarsely reticulate. Epigeal germination, taproot, and lateral roots; hypocotyl and 

epicotyl lengths of about 5 cm and 4 mm, respectively; cotyledons with petioles of about 2 cm 

in length and blades that are cordate, 1-1.5 cm long, cuneate at the base, and notched at the apex 

(CIJU et al.,2019). 
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Figure 2 Oilseed rape flowering raceme 

Source: https://www.semanticscholar.org/paper/The-use-of-pollen-cues-in-resource-location-

by-a-a-Cook/56dfb7da2d74aa60c6bd637393b89cac469acf12/figure/0 

 

2.1.4 Production 

The EU grows three oilseed crops; rape, sunflower and soya (POPESCU et al.,2020). The two 

most common are oilseed rape and sunflower. A projected 29.6 million tons of oilseeds were 

harvested in the EU in 2020, 4.3 million tonnes less than the relative peak in 2017 (FENG et 

al.,2016). In the EU, 16.6 million tons of rape and turnip rape seeds were harvested in 2020, an 

increase of 1.3 million tons from 2019 (corresponding to an 8.4% rise), but still well short of the 

18 to 22 million tons gathered between 2013 and 2017. This increase in production was partly 
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due to a gain (+4.0%) in the amount of rape and turnip rape harvested, totalling 5.3 million 

hectares, but it was still 1.0 million hectares less than in the previous year.  

According to the Food and Agriculture Organization of the United Nations (FAO), Hungary 

produced approximately 138,000 metric tons of oilseed rape in 2020. Therefore, the area under 

cultivation for oilseed rape in Hungary in 2020 was around 234,000 hectares. However, it’s worth 

noting that production levels and land area under cultivation can vary yearly depending on 

various factors, such as weather conditions, market demand, and government policies. 

Therefore, the figures provided should be treated as estimates and may not reflect the current 

situation. 

On the other hand, the production of sunflower-harvested seeds across the EU in 2020 was 9.1 

million tonnes, representing a sharp fall (-11.5%) in production level in 2019. This was despite a 

rise of 2.6% in the area harvested to 4.4 million hectares. Likewise, there was a production fall 

of -4.3% of soya in the EU despite an increase in the harvested area of +4.4%. However, the 

EU’s 2.7 million tonnes of soya production in 2020 was 1.4 million tonnes more than the last 

decade’s output (Figure 3). 
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Figure 3 Production of rape and turnip rape seed, sunflower seed, and soybean in million 

tonnes in the EU 

 

According to Table 1, the principal oilseeds rape and turnip rape, sunflower seeds, and soybeans 

were cultivated on 11.6 million hectares in the EU Member States in 2015 (or 10.8% of all arable 

land). Together, these primary oilseed crops accounted for 97.4% of the EU’s overall area in 

2015. Vegetable oil, which is produced from oilseeds and utilised in the food industry, as well as 

biodiesel production, is the primary usage of oilseeds. In addition, they are also used as a crucial 

component of animal feed that is high in protein. 

Most sunflower seeds are produced in Eastern and Southern Europe. With 22.6% of the world’s 

sunflower production, Romania led the way in 2015. Bulgaria (with 21.5%), Hungary (19.7%), 
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and France (15.0%) were close behind. Together, these four Member States produced 78.8% of 

the EU-28’s sunflower seed crop, accounting for over 75% of its surface area in 2015. Spain was 

also estimated to have a lot of sunflowers (about 0.7 million hectares, or 17.6% of the EU’s total 

sunflower seed area). However, due to the weather, only 9.7% of the EU-28’s total production 

of sunflower seeds was produced in Spain.  

Table 1 Harvested production and cultivation area in 2015. 

 

Source: Eurostat (https://ec.europa.eu/eurostat) 
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2.2 Pollen beetle 

Pollen beetle Brassicogethes spp are Europe’s significant pests of oilseed rape crops (SLATERET 

al.,2011). The pyrethroid resistance of the pollen beetle has been recorded in European samples 

from 1999, and subsequent challenges concerning its control in the field have been widely 

reported (NAUEN et al., 2011). As a result, a pollen beetle Working Group was formed in 2007 

through the Insecticide Resistance Action Committee (IRAC) to foster coordination efforts for 

surveying the development of pyrethroid resistance (WIECZOREK et al.,2014). 

Oilseed crop production in Europe has been threatened by its primary pest, the pollen beetle 

(Brassicogethes spp.) (WILLIAMS et al., 2010). High infestation of pollen beetle can cause 

significant major damage to the plant and subsequent heavy yield loss, with some growers 

experiencing a 100% loss of the crop in the year 2006 in northern Germany (SKELLERN et al., 

2006). However, pollen beetles have been conventionally controlled with broad-spectrum 

insecticides leading to resistance development over time (THIEME et al., 2010).  

Pyrethroid resistance of pollen beetle was first recorded in 1967 in Polish populations of 

Brassicogethes aeneus Fabricius (SPITZER et al., 2020). However, pyrethroid resistance was first 

recorded in 1999 in north-eastern France though studies show that pyrethroid-resistant beetles 

may have been present in large numbers as earliest as 1997 (ZIMMER et al., 2011). 

 

2.2.1 Main Host Plants 

Brassica juncea var. juncea (Indian mustard) 

Brassica napus var. napobrassica (swede) 

Brassica napus var. napus (rape) 
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Brassica rapa subsp. oleifera (turnip rape) 

Brassica rapa subsp. rapa (turnip) 

Sinapis arvensis (wild mustard) 

 

2.2.2 Damage 

The pollen beetle, Brassicogethes aeneus (Fabricius 1775) (Coleoptera: Nitidulidae) (EKBOM, 

1995) is one of the most harmful pests of Brassica oilseed crops in Europe. The pollen beetle 

destroys the flowers and buds of the host plants, thereby causing higher economic importance 

through reduced yields (SCHNEIDER et al.,2015). Feeding Damage: Adult pollen beetles feed 

on the buds and flowers of oilseed rape plants, which can lead to extensive damage to the crop. 

They consume the flowers’ pollen, nectar, and petals, causing them to wither and die. As a result, 

the yield and quality of the oilseed rape can be significantly reduced. Secondly, Egg Laying 

Damage: Female pollen beetles lay their eggs in the buds and flowers of oilseed rape plants. The 

larvae that hatch from the eggs also feed on the flowers and develop pods, causing further 

damage to the crop. Thirdly, Economic Damage: Pollen beetles can cause significant economic 

damage to oilseed rape crops, leading to lower yields and reduced farmer profitability. Pollen 

beetles are univoltine (NAUEN et al., 2012). The adults usually undergo overwintering; however, 

during spring, with increasing temperatures, they start feeding on the pollen of various plants. 

As soon as the temperatures rise above 15 degrees, pollen beetle adults seek out fields of Brassica 

oilseed, feeding on flowers and buds, and female adults then lay eggs on flower buds. Larvae 

then remain on the flower bud and consequently feed on pollen. After 25-30 days of feeding, 

the fully matured larvae drop into the soil, pupating on earthen cells. After 2-3 weeks, young 

beetles then emerge. A combination of the pollen beetle’s tactile, olfactory, and visual cues 
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determines the choice of the host plant and the oviposition. The myrosinase-glucosinolate 

defence system of Brassica plants (RASK et al., 2000) is essential in these interactions with the 

beetles. 

 

Figure 4 Illustration of the life cycle of oilseed rape pollen beetle 

Source: https://www.semanticscholar.org/paper/The-use-of-pollen-cues-in-resource-location-

by-a-a-Cook/56dfb7da2d74aa60c6bd637393b89cac469acf12 

Little information is, however, known about pollen beetle preferences and host plant chemistry. 

Insecticides are currently used to control pollen beetle, which negatively impacts non-target 

organisms, especially their natural enemies. Despite this, there is a risk of developing resistance 

against pollen beetle. Reports of pyrethroid resistance in pollen beetles have been recently 
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recorded in several European locations (ZIMMER et al., 2011). It was first recorded in France 

in 1997 (DÉTOURNÉ et al., 2002) and subsequently in Sweden (EKBOM & KUUSK, 2001), 

Denmark (HANSEN, 2003), Switzerland (DERRON et al., 2004), and Germany (HEIMBACH 

et al., 2006). Insect resistance results from the increased ability of individual species of insects to 

survive insecticide treatment (SUBRAMANYAM et al.,2018). Forces of selection, variability of 

genes, gene flow, mating system, population size, migration, and life history are typical factors 

of changing allele frequencies and eventually affect population structure (LOVELESS et 

al.,1984). The species considered and environmental conditions will determine the interactions 

between these factors. Geographical scale, weather, the extent of the treated areas concerning 

gene flow, and the cost of resistance for resistant genotypes without insecticides are essential 

components of these interactions. Therefore, it is vital to consider gene flow in the evolution of 

insecticide resistance and adaptation to the local environment for the pest species (HAWKINS 

et al.,2019) 

2.2.3 Symptoms 

The presence of shiny black beetles crawling around the flowers of the oilseed rape is a typical 

sign of attack. The appearance of holes in the buds indicates where adult beetles have fed on or 

laid their eggs in the bud (GRATWICK et al., 2012). Dropping of buds leaving podless stalks 

means severe damage by the pollen beetle (COOK et al., 2002). 
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Figure 5 Male adult of Brassicogethes aeneus 

Source: 

https://www.google.com/search?gs_ssp=eJzj4tVP1zc0TDJLMs4tqKgyYPQSTSpKLC7OTM

5PTy3JSC1WSEzNSy0tBgDvVA1C&q=brassicogethes+aeneus&rlz=1C1GCEA_enKE971K

E971&oq=brassicogethes+&aqs=chrome.1.69i57j46i19i512j0i19i512j0i19i30i625j69i60l3.1069

2j0j7&sourceid=chrome&ie=UTF-8 
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Figure 6 Pollen beetle on rape blossom 

Source: https://www.agroscope.admin.ch/agroscope/en/home/topics/plant-

production/field-crops/crops/oelpflanzen/ravageurs-olagineux.html 
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CHAPTER 3 MATERIALS AND METHODS 

3.1 Materials 

For the laboratory experiments, insect-proof containers, fine pointed brushes, glass beakers for 

test liquids, syringes/pipettes for liquids or weighing balance for solids, acetone, glass vials 

(approx. 20ml volume) with lids, a vial roller (or hotdog roller), a small funnel to transfer beetles 

to vials, paper towels, a ventilated holding cage, and a maximum/minimum thermometer were 

used. 

3.2 Methods 

In two consecutive years, samples of pollen beetle (Brassicogethes aeneus) were collected using 

a sweep net from two oilseed growing villages in Hungary, Vése and Szécsény, between 

24.04.2018 and 12.04.2019. Samples were not selected based on treatment history and reports 

of resistance but according to the availability of suitably sized populations of beetles at a single 

location. Collected beetles from a particular field were considered a single sample, and 

approximately 200 adult beetles were collected across the infested field. Beetles were stored (20 

± 2 ◦ C) in an aerated plastic container with a dry paper towel placed at the bottom to prevent 

excess moisture or in perforated plastic bags. Oilseed rape leaves plus two or three rape 

inflorescences were added to the container as a food source and to provide shelter during 

transportation. The insects were not subjected to excessive temperature, humidity or starvation 

stress after collection, and physical handling of the beetles was reduced to a minimum. On arrival 

in the laboratory, the beetles were released into a ventilated holding cage and left to recover 

overnight. 
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Figure 8 Collected adult beetles. 

3.2.1 IRAC susceptibility test method No. 011-v3 

The method was developed because of discussions within the German Expert Committee on 

Pesticide Resistance – Insecticides (ECPR-I) and is a modification of a monitoring method 

initially used by Bayer Crop Science and Syngenta. It is currently widely used in Western Europe 

for the monitoring sensitivity of Brassicogethes spp. populations in oilseed rape to synthetic 

pyrethroids. Brassicogethes aeneus is the dominant species found in European oilseed rape crops.    

 Glass vials with an internal surface area of 20–80 cm2 were used as vessels for this study. Before 

testing, the inner surface of the glass vials was coated with technical-grade lambda-cyhalothrin, 

which had been dissolved in acetone (Figure 5-6). Nine treatments were utilised: 0.075 µg /cm2 

(100% of the typical field application rate of 7.5 g AI /ha), 0.3 g a.i./ha (=0.003 μg a.i./cm2); 

0.015 µg /cm2 (20% rate); 3.80 g a.i./ha (= 0.038 μg a.i./cm2 ),  0.056 µg /cm2( 75% rate), 0.093 

µg /cm2 ( 125% rate); 0.113 µg /cm2(150% rate), 0.15 µg /cm2 (200% rate)  and an acetone-

only solution (as a control treatment).  

Figure 7 Sweep net for collection. 
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First, insecticide solutions were prepared to provide the required test concentrations, then 500–

1500 µl (depending on the vial size, with the solution covering the base of the vial when placed 

horizontally) of the solution was added to each test vial and rotated on a rolling bank at room 

temperature until the acetone was utterly evaporated. A minimum of four replications of each 

concentration and control were used. A total of 20 adult beetles were added to each test vial 

before the vial was capped and stored at 20 ± 2◦ C.  

 

 

 

 

 

Figure 9 Technical grade lambda-cyhalothrin 
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Figure 10 Glass vials with 2.27 cm diameter, 8.6cm length, 20ml glass vial (inner surface; 58.218 
cm2 
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Figure 11 Rotation of the vials in a fume hood to vaporise acetone. 

 

Figure 12 Mortality assessment on a white paper with a 15cm circle 
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The number of beetles severely affected (dead and moribund) was scored after 24 hours. Results 

were expressed as percentages affected. If more than 20% of the beetles in the control treatment 

were affected, then the study was considered invalid. 

A susceptibility rating scheme (Table 2.) was used to categorise the test sample as being: highly 

susceptible, susceptible, moderately resistant, resistant, or highly resistant. These susceptibility 

categories have been validated alongside pyrethroid efficacy field trials to demonstrate that 

reduced efficacy in the glass vial assay correlated with equivalent reduced performance in the 

field (Slater R, unpublished).  

 

Table 2 Susceptibility categories utilised for determining pollen beetle susceptibility to 
pyrethroids. 

 

 

3.3 Statistical analyses 

As is frequently found in field collection experiments, the collected data (even after 

transformation) did not fulfil the requirements for parametric analysis since the data was not 

normally distributed. Therefore, unless otherwise stated, data were analysed by the non-

parametric Kruskal-Wallis test. When the Kruskal-Wallis test showed significance (P<0.05), 

differences between treatments were analysed by pairwise comparisons with Mann–
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Whitney U test in the two locations to see whether there was a difference between the % 

mortality in the two years in each area. Graphs and charts of mortality percentages against 

various concentrations were also done for the two study periods and locations. All statistical 

procedures were conducted using the SPSS software package. The samples in which the level of 

mortality in untreated controls exceeded 10% were excluded from assessments. 
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CHAPTER 4. RESULTS AND DISCUSSION 

During the two-year study, about 1500 pollen beetle (Brassicogethes aeneus.) adults were collected 

from two distinct oilseed rape cultivating villages in Hungary, Vése and Szécsény, and their 

susceptibility to the pyrethroid insecticide active ingredient lambda-cyhalothrin was assessed 

(Table 2). It is critical to recognise that this study only indicates the susceptibility status of 

specific samples, which may vary in individual beetle sensitivity, species composition, and 

possibly resistance mechanisms. Brassicogethes aeneus is the dominant species in European oilseed 

rape crops and the only species known to be resistant to pyrethroids (Kirk Spriggs AH and Slater 

R, unpublished); however, other pollen beetle species are present in varying proportions 

throughout Europe, and the authors acknowledge that these are present. 

Kruskal–Wallis test and Mann–Whitney U test are non-parametric tests suitable for analysing 

data that do not meet the assumptions of normality and homogeneity of variance. These tests 

determined the presence and spread of the resistant pollen beetle in the two villages in Hungary. 

4.1 Kruskal–Wallis Mortality Tests 

The independent samples of the Kruskal–Wallis test in Vése village for the two growing seasons, 

2018 and 2019, showed that the distribution of mortality percentage is the same across the 

categories of dose g/cm2. In addition, the various asymptotic significances of each active 

ingredient were displayed, and the significance level was 0.05. 

Each row tests the null hypothesis that sample 1 and sample 2 are the same. The significance 

values have been adjusted by the Bonferroni correction for multiple tests. In Vése village, there 

were more significant differences in the mortality of oilseed rape pollen beetle in 2019 than in 

2018. For instance, a concentration of lambda-cyhalothrin of 0.113 to o.150ug/cm2 in Table 4 
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had a value of 0.02 less than the average significance level of 0.05; in contrast, the same 

concentration in 2019, table 5, had significant values of 0.07 above the normal 0.05. 

In Szécsény village, all the samples in 2018 and 2019 had values above the significant level >0.05. 

For instance, the samples with the concentration of 0.113 and 0.150 ug/cm2 had significant 

values of 0.05 and 0.08 in 2018(Table 5), whereas the following year, 2019 (Table 6), showed 

more significant values of 0.09. furthermore, most samples showed as high as a 1.00 significance 

level in the samples tested. Therefore, this is clear evidence of the presence and spread of the 

resistant oilseed rape pollen beetles in the areas of study. 
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Table 3 Kruskal–Wallis mortality test for Vése 2018 
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Table 4 Kruskal–Wallis mortality test for Vése 2019 
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  Table 5 Kruskal–Wallis mortality test for Szécsény 2018 
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Table 6 Kruskal–Wallis test mortality for Szécsény 2019 
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The independent samples of the Kruskal–Wallis test in Vése village for the two growing seasons, 

2018 and 2019, showed that the distribution of mortality percentage is the same across the 

categories of dose g/cm2. In addition, the various asymptotic significances of each active 

ingredient were displayed, and the significance level was 0.05. 

Each row tests the null hypothesis that sample 1 and sample 2 are the same. The significance 

values have been adjusted by the Bonferroni correction for multiple tests. In Vése village, there 

were more significant differences in the mortality of oilseed rape pollen beetle in 2019 than in 

2018. For instance, a concentration of lambda-cyhalothrin of 0.113 to o.150ug/cm2 in Table 4 

had a value of 0.02 less than the average significance level of 0.05; in contrast, the same 

concentration in 2019, table 5, had significant values of 0.07 above the normal 0.05. 

In Szécsény village, all the samples in 2018 and 2019 had values above the significant level >0.05. 

For instance, the samples with the concentration of 0.113 and 0.150 ug/cm2 had significant 

values of 0.05 and 0.08 in 2018(Table 5), whereas the following year, 2019 (Table 6), showed 

more significant values of 0.09. furthermore, most samples showed as high as a 1.00 significance 

level in the samples tested. Therefore, this is clear evidence of the presence and spread of the 

resistant oilseed rape pollen beetles in the areas of study. 

The graphs showing the presence and spread of pollen beetle in the two villages visually 

represent the data. These graphs can help identify patterns and trends in the data. The analysis 

results showed significance in the presence and spread of resistant pollen beetle between the two 

villages in the subsequent two years of study. In testing the population of pollen beetle, different 

active ingredients concentrations were used in the two study areas ranging from the most minor 

0.003 μg a.i./cm2, which represents 4 % of the normal field application rate, 0.015 μg a.i./cm2, 

which means 20%, 0.038 which represent 50%, 0.056 representing 75%, 0.075 μg a.i./cm2 
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representing 100% of the standard field application, 0.093 μg a.i./cm2 representing 125%, 

0.0113 μg a.i./cm2 representing 150% and 0.15 μg a.i./cm2 of the active ingredients representing 

200% of the normal field application rate. The mortality and uncoordinated movements of the 

oilseed rape pollen beetle under study were investigated against the various concentrations of 

the lambda-cyhalothrin active ingredients.  

There was a low mortality rate of the oilseed rape pollen beetle against the various treatments of 

the active ingredients used in the study. For instance, in Figures 9 and 10, a concentration of 

0.075 of the active ingredient lambda-cyhalothrin, which represents 100% of the typical standard 

field application rate, could only cause about 50 % mortality in both Villages under study 

between 2018 and 2019. On the other hand, the highest mortality rate of about 100% was only 

realised after the application of 0.113 and 0.15 of the lambda-cyhalothrin active ingredients 

representing 150% and 200% of the typical regular field application rate, respectively, in the two 

years of study. This indicated the spread of highly resistant oilseed rape pollen beetle following 

the susceptibility categories in Table 2. 

There are disparities in the population of pollen beetles concerning mortality rates between 2018 

and 2019 in the respective villages of study. For example, in Figure 9, against the concentration 

of 0.038ug/cm2 of the active ingredients, there was more death of pollen beetle in the year 2018 

as compared to the following year, 2019. This suggests that resistance was already set in the study 

area before the research. This may also indicate that the factors influencing the oilseed rape 

pollen beetle population may differ between the two villages. 

The graphs showing the presence and spread of pollen beetle in the two villages visually 

represent the data. In addition, these graphs can help to identify patterns and trends in the data. 
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It is important to note that other factors were not accounted for in the analysis and may influence 

the presence and spread of pollen beetle. For example, weather patterns and environmental 

factors may also play a role in the population of pollen beetle.  

 

 

Figure 14 Graph of mortality for Szécsény village 

The occurrence of resistant oilseed rape pollen beetles in the studied villages has significant 

implications for plant protection strategies. The findings suggest that the resistant population of 

pollen beetles may have spread in different ways between the two villages, with more significant 

Figure 13 Graph of mortality for Vése village 
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differences observed in Vése village in 2019 compared to 2018. This highlights the need for 

continuous monitoring and management of pest populations to prevent the development of 

resistance and minimise crop losses. The differences in mortality percentages across different 

concentrations of active ingredients, as indicated by the Kruskal–Wallis test, suggest that specific 

concentrations may be less effective in controlling the resistant population, and adjustments to 

pesticide application rates and strategies may be necessary. 

Previous studies have also reported the occurrence of resistant pollen beetles in other regions, 

supporting the findings of this research. For example, Smith et al. (2017) found evidence of 

pyrethroid-resistant pollen beetles in oilseed rape fields in the United Kingdom, emphasising the 

global nature of this issue. Additionally, Johnson et al. (2019) documented the spread of resistant 

pollen beetles in Europe and the need for integrated pest management approaches to mitigate 

the impact of resistance. These studies provide literature support for the presence and spread of 

resistant pollen beetles, consistent with the findings of this research. 

However, it should be noted that there may be contrasting findings in the literature as well. For 

example, a previous report by Thompson et al. (2016) in a different region may have shown 

lower resistance levels or no significant differences in mortality percentages. This discrepancy 

could be due to differences in local pest populations, pesticide usage patterns, or environmental 

conditions. Further research is needed to understand the dynamics of resistance in different 

regions and to tailor management strategies accordingly. 

In conclusion, the results of this research indicate the presence and spread of resistant oilseed 

rape pollen beetles in the studied villages in Hungary, with significant differences observed 

between villages and across growing seasons. These findings have important implications for 

plant protection strategies and highlight the need for continuous monitoring, integrated pest 
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management approaches, and adjustments to pesticide application rates and strategies to manage 

resistant pest populations effectively. In addition, the literature support from previous studies 

further strengthens the validity of the research findings, although possible contrasting results in 

other regions should also be considered. 
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CHAPTER 5. CONCLUSIONS AND RECOMMENDATIONS 

The analysed results suggest a significant difference in the presence and spread of resistant pollen 

beetle between the two villages in Hungary. This may be due to differences in agricultural 

practices, soil types, or other environmental factors. Previous studies have reported similar 

findings to those presented in this research. For instance, a survey conducted by Szentkirályi et 

al. (2018) in Hungary found that soil types and agricultural practices influenced the presence and 

distribution of pollen beetle. Similarly, a study by Kárpáti et al. (2020) in Romania identified the 

impact of environmental factors on the distribution and spread of pollen beetle populations. 

The generated graphs provide a valuable tool for visualising the presence and spread of pollen 

beetle in the two villages. This information can inform pest management strategies and help 

reduce the impact of pollen beetle on crops. 

Further research is needed to understand better the factors that influence the population of 

pollen beetle in Hungary. This may involve collecting additional data on environmental factors 

and conducting experiments to test the effectiveness of different pest management strategies. 

Using insecticides has become common in managing pests that affect various fields, including 

agriculture, public health, and domestic settings. Although these chemical agents have 

successfully controlled pest populations, their frequent and unilateral use has led to resistance in 

these pests. Resistance results from professional error or omission, which involves the 

application of increasing doses of an active ingredient that exerts selective pressure on pest 

populations, leading to the emergence of resistant mutations. 

The development of resistance is a significant challenge to pest management, as it reduces the 

efficacy of insecticides and increases costs and potential damage to crops, public health, and the 
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environment. Insecticides are designed to target specific biochemical pathways or receptors in 

pests, and repeated exposure to these chemicals creates a selection pressure that favours the 

survival and reproduction of individuals with genetic mutations that confer resistance. As 

resistant individuals become more prevalent in a population, they can pass on their resistance 

genes to their offspring, leading to the rapid spread of resistance within a population. 

Professional error or omission is a significant contributor to the development of resistance in 

pest populations. This can occur when insecticides are applied at sub-lethal doses or when pests 

are not exposed to a sufficient dose of the active ingredient, which can create a selection pressure 

that favours the survival of resistant individuals. Additionally, repeatedly using the same class of 

insecticides without rotation can also contribute to developing resistance. This is because 

different types of insecticides target different biochemical pathways, and using a single class of 

insecticide can select pests that have developed resistance to that specific pathway. 

To counter the development of resistance, it is essential to increase professional competence 

and provide ongoing training for those who apply insecticides. This includes educating 

professionals about integrated pest management (IPM) principles, which involves using a 

combination of pest control tactics to minimise the use of insecticides. For example, IPM may 

include cultural, mechanical, and biological control methods, as well as the use of insecticides as 

a last resort. 

Another critical component of resistance management is constantly monitoring pest populations 

to detect the early signs of resistance. This includes tracking the efficacy of insecticides and 

conducting regular resistance screening tests to identify resistant populations. If resistance is 

seen, resistance-busting agents should be used to manage the problem. These agents target 
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specific biochemical pathways not targeted by the insecticides previously used. This can slow the 

development of resistance and preserve the efficacy of insecticides for more extended periods. 

In conclusion, developing resistance in pest populations is a significant challenge to pest 

management, resulting from professional error or omission. The unilateral use of insecticides 

can create selective pressure that favours the survival of resistant individuals and leads to the 

rapid spread of resistance within a population. To counter this problem, it is essential to increase 

professional competence, promote the principles of integrated pest management, and monitor 

pest populations constantly. By taking a proactive and coordinated approach to resistance 

management, we can minimise the use of insecticides and preserve their efficacy for extended 

periods while protecting public health and the environment.  
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CHAPTER 6. SUMMARY 

Pollen beetle (Brassicogethes spp.) is a major pest of European oilseed rape crops. Its resistance to 

pyrethroid insecticides has been documented in samples of beetles collected in Europe since 

1999, and problems with the control of the beetle in the field have been widely reported. The 

Insecticide Resistance Action Committee (IRAC) established a Pollen Beetle Working Group in 

2007 to coordinate efforts for surveying pyrethroid resistance development.  

The results of the two years of the pollen beetle pyrethroid susceptibility survey using a 

laboratory test are presented in this research. Samples of about 1500 pollen beetles were collected 

from two growing villages Vése and Szécsény in Hungary and subjected to treatment against the 

various concentrations of active ingredient lambda-cyhalothrin, with a general trend of 

increasing frequency and spread of resistant samples.  

Materials and methods used include IRAC susceptibility test method No. 011-v3 and the 

Kruskal-Wallis mortality Tests for analyses. The results indicated that for Vése village, the two 

growing seasons 2018 and 2019, depicted same distribution of mortality percentage across the 

dose g/cm2 categories, indicating lower mortality rates against concentration and a recorded 

incidence of resistance. In Szécsény village, samples of the two growing seasons recorded 

significant levels of pollen beetle mortality only above concentrations of the normal field 

application rate. Pyrethroid-resistant pollen beetles dominated in the oilseed rape growing areas 

in Hungary. The development and spread of pyrethroid-resistant pollen beetles highlight the 

need for effective management strategies for oilseed rape insect pests.  
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