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Summary: Several plant bug species (Miridae) are important pests of crops and vegetables, thus monitoring them is of essential importance for 

effective pest control. During the current, preliminary study synthetic plant volatile combinations were tested in field conditions in Hungary in alfalfa 

fields. Beside semiochemical baited traps, sweep-netting was also performed. In the experiments three plant bug species were found in higher 

numbers: Adelphocoris lineolatus, Lygus rugulipennis and L. pratensis. As a novel, interesting finding L. pratensis was attracted to 

phenylacetaldehyde baited traps. For all species, both males and females were trapped in all combinations. Sweep-netting and semiochemical baited 

traps showed different efficacy in case of the three species, as sweep-netting catches were highly biased for A. lineolatus, which indicates the higher 

efficacy of this method as compared to the tested semiochemical-baited traps. On the other hand, semiochemical baited showed better performance 

for L. rugulipennis and L. pratensis. For these species none of the tested combinations performed better than phenylacetaldehyde baited traps. The 

potential implication of results in view of monitoring are discussed. 
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Introduction 
 

 Bugs (Hemiptera order, Heteroptera suborder) are one of 

the most important insect groups for agriculture considering 

both pest and beneficial species. Although Heteropterans have 

diverse life history traits, more than half of the about 40.000 

known species are herbivorous (Vásárhelyi, 1996; Schuh & 

Slater, 1995; Schaefer & Panizzi, 2000) and some may cause 

significant economic losses due to their feeding and as vectors 

of different plant pathogens (e.g. Miller 1971). The Hungarian 

fauna consists of about 850 bug species (Kondorosy, 1999, 

2005). About fifth of them are beneficial predators while others 

are mainly phytophagous including pestiferous species (Rácz, 

1989). Pest species cause damages with their piercing and 

sucking mouthparts on both vegetative and generative parts of 

crops including vegetables and fruits. 

Plant bugs (Miridae) is one of the economically most 

significant Heteroptera families primarily due to dangerous 

pests and also to beneficial species amongst them (e.g. 

Braimah et al., 1982; Cassis & Schuh, 2012). Plant bugs may 

cause severe damage both in arable (e.g. Lu et al., 2010) and 

horticultural crops (e.g. Jay et al., 2004). In horticulture 

especially potato and strawberry are damaged by Miridae 

species. According to Easterbrook (2000) Lygus rugulipennis 

probably is the major cause of fruit malformation in late-season 

strawberry in the UK where it can mainly be a horticultural 

pest. In Hungary Lygus pratensis, L. rugulipennis, L. 

gemellatus, Poeciloscytus vulneratus and Adelphocoris 

lineolatus are more common and even abundant Miridae 

species cause damage mainly on pulses. Miridae pests have 

outstanding importance also in sunflower, cucumber, sweet 

corn and green pea production where they can cause damage 

directly with feeding and transmission of different pathogens. 

They often invade from nearby grasslands, alfalfa fields, and 

even mowed alfalfa fields and harvested grains where they can 

be abundant. These pests generally have 2 generations per year 

but there are species with 1 and 3 generations too. Most species 

overwinter as eggs and/or adults (Marcali, 2019; Hodossi et al., 

2010). The control of mirid pests is mainly based on 

insecticides. The detection and monitoring of pest population 

dynamics are crucial for increasing efficacy of treatments and 

decreasing pesticide use (e.g. Witzgall et al., 2010). 

Plant bugs can be sampled by transect counts, but this 

method is not quite efficient and robust due to the small size 

and large vagility of species (Rácz & Bernáth, 1993). Sweep-

net is an effective and easy to use tool for collecting plant bugs, 

but it is greatly affected by the structure of vegetation and other 

factors e.g. temperature, daily activity of different species and 

even the person of the sampler. Beyond that in some cultures 

sweep-net may harm plants (Rácz & Bernáth, 1993; Varis, 

1995; Fauvel, 1999). As passive sampling methods we can use 

light or colour traps to collect plant bugs. For instance, 

population dynamics of Lygus rugulipennis was studied by 

light-trap catches (Benedek et al., 1970), and by blue and 
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yellow sticky traps as well (Holopainen, 2001). However, 

Pansa et al. (2008) could not confirm the effectiveness of blue 

and yellow colour traps, furthermore, Jay et al. (2004) 

suggested the use of white sticky traps in strawberry fields. 

Traps baited with semiochemicals may provide a simple 

and efficient alternative tool for catching Miridae species 

through a wide variety of crops and also in horticulture. In case 

of some plant bug species presence of sex pheromones has 

been known for a long time (e.g. Scales, 1968; Strong et al., 

1970; Smith et al., 1994; Scott & Snodgrass, 2000) and for 

some species they are used in monitoring (McBrien et al., 

1996).  Nevertheless, sex pheromones attract only male plant 

bugs, thus semiochemicals attractive to both sexes could yield 

advantages from practical aspects.  

Reports are available on laboratory and field experiments 

on allelochemicals attractive to both sexes of plant bugs (e.g. 

Blackmer et al., 2004; Frati et al., 2008; Fujii et al., 2010). For 

instance, attractiveness of phenylacetaldehyde for the Nearctic 

Lygus lineolaris was detected by Cantelo & Jacobson (1979), 

but Blackmer & Byers (2009) could not confirm their results. 

In laboratory experiments of Frati et al. (2008) Lygus 

rugulipennis was attracted by the fragrance of their host plant 

Vicia faba. At the same time the host plant positively affected 

pheromone production of females and the feeding of the pest 

modified the composition of host plant fragrance (Frati et al., 

2009). In field experiments conducted in Hungary Koczor et al. 

(2012) found attraction of L. rugulipennis and A. lineolatus to 

phenylacetaldehyde and (E)-cinnamaldehyde. Recently Xiu et 

al. (2019) reported activity of further plant volatiles in Eastern-

Asian populations of three Adelphocoris species. Our 

knowledge on host plant - pest interactions is insufficient but 

this topic may provide further perspectives in monitoring and 

even in improvement of management practices against Miridae 

pests as we can see this in case of other pest taxa e.g. 

Lepidoptera (Tóth et al., 2016, 2017, 2019a; Szanyi et al., 

2017) Coleoptera (Tóth et al., 2019b) and Diptera (Katona et 

al., 2020). 

In the present study we focused on L. rugulipennis and A. 

lineolatus. The studied plant bug species have wide host plant 

range, and L. rugulipennis is thought to be among the most 

polyphagous species in Europe (Holopainen & Varis, 1991). In 

such polyphagous species which feed on several plant species, 

with possibly highly variable odour profiles, the number of 

compounds of potential importance in foraging may be 

remarkably high. Electroantennographic screenings is a 

possible method to do a preliminary selection between 

volatiles, however, as it was found for example in case of L. 

rugulipennis and A. lineolatus higher EAG responses do not 

warrant for more pronounced behavioural response (Koczor et 

al., 2012). Thus, in the course of the present, preliminary study 

we used another approach, that is, to screen combinations of 

common plant originated synthetic compounds for their effect 

in field conditions. Due to the polyphagous nature of these 

species, for the screenings we chose common plant volatiles, 

which have been identified from multiple plant families (e.g. 

Knudsen et al., 2006). We hypothesised that the number of 

compounds potentially eliciting remarkable behavioural 

responses are limited, and that compounds not eliciting such 

responses may possibly have lower effect on catches (for 

instance by masking), thus, we tested combinations of these 

compounds. In the first field test we evaluated ternary 

combinations of plant volatiles in combination with 

phenylacetaldehyde baits for potential synergistic or 

antagonistic effects while in another experiment the addition of 

the ternary blend showing possible activity in the first 

experiment and of its single components to phenylacetaldehyde 

was studied. 

 

Materials and methods 
 

Preparation of baits 

 

For the experiments, synthetic compounds (≥95% chemical 

purity as per the manufacturer) were obtained from Sigma-

Aldrich Kft. (Budapest, Hungary). Baits were prepared as 

follows: compounds were loaded onto a 1 cm piece of dental 

roll (Celluron®, Paul Hartmann AG, Heidenheim, Germany), 

which was put into a polyethylene bag (ca 1.0 × 1.5 cm) made 

of 0.02 mm linear polyethylene foil (FS471-072, Phoenixplast 

BT, Pécs, Hungary). The load of individual compounds was 

kept at 100 mg per compound. Phenylacetaldehyde was loaded 

in separate baits. The dispensers were heat sealed and attached 

to 8 × 1 cm plastic handles for easy handling when assembling 

the traps. Dispensers were wrapped singly in pieces of 

aluminium foil and stored at -18 °C until used. 

 

Field tests 

 

The field tests were carried out in the surroundings of 

Fürjes village (Békés County, Southeast Hungary) and Cegléd 

(Pest county, Central Hungary). For the experiments 

CSALOMON® VARL funnel traps were used as these were 

found to be suitable for catching plant bugs (Koczor et al., 

2012). Traps were placed along the edge of alfalfa fields on 

ground level at 8-10 meters distance. As a rule, based on 

previous experience baits were changed after 3-4 weeks. To 

avoid positional effects, positions of traps were changed 

regularly. In the traps VAPORTAPE® II pesticide strips 

(HERCON®; 2,2-dichlorvinyl-dimethyl phosphate 10.0%) 

were used as killing agent. Samples of insects caught were 

stored in paper bags at -20 °C till sorting and identification. 

Identification of Lygus and Adelphocoris species were made 

based on works of Wagner (1952) and Schwartz and Foottit 

(1998).  

 

The details of single experiments 

 

Experiment 1: The experiment was run from July 4 to October 

1, 2016 near Fürjes (GPS: 46°40’ N; 21°01’ E), in complete 

block design, with 5 blocks (with 30 traps in total). Trap 

positions were rotated weekly. Treatments included: 

– phenylacetaldehyde bait only 

– phenylacetaldehyde bait + blend ‘A’ (isosafrole + 

anisylacetone + 2-phenylethanol) 

– phenylacetaldehyde bait + blend ‘B’ (geraniol + nonanal + 

benzyl-acetate) 

– phenylacetaldehyde bait + blend ‘C’ ((E)-anethole + (E)-2-

hexenal + (Z)-3-hexenol) 

– phenylacetaldehyde bait + blend ‘D’ ((E)-2-hexenol + beta-

ionone + 1-nonanol) 

– unbaited control 

Experiment 2: The experiment was run from July 10 to 

September 14, 2017 near Cegléd (GPS: 47°15’ N; 19°46’ E), in 

randomized complete block design, with 4 blocks (with 24 

traps in total). Trap positions were rotated biweekly. 

Treatments included: 

– phenylacetaldehyde bait only 
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– phenylacetaldehyde bait + 2-phenylethanol bait 

– phenylacetaldehyde bait + anisyl acetone bait 

– phenylacetaldehyde bait + isosafrole bait 

– phenylacetaldehyde bait + blend ‘A’ (isosafrole + 

anisylacetone + 2-phenylethanol) 

– unbaited control 

 

Sweep-net samples 

 

In 2016 additionally sweep-net samples were taken to 

characterize quantitative structure of Miridae assemblage of the 

studied alfalfa field by another, standard method. Three 

samples each with 100 sweeps (sum 300 sweeps/time) were 

taken four times during the study in 4th and 21st of August and 

10th and 25th of September 2016. Sampled transects were 

parallel to field edge where the traps were set out. 

 

Data analysis 

 

Catch data were summed for weeks, and weeks with low 

catches accounting for less than 5% of total catches of the 

respective species were excluded from the statistical analysis. 

Data were tested for normality by Shapiro-Wilk tests. Since 

none of the experimental data were found to be normally 

distributed, nonparametric tests were used. Data were analyzed 

by Kruskal-Wallis test, and differences between treatments 

were evaluated by pairwise Wilcoxon test with Benjamini-

Hochberg correction. Statistical procedures were conducted 

using the software R (R Core Team 2016). 

 

Results 
 

 Beside A. lineolatus and L. rugulipennis, another mirid, L. 

pratensis was caught in sufficient numbers for further analysis. 

Other plant bugs were found scarcely and were only 

represented by a few individuals. Among these only Lygus and 

Adelphocoris spp. were determined to species, these included 

L. gemellatus, A. seticornis and A. quadripunctatus. 

 

Catching data of Adelphocoris lineolatus 

 

In Experiment 1 relatively few A. lineolatus were caught. 

Only the treatment including phenylacetaldehyde bait and the 

ternary bait containing isosafrole, anisylacetone and 2-

phenylethanol (coded as blend ‘A’) caught significantly more 

individuals than unbaited control (Figure 1). Both male and 

female individuals were caught (Table 1). 

In Experiment 2 in total each baited treatment caught more 

individuals than unbaited traps, however these differences were 

not statistically significant (Figure 2), both male and female 

individuals were caught. 

 

Catching data of Lygus rugulipennis 

 

In Experiment 1, all baited treatments caught more 

individuals than unbaited control. Among the different 

combinations none attracted more individuals than 

phenylacetaldehyde alone, furthermore the treatments 

containing the ternary combinations containing geraniol, 

nonanal and benzyl-acetate (coded blend ‘B’) and (E)-2-

hexenol, beta-ionone and 1-nonanol (coded blend ‘D’) caught 

fewer individuals than phenylacetaldehyde alone (Figure 1). 

Both male and female individuals were caught (Table 1). 

In Experiment 2, all baited treatments caught more 

individuals than unbaited control. None of the combinations 

attracted more individuals than phenylacetaldehyde alone, no 

significant differences were found among catches of baited 

treatments (Figure 2). 

 

Catching data of Lygus pratensis 

 

In Experiment 1, traps baited with phenylacetaldehyde 

alone attracted more individuals than unbaited control. None of 

the combinations attracted more individuals than 

phenylacetaldehyde alone, furthermore, catches of the ternary 

combinations containing geraniol, nonanal and benzyl-acetate 

(coded blend ‘B’) and (E)-2-hexenol, beta-ionone and 1-

nonanol (coded blend ‘D’) caught significantly fewer L. 

pratensis than phenylacetaldehyde alone, catches of these 

treatments did not differ from unbaited control (Figure 1). 

Both male and female individuals were caught (Table 1). 

In Experiment 2, all baited treatments attracted more 

individuals than unbaited control. Irrespective of combinations, 

catches of baited treatments did not differ significantly (Figure 2). 

 

Sweep-net sampling 

 

Sweep-net catches were strongly biased for A. lineolatus, as 

L. rugulipennis and L. pratensis were caught in considerably 

lower numbers (Table 1). For all three species a large 

percentage of individuals caught were females (Table 1). 

 

Discussion 
 

 Semiochemical baited traps may provide a valuable, easy to 

use method for monitoring pests, serving with continuous data 

on local abundance and population dynamics. From the 

practical view baits attractive to both sexes may have 

advantages as information on female population dynamics may 

offer more valuable information on future pest abundances than 

information on one sex only (as frequently seen in pheromone 

baited traps).  

In the current study, as an interesting, novel finding, both 

males and females of L. pratensis were attracted to 

phenylacetaldehyde baited traps. We did not find former 

published data on it thus this is the first report on field 

attraction of the species to plant volatiles. Previously the sex 

pheromone composition of the species has been published 

(Fountain et al., 2014), however, the pheromone is only 

attractive to males, thus, phenylacetaldehyde baited traps may 

offer prospects for monitoring both sexes. Among the tested 

combinations, none increased attraction of L. pratensis to 

phenylacetaldehyde significantly, however, there were two 

combinations with significantly lower catches, these may be of 

interest in search for potentially repellent compounds in future 

studies. 

For L. rugulipennis the results confirmed previous findings 

on attraction of the species to phenylacetaldehyde (Koczor et 

al., 2012). When testing ternary combinations, the tendencies 

were very similar to those of L. pratensis, that is none of the 

combinations increased attraction to phenylacetaldehyde, 

however the same two combinations decreased attraction. 

Further research on these combinations may bring novel, 

interesting results on the chemical ecology of host choice of 

these plant bug species. 
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Figure 1. Weekly catches of Adelphocoris lineolatus, Lygus rugulipennis and L. pratensis in phenylacetaldehyde baited traps alone, in combination with ternary blends 

and in unbaited traps (Experiment 1). (Significance: Kruskal-Wallis test, pairwise comparisons by Wilcoxon test with Bonferroni correction at p=0.05). ’∑’ indicates 

the total number of individuals caught of the respective species in the experiment. 
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Figure 2. Weekly catches of Adelphocoris lineolatus, Lygus rugulipennis and L. pratensis in phenylacetaldehyde baited traps alone, in combination with either 

isosafrole, anisylacetone or 2-phenylethanol, in combination with their ternary blend and in unbaited traps (Experiment 2). (Significance: Kruskal-Wallis test, pairwise 

comparisons by Wilcoxon test with Bonferroni correction at p=0.05). ’∑’ indicates the total number of individuals caught of the respective species in the experiment. 

 

Table 1. Mean catch of Adelphocoris lineolatus, Lygus rugulipennis and Lygus pratensis in semiochemical baited traps (catch/trap) and sweep-net samples (catch/100 

sweeps) and ratio of females in 2016 in Fürjes (Hungary), for composition of blends, please refer to the text. 

Baits and methods   Species   

 A. lineolatus  L. rugulipennis  L. pratensis 

 
mean±SE female%  mean±SE female%  mean±SE female% 

phenylacetaldehyde 2.8±0.6 55.0±22.9  22.6±1.4 52.9±7.0  5.8±0.8 42.4±14.5 

phenylacetaldehyde + blend 'A' 11.8±4.6 34.6±7.9  25.0±2.1 53.4±5.0  5.8±1.0 48.8±11.7 

phenylacetaldehyde + blend 'B' 2.8±1.1 41.7±14.4  9.0±1.4 55.4±11.0  2.6±2.1 45.5±29.2 

phenylacetaldehyde + blend 'C' 1.4±0.7 88.9±11.1  27.0±3.6 45.6±3.7  3.4±0.7 33.7±15.3 

phenylacetaldehyde + blend 'D' 2.2±1.2 40.0±20.0  3.8±0.7 51.0±14.4  0.8±0.4 16.7±16.7 

unbaited traps 0.8±0.4 16.7±16.7  0.8±0.4 16.7±16.7  0.0±0.0 – 

sweep-netting 19.3±4.6 55.2±3.4  6.3±0.9 36.6±8.4  1.1±0.4 71.4±14.9 
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In the current study for A. lineolatus relatively few 

individuals were caught in semiochemical baited traps. Among 

the tested combinations, blend ‘A’ containing isosafrole, 

anisylacetone and 2-phenylethanol attracted more individuals 

than phenylacetaldehyde alone, thus Exp. 2. was set up. 

However, although baited treatments caught numerically more 

A. lineolatus, differences between treatments including 

unbaited traps were not statistically significant. Nevertheless, it 

is important to note that Exp. 2 was run with fewer replicates 

(4 blocks instead of 5), which might also affected statistical 

results. For this species attraction of adults of Eastern-Asian 

populations to some selected plant volatiles has been recently 

published (Xiu et al., 2019), further research on these 

compounds in Central European populations may be of interest 

in search for effective attractant combinations.  

Trapping and sweep-netting are remarkably different 

sampling methods since sweep-netting provides information on 

a narrow time window along a transect, whereas baited traps 

provide information on a given location for a longer period of 

time (e.g. Stewart, 2002) thus, it is not obvious to make 

comparisons amongst them. Nevertheless, we believe this 

information may be useful, thus, in our study, as standard 

sampling efforts we calculated the catches for 100 sweeps and 

for one trap of the respective treatment.  

In our experiments semiochemical-baited traps and sweep-

netting showed remarkably different efficacy in case of the 

three species. Sweep-net catches were strongly biased for A. 

lineolatus, which indicates the high efficacy of this method for 

collecting this species. Sweep-netting clearly outperformed 

semiochemical baited traps, which indicates that the tested 

combinations should be further optimised, before considered 

for practical application, especially in cultures, where sweep-

netting is a viable and applied method for monitoring. 

On the other hand, semiochemical baited traps performed 

much better for L. rugulipennis and L. pratensis as compared to 

sweep-netting, which indicates that phenylacetaldehyde baited 

traps may offer a potential alternative for monitoring males and 

females of these species, especially in cultures, where sweep-

netting is not favourable. Nevertheless it is important to 

emphasize that unlike semiochemical baited traps sweep-

netting provides information on the abundance of the given 

species in a very short time window, thus, catches may be 

strongly biased depending on the actual abundance and activity 

of the respective species and even affected by actual weather 

conditions and the appliers’ skills. 
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