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Abstract
Under laboratory conditions we have investigated the effect of the application of pro-ecological procedures (effective micro-
organisms and biostimulant Asahi SL) and plant injury on the production of free phenolic acids in winter wheat and on the 
feeding and development of Oulema melanopus. Wheat plants before reaching the BBCH 32 stage (the beginning of stem 
elongation) were treated with effective microorganisms and the biostimulant Asahi SL. Then, for 2 days, some of the plants 
were injured by O. melanopus and some were uninjured. The influence of factors was investigated in conditions under which 
the cereal leaf beetle had the possibility to choose their food (no-choice test or choice test). It was found that wheat plants 
produce on average 0.172% DM of free phenolic acids. It has been shown that O. melanopus males and females preferred 
wheat previously uninjured. Also, irrespective of whether the plants were previously injured or uninjured, the females of 
that pest species always that caused areally more extensive leaf losses than the males. Treating plants with effective micro-
organisms and biostimulant Asahi SL is a secondary factor, as compared to previous wheat injury. Additionally, in choice 
tests, both males and females O. melanopus much preferred feeding on plants unprovided with preparations, whereas in 
no-choice tests, the application of pro-ecological procedures does not reduce egg laying by pests, does not adversely affect 
embryogenesis length and does not reduce hatching  L1.
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Introduction

In their natural habitat, as well as emitting volatile organic 
compounds (VOC), plants show various compositions of 
secondary metabolites with allelopathic effects (Harborne 
1997). One of the most active groups of so-called allelo 
compounds taking part in environmental interactions is that 
of phenolic compounds. They are common in plant tissues 
and reveal a toxic effect even at a range of low concentrations 
(Li et al. 2010). Their structures include aromatic rings sub-
stituted with hydroxyl groups. Often, phenolic compounds 
create bonds with proteins, carbohydrates (glycosides), alka-
loids or terpenoids in plant tissues (Leszczyński 2010). The 
primary job of phenolic compounds is to inhibit the activity 

of enzymes, especially oxidoreductases and hydrolases. 
A high content of phenols is usually accompanied by an 
increased content of peroxidases and oxidases, which result 
in the accumulation of high amounts of polyphenols and 
quinones, which in turn exhibit strong antibiotic properties 
in animals (Ciepiela and Chrzanowski 2000). Furthermore, 
phenolic compounds reveal strong antibacterial and antifun-
gal properties (Shi et al. 2011). They can also inhibit cell 
divisions, longitudinal root increase and trigger changes in 
cell ultrastructure, thus disturbing the adequate growth and 
development of the entire plant (Li et al. 2010).

One of the key properties of plant allelo compounds is 
the antifeedant effect. The compounds limit the growth 
and development of insects, and affect their behavior 
(Mallikarjuna et al. 2004; Smith and Boyko 2007; Cipol-
lini et al. 2008). Such properties of phenolic compounds 
result in serious disorders in the food chains found in a spe-
cific environment. This is a result of the digestion process 
being disturbed by those substances, often combined with 
an irritation of digestive system walls in herbivores, which, 
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consequently, significantly decreases the digestibility of 
the food uptaken (Leszczyński 2010). Numerous groups of 
derivatives of phenolic compounds formed in the metabolic 
pathway of shikimic acid are known to prevent insect feed-
ing. The most important ones—flavonoids (including tan-
nins), phenolic glycosides, e.g., coumarin—are also essen-
tial. Other shikimate pathway derivatives include also other 
phenolic compounds, including alcohols and phenolic acids, 
phenylpropanoids and tannins (Bennett and Wallsgrove 
1994; Malinowski 2008; Leszczyński 2010).

Phenolic acids are common in the world of plants. These 
compounds show a varied chemical structure and various 
properties. Characteristic is the presence of hydroxyl and 
carboxyl groups. Depending on the chemical structure (num-
ber of carbon atoms in the side chain), the derivatives of 
cinnamic and benzoic acids are found (Gawlik-Dziki 2004; 
Mróz et al. 2012). In plants, phenolic acids occur in two 
forms: bound or free. In the bound form they act as com-
ponents of lignins and hydrolysable tannins, esters, glyco-
sides, flavonoids, fatty acids, sterols as well as polymers of 
cell walls, whereas free phenolic acids are formed from a 
breakdown of bonds in the process of hydrolysis (Breinholt 
1999; Michalski and Horoszkiewicz-Janka 2005; Klepacka 
and Fornal 2006, 2008; Jeszka et al. 2010).

Those plant defense strategies are naturally developed 
systems that have evolved for many generations. Humans 
have been trying to use different actions to “support” the 
plants against attack by pests. The interest of agricul-
tural practitioners and, in Poland, the green policy of so-
called “production biologization”, encourage a search for, 
non-industrial, yield-protecting and yield-forming agents 
enhancing mostly the biodiversity of agrobiocenoses and 
plant resistance (Dzienia et al. 2006; Piskier 2006; Kot-
wica et al. 2011), including effective microorganisms (EM) 
and the biostimulant Asahi SL (BA). Those pro-ecological 
procedures, which are alternatives to the chemical method, 
increase plant resistance to biotic and abiotic stress factors. 
They are known for enhancing plant health status, yield and 
soil properties to more favor the growth and development 
of crop species and to enhance resistance to rainfall deficit 
(Piskier 2006; Maciejewski et al. 2007; Kaczmarek et al. 
2008; Okorski and Majchrzak 2008; Janas 2009; Truba et al. 
2012).

The beneficial effects of EM on soil properties, plant 
growth and the number of harmful organisms, including 
insect pests, are known. These beneficial effects thus reduce 
the negative effects of the cultivation simplifications in plant 
monoculture, while limiting the pressure of chemical prod-
ucts (used in plant protection) on the environment (Douglas 
2007; Javaid and Shah 2010; Javaid and Bajwa 2011; Megali 
et al. 2015). These microorganisms can regulate hormone 
signaling including the jasmonic acid and ethylene and sali-
cylic acid pathways, thereby leading to gene expression, 

biosynthesis of secondary metabolites, plant defensive 
proteins and different enzymes and volatile compounds 
that may induce defenses against pest insects (Rashid and 
Chung 2017). Also the foliar application of plant resistance 
biostimulators increases the resistance of the agroecosystem 
to stress factors (Piskier 2006).

Asahi SL and other biostimulants applied externally 
strengthen plant cell walls, enhance the effect of auxins, 
participate in nitrogen metabolism and cytoplasm trans-
portation, stimulate blooming, increase plant resistance to 
water and thermal stress, and improve the ability of plants 
to reconstruct mechanical damage and protect themselves 
against pathogenic infections. They allow plants to adapt 
more quickly to changeable environmental conditions and 
reduce the growth of some pathogenic fungi, and conse-
quently, they contribute to the increase in plant productivity 
(Černy et al. 2002; Czeczko and Mikos-Bielak 2004; Har-
asimowicz-Hermann and Borowska 2006; Matysiak et al. 
2011).

Cereal plants under field conditions are exposed to attack 
from a wide range of phytophagous entomofauna. The most 
important of them are cereal leaf beetles (Oulema melano-
pus L. and Oulema gallaeciana Heyden) and many cereal 
aphids. Cereal leaf beetle feeds on numerous species of 
grasses and is considered a major pest of oats, barley and 
wheat. Several methods are used to combat them, including 
chemical, agrotechnical and biological methods (Kaniuczak 
and Bereś 2008; Philips et al. 2011).

The primary aim of this study has been to determine the 
content of free phenolic acids in winter wheat provided with 
EM and BA and the effect of previous plant injury by pests 
and to correlate the data with the extent of O. melanopus (L.) 
feeding and development. The data will specify the role of 
those factors in modifying pest feeding behaviour.

Materials and methods

Experimental procedure

Our study was performed in 2013 and 2014 at the laboratory 
of the Department of Biology and Plant Protection, UTP 
University of Science and Technology, Bydgoszcz, Poland 
and the Department of Pharmacognosy, Nicolaus Coperni-
cus University, Bydgoszcz, Poland (53°07ʹN and 18°00ʹE) 
and was part of our research project, which was carried out 
in field and laboratory conditions.

Each year of laboratory tests began with the import of 
soil from a field from an individual farm in the Kruszwica 
community—Kuyavian-Pomeranian Voivodeship, Poland 
(52°61ʹN; 18°44ʹE). A detailed description of all the 
performed agrotechnical activities, fertilization and pest 
control treatments are given in Lamparski (2020). In the 
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spring of 2013 and 2014, two different types of soil were 
imported to the laboratory (incorporated with the stubbles 
from the previous crop), where: (1) EM was introduced 
into the soil during post-harvest cultivation in autumn 
2012 and 2013 and (2) EM was introduced into the soil 
during post-harvest cultivation in autumn 2012 and 2013.

In the laboratory, in 2013 and 2014, from the 3rd week 
of March until mid-April, winter wheat (Triticum aestivum 
L., cultivar Arktis) was sown in pots (∅ = 13 cm, 10 cm 
high). In each pot, ten seeds were sown 2.5–3.0 cm deep.

The effect of the application of nine levels the EM 
and BA in winter wheat cultivation was investigated: 
1 × EM + 1 × BA; 1 × EM + 2 × BA; 1 × EM + 0 × BA; 
2 × EM + 1 × BA; 2 × EM + 2 × BA; 2 × EM + 0 × BA; 
0  ×  EM + 1  ×  BA;  0  ×  EM + 2  ×  BA and  con -
trol—0 × EM + 0 × BA). Treatments, dose, method and 
time of application are shown in Table 1.

The commercial product: EM Naturalnie Aktywny is 
a concentrate of effective microorganisms that improves 
soil fertility. It has the PZH/HT-1448/2002 certificate and 
IUNG qualification certificate No. NE/1/2004. EM is a 
safe product for people, animals and the environment. 
The composition specified on the packaging is: lactic acid 
bacteria, photosynthetic bacteria, yeast, cane molasses 
and Azotobacter. It does not contain genetically modified 
components (GMO). It is manufactured under license from 
EMRO-EM Research Organization Japan.

Biostimulant Asahi SL is a stimulator of growth and 
yielding of plants in the form of a liquid for dilution with 
water. The description of operation there is in the annex 
to the decision of the Ministry of Agriculture and Rural 
Development No. R-357/2010d of 27.12.2010. It con-
tains the active substances (compounds from the group 
of nitrophenol derivatives): sodium para-nitrophenolate 
(0.3%), sodium ortho-nitrophenolate (0.2%) and sodium 
5-nitroguayacolate (0.1%). The shelf life of the product is 
3 years. It is permissible to use the product in the cultiva-
tion of agricultural, vegetable and fruit crops.

During the plant growth, 140  kg·N·ha−1, 30  kg 
 P2O5·ha−1 and 60  kg  K2O·ha−1 were applied i.e. 
0.1858 g N, 0.0398 g  P2O5 and 0.0796 g  K2O per pot. The 
plants were irrigated weekly with 100 ml of water per pot 

and grown in the air-conditioned room (21 ± 1 °C, L16:D8 
photoperiod and 70% Relative Humidity).

Laboratory tests

7 weeks after sowing, the plants reached the BBCH-32 stage 
(beginning of stem elongation). On half of the plants, in 
a Petri dish (∅10 cm), the end segment of the top leaf of 
each wheat plant was placed with a pair of adults of cereal 
leaf beetle (sex differentiation—in copula). After 2 days, the 
insects were removed. All plants (injured or not) were used 
for the following laboratory tests:

(1) Determination of free phenolic acids production in 
plants provided with EM and BA (wheat previously 
injured or not).

Plants injured by O. melanopus and uninjured were cut 
at soil level with scissors, weighed and dried at 32 °C for 
2 days. The dried, weighed and ground plants were sub-
jected to tests with three replications. Free phenolic acids 
were assayed with the spectrophotometric method, Arnova 
(Pharmacopoeia Polonica 2011). Absorbance was measured 
with a UV–Vis spectrophotometer (Hitachi U-2900, Japan), 
X = 490 nm. All the solvents were purchased from POCH 
(Gliwice, Poland). The content of free phenolic acids was 
assayed as converted into caffeic acid. Two weighed portions 
were selected from each wheat plant sample. The extract was 
made from each portion and then base solution was made 
from which three test solutions and one reference solution 
were prepared. The content of free phenolic acids was given 
in % of dry matter (DM) of the plant material.

(2) No-choice test—determine O. melanopus male and 
female feeding on plants provided with EM and BA 
(wheat previously injured or not).

3 days after cereal leaf beetle feeding, the lengths of leaf 
injuries made by a single pair of cereal leaf beetles at imag-
inal stage were measured and compared (sexual dimor-
phism—in copula). The results were presented as the total 
feeding scar length [mm] on a the 5-cm-long leaf caused 
by one female or one male of O. melanopus adults within a 

Table 1  Treatments, dose, 
method and time of application

Treatment Dose (kg/ha), application method Date applied Growth phase

1 × EM 40 kg/ha, applied to soil 14.08.2012, 16.08.2013 Before sowing
2 × EM 20 kg/ha, applied to soil 14.08.2012, 16.08.2013 Before sowing

20 kg/ha, applied to leaves 23.04.2013, 28.04.2014 BBCH 21
1 × BA 1.0 kg/ha, applied to leaves 25.04.2013, 30.04.2014 BBCH 21
2 × BA 0.5 kg/ha, applied to leaves 25.04.2013, 02.05.2013 BBCH 21

0.5 kg/ha, applied to leaves 30.04.2014, 05.05.2014 BBCH 28
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period of 1 day (Clement et al. 2011). The experiments were 
made in five replications.

(3) No-choice test—determine O. melanopus development 
on plants provided with EM and BA (wheat previously 
uninjured).

To evaluate the effect of the pro-ecological procedures on 
egg laying, one pair of beetles was placed on Petri dishes for 
3 days, the eggs laid were counted and the results were given 
as the number of eggs per pair. The effects of the prepara-
tions on the embryogenesis length [days] and the number of 
hatched larvae phase 1, expressed as %, were also studied. 
The experiments were made in five replications.

(4) Choice test—comparison O. melanopus male and 
female feeding on plants provided with EM and BA or 
not (wheat previously uninjured).

The pots with plants were provided with racks on which 
plastic Petri dishes (10 cm in diameter) were placed. Inside 
the dish, in the middle, at the bottom side, with a little piece 
of transparent tape, two end sections of top plant leaves 
were fixed 2 cm away. Then, two insects were placed inside. 
After 3 days the insects were removed and leaf injuries were 
counted. The results were presented as the total feeding scar 
length [mm] on the 5-cm-long leaves caused by one female 
or one male O. melanopus adult within a period of 1 day. 
The experiments were made in five replications.

(5) Choice test—comparison O. melanopus male and 
female feeding on plants provided with EM and BA 
(wheat previously injured or not).

In pots were plants previously injured or uninjured by 
pests. For the remainder, see (4).

Statistical analysis

The results were subjected to an analysis of variance 
(ANOVA) in a completely random system using the program 
Statistica 2013. The results was previously log transformed. 
Normal distribution of date in individual groups was con-
firmed by the Shapiro–Wilk test. The significance of the dif-
ferences between the object averages were estimated based 
on Tukey’s test at the significance level p < 0.05. The results 
of all no-choice and choice tests are expressed as arithmetic 
mean plus or minus standard deviation (± SD). Addition-
ally, the Pearson’s correlation coefficient was measured to 
determine the relationship between free phenolic acids pro-
duced by winter wheat plants and O. melanopus feeding and 
development in no-choice test, with the level of significance 
was set at *p < 0.1, **p < 0.05, ***p < 0.01.

Results

Free phenolic acids production in plants provided 
with EM and BA (wheat previously injured or not)

The winter wheat plants contained, on average, 0.172% DM 
of free phenolic acids (Table 2). The plants exposed to EM 
and BA usually showed more free phenolic acids as com-
pared to the control plants (without preparations). By far 
the highest contents of free phenolic acids in wheat plants 
were recorded for the combination in which EM was intro-
duced into the soil during post-harvest tillage (autumn) and 

Table 2  Effect of the 
application of EM and BA on 
free phenolic acids production 
in wheat (previously injured or 
not) [% DM]

HSD0.05: I—A, B …–0.015*** (vertically), II—not significant, II/I—a, b …–0.014*** (horizontally), I/
II—a, b …–0.021*** (vertically)
Data are presented as mean ± SD
ns not significant, EM effective microorganisms, BA biostimulant Asahi SL
Level of significance: *p < 0.05, **p < 0.01, ***p < 0.001

I—Pro-ecological proce-
dures

II—Wheat previously Mean

Uninjured Injured

1 × EM + 1 × BA a 0.168 ± 0.007b b 0.127 ± 0.018d 0.148 ± 0.026CD
1 × EM + 2 × BA 0.157 ± 0.008bc 0.157 ± 0.017c 0.157 ± 0.012BC
1 × EM + 0 × BA 0.168 ± 0.005b 0.160 ± 0.002c 0.164 ± 0.005B
2 × EM + 1 × BA b 0.247 ± 0.010a a 0.265 ± 0.029a 0.256 ± 0.023A
2 × EM + 2 × BA 0.163 ± 0.008bc 0.163 ± 0.007c 0.163 ± 0.007BC
2 × EM + 0 × BA a 0.260 ± 0.010a b 0.227 ± 0.010b 0.244 ± 0.020A
0 × EM + 1 × BA 0.162 ± 0.017bc 0.167 ± 0.008c 0.165 ± 0.007B
0 × EM + 2 × BA b 0.102 ± 0.007d a 0.132 ± 0.004d 0.117 ± 0.017E
0 × EM + 0 × BA 0.142 ± 0.012c 0.133 ± 0.011d 0.138 ± 0.012D
Mean 0.174 ± 0.049 0.170 ± 0.046 0.172 ± 0.047
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was applied to leaves, and BA was applied to leaves once 
(2 × EM + 1 × BA), as well as for the combination without 
BA (2 × EM + 0 × BA): 0.256 and 0.244% DM, respectively. 
The lowest amounts of free phenolic acids were recorded 
when EM was not applied at all and BA was applied to 
leaves twice (0 × EM + 2 × BA) and in control combination 
(0 × EM + 0 × BA): 0.117 and 0.138% DM, respectively. 
With the calculations it was also found that the period of 
2 days is too short for the plants to produce significantly 
different amounts of free phenolic acids. A value of 0.170% 
DM was received for the plants injured beforehand by 
O. melanopus and 0.174% DM for the plants previously 
uninjured.

O. melanopus male and female feeding on plants 
provided with EM and BA (wheat previously injured 
or not, no‑choice test)

Irrespective of insect sex, uninjured plants were fed upon 
more intensively than previously injured plants (36.11 vs 
31.20 mm feeding scar length). Interestingly, irrespective 
of whether the plants had been injured or were uninjured, it 
was always the females that caused greater leaf area losses 
than the males of that insect species: 32.67 and 38.02 mm 
for females and 29.73 and 34.20 mm for males, respectively 
(Fig. 1). The coefficients of correlation obtained (r = 0.678 
for α = 0.05) showed that the content of free phenolic acids 
in winter wheat plants affect the feeding of Oulema spp., 
and that for females this effect is bigger on plants previously 
uninjured by pests but for male cereal leaf beetles it is simi-
lar on those plants previously injured by pests and those not 
(respectively: 0.584 and 0.567) (Table 3). 

Fig. 1  Effect of the application of EM and BA in wheat previously injured or not on O. melanopus total feeding scar length (no-choice test) 
[mm]. SEM standard error of the mean, SD standard deviation, EM effective microorganisms, BA biostimulant Asahi SL
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O. melanopus development on plants provided 
with EM and BA (wheat previously uninjured, 
no‑choice test)

We found that on wheat plants previously uninjured by pests, 
the application of EM and BA, does not reduce-egg laying 
by O. melanopus females, does not adversely affect embryo-
genesis length, and does not reduce hatching  L1 as com-
pared with control (without preparations application)—sta-
tistically non-significant differences (Fig. 2). The obtained 
coefficients of correlation showed that in no-choice test, the 
content of free phenolic acids in winter wheat plants did not 
affect the development of O. melanopus, i.e. oviposition, 
eggs duration and larvae hatching (Table 3).

Comparison in choice test, O. melanopus male 
and female feeding on plants provided with EM 
and BA or not (wheat previously uninjured)

In this part of our work, all plants were previously unin-
jured by pests, and O. melanopus females and males could 
choose between plants provided with EM and BA or not to 
feed on them. We found that females of cereal leaf beetle 
reduced the leaf area more than did males: 27.07 mm (plants 
untreated with preparations) and 12.13 mm (plants treated 
with preparations) and 24.04 mm (plants untreated with 
preparations) and 10.82 mm (plants treated with prepara-
tions), respectively (Table 4). The total feeding scar length, 
both O. melanopus females and males, was bigger for wheat 
plants untreated by preparations, as compared with plants 
provided with EM and BA (in all cases p < 0.001). Only 
with the combination 0 × EM + 0 × BA (for both females and 
males, and for plants treated by preparations and those not) 
did we obtain similar total feeding scar lengths: from 16.80 
to 19.40 mm (Table 4).

Comparison in choice test, O. melanopus male 
and female feeding on plants provided with EM 
and BA (wheat previously injured or not)

We investigated the difference for females and males of 
cereal leaf beetle in the total feeding scar length when they 
could choose food between plants previously uninjured by 
pests or those previously injured (Table 5). We showed that 
on winter wheat plants previously uninjured by pests, the 
total feeding scar length by O. melanopus female is more, as 
compared with the male: 31.87 mm and 27.07 mm, respec-
tively. However, in the case of plants previously injured by 
pests, the opposite situation was observed: 5.11 mm (female) 
and 6.98 mm (male). Both female and male of cereal leaf 
beetle much more prefer winter wheat plants previously 
uninjured by pests, as compared with previously injured 
plants.

Discussion

Modern plant protection requires many activities on the part 
of humans. It is best if they are in harmony with nature. 
These can be non-chemical methods of supporting plants 
in reducing pest numbers (Van Bueren et al. 2011; Birk-
hofer et al. 2016; Lemanowicz et al. 2020; Szczepanek et al. 
2020).

In our research, the EM and BA influenced winter wheat 
plants and its pest O. melanopus. It was noticed that winter 
wheat plants treated with these pro-ecological procedures 
generally released more free phenolic acids than untreated 
plants. Similarly, in other studies where the same combi-
nation of preparations was tested, the winter wheat plants 
provided with EM and BA released more total content of 
phenolic compounds converted into pyrogallol, as compared 
with plants untreated by these preparations (Lamparski 
et al. 2015). In contrast, in the case of content of flavonoids 
(expressed as the amount of quercetin), the application of 
EM and BA did not differentiate the release of these sec-
ondary metabolite compounds by winter wheat plants as 
compared with untreated plants (Lamparski et al. 2017). 
The results of all these studies show that treated winter 
wheat plants provided with EM and BA correspond to an 
increase in the production of phenolic compounds—these 
important secondary metabolite compounds. Yakhin et al. 
(2017) writes that modern biostimulants are complex mix-
tures derived from raw materials of highly diverse origin 
and utilizing highly diverse manufacturing processes and, as 
such, can be expected to have a broad spectrum of possible 
biological activity and safety. Likewise, Torre et al. (2013) 
claims that biostimulants protect plants against pests.

In our own research it was noticed that plants treated with 
preparations and previously uninjured by pests emit similar 

Table 3  Pearson’s correlation coefficients (r) between free phenolic 
acids produced by wheat and O. melanopus feeding and development 
(no-choice test)

n = 10
***rcrit.

0.01 = 0.708
**rcrit.

0.05 = 0.576
*rcrit.

0.1 = 0.497

O. melanopus Free phenolic acids in wheat previ-
ously

Uninjured Injured

Female feeding 0.678** 0.466
Male feeding 0.567* 0.584**
Oviposition 0.428 –
Eggs duration 0.062 –
Larvae hatching − 0.016 –
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amounts of free phenolic acids (expressed as caffeic acid) as 
compared with plants treated with preparations and previ-
ously injured by pests (respectively: 0.174% DM for wheat 
previously uninjured and 0.170% DM for those injured 
beforehand). In other studies, the differences were more 
visible. As reported (Lamparski et al. 2015, 2017), winter 
wheat plants produced larger amounts of other phenolic 
compounds—flavonoids (expressed as the amount of querce-
tin) and total content of phenolic compounds (converted into 

pyrogallol)—when these plants have been provided with EM 
and BA and previously uninjured by pests, as compared with 
plants that have been provided with EM and BA and have 
previously been injured by pests. Plants, of course, do not 
always respond to injury by increasing production of all 
secondary metabolism compounds. Piesik et al. (2010a) 
reported that mechanical injury and injury caused by feeding 
of adults of leaf beetle (Oulema spp.) increased the release 
of VOCs by wheat, barley and millet plants. The level of the 

Fig. 2  Effect of the application 
of EM and BA in wheat previ-
ously uninjured on O. melano-
pus development (no-choice 
test). Results are expressed as 
arithmetic mean± SD.  HSD0.05 
for oviposition (A), eggs dura-
tion (B) and larvae hatching 
(C)—not significant. EM 
effective microorganisms, BA 
biostimulant Asahi SL
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compounds released is also affected by the neighbourhood 
of the injured or uninjured plants. Placed in the vicinity of 
plants previously injured mechanically or by insects (cereal 
leaf beetles) in wheat, barley and oat, the plants of uninjured 
cereals emitted much more of those compounds than did 
control plants. In other studies (Piesik et al. 2011) it has 
been indicated that mechanical injury to cereal crops (wheat, 
barley and millet) resulted in releasing several VOCs. How-
ever, after injury by Oulema spp., the cereal plants released 
numerous green leaf volatiles (GLV).

In our research—O. melanopus adults males and females 
feeding (no-choice test)—the wheat plants previously unin-
jured were a more attractive food for O. melanopus as com-
pared with the plants previously injured. Also, irrespective 
of whether the wheat plants had previously been injured or 
not, the females always caused greater leaf area losses than 
the males of that insect species. O. melanopus adults were 
feeding, on average, slightly more than 30 mm of leaf tissue 
per day. As compared with our data, Lamparski (2016) found 
that, as for the spring barley plants, a pair of O. melanopus 
insects ate on average almost 160 mm of leaf tissue in 3 days 
of feeding (26 mm per insect per day). Clement et al. (2011) 

report on the leaf scar length in wild grass, Phleum alpinum, 
as a result of feeding of three O. melanopus males and three 
females for 24 h being more than 97 mm (16 mm per insect 
per day) in grasses infected by fungus of genus Neothypo-
dium (E +) and in grasses free from that fungus (E −)—more 
than 74 mm (12 mm per insect per day) in scar length.

In our study, in no-choice tests, cereal leaf beetle develop-
ment was similar on wheat plants provided with EM and BA 
as on untreated plants (control). Our research performed in 
wheat plants resulted in 21 eggs laid (a pair of insects for 
3 days), about 10 days of embryogenesis and more than 80% 
hatching  L1. On barley plants, Lamparski (2016) found that 
development intensity of O. melanopus is similar both on 
plants provided with EM and BA and on those untreated by 
preparations. He found that in laboratory conditions, in no-
choice tests with barley plants, O. melanopus laid 22 eggs 
(a pair of insects for 3 days), egg duration was 10.3 days and 
larva hatching was 81%.

An even clearer situation was noted in choice tests. Both 
O. melanopus males and females much preferred plants 
unprovided with EM and BA than those treated with prepa-
rations. We found that the wheat previously uninjured plants 

Table 4  Comparison in 
choice test, O. melanopus 
male and female feeding on 
wheat provided with EM and 
BA or not (plants previously 
uninjured) [mm]

Data (total scar length) are presented as mean ± SD
The differences were tested using Tukey’s test
ns not significant, EM effective microorganisms, BA biostimulator Asahi SL
Level of significance: *p < 0.05, **p < 0.01, ***p < 0.001

Plants treated by preparations Plants untreated by preparations HSD

O. melanopus male
 1 × EM + 1 × BA 8.60 ± 1.673 0 × EM + 0 × BA 25.40 ± 1.817 2.546***
 1 × EM + 2 × BA 9.00 ± 1.581 0 × EM + 0 × BA 24.80 ± 0.447 1.695***
 1 × EM + 0 × BA 9.20 ± 1.789 0 × EM + 0 × BA 22.60 ± 2.608 3.260***
 2 × EM + 1 × BA 12.40 ± 1.673 0 × EM + 0 × BA 26.40 ± 3.782 4.263***
 2 × EM + 2 × BA 10.20 ± 2.168 0 × EM + 0 × BA 25.40 ± 2.881 3.717***
 2 × EM + 0 × BA 10.80 ± 0.837 0 × EM + 0 × BA 26.20 ± 4.868 5.092***
 0 × EM + 1 × BA 9.00 ± 1.414 0 × EM + 0 × BA 24.20 ± 3.962 4.337***
 0 × EM + 2 × BA 10.20 ± 0.447 0 × EM + 0 × BA 24.60 ± 2.702 2.823***
 0 × EM + 0 × BA 18.00 ± 2.121 0 × EM + 0 × BA 16.80 ± 1.643 2.766 ns
 Mean 10.82 ± 0.811 Mean 24.04 ± 0.564 1.021***

O. melanopus female
 1 × EM + 1 × BA 11.00 ± 2.449 0 × EM + 0 × BA 29.20 ± 0.837 2.668***
 1 × EM + 2 × BA 10.20 ± 1.924 0 × EM + 0 × BA 26.60 ± 2.191 3.006***
 1 × EM + 0 × BA 10.40 ± 1.517 0 × EM + 0 × BA 28.80 ± 1.924 2.525***
 2 × EM + 1 × BA 12.80 ± 1.789 0 × EM + 0 × BA 29.40 ± 1.517 2.418***
 2 × EM + 2 × BA 10.80 ± 1.643 0 × EM + 0 × BA 26.80 ± 3.114 3.630***
 2 × EM + 0 × BA 11.40 ± 0.894 0 × EM + 0 × BA 28.80 ± 2.387 2.628***
 0 × EM + 1 × BA 11.80 ± 1.304 0 × EM + 0 × BA 27.60 ± 2.074 2.525***
 0 × EM + 2 × BA 11.40 ± 1.342 0 × EM + 0 × BA 28.20 ± 1.095 1.786***
 0 × EM + 0 × BA 19.40 ± 1.817 0 × EM + 0 × BA 18.20 ± 0.837 2.062 ns
 Mean 12.13 ± 0.700 Mean 27.07 ± 0.660 0.993***
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were much more attractive for O. melanopus as compared 
with the previously injured plants. Thus, healthy (uninjured) 
plants are preferred as food by pests (Piesik et al. 2010a, 
2011).

The results of our research and other authors indicate that 
the choice of food by cereal leaf beetles is greatly influ-
enced by the secondary metabolism compounds produced 
and emitted by plants. These compounds attract or repel 
females and males of cereal leaf beetle (Piesik et al. 2010b). 
One of the most active groups of so-called allelo compounds 
that participates in the environmental effects is phenolic 
compounds. They are common in plant tissues, and even at 
low concentrations can have a toxic effect on entomophage 
(Li et al. 2010). Phenolic acids usually occur in bonds with 
other compounds but also in acid environments, after heating 
a hydrolysis of ester and glycosidic bonds can take place, 
which increases the amount of free phenolic acids (released 
from bonds), so we are talking about free phenolic acids 
(Lege et al. 1995; Dykes and Rooney 2007; Jeszka et al. 
2010). Free phenolic acids are the most significant fac-
tors in resistance mechanisms as the first line of defense 
together with their antioxidant action (Stuper-Szablewska 

et al. 2019). It is known that antioxidative reactions are acti-
vated in the case of plant infection (Gupta and Sharma 2006; 
Kasote et al. 2015; Działo et al 2016; Kulbat 2016). Gawlik-
Dziki (2004) found that free phenolic acids usually occur 
in small amounts and their content greatly depends on the 
species and plant maturity. Wheat plants exposed to biotic 
stress contained the greatest amounts of free phenolic acids 
(Stuper-Szablewska et al. 2019). Free phenolic acids play a 
significant role in plant resistance mechanisms irrespective 
of the type of stress factors (Mandal et al. 2010).

The results of our research show that the use of EM and 
BA on winter wheat plants, makes it possible to introduce 
these treatments to field production as an important alterna-
tive to the use of chemical plant protection products. Thus, 
we are in line with the current trend of agricultural biologi-
zation, i.e., replacing chemical methods with more environ-
mentally friendly ones.

Funding The National Science Center, Poland (Grant no. PB-7295/B/
P01/2011/40).

Table 5  Comparison in choice 
test, O. melanopus male and 
female feeding on wheat 
provided with EM and BA 
(plants previously injured or 
not) [mm]

Data (total scar length) are presented as mean ± SD
The differences were tested using Tukey’s test
ns not significant, EM effective microorganisms, BA biostimulant Asahi SL
Level of significance: *p < 0.05, **p < 0.01, ***p < 0.001

Previously uninjured plants Previously injured plants HSD

O. melanopus male
 1 × EM + 1 × BA 27.00 ± 2.000 1 × EM + 1 × BA 6.40 ± 1.140 2.373***
 1 × EM + 2 × BA 26.40 ± 1.517 1 × EM + 2 × BA 7.20 ± 1.095 1.929***
 1 × EM + 0 × BA 25.20 ± 2.775 1 × EM + 0 × BA 6.20 ± 1.789 3.404***
 2 × EM + 1 × BA 29.20 ± 0.837 2 × EM + 1 × BA 5.60 ± 0.894 1.263***
 2 × EM + 2 × BA 25.20 ± 1.789 2 × EM + 2 × BA 6.80 ± 1.095 2.162***
 2 × EM + 0 × BA 27.40 ± 1.517 2 × EM + 0 × BA 6.20 ± 0.447 1.630***
 0 × EM + 1 × BA 28.00 ± 1.871 0 × EM + 1 × BA 8.40 ± 0.894 2.138***
 0 × EM + 2 × BA 26.00 ± 1.225 0 × EM + 2 × BA 7.60 ± 0.894 1.563***
 0 × EM + 0 × BA 29.20 ± 1.924 0 × EM + 0 × BA 8.40 ± 0.548 2.062***
 Mean 27.07 ± 0.688 Mean 6.98 ± 0.241 0.750***

O. melanopus female
 1 × EM + 1 × BA 31.80 ± 3.114 1 × EM + 1 × BA 5.20 ± 0.837 3.325***
 1 × EM + 2 × BA 31.00 ± 2.828 1 × EM + 2 × BA 5.20 ± 1.095 3.127***
 1 × EM + 0 × BA 30.40 ± 2.608 1 × EM + 0 × BA 3.60 ± 1.342 3.023***
 2 × EM + 1 × BA 32.60 ± 3.578 2 × EM + 1 × BA 5.80 ± 1.095 3.857***
 2 × EM + 2 × BA 30.40 ± 1.517 2 × EM + 2 × BA 6.20 ± 0.837 1.178***
 2 × EM + 0 × BA 33.80 ± 2.950 2 × EM + 0 × BA 5.40 ± 0.548 3.093***
 0 × EM + 1 × BA 33.80 ± 1.095 0 × EM + 1 × BA 5.60 ± 0.894 1.458***
 0 × EM + 2 × BA 30.60 ± 3.362 0 × EM + 2 × BA 5.00 ± 1.732 3.898***
 0 × EM + 0 × BA 32.40 ± 1.817 0 × EM + 0 × BA 4.00 ± 1.000 2.138***
 Mean 31.87 ± 1.126 Mean 5.11 ± 0.437 1.248***
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