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INTRODUCTION

Wild thyme (Thymus serpyllum L.) is a peren-
nial plant of the deadnettle family (Lamiaceae), 
exhibiting a number of therapeutic properties: 
antioxidant, hypotensive [Kulisic et al. 2005, Mi-
hailovic-Stanojevic et al. 2013], expectorant and 
antiseptic [Abu-Darwish et al. 2009]. Moreover, 
it is a melliferous plant and it is also used in the 
perfume and catering industry. Its composition 
contains approximately 0.5% of essential oil, bit-
ter compounds, mineral salts but also tannins and 
flavonoids [Raal et al. 2004, Sipailiene et al. 2006, 
Paaver et al. 2008], which provide potential pos-
sibilities for the use of extracts and essential oils 
from the plant for the limitation of the feeding of 
crop pests. Biological methods of plant protection 
against pests are becoming increasingly common 
due to their safety for the natural environment and 

the requirements set for the integrated and organic 
farming, and their efficiency is comparable to that 
of chemical products [Tscharntke et al. 2005].

Colorado potato beetle (Leptinotarsa decem-
lineata Say.) is a common pest of potato cultiva-
tions and of other plants of the Solanaceae family, 
able to cause considerable yield losses [Popova 
2014, Alkan et al. 2015]. Chemical products are 
most commonly used in order to protect plants 
against the feeding of this pest, however, due to 
the threat posed to the natural environment and 
the fact of pest immunization to the active sub-
stances contained in these compounds [Szendrei 
et al. 2012] it is important to look for non-chemi-
cal methods of controling the pest.

The objective of the conducted study was de-
termination of the effect of extracts prepared from 
dry as well as fresh matter of wild thyme in dif-
ferent concentrations on the feeding of adult indi-
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viduals and L4 larvae of Colorado potato beetle. 
Moreover, values of the absolute deterrence index 
and palatability index were calculated for both 
analyzed developmental stages.

MATERIAL AND METHODS

The experiment was conducted in the labora-
tory, in six replicates. Fresh leaves of potato, adults 
and larvae of Colorado potato beetle used for the 
analysis at the end of June 2015 were collected. 

Extracts from dry matter of wild thyme were 
prepared at concentration assumed conventional-
ly as 2%, 5% and 10% (dried plants + cold redis-
tilled water in proportions of 2 : 100, 5 : 100 and 
10 : 100) and at concentration of 10%, 20% and 
30% for fresh matter (fresh above-ground parts of 
plants + cold redistilled water in proportions of 
10 : 100, 20 : 100 and 30 : 100). For the period of 
24 hours the extracts were stored in the dark, and 
then filtered through filter papers and immediate-
ly used for the conduct of the experiment. The test 
was conducted on Petri dishes, and the substrate 
consisted of moist filter paper. Potato leaves were 
soaked for 3 seconds in adequate plant extracts 
and in distilled water used as control, and then 
dried at room temperature. In each dish one leaf 
of potato, suitable for a specific object was placed 
and then one adult of Colorado potato beetle and 
separately two larvae (L4 stage) were introduced. 

In order to determine the effect of extracts of 
wild thyme on Colorado potato beetle the mass of 
food consumed by adults and larvae and larvae 
weight gain once daily were established. In addi-
tion, the values of palatability index as the ratio 
of the percentage mass of leaves consumed in in-
dividual objects to the percentage mass of leaves 

consumed in the control were calculated. Fur-
thermore, absolute deterrence index which takes 
into account the relationship between the mass 
of leaves consumed in the individual objects and 
the mass of leaves consumed in the control was 
established:

Bwd = [(K–T) : (K+T)] · 100 (1)
where: Bwd – absolute deterrence index.
 K – mass of leaves consumed in control 

[mg].
 T – mass of leaves consumed in individu-

al objects [mg] [Kiełczewski 1979].

The obtained results were subjected to anal-
ysis by STATISTICA 10.0 software. The sig-
nificance of differences between the means were 
tested by univariate analysis of variance, and 
the means were differentiated by Fisher’s LSD 
test at α = 0.05.

RESULTS AND DISCUSSION

The extract prepared from dry matter of wild 
thyme in its highest concentration (10%) on all 
dates of the conducted observations caused a sig-
nificant decrease of the leaf mass consumed by 
Colorado potato beetle imago (Table 1). During 
the first observation, the mass of food consumed 
by the analyzed pests on the object was almost 
20 mg lower than in the control object, whereas 
during last observation – over 50 mg lower. The 
remaining extracts prepared from both fresh as 
well as dry matter of wild thyme did not have a 
significant effect on the analyzed parameter and 
the consumed leaf mass on these objects was 
similar to the control. Moreover, it was observed, 
that along with the increase concentrations of 

Table 1. The effect of water extracts prepared from dry and fresh matter of wild thyme on the leaf mass con-
sumed by adult of Colorado potato beetle [mg].

Object
Time

12 h 24 h 36 h 48 h 60 h

C 80,2b* 95,6b 126,8b 153,8b 189,2b

DM 2% 77,9ab 95,1b 123,5b 155,1b 185,4b

DM 5% 75,6ab 89,4ab 124,8b 142,8b 179,8b

DM 10% 62,8a 85,6a 101,3a 119,3a 135,2a

FM 10% 82,4b 102,2b 131,8b 150,8b 192,5b

FM 20% 80,7b 93,4ab 117,9ab 146,2b 177,8b

FM 30% 77,8ab 90,8ab 114,8ab 143,6b 178,1b

C – control, DM – dry matter, FM – fresh matter.  
* Values for individual terms of observations marked by different letters are statistically different (α = 0.05)
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analyzed extracts, their negative influence on the 
analyzed pests also increases.

After 12 hours from the establishment of the 
experiment, only the extract prepared from dry 
matter with 10% concentration caused a signifi-
cant decrease of leaf mass consumed by the Colo-
rado potato beetle larvae (Table 2). However, dur-
ing the second observation it was noticed that the 
extracts prepared from both dry as well as fresh 
matter in two highest concentrations (respective-
ly 5% and 10% and 20% and 30%) significantly 
limited the feeding of the pest larvae and this state 
was maintained until the end of the experiment. 
In the case of the extracts from dry matter, the leaf 
mass consumed by larvae on these objects after 
60 hours was approximately 25 mg lower than in 
the control object, whereas in the case of fresh 
matter extracts – approximately 35 mg lower.

The available literature does not contain in-
formation on the effect of water extracts from 
wild thyme on the feeding of crop pests, however, 
few data can be found on the effect of essential 
oils obtained from the analyzed plant. In their 
study, Regnault-Roger et al. [1993] demonstrat-
ed, that out of 22 tested essential oils, the wild 
thyme oil limited the feeding of bean weevil Ac-

anthoscelides obtectus Say. to the greatest extent, 
as well as caused the highest increase of mortal-
ity in the species. Furthermore, Regnault-Roger 
and Hamraoui [1995] demonstrated, that essen-
tial oil from the plant has a negative influence 
on both fertility and life span of females of the 
mentioned pest. Other authors also determined 
that wild thyme essential oil is characterized by 
a strong toxic effect for tobacco cutworm [Isman 
et al. 2001], housefly [Singh and Singh 1991] and 
mosquito larvae [Amer and Mehlhorn 2006]. Sa-
roukolai et al. [2010] demonstrated, that Thymus 
persicus essential oils exhibit toxic effect for red 
flour beetle and wheat weevil, and strength of the 
effect increases with the increase of concentration 
of the used oil.

Colorado potato beetle larvae feeding on the 
objects, on which the 10% dry matter extract was 
used, already on the first date of the conducted 
observations were characterized by a significant-
ly lower body weight gain than the larvae feeding 
in the control (Table 3). Negative values of the 
studied character on the analyzed object during 
subsequent observations demonstrate that the lar-
vae body weight was declining during subsequent 
dates of conducted analyzes (similarly to the case 

Table 2. The effect of water extracts prepared from dry and fresh matter of wild thyme on the leaf mass con-
sumed by larva L4 of Colorado potato beetle [mg]. Symbols as in Table 1 

Object
Time

12 h 24 h 36 h 48 h 60 h
C 72,5b* 87,2b 101,3b 116,3c 135,2c

DM 2% 67,3ab 85,2ab 95,6b 109,6bc 129,8bc

DM 5% 65,1ab 77,6a 83,2a 90,5b 112,3ab

DM 10% 56,4a 79,5a 81,0a 89,9ab 107,1a

FM 10% 74,6b 89,1b 100,7b 112,2bc 125,6bc

FM 20% 65,9ab 74,3a 79,5a 82,3a 101,6a

FM 30% 66,3ab 74,1a 80,2a 85,6a 98,3a

* Values for individual terms of observations marked by different letters are statistically different (α = 0.05)

Table 3. The effect of water extracts prepared from dry and fresh matter of wild thyme on larva weight gain 
[mg]. Symbols as in Table 1

Object
Time

12 h 24 h 36 h 48 h 60 h
C 10,2b* 25,3c 26,4c 21,8d 16,8c

DM 2% 8,3ab 18,9c 19,8c 17,3d 15,9c

DM 5% 7,8ab 7,9b 5,3b 4,8c 5,1b

DM 10% 2,3a -5,4a -8,6a -16,2a -15,2a

FM 10% 12,4b 29,8c 25,1c 22,8d 18,5c

FM 20% 9,3b 10,2bc 8,3b -2,1b -7,9a

FM 30% 10,2b 5,1b -5,6a -8,6ab -12,6a

* Values for individual terms of observations marked by different letters are statistically different (α = 0.05)
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of 30% fresh matter extract after 36, 48 and 60 
hours from the establishment of the experiment 
and 20% fresh matter extract after 48 and 60 
hours). Moreover, it was noted that extracts pre-
pared in lower concentrations (5% for dry matter 
and 20% for fresh matter) after 24 hours also con-
tributed to significant limitation of body weight 
gain and this state was maintained until the end 
of the experiment. Similar regularities were also 
observed by Rusin et al. [2016], who studied the 
effect of other herbaceous plant (Artemisia absin-
thium L.) on feeding selected crop pests. The au-
thors demonstrated that extracts from both fresh 
as well as dry matter from A. absinthium L. in 
two highest concentrations (20% and 30%, and 
5% and 10%, respectively) significantly limited 
body weight gain of the Colorado potato beetle 
L4 larvae, which corroborates with the results 
of the present experiment in reference to wild 
thyme. Lamparski and Wawrzyniak [2004] also 
demonstrated that water extracts from dry matter 
of Pelargonium × hortorum Bailey in 10% con-
centration cause a decrease of the body weight of 
the Colorado potato beetle L2 larvae by over 20 
mg in comparison to control. The same authors 
demonstrated in another study that water extracts 
from other herbaceous plants of the Geraniace-
ae family also can cause a decrease of the body 
weight in larvae of the mentioned pest [Lampar-
ski and Wawrzyniak 2005].

Almost all used extracts inhibited the feeding 
of both adults and larvae of Colorado potato bee-
tle, which is exhibited by positive values of the 
absolute deterrence index (Figure 1). Only in the 
case of imago after the use of 10% fresh matter 
extract, the index assumed negative values, which 
demonstrates stimulating effect of the used food. 
In the case of adult individuals, the highest values 

of the absolute deterrence index were assumed af-
ter the use of 10% dry matter extract, whereas for 
the larvae – 30% fresh matter extract (16.6 and 
15.8, respectively). Along with the increase of the 
extracts concentration, both from dry and fresh 
matter, their deterrent effect on the analyzed pests 
also increased. Similar regularities were observed 
by Rusin et al. [2015], who found that with the 
increase concentration of A. absinthium L. water 
extracts, the value of the absolute deterrence in-
dex for the Colorado potato beetle L2 larvae also 
increases. In another study, these authors demon-
strated similar relationships for the adults and L4 
larvae of the analyzed pest [Rusin et al. 2016]. 
Wawrzyniak and Lamparski [2004, 2005, 2007] 
also found that water extracts prepared from dry 
matter of Geraniaceae plants can exhibit a deter-
rent effect for the adults and larvae of Colorado 
potato beetle.

The value of the calculated palatability index 
on almost all analyzed objects (except for the ob-
ject, on which 10% fresh matter extract was used, 
for imago) assumed values lower than 1, which 
indicates that the leaf blade loss caused by the 
feeding of the Colorado potato beetle adults and 
larvae was lower on the objects, on which wild 
thyme extracts were used than in control object 
(Figure 2). The highest values of the analyzed in-
dex, both for imago as well as larvae were report-
ed from the objects, on which fresh and dry mat-
ter extracts in lowest concentrations (respectively 
10% and 2%) were used. Our previous study 
[2015, 2016] demonstrated that with the increase 
of concentrations of water extracts prepared from 
fresh and dry matter of A. absinthium L., the pal-
atability index value decreases for the adults and 
L2 and L4 larvae of Colorado potato beetle. Simi-
lar regularities were most commonly reported in 

Figure 1. Absolute deterrence index, calculated ac-
cording to the formula: Bwd = [(K-T) : (K+T)] ∙ 100, 
where: K – mass of leaves consumed in control [mg], 

T – mass of leaves consumed in individual objects 
[mg]. Symbols as in Table 1

Figure 2. Palatability index, calculated as the ratio 
of the percentage mass of leaves consumed in 

individual objects to the percentage mass of leaves 
consumed in the control. Symbols as in Table 1
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the present experiment, both for the larvae and 
adults of the analyzed pest. Dankowska [2006], 
and Dankowska and Robak [2006] also found 
that an increase of concentrations of infusions 
from the leaves of tomato, rhododendron and Eu-
ropean silver fir from 5% to 10%, contributes to 
the decrease of the palatability index value by ap-
proximately 0.2 for smooth slug.

CONCLUSIONS

1. For an efficient limitation of the feeding of 
adult Colorado potato beetles, an extract from 
wild thyme dry matter with a concentration of 
at least 10% should be used. 

2. L4 larvae appear to be considerably more sus-
ceptible to the effect of T. serpyllum extract. In 
their case, an efficient limitation of the feeding, 
as well as body weight gain can be obtained 
using extracts from both dry and fresh matter, 
in concentrations of over 5% for dry matter and 
over 20% for fresh matter. 

3. With the increase of extract concentration, 
the value of the calculated palatability index 
decreases, and the deterrence index value 
increases.
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