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Abstract
Ips typographus (L.) is the most significant insect pest in the European spruce forests. Methods of control and 
monitoring are in the period of Ips typographus (L.) outbreaks supplemented with suppressive procedures applying 
insecticides. The aim of our study was to determine the necessary length of Ips typographus (L.) imagoes movement 
across the treated surface, resulting in their death also in the case of their flying away from the trap tree. Insecticides 
Forester (active substance cypermethrin) and Dinastia (active substance deltamethrin) were tested in laboratory 
conditions. Exposure times the beetles moved on the intoxicated bark were 30–300 s. Then the beetles were placed 
in Petri dishes and their survival rate up to twenty-four hours was established. Experiment duration was 8 weeks 
from spraying with repeated week control tests. High efficiency of tested pyrethroids ensuring the death of also 
flying away imagoes within six hours after contamination was established at three weeks. The rate of their survival 
was increasing from Week 4 independently on the exposure times (deltamethrin). In cypermethrin, the survival 
rate of imagoes was high and dependent on the exposure times. The efficiency of deltamethrin was higher than 
that of cypermethrin. During the outbreaks, the pheromone-baited poisoned trap trees causing the death also to 
flying away imagoes of Ips typographus (L.) have to be sprayed with the above-mentioned pyrethroids in a monthly 
interval at the time of swarming culmination. The efficiency of both insecticides decreased more rapidly on the 
upper unprotected side of the trap tree.

Key words: eight‐toothed spruce bark beetle; Picea abies [L.] Karst.; pyrethroids; cypermethrin; deltamethrin; labora-
tory test

1. Introduction

Bark beetles living on conifers (Coleoptera, Curculioni-
dae, Scolytinae) represent a serious economic threat for 
forest production. Outbreaks of Dendroctonus species 
are responsible for the whole-area decline of pine (Pinus 
sp.) stands in North America (Víctor & Zúñiga 2016; 
Hansen et al. 2019). During 2000–2020, Dendroctonus 
ponderosae Hopkins has killed billions of trees across 
tens of millions of hectares in western North America, 
when outbreak culminated, 3.5 million ha stands were 
destroyed in 2009 (Fettig et al. 2022).

In Europe, there are about 8 million ha of Norway 
spruce stands (Picea abies [L.] Karst.) endangered by 
outbreaks of spruce bark beetle – Ips typographus (L.) 
(Grégoire & Evans 2004; Stadelmann et al. 2013; Seidl 
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et al. 2014; Jeger et al. 2017; Senf et al. 2018). In the 
Czech Republic, 61 million m3 of standing and lying wood 
infested during I. typographus (L.) outbreak was logged 
in 2015–2022 (Knížek et al. 2023).

In addition to primary attractants, I. typographus (L.) 
uses aggregation pheromones during the attack, thus 
coordinating the success in infesting the spruce stands 
(Wood 1982; Bakke 1989; Schiebe et al. 2011).

Methods of controlling and eliminating the harmful-
ness of I. typographus (L.) consist in compliance with 
forest hygiene (timely removal of disposable timber 
– windthrows, breakages, logging residues) in active 
search of trees infested by spruce bark beetle and their 
timely removal from the stand (Stadelmann et al. 2013; 
Økland et al. 2016). The monitoring of the occurrence of 
imagoes is allowed by lying trap trees (Skuhravý 2002; 
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Holuša et al. 2021) or by pheromone traps (Raty et al. 
1995; Wichmann & Ravn 2001; Jakuš & Blaženec 2002; 
Blaženec et al. 2021). Although the pheromone slots traps 
were applied in Europe at mass trapping (Hübertz et al. 
1991; Weslien 1992; Jakuš 1998; Schlyter et al. 2001; 
Fettig & Hilszczański 2015), their effectiveness does 
not have to be always high (Weslien 1992; Zahradník 
et al. 1993). Mechanized debarking can be used during 
the whole development of I. typographus (L.) (Hnatek 
et al. 2021). The use of anti-attractants against I. typogra-
phus (L.) in forest protection is mentioned by Jakuš et al. 
(2003), and Jirošová et al. (2022).

At the same time, there are suppressive proce-
dures applying insecticides to reduce the occurrence of 
I. typographus (L.) which include poisoned trap trees of 
various lengths (Adlung et al. 1986a, 1986b; Drumont 
et al. 1992; Lubojacký & Holuša 2011; Kula et al. 2022) 
whose efficiency is higher than that of pheromone slots 
traps and lying trap trees. The advantage of poisoned 
trap trees is their unlimited capacity; they do not require 
regular control, need not be replaced during the growing 
season or cleaned up by debarking (Kula et al. 2022). The 
trap trees have to be baited with pheromone lure (attract-
ing bark beetles to come) and then treated with insec-
ticide in the defined interval. The negative is the threat 
to non-target invertebrates after a contact with the toxic 
surface of the trap tree (Zahradník & Kapitola 1993; 
Lubojacký & Holuša 2013; Lubojacký & Holuša 2014; 
Skrzecz et al. 2015; Zhu et al. 2020).

Poisoned trap trees in the form of tripods assembled 
usually from three to six logs of 1.5–2 m in length were 
tested in the control of I. typographus (L.), Ips duplica-
tus (Sahlberg), Ips cembrae (Heer) (Hurling & Stetter 
2012; Lubojacký & Holuša 2013; Špoula & Kula 2023). 
The prohibition of alfacypermethrin as active substance 
throughout the European Union ended the possible 
application of commonly used insecticide Vaztak® Active, 
(BASF Ltd.) as well as of the insecticidal net Storanet® 
(BASF Ltd.). The net was used to clean up infested wood. 
In the Trinet® P system (BASF Ltd.), it was an alterna-
tive to the poisoned trap trees in the form of tripods 
(Skrzecz et al. 2015; Zahradníková & Zahradník 2015; 
Kula et al. 2022). Experimentally tested were also stand-
ing poisoned trap trees (Raty et al. 1995; Juha & Turčány 
2008) which did not find application in practice. In North 
America Ponderosa stems infested by Dendroctonus were 
sprayed up to a height of 10–15 m (Hall et al. 1982; Hast-
ings et al. 2001; Fettig et al. 2018).

Killing the bark beetles with insecticides remains one 
of the most efficient methods to stop their spreading in 
the forest and halt forest decline. Pyrethroids represent 
a group of synthetic biodegradable insecticides with 
a range of applications against many insect pests (Ray 
& Burr 2014; Rivera-Dávila et al. 2022). They are con-
siderably toxic to insects, aquatic animals while being 
little toxic to mammals (Zhu et al. 2020). It is exactly their 
toxicity to insects that predetermines them as suitable 

insecticides. They are not persistent and in general eas-
ily metabolizable (Aznar-Alemany & Eljarrat 2020). The 
toxicity of pyrethroids is low (Ray & Burr 2014) with the 
degradation time (DT50) up to 60 days (Aznar-Alemany 
& Eljarrat 2020; Rivera-Dávila et al. 2022). Due to their 
very low water solubility and considerable hydropho-
bicity, they are readily adsorbed in soils and sediments 
(Laskowski 2002). Even so, their application is limited 
in protected areas and near water sources and water-
courses.

However, as their application in the natural environ-
ment is generally risky, their application is a subject to 
strict EU regulations (European European Comission 
2023).

The aim of this paper is to determine in laboratory 
conditions the effect of insecticide with active sub-
stance cypermethrin or deltamethrin on the mortality of 
I. typographus (L.) imagoes in dependence:
(i)	 on the necessary length of the movement of imagoes 

across the treated surface,
(ii)	on time gap from the treatment with insecticide.

At the same time, we would like to assess the validity 
of two hypotheses:
(i)	 is the mortality of imagoes decreasing in dependence 

on time elapsed since the insecticide application?
(ii)	will perish the imagoes flying away from the poisoned 

surface of trap tree due to contamination?

2. Materials and methods

2.1. Site and conditions

Spruce logs 1.5–2 m long with fine bark cut from freshly 
felled trees were placed on an open sunlit area on the 
premises of Mendel University in Brno, Czech Repub-
lic. After the spraying, the position of logs was fixed in 
order to differentiate upper and lower side throughout 
the experiment and to prevent their movement.

Climatic conditions for treated wood in open area 
during the experimental period (18 July–11 September 
2023) are characterized by data from the climatic sta-
tion situated in the Botanical Garden and Arboretum of 
Mendel University in Brno, at a distance of ca. 500 m 
from the treated logs: mean air temperature 20.8 °C, 
total precipitation amount 152 mm, mean global radia-
tion 16.5 MJ·m–2.

The experiment was carried out in the laboratory 
with controlled air temperature ranging between 23.2–
26.3 °C (Data Logger HOBO MX 1101 Temp), which 
supported the movement activity of imagoes situated 
onto a treated bark inserted in the plastic box.
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2.2. Establishment of the laboratory experiment

Peeling off bark with phloem
Samples of bark with phloem (ca. 1.5 dm2) were peeled 
from the upper side of both control and treated logs. 
The first sampling was made two hours after the applied 
insecticide dried up, and the other sampling procedures 
followed in regular weekly intervals in the period from 18 
July to 11 September 2023 (altogether 9 controls). After 
four and eight weeks since the spraying, bark samples 
with phloem were collected also from the lower “shaded” 
parts of the logs.

Each sample of bark with phloem collected from the 
treated logs and from the control log was trimmed and 
inserted tightly onto the bottom of plastic box (13 × 5.5 
× 5 cm).

Bark beetles (Ips typographus (L.))
Imagoes of I. typographus (L.) used in the experiment 
were collected from the pheromone slot traps (Theysohn) 
6–24 hours before being introduced into the experiment. 
Selected slot traps were cleaned 1–2 days before the col-
lection. The imagoes were transported from the field in 
a plastic container (volume of 10 litres) with non-con-
taminated spruce bark as a potential food offer, which 
was covered with airy fabric.

2.3. Laboratory work procedure

Imagoes of I. typographus (L.) with high movement activ-
ity (always 30 pcs) were in contact for five exposure times 
(ET) 30, 60, 90, 180, 300 s with the surface of bark treated 
with the tested insecticide or of untreated control. These 
“contaminated” individuals were placed in ten pieces 
(3 repetitions) in Petri dishes with the filter paper on the 
bottom and with the description of samples (insecticide 
and ET, e.g., Dinastia D1–3, ET 30–300 s) (Fig. 1B).

In each term of the experiment, the basic number of 
active I. typographus (L.) imagoes was used 450 pcs and 
+300 pcs more, if the lower sides of the logs were tested.

The following reaction of imagoes was evaluated in 
the interval of 0.5, 1, 2, 3, 4, 5, 6, 12 and 24 hours. In the 
mentioned time sequences, the condition of imagoes was 
classified in three categories:
•	 	imagoes alive, active, capable of movement,
•	 	imagoes dying, showing the movement of extremities 

and antennae but incapable of movement,
•	 	imagoes dead.
The recorded number of live imagoes in the controlled 
times was an input for classifying the efficiency of the 
both insecticides and duration of the necessary contact 
with the treated bark surface. Similarly, as in toxicology, 
a key rate is considered to be more than 50% of dead indi-
viduals within 24 hours.

Fig. 1. Placement of logs treated with insecticides and control logs to collect bark samples with phloem for the laboratory as-
sessment of impact on Ips typographus (L.) (Brno, 2023) (A); partial preview of the arrangement of laboratory experiment with 
contaminated imagoes in Petri dishes (B).
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2.4. Insecticides applied

Permitted insecticides used in the experiment were com-
mercial product Dinastia and Forester.

Dinastia (eAGRI 2023) contains deltamethrin (Burr 
2014b). It is available over the counter with no restric-
tions concerning competence of users. It is delivered as 
emulsion (oil in water) with the deltamethrin content 
of 50 g l–1. After dilution with water to 0.25% of active 
substance, it is applied as spray. Manufacturer does 
not recommend application at temperatures over 24 °C 
(Zahradník et al. 2023).

Forester (Agriphar 2009; eAGRI 2022) contains 
cypermethrin (Burr 2014a). It is available over the coun-
ter with no restrictions concerning competence of users. 
It is delivered as emulsion (oil in water) with the cyper-
methrin content of 100 g l–1. After dilution with water 
(10 ml l–1) it is applied as spray (Zahradník et al. 2023).

On 17 July, the logs were treated with the 0.5% solu-
tion of Dinastia insecticide (2 pcs) in the recommended 
dose of 5–8 l m–3, 1% solution of Forester insecticide 
(2 pcs) in the recommended dose of 5 l m–3 with the 
other logs remaining as controls (Fig. 1a). The insecti-
cides were applied using the industrial sprayer Marolex 
Industry Acid Line with the composite rod, nozzle Malo-
rex MR 1.5 mm (volume 7 litres).

2.5. Statistical evaluation

The efficiency of tested insecticides was determined 
from the number of live imagoes recorded in the respec-
tive exposure times and in the sequence of experiments 
from Week 0 to Week 8 since the treatment.

Statistical data were processed in the programme 
STATISTICA (TIBCO Software Inc. 2018) using the 
modules of Basic Statistic/Descriptive statistics and 
Nonparametrics/Kruskal-Wallis ANOVA & Median 
test (K-W test). The data were subjected to the control 
of normality and it turned out that the conditions of nor-
mality are not fulfilled. This is why the data processing 
with non-parametric methods was selected.

3. Results

Two insecticides: Forester (active substance cyperme-
thrin) and Dinastia (active substance deltamethrin) 
were evaluated for their efficiency limiting the survival 
of I. typographus (L.) imagoes at the differentiated dura-
tion of their movement across the contaminated surface. 
Bark from the control untreated section was used in order 
to determination of the influence natural mortality.

3.1. Effect of the length of contact with 
the treated surface on the survival 
of Ips typographus (L.) imagoes

Control
The high activity and the rate of live I. typographus 
(L.) imagoes in the control remained on the initial 
level throughout the experiment (9 controls), which 
confirmed the quality selection of individuals as well 
as the suitability of the laboratory environment (N 
= 150, mean ±SD, after 6 h/98.9 ±0.9%, 12 h/96.4  
±2.1%, 24 h/94.2 ±2.1%).

Insecticides
Dinastia
The movement (30–120 s) across the freshly treated 
bark was survived by 12% of I. typographus (L.) imagoes 
(0.5 h). One week from the spraying, less than 50% of live 
imagoes were recorded two hours since their contact with 
the treated bark surface. After five hours, the presence of 
live individuals was sporadic (1%) (Fig. 2).

Two weeks after the spraying, the amount of live 
individuals was differentiated below 50% between ET 
90, 180, 300 s and ET 30 and 60 s. After six hours, only 
11% of individuals survived the contact with the treated 
surface, and after twelve hours no occurrence of live ima-
goes was recorded (Fig. 2).

In Week 3, the representation of live imagoes after 
5–6 hours fell below 50% except for ET 30 s (67% of live 
individuals), with only 2% of live individuals remaining 
after 12 hours.

After one month after the treatment, the share of live 
imagoes decreased below 50% in all ET variants up to 12 
hours (to 15%) and to 3% after 24 hours (Fig. 2).

In Week 5, the number of live individuals was gradu-
ally decreasing during six hours since intoxication (70–
93%) and 13/6% of live imagoes were recorded after 
12/24 hours.

Six weeks from the insecticide application, the reac-
tion of imagoes during six hours differed between ET 30 
and 60 s, and ET 90, 180 and 300 s. After 12/24 hours, 
the situation in ET unifies and the share of live individuals 
falls below 50% to 43% and 12% (Fig. 2).

Week 7 is characterized by the high share of live 
individuals (92%) still within a gap of six hours from 
the contact with the treated surface (ET 30. 60 and 90 
s). After 12/24 h, the presence of live imagoes decreased 
to 37/12% (Fig. 2).

Final investigation (Week 8) confirmed the diversion 
in the representation of live imagoes after six hours, when 
the log surface was intoxicated (60–93%), after twelve 
hours, the difference in the surviving individuals between 
ET 30 and 60 s was 53%, and at higher ET 120–300 s, 
it was 19%. The difference (23/3%) remained after 24 
hours (Fig. 2).



Fig. 2. Shares of live Ips typographus imagoes after contamination on bark treated with the Dinastia insecticide at differentiated 
exposure times during 8 weeks (18 July–11 September 2023) (laboratory conditions, horizontal solid blue line corresponds to 
50% survival rate).
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Forester
The movement of imagoes across the bark with the dried 
up fresh spray resulted in the reduced occurrence of live 
I. typographus (L.) imagoes to 88% within 0.5 h (ET 30 
s) up to 40% (ET 300 s) and only 12% of individuals then 
survived within one hour.

In Week 1 after spraying, active imagoes were 
recorded in all ETs below 50% two hours from contact 
with the treated bark surface (Fig. 3).

The reduced number of live individuals in all ETs 
after 4–6 hours below the level of 50% (in total 28%) 
was caused by the bark surface treated two weeks ago.

Three weeks apart from the spraying, the share of live 
imagoes dropped below 50% only 6–12 h after intoxica-
tion (10%) (Fig. 3).

One month from the spraying, the representation 
of live imagoes reached more than 80% six hours after 
contamination (ET 30, 60, 90 s) and a decline below the 
level of 50% of live imagoes was established as well as 
after twelve hours (22%) and twenty-four hours (8%) 
from contamination (Fig. 3).

The reaction of imagoes to the treatment within a gap 
of five weeks (Week 5) was close to that of controls for 
6 hours from their exposure to the treated surface (93%) 
except for ET 300 s (70%). Shorter ETs did not endan-
ger the imagoes to such an extent that their share would 
decrease below 50% after 24 hours, except for ET 300 s 
(10%) (Fig. 3).

In Week 6 from the spraying, the share of live imagoes 
after six hours differentiates between ET 180 and 300 s 
(64%), and ET 30, 60 and 90 s (89%). The occurrence 
of live individuals below the level of 50% was recorded 
only after twenty-four hours (in total 34%) except for ET 
30 s (Fig. 3).

In Week 7, the reaction of imagoes on the exposure 
to the poisoned surface was generally mild for six hours 
(90–97% of live imagoes). After twelve hours, differences 
in the representation of live individuals increase due to 
the action of insecticide in dependence on the increasing 
ET 30, 60/90, 180/300 s (83/50/13%) (Fig. 3).

After two months, a high occurrence of live individu-
als was recorded throughout the monitoring time in ET 
30 s (after twenty-four hours 70%). In the other ET, the 
share of live individuals was differentiated and decreased 
below 50% after twelve hours from intoxication (Fig. 3).

3.2. Effect of insecticide stability  
after application

Efficiency of insecticides in the two-month monitoring 
was evaluated by the non-parametric test (K-W test: H(2, 
N = 3645) = 781.53 p = 0.000). The control untreated sec-
tion clearly differentiated from the two sections treated 
with the insecticide. The Dinastia insecticide appears to 
be slightly more efficient that the Forester insecticide 
(Fig. 4).
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The non-parametric test (K-W test: H(17, N = 2430) = 
888.08, p = 0.000) evaluating the efficiency of insecti-
cides with a week interval confirmed its decrease in time 
from the application. In the Dinastia insecticide, the effi-
ciency was declining continually up to Week 4 (Dinastia 
0 to 4) while it did not change in the following four weeks 
(Dinastia 5 to 8). In the Forester insecticide, the efficiency 
was declining up to Week 3 (Forester 0 to 3) and after a 

significant decrease recorded between Week 4 and Week 
5 was not changing (Forester 5 to 8). With an average 
number of surviving imagoes > 6 (i.e. > 50%), the effi-
ciency is already classified as low (Fig. 5). This detailed 
record in the changing efficiency of both insecticides in 
the course of 8 weeks from application explains the par-
tial difference in the summary assessment (Fig. 4). Both 
previews are consistent.

Fig. 3. Shares of live Ips typographus (L.) imagoes after contamination on bark treated with the Forester insecticide at differenti-
ated exposure times during 8 weeks (18 July–11 September 2023) (laboratory conditions, horizontal solid blue line corresponds 
to 50% survival rate).

Fig. 5. Mean number of live Ips typographus (L.) imagoes af-
ter the application of Dinastia and Forester insecticides in the 
respective weeks after application (Ins_W) (laboratory condi-
tions).

Fig. 4. Mean number of live Ips typographus (L.) imagoes af-
ter the application of Dinastia and Forester insecticides and 
control (laboratory conditions; pooled for all weeks; 18 July–
11 September, 2023).
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An important factor affecting the efficiency of insecti-
cide and survival of imagoes is exposure time (ET) on 
the treated surface. With the increasing ET, the mortality 
of imagoes was gradually increasing (K-W test: Dinastia 
H(4 N = 1215) = 18.20; p = 0.001; Forester H(4 N = 1215) 
= 38.40; p = 0.000). The trend of the dependence of the 
mean number of surviving imagoes on ET (pooled for all 
weeks) is shown in Fig. 6. The efficiency of the Forester 
insecticide is mildly lower. The values are cumulative and 
corresponding to the given ET for all monitored weeks.

The analysis of insecticide efficiency on the upper 
(Top) and lower (Bottom) side of treated logs (Fig. 1A) 
was used to monitor the influence of direct weather (cli-
matic) conditions. The non–parametric test (K-W test: 
H(7, N = 1080) = 441.98; p = 0.000) demonstrated that 
such an influence exists. In the Dinastia insecticide, 
the mortality of imagoes after the contact the protected 
bottom of the log was high in both weeks of monitor-
ing (presumably for the whole time), in contrast to the 
unprotected part where it was low. In the Forester insec-
ticide, the efficiency between the positions was different; 
however, in the protected part of the log it was medium 
in Week 4, otherwise it was low with no regard of the 
position (Fig. 7).

The current costs of preparing a solution for the treat-
ment of 1 m3 of poisoned traps are almost the same for 
the recommended insecticides Forester (price 1,327 CZK 
per litre, 1% concentration, consumption 5 l m–3) and 
Dinastia (price 2,000 CZK per litre, concentration 0.5%, 
consumption 5–8 l m–3). Due to the proven longer effec-
tiveness of the 0.5% Dinastia insecticide by 2–3 weeks 
compared to the 1% Forester insecticide, the economic 
efficiency lies in the interval of recommended repeat 
spraying (Forester every four weeks, Dinastia every six 

Fig. 6. Mean number of live Ips typographus (L.) imagoes after 
the application of Dinastia and Forester insecticides for indi-
vidual exposure times (laboratory conditions; pooled for all 
weeks).

Fig. 7. Mean number of live Ips typographus (L.) imagoes on 
the upper and lower side of the treated section, Week 4 and 
Week 8 after insecticide application (Top – Top side, Bot – Bot-
tom side).

weeks). When applying 0.75% Dinastia insecticide, costs 
increase.

4. Discussion

Insecticides against bark beetles with alpha–cyperme-
thrin that were used in forestry under various commercial 
names for about half a century (Vaztac, Fastac 100 EC) 
(Švestka et al. 1996; Novotný & Zúbrik 2000; Skrzecz 
et al. 2015) were replaced by insecticides – Dinastia and 
Forester containing different active substances (deltame-
thrin, cypermethrin). Therefore, both the survival rate 
of I. typographus (L.) imagoes was evaluated since the 
application, and also the significance of exposure time/
contact with the treated trap tree surface.

In the Dinastia insecticide, the share of live imagoes 
was increasing from Week 3 to Week 8 from the applica-
tion in the exposure times 12/24 h more gradually: 2/0% 
(Week 3), 15/3% (4), 13/6% (5), 43/12% (6), 37/12% 
(7), 32/11% (Week 8) than in the Forester insecticide 
10/0% (Week 3), 21/8% (4), 67/42% (5), 62/34% (6), 
56/31% (7), 55/43% (Week 8). The efficiency of Forester 
was decreasing with the increasing time from the applica-
tion, and after 24 hours, the share of live imagoes was 3–4 
times higher than in Dinastia. The higher efficiency of 
Dinastia insecticide corresponds with the greater toxic-
ity of deltamethrin (Zheng et al. 2011; Zhu et al. 2020).

Rain precipitations (154 mm) might have contributed 
to the statistically significant difference in the efficiency 
of the insecticides, namely of the Forester insecticide as 
increased humidity reduces the time of cypermethrin effi-
ciency (Class 1992). At the same time, the statistically 
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swarming culmination, it is necessary to spray with the 
Forester in an interval not longer than one month and 
Dinastia insecticides every six weeks.

Based on our research results, both insecticides can 
be recommended for the treatment of poisoned trap 
trees in the outbreaks of bark beetles and whole–area 
danger to forest stands when protection is focused on 
the elimination of I. typographus (L.) imagoes lured by 
pheromones to lying poisoned trap trees (Drumont et al. 
1992; Grodzki & Skrzecz 2017; Kula et al. 2022). When 
the imagoes move on the surface contaminated with 
insecticide, their nervous system is disturbed and they 
die (Garbaliński 1995). The rate of their death depends 
on the type of insecticide, its concentration and dose, 
time and quality of application, climatic conditions after 
application (rain, sunshine, temperature) as well as on 
the weight of insects.

Due to the negative influence on natural enemies, the 
treatment should be carried out only when the economic 
threshold of harmfulness is exceeded and the forest sta-
bility is put into threat (Skrzecz et al. 2015).

5. Conclusions

Efficiency of insecticides Forester (active substance 
cypermethrin) and Dinastia (active substance deltame-
thrin) was assessed that were used to prepare baited 
poisoned trap trees intended for the elimination of Ips 
typographus (L.).

For three weeks from the application of insecticides 
Forester and Dinastia, the time of imagoes staying (Expo-
sure time 30–300 s) on the treated surface of trap trees 
did not essentially affect the difference in their mortal-
ity. From Week 4 from the treatment, the efficiency of 
the Forester insecticide was influenced by the exposure 
time (ET).

Three weeks from the treatment, a decreased effect 
of both insecticides was demonstrated on the decline 
of individuals in ET collected from the contaminated 
tree trap surface (simulated disruption of contact by 
their departure). In the Forester insecticide, the effi-
ciency was decreasing more rapidly than in the Dinastia 
insecticide.

The assumption that flying individuals die after con-
tact with the treated surface of the trap was confirmed. 
It was demonstrated that the spraying with both insec-
ticides used to defend forest stands against the infesta-
tion by Ips typographus (L.) during its gradation has to 
be repeated in an interval not longer than one month 
(Forester) and every six weeks (Dinastia).

Although the efficiency tests were carried out in labo-
ratory conditions, the full effectiveness of the poisoned 
traps can be expected, since the surface of the treated 
sections was exposed to normal climatic conditions 
throughout the experiment.

significant difference in the efficiency between the upper 
(Top) unprotected side and the lower (Bottom) side of 
treated logs was confirmed in both insecticides.

The hypothesis about mortality of I. typographus (L.) 
imagoes decreasing in dependence on time elapsed from 
the insecticide application was confirmed but also a partial 
difference between the tested insecticides. The Forester 
insecticide exhibited more rapidly decreasing efficiency in 
spite of the fact that Class (1992) detected cypermethrin 
in the spruce bark several months since the application.

The length of the contact of imagoes with the treated 
surface was established within a range from tens of sec-
onds to several minutes. This is why the laboratory analy-
ses to determine probability of the death of contaminated 
individuals were based on five different exposure times 
(30–300 s).

In the Forester insecticide, the efficiency decline dif-
ferentiated from Week 4 in dependence on the exposure 
time while no essential differences were recorded in the 
Dinastia insecticide.

Although some repellent effect of pyrethroids are 
stated (Kohnle et al. 1992; Peña et al. 1998), no attempt to 
fly away was recorded in the laboratory during the contact 
of imagoes with the treated surface. The repellent effect is 
mentioned in deltamethrin (Rodríguez et al. 2003; Ruano 
et al. 2009), while it is not mentioned in cypermethrin 
(Hansen et al. 2019).

The behaviour of imagoes, the length of their stay, 
repeated arrival and departure from the surface of the 
poisoned trap tree can be influenced by increased phero-
mone concentration, which may even eliminate the repel-
lent effect of pyrethroid. Our observations indicate that 
it can disrupt stimulus for the creation of entrance hole 
as well as the search for individuals of the opposite sex.

The effect of the length of movement of imagoes on 
the surface of poisoned trap tree was significant only with 
the decreasing efficiency (Forester).

If Raty et al. (1995) assumed that contaminated bee-
tles can die outside the poisoned trap tree surface, then 
efficiency is affected by the length of time for which the 
imagoes move on the contaminated surface and which 
may not be sufficient.  Dead individuals caught on frass 
sheets represent only a part of imagoes observed on the 
trap tree surface because some I. typographus (L.) ima-
goes fly away from the poisoned trap tree (Ruano et al. 
2009; Zhu et al. 2020; Kula et al. 2023). Skrzecz et al. 
(2015) admit that the mortality of imagoes determined 
on Storanet nets is underestimated as some imagoes died 
after flying away from the insecticidal net. Similarly, 
Ruano et al. (2009) maintain that a cause to the reduced 
occurrence of dead bark beetle imagoes on the control 
frass sheets is their flying away from the logs treated with 
deltamethrin. Conditions under which the imagoes fly 
away or what is the share of individuals that die after fly-
ing away are not mentioned.

Therefore, if we want to reach death of imagoes flying 
away from the poisoned trap tree, namely at the time of 
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