
Agronomy Research 
 

Established in 2003 by the Faculty of Agronomy, Estonian Agricultural University 
 
Aims and Scope: 
Agronomy Research is a peer-reviewed international Journal intended for publication of  
broad-spectrum original articles, reviews and short communications on actual problems of 
modern biosystems engineering incl. crop and animal science, genetics, economics, farm- and 
production engineering, environmental aspects, agro-ecology, renewable energy and bioenergy 
etc. in the temperate regions of the world. 
 
Copyright & Licensing: 
This is an open access journal distributed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0). 
Authors keep copyright and publishing rights without restrictions. 
 
Agronomy Research online: 
Agronomy Research is available online at: https://agronomy.emu.ee/ 
 
Acknowledgement to Referees: 
The Editors of Agronomy Research would like to thank the many scientists who gave so 
generously of their time and expertise to referee papers submitted to the Journal. 
 
Abstracted and indexed: 
SCOPUS, EBSCO, DOAJ, CABI Full Paper and Clarivate Analytics database: (Zoological 
Records, Biological Abstracts and Biosis Previews, AGRIS, ISPI, CAB Abstracts, AGRICOLA 
(NAL; USA), VINITI, INIST-PASCAL.) 
 
Subscription information: 
Institute of Technology, EMU 
Fr.R. Kreutzwaldi 56,  
51006 Tartu,  
ESTONIA 
e-mail: timo.kikas@emu.ee 
 
Journal Policies: 
Estonian University of Life Sciences, Latvia University of Life Sciences and Technologies, 
Vytautas Magnus University Agriculture Academy, Lithuanian Research Centre for Agriculture 
and Forestry, and Editors of Agronomy Research assume no responsibility for views, statements 
and opinions expressed by contributors. Any reference to a pesticide, fertiliser, cultivar or other 
commercial or proprietary product does not constitute a recommendation or an endorsement of 
its use by the author(s), their institution or any person connected with preparation, publication or 
distribution of this Journal. 
 
ISSN 1406-894X 



1030 

 

 

CONTENTS 
 

I. Alsiņa, M. Dūma, L. Dubova, R. Alksnis, L. Dučkena, I. Erdberga, 
T. Harbovska and A. Avotiņš 

Determination of tomato quality with hyperspectral imaging .............................. 1035 

 

R.R. Andrade, I.F.F. Tinôco, F.A. Damasceno, D.A. Valente, C.E.A. Oliveira, 
V.C. Oliveira, G. Rossi and M. Barbari 

Analysis of environmental conditions in two different Compost Bedded Pack Barn 
systems for dairy cattle ......................................................................................... 1049 

 

D. Bārzdiņa and D. Kairiša 

Analysis of scrapie resistance and productivity of Latvian dark head breed old  
type sheep compliant to the conservation program of the genetic resources ........ 1058 

 

E.F.L. Cruz, R. O. Hernández, F.A. Damasceno, I.F.F. Tinôco, R.R. Andrade, 
J.A.C. do Nascimento, G. Rossi, V. Becciolini and M. Barbari 

Energetic analysis in compost dairy barn: a case study in southeastern Brazil .... 1064 

 

V. Denisova, K. Kokina, K. Gruskevica and L. Mezule 

Simultaneous nutrient and organic matter removal from wastewater by aerobic 
granular sludge process ........................................................................................ 1082 

 

M.A.S. Eisa, O. Matsera and Ľ. Cagáň 

The laboratory estimation of essential oils as biological methods against black 
cherry aphids M. cerasi ........................................................................................ 1093 

 

N. Faria, J. Pacheco-Lima, L. Valadão, M.H. Moreira da Silva and  
F. Moreira Silva 

Fixed-time artificial insemination in the bovine ‘Lydia Brava dos Açores’  
using frozen semen ............................................................................................... 1107 



1093 

Agronomy Research 21(3), 1093–1106, 2023 
https://doi.org/10.15159/AR.23.089 

 
 
 

The laboratory estimation of essential oils as biological methods 
against black cherry aphids M. cerasi 

 
M.A.S. Eisa1, O. Matsera1,2* and Ľ. Cagáň1 

 
1Plant protection Department, Institute of Agronomical Sciences, Faculty of 
Agrobiology and Food Resources, Slovak University of Agriculture, Tr. A. Hlinku, 2, 
SK94901 Nitra, Slovakia 
2Agriculture, Soil Science and Agrochemistry Department, Agronomy and Forestry 
Faculty, Vinnytsia National Agrarian University, Sonyacha Str., 3, UA21000 Vinnytsia, 
Ukraine 
*Correspondence: matsera.olga.vnau@gmail.com 
 
Received: March 19th, 2023; Accepted: September 21st, 2023; Published: October 20th, 2023 
 
Abstract. Plants' essential oils play a considerable role in the plant integrated protection systems 
against harmful insects. Therefore the aim of our study was to find the potential repellency and 
toxicity effects of essential oils (EOs) from Allium sativum L., Ocimum basilicum L., Lavandula 
angustifolia Mill, Eucalyptus globulus, Labill and Curcuma longa L., and two chemical 
substances DEET (N, N-diethyl-3-methylbenzamide) and 2-Undecanone on the black cherry 
aphids Myzus cerasi. Repellent peculiarities were evaluated at five different concentrations: 
0.3%, 0.6%, 0.9%, 1.2% and 1.5%, with 4 replications at the interim of 15 and 30 minutes for an 
olfactometer test and mortality was evaluated after 2, 6 and 24 hours for insecticidal activity test. 
The repellent index was most influenced by the concentration of essential oil; the percentage of 
influence was 64%. At the same time, the highest repellency index 95% was achieved at a 
concentration of 1.5% when using essential oils of A. sativum and E. globulus, as well as when 
using 2-Undecanone within 30 minutes of waiting. A contact toxicity (mortality) test in Petri 
dishes showed efficacy for all tested oils and chemicals after a 6-hour treatment period. The 
lowest concentration that ensured 100% insect mortality was 0.9% when using E. globulus 
essential oil. The lowest lethal concentration (LC50) value of 0.00240 mL/10 mL was obtained 
with O. basilicum oil and the lowest LC98 value of 0.28209 mL/10 mL was obtained with 
E. globulus oil after a 6-hour treatment period. 
 
Key words: plant protection, plants' essential oils, Myzus cerasi, olfactometer, repellent 
peculiarities, toxicity. 
 

INTRODUCTION 
 

Black cherry aphids Myzus cerasi (Fabricius, 1775) (Hemiptera: Aphididae) 
quickly weaken young plants by sucking out their cell sap. At the same time, it also emits 
poison, due to which the leaves twist, deform and die, the shoots stop growing, and the 
tops are twisted. Sweet secretions - waste pollutes the leafy surface, disrupts the normal 
life activity of plants (Thorpe et al., 2020). 

https://doi.org/10.15159/AR.23.089
https://doi.org/10.15159/AR.23.089
mailto:matsera.olga.vnau@gmail.com
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Dealing with aphids is extremely difficult: it multiplies rapidly and non-stop. 
Therefore, we must try to get rid of it as soon as it deprives us of the harvest (Granger, 
2008; Musa et al., 2020). 

M. cerasi occurs throughout Europe, the Middle East, and across Asia, from India 
and Pakistan (Mohammad, 2001) to Siberia and the far eastern part of the Palearctic. It 
has been introduced more recently into Australia, New Zealand and North America 
(Blackman & Eastop, 1994). 

Since all mankind strives for environmental protection in the technologies of plant 
protection against harmful organisms, which is especially important in the conditions of 
the modern increase in the use of pesticides (FAO, 2021) and spreading of good 
preconditions for development of insect resistance to pyrethroids (as main substances 
for insecticides) (Veromann & Toome, 2011). There is a need to find and further evaluate 
ecologically safe means of plant protection, in our case, it is the use of essential oils from 
aromatic and medicinal plants, the study their repellent and toxic properties. 

The secondary metabolites produced by plants are essential oils; these oils could be 
used as effective sources for phytophagous pests’ control especially against aphids 
(Smith et al., 2018). 

At a time when research on the effect of essential oils on Myzus persicae has 
received a lot of attention from scientists from various countries (Digilio et al., 2008; 
Costa et al., 2013; Pinheiro et al., 2013; Wafa et al., 2013; Behi et al., 2017; Khaled et 
al., 2017; Park et al., 2017; Albouchi et al., 2018; Benelli et al., 2018; Czerniewicz et al., 
2018; Pavela, 2018) there is a limited amount of information on the effect of essential 
oils on Myzus cerasi, which prompts us to conduct such studies. 

Some studies have been carried out for the control of black cherry aphid. Danelski 
et al. (2015) has tested, with contrasting results, infusions of horsetail (Equisetum 
arvense L.), garlic (A. sativum L.), white mustard (Sinapis alba L.) and Brassica 
juncea L., as well as the extract obtained from Quassia amara (L.) and azadirachtin. 
Małgorzata et al. (2019) were studied the effectiveness of basic substances in controlling 
back cherry aphid (M. cerasi F.). For investigation were tested a water extract from 
dandelion plants (Taraxacum officinale F.H. Wigg.), and an extract from neem seeds 
(Azadirachta indica L.). (Jaastad, 2007) founded that rapeseed oil significantly reduced 
damage by black cherry aphid, (M. cerasi F.). 

However, essential oils from Allium sativum (Mousa et al., 2013), Curcuma longa 
(Damalas, 2011), Lavandula angustifolia (Sampson et al., 2005; Attia et al., 2016; Minev 
et al., 2022), Ocimum basilicum (Sampson et al., 2005), Eucalyptus globulus (Górski & 
Tomczak, 2010; Oulebsir-Mohandkaci et al., 2015), according to previous studies, have 
largely demonstrated their repellent and toxic properties when used against individuals 
of the superfamily of small herbivorous insects Aphidoidea, so these plants' essential oils 
were chosen by us to investigate the effect of their properties on M. cerasi in the 
laboratory conditions. 

Essential oils from plant species A. sativum, O. basilicum, L. angustifolia, 
E. globulus and C. longa were tested in the laboratory (Cagáň et al., 2022). The most 
important chemicals in A. sativum EO were diallyl disulphide, diallyl trisulphide, and 
diallyl sulphide, in the case of O. basilicum they were estragole (methyl chavicol), 
linalool, methyl eugenol (eugenyl methyl ether), d-limonene (p-mentha-1,8-diene),  
1,8-cineole (eucalyptol), in the case of L. angustifolia they were citral, coumarin, 
eugenol, geraniol, limonene, linalool, in EO from E. globulus they were 1,8 cineole, 

https://www.cabidigitallibrary.org/doi/10.1079/cabicompendium.35634#core-ref-2
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dipentene, alpha phellandrene, beta pinene and for C. longa they were the chemicals 
phellandrene and turmerone (Eisa et al., 2023). 

Since the purpose of the research was to identify the repellent and toxic properties 
of essential oils on black cherry aphids, we had to solve the following problems: 

1. to determine the influence of 5 essential oils (A. sativum L., O. basilicum L., 
L. angustifolia M., E. globulus L. and C. longa L.) and two chemicals (DEET (N,  
N-diethyl-3-methylbenzamide) and 2-Undecanone) in 5 concentrations: 0.3%, 0.6%, 
0.9%, 1.2%, 1.5% on the movement of black cherry aphid Myzus cerasi in the 
olfactometer (test for repellent properties); 

2. to determine the percentage of black cherry aphid Myzus cerasi mortality 
depending on the exposure of 5 essential oils (A. sativum L., O. basilicum L., 
L. angustifolia M., E. globulus L. and C. longa L.) and two chemicals (DEET (N,  
N-diethyl-3-methylbenzamide) and 2-Undecanone) in 5 concentrations: 0.3%, 0.6%, 0.9%, 
1.2%, 1.5% depending on the treatment period - 2, 6 and 24 hours (contact toxicity test); 

3. to determine the lethal and sub-lethal concentrations for black cherry aphid 
Myzus cerasi of 5 essential oils (A. sativum L., O. basilicum L., L. angustifolia M., 
E. globulus L. and C. longa L.) and two chemicals (DEET (N, N-diethyl-3-
methylbenzamide) and 2-Undecanone) in 5 concentrations: 0.3%, 0.6%, 0.9%, 1.2%, 
1.5% depending on the treatment period – 2, 6 and 24 hours, perform a three-factor 
dispersion analysis. 

 
Highlights: 
1. The movement of insects have been affected by the concentration of the essential 

oils in the olfactometer. 
2. The highest repellent index was obtained when 2-Undecanone and A. sativum 

were applied. 
3. The exposure time did not significantly effect on the movement of insects in the 

olfactometer. 
4. 100 percent toxicity was achieved at concentrations of 0.9%, 1.2%, and 1.5% 

within 6 hours. 
5. All tested oils, except C. longa, provided 100% insect mortality within 6 hours. 
 

MATERIALS AND METHODS 
 
This study was carried out at the Laboratory of Entomology, Faculty of 

Agrobiology and Food Resources, Slovak University of Agriculture in Nitra. Laboratory 
investigations were divided into two experiments. The experiment included ‘two-choice 
olfactometer’ repellency and contact toxicity tests with five EOs, two chemicals against 
the M. cerasi (black cherry) aphid. The study was carried out under the laboratory 
conditions at the temperature of 20 ± 1 °C, humidity 50 ± 1%, and /light/dark 16:08/ h. 

 
Insects used 
The populations of aphids M. cerasi (Hemiptera: Aphididae) were collected from 

cherry plant cultures infested by aphids at a local field of the crop garden in Nitra 
(Slovakia) 48°18'16.7"N 18°05'41.3"E in June 2022. Nutrients were fresh host plant 
leaves. Approximately 10,000 adults were incubated. The adults of both sexes were used 
in the experiments. 
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Essential oils and chemical substances used 
Essential oils from plant species A. sativum, O. basilicum, L. angustifolia, E. globulus 

and C. longa were chosen for the experiment. Essential oils were obtained from the 
company Mystic Moments Inc. (UK) as commercial essential oils. The extraction 
method of all oils selected from plant species was steam distillation, according the 
information published at the web-page https://www.mysticmomentsuk.com//. Two 
insect repellents: DEET and 2-Undecanone were chosen for the research, as both have 
an excellent safety profile and remarkable protection against mosquitoes and various 
other arthropods (Nguyen et al., 2023). Moreover some authors, as Costantini et al. (2004), 
are considering DEET as 'gold standard' according its relative efficacy and persistence profiles. 
Chemical substances were obtained from Sigma-Aldrich Company (DEET in 97% 
concentration and 2-Undecanone (methyl nonyl ketone) in 99% concentration. Detailed 
characteristic of concentrations and doses of essential oils used in the experiment is 
presented in the Table 1. 

 
Table 1. Dosages used in laboratory experiments 
The quantity of essential oils 
taken for solution preparation 

The quantity of solvent (acetone) 
taken for solution preparation  
(mL) 

The received concentration 
of working solution  
(%) μL mL 

30 0.03 10 0.3 
60 0.06 10 0.6 
90 0.09 10 0.9 
120 0.12 10 1.2 
150 0.15 10 1.5 
V/V % = [(volume of solute) / (volume of solution)] x 100%. 

 
Application of essential oils in olfactometer test 
The experiments were conducted using a Y-tube-olfactometer. The concentrations 

(0.3%, 0.6%, 0.9%, 1.2% and 1.5%) of essential oils solutions were placed on the piece 
of filter paper (No. 2, 10×20 mm), and the acetone (10 μL) was situated on the another 
discs. Filter paper discs with EOs were placed in one tube of olfactometer; the discs with 
only acetone were placed in the second tube, as control. Four replicates were used for 
each concentration. Twenty aphids' adults were leased individually into the olfactometer 
using the flexible forceps for each replicate. The measurement started after 15 and 
30 minutes. The choices of the aphids were recorded. All factors used in the experiment 
are shown in the Table 2. 

 
Table 2. The scheme of the experiment 
Factor A – 
concentration (%) 

Factor B –  
time after treatment (min) 

Factor C –  
sources for treatments 

1. 0.3 olfactometer, toxicity, 1. C. longa 
2. 0.6 minutes hours 2. E. globulus 
3. 0.9 1. 15 1. 2 3. L. angustifolia 
4. 1.2 2. 30 2. 6 4. O. basilicum 
5. 1.5   3. 24 5. 2-Undecanone 
      6. A. sativum 
      7. DEET (N,N-Diethyl-meta-toluamide) 
 

https://www.mysticmomentsuk.com/
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Contact toxicity bioassay on Myzus cerasi 
The filter paper disk method was used for the bioassay. Discs were sprayed by five 

different concentrations (%) of investigated EOs and two chemicals (0.3%, 0.6%, 0.9%, 
1.2% and 1.5%), were prepared by diluting each EOs and chemicals with 10 mL of 
acetone (v/v). The filter papers were dried for 5 min. Then, discs were placed upside 
down in petri dish (10 cm diameter); 10 healthy aphids' adults were placed on the treated 
discs surface. Four replicate batches of aphids' adults (i.e., 40 insects) were used per each 
concentration of each essential oil. Petri dishes containing aphids were carefully closed 
by cover and kept at 25 ± 1 °C to count died individuals and record mortality percentages 
after 2, 6, and 24 h of application (Karim & Hossein, 2018). To avoid aphids’ mortality 
caused by starvation the pieces of cherry leaves were placed in the middle of the down 
part of Petri dish. Mortality was confirmed by touching the aphid with a fine brush. 
Aphids that appeared no realistic movement were considered as dead. 

 
Statistical Analysis 
The data were subjected to analysis of variance followed by the Tukey HSD 

(Honestly Significant Difference) test. The probability of 0.05 and 0.01 were considered 
as significant. For LC calculating was used Finney's probit analysis (Mekapogu, 2021). 

 
RESULTS AND DISCUSSION 

 
Three-factor variance analysis was done to find out the percent effect of each 

investigated factors while test for repellency was carrying out. Among the investigated 
factors, the concentration of the essential oil had the greatest influence on the results 
64%, the influence of the waiting time from treatment was 2%, and the result depended 
on the type of essential oil by 7%. The influence of the interaction of the concentration 
and type of essential oil on the result was 3%, and the influence of the interaction of all 
factors was 2% (Table 3). 

Repellency index was calculated after all EOs were used in olfactometer (Table 4). 
The calculation showed 95% repellency index was received after A. sativum and 
E. globulus EOs treatment and when 2-Undecanone was used at the concentration 
level 1.5%. The lowest repellency index - 10% was obtained at the concentration 0.3% 
after E. globulus and L. angustifolia EOs were used. 
 
Table 3. The dispersions of the three-factor variance analysis of data for experiment 

Dispersion The sum  
of squares 

Degrees  
of freedom 

Root mean  
square F 

General  525.57 279.00 \\ \\ 
Replications 8.92 3.00 \\ \\ 
A-concentration (%) 338.62 4.00 84.66 151.29 
B-time after treatment (min) 8.57 1.00 8.57 15.33 
C (chemicals for treatments) 34.44 6.00 5.74 10.26 
AB 0.34 4.00 0.08 0.15 
AC 13.63 24.00 0.57 1.01 
BC 0.90 6.00 0.15 0.27 
ABC 4.31 24.00 0.18 0.32 
Remainder 115.83 207.00 0.56 \\ 
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Table 3 (continued) 
The table of effects and LSD 
Factor The power of influence LSD at 0.05 
A (concentration, %) 0.64 0.17 
B (time after treatment, min) 0.02 0.11 
C (chemicals for treatments) 0.07 0.21 
AB 0.00 0.25 
AC 0.03 0.46 
BC 0.00 0.29 
ABC 0.02 0.65 
Remainder  0.24 \\ 

 
Table 4. Repellency index (%) calculated after application the essential oils when olfactometer 
was used 

Concentration 
(%)  

Duration of 
treatment 
(min) 

EOs and chemicals 
C. 
longa 

A. 
sativum 

E. 
globulus 

L. 
angustifolia 

O. 
basilicum 

2- 
Undecanon DEET 

0.3 15 15 30 10 10 30 35 30 
30 20 35 15 20 35 45 30 

0.6 15 35 40 35 30 40 55 35 
30 40 45 50 35 60 60 35 

0.9 15 60 55 55 40 60 70 45 
30 70 70 60 50 55 85 50 

1.2 15 75 75 70 50 70 85 65 
30 75 85 75 70 75 90 80 

1.5 15 85 90 85 75 85 90 85 
30 85 95 95 85 85 95 90 

 
Summarizing the obtained results, it can be concluded that all investigated factors 

influence on movement of insects, but each factor has its own power of effect (Table 5). 
 

Table 5. The factors' averages of olfactometer experiment (repellency test) 
Factor A  Factor B  Factor C  

Concentration 
(%) 

Number  
of insects 
(individuals)  

Duration  
of treatment 
(min) 

Number  
of insects 
(individuals) 

Chemicals  
for treatments 

Number  
of insects 
(individuals) 

0.3 3.71   C. longa 2.20 
0.6 2.88 15 2.29 E. globulus 2.25 
0.9 2.05 30 1.94 L. angustifolia 2.68 
1.2 1.29   O. basilicum 2.03 
1.5 0.63   2-Undecanone 1.45 
    A. sativum 1.90 
    DEET  2.28 

 
The lowest amount of black cherry aphids (M. cerasi) - 1.45 pcs was obtained when 

2-Undecanone was used and 1.90 pcs - when A. sativum EO was used. On the highest 
concentration 1.5% also was the lowest amount of insects 0.63 pcs, and time factor 
effected on results 2.29 pcs insects after 15 min and 1.94 pcs after 30 min. 
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To solve our second task, the experiment in Petri dishes was done. It was used the 
acetone as control in the experiment, the results is shown in the Table 6. 

by Dessenbe et al. (2022) who have demonstrated the hexane fraction was more effective 
than that of acetone and methanol because it induced more mortality and it appears that 
S. zeamais is more vulnerable than C. maculatus to the different extracts. While time 
factor included 3 terms for mortality checking 2, 6 and 24 hours, 100% mortality was 
founded only after 6 hours expectation. According the results of Oulebsir-Mohandkaci 
et al. (2015) which show that the mortality rate increases with the increase of dose by 
advancing in time, our results were confirmed this assertion - we received 100% 
mortality after 6 hours of expectation at the highest concentration levels 1.2 and 1.5%, 
and after 24 hours expectation the mortality percent was going down not reaching 100% 
for no any oil or concentration. 

All chemicals and essential oils showed 100% effectiveness excepting C. longa. 
This allows us to make the assumption that the effectiveness of using some chemicals 
and essential oils as insecticides is affected by time and concentration (Table 7). 

The most effective concentration value was 1.2% after six hours expectation - three 
essential oils provided 100 % mortality at this level - L. angustifolia, O. basilicum and 
A. sativum, within increasing of concentration value the percent of mortality was decreasing, 
this allows us to make assumption that preferment of concentration values can caused to 
emersion of negative effects. The lowest concentration value, where was reached 100% 
mortality of insects, was 0.9%, also after six hours expectation, under the application of 
the E. globulus essential oil. For two chemicals DEET (N, N-Diethyl-meta-toluamide) 
and 2-Undecanone the highest effectiveness was reached at 1.5% concentration. 

Results of Sajjad et al. (2014) painted that percent mortality was directly 
proportional to increasing concentration of extracts. Both A. sativum and C. longa 
significantly reduced the larval, pupal and adult emergence as well as percent weight 
loss (at α 5%) but A. sativum performed better as compared to the C. longa. 

According our research, the treatment by O. basilicum EO provided 100% 
mortality of aphids on concentration 1.2% after 6 hours after treatment (contact method), 
and good results in the olfactometer test 2.03 pcs., 1.9 pcs were got after olfactometer 
test of A. sativum also and this number of insects was one of the lowest, excepting the 
results provided by using 2-Undecanone 1.45 pcs. The results obtained after A. sativum 
using against aphids are similar to results of Mousa et al. (2013), where was achieved 
100% of population reduction of aphids in the open field condition and this botanical 
essential oil was more effective than used in experiment chemical insecticides, but in our 
investigation the lowest amount of insects were founded after using the 2-Undecanone, 
and obtained results after using the A. sativum EO where on 0.55 pcs higher than after 
using chemical origin insecticides. 

According to the results of Tunç et al. 
(2004) the time required for 99% mortality 
in the adults of T. cinnabarinus, A. gossypii 
and adults and larvae of F. occidentalis was 
95.5, 67.6, 34.7 and 34.3 h, respectively, at 
80 acetone/l air. Our results show not high 
percent of insects’ mortality (%), because 
the exposure time was not long. This 
finding would agree with the data collected  

 
Table 6. The mortality effect of acetone on 
black cherry aphids (M. cerasi) depending 
on the time after treatment 
Time after treatment, hours Mortality, % 
2 17.5 
6 20.0 
24 7.5 
Total  45.0 
 



1100 

Table 7. Toxicity (mortality) effect of essential oils and chemicals on black cherry aphids (M. cerasi) 

Concentration, 
(%) 

Treatment ± SEᵪ  
F statistic P - value 

Tukey 
HSD 
p-value 

2-  
Undecanon 

L.  
angustifolia 

E.  
globulus 

O.  
basilicum 

A.  
sativum 

C.  
longa DEET 

0.3 70.0 ± 9.46 70.0 ± 9.46 70.0 ± 9.46A 80.0 ± 11.81 77.5 ± 9.46 47.5 ± 6.29A 72.5 ± 11.81 1.2677 0.3139 - 
0.6 77.5 ± 9.46 77.5 ± 9.46 85.0 ± 11.90 82.5 ± 11.81 80.0 ± 11.81 55.0 ± 8.66 77.5 ± 9.46 0.9292 0.4946 - 
0.9 82.5 ± 11.81 82.5 ± 11.81  100.0 ± 0.00C 85.0 ± 11.90  92.5 ± 4.78  62.5 ± 8.53  85.0 ± 11.90 1.4114 0.2567 - 
1.2 90.0 ± 7.07 100.0 ± 0.00 b 92.5 ± 4.78 100.0 ± 0.00 d 100.0 ± 0.00 e 75.0 ± 8.66 f 92.5 ± 4.78 3.2805 0.0195 0.023 bxf  

0.023 dxf  
0.023 exf  

1.5 100.0 ± 0.00 92.5 ± 4.78 95.0 ± 2.88 92.5 ± 4.78 95.0 ± 2.88 87.5 ± 6.29E 100.0 ± 0.00 1.3469 0.2811 - 
Average 84.0 84.5 88.5 88.0 89.0 65.5 85.5    
F statistic 2.0593 2.3598 3.0595 0.6549 1.6440 4.2103 1.5635    
P - value 0.1373 0.1002 0.0498 0.6324 0.2151 0.0176 0.2349    
Tukey HSD 
p-value 

- - 0.0427 AxC - - 0.0175 AxE -    

Within each column, means followed by the same uppercase letter are not significantly different, post-hoc Tukey HSD Test at p = 0.05. Within each row, means 
followed by the same lowercase letter are not significantly different, post-hoc Tukey HSD Test at p = 0.05. Where no letters exist, no significant differences were 
recorded. SEᵪ – standard deviation of mean. 
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It was decided to find the lethal concentrations of essential oils and 2 chemical 
sources after 2 (Table 8), 6 (Table 9) and 24 hours of treatment (Table 10). 
 
Table 8. Lethal concentrations of investigated essential oils and chemicals after two hours of 
treatment 

Treatment LC 50  LC 98  
mL/10 mL lower upper mL/10 mL lower upper 

C. longa 0.08515 0.04903 0.14789 2.08434 1.20012 3.62005 
E. globulus 0.02572 0.01106 0.05983 3.01776 1.29758 7.01833 
L. angustifolia 0.04383 0.02359 0.08141 1.54653 0.83257 2.87273 
O. basilicum 0.01496 0.00496 0.04510 7.34700 2.43655 22.1537 
2-Undecanone 0.03826 0.01587 0.09225 6.28143 2.60508 15.1459 
A. sativum 0.03907 0.01850 0.08251 2.91701 1.38130 6.16006 
DEET (N,N-Diethyl-
meta-toluamide) 

0.04262 0.02249 0,08075 1.70694 0.90085 3.23431 

Indexes 
Treatment 
C. 
longa 

L. 
angustifolia 

E. 
globulus 

O. 
basilicum 

A. 
sativum 

2-
Undecanone DEET 

Slope 1.485 1.345 0.999 0.770 1.106 0.931 1.302 
Intercept 6.588 6.828 6.588 6.403 6.559 6.320 6.784 
SD (σ) 0.674 0.744 1.001 1.298 0.904 1.074 0.768 
SE 0.122 0.137 0.187 0.245 0.166 0.195 0.142 
R^2 0.923 0.855 0.829 0.83 0.821 0.848 0.814 
Chi-test  
(χ2) Sig 

0.992 0.998 0.999 1.000 0.997 0.997 0.993 

df 3 3 3 3 3 3 3 
Chi-Test ns ns ns ns ns ns ns 

 
The analysis of the table 8 demonstrate that lowest dose which could cause to 50% 

mortality of aphid population is 0.01496 mL/10 mL of O. basilicum oil and reaching of 
98% of mortality could be caused by L. angustifolia essential oil in dose 
1.54653 mL/10 mL after two hours obtained results. 

The results of Attia et al. (2016) showed that L. angustifolia oil can provide 
valuable pesticide activity with significantly lower LC50 values by fumigation. 
According the results obtained after our experiments is clear that in olfactometer test 
using L. angustifolia EO against black cherry aphids was provide the highest amount 
2.68 pcs of insects on the treated side, this allows us to assume that this essential oil is 
not effective enough against this species of aphids in a concentration from 0.3 to 1.2%, 
also in this case the time factor can play a significant role, i.e. if time increases or 
decreases, it is possible there is a probability of achieving better results. In the same time, 
the results of contact test in Petri dish, lavender essential oil provided 100 percent 
mortality of aphids at a concentration value of 1.2% after 6 hours of waiting, and the 
calculation of LC of the studied essential oils showed that the use of lavender essential 
oil would provide LC98 at the lowest concentration value - 1.54653 mL/10 mL among 
all investigated oils, under the conditions of the time factor 2 hours. The results obtained 
after conducting the experiment in Petri dishes are reinforced by the results obtained by 
Pavela, (2006) after lavender oil testing where this oil was demonstrate good results 
among investigated oils. 
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Table 9. Lethal concentrations of investigated essential oils and chemicals after six hours of 
treatment 

Treatment LC 50  LC 98  
mL/10 mL lower upper mL/10 mL lower upper 

C. longa 0.04110 0.02402 0.07033 0.86870 0.50770 1.48641 
E. globulus 0.01358 0.00694 0.02658 0.28209 0.14417 0.55195 
L. angustifolia 0.01322 0.00617 0.02830 0.57538 0.26872 1.23204 
O. basilicum 0.00240 0.00064 0.00903 1.22382 0.32487 4.61026 
2-Undecanone 0.01174 0.00518 0.02663 0.69959 0.30849 1.58654 
A. sativum 0.01028 0.00474 0.02226 0.30882 0.14258 0.66888 
DEET (N,N-Diethyl-
meta-toluamide) 

0.01223 0.00574 0.02608 0.47425 0.22244 1.01114 

Indexes 
Treatment 
C.  
longa 

L.  
angustifolia 

E.  
globulus 

O.  
basilicum 

A.  
sativum 

2- 
Undecanone DEET 

Slope 1.583 1.263 1.56 0.777 1.382 1.167 1.307 
Intercept 7.194 7.371 7.912 7.021 7.764 7.248 7.497 
SD (σ) 0.632 0.792 0.641 1.286 0.724 0.857 0.765 
SE 0.119 0.169 0.149 0.294 0.171 0.181 0.168 
R^2 0.825 0.920 0.996 0.658 0.864 0.91 0.855 
Chi-test  
(χ2) Sig 

0.991 0.989 0.994 0.993 0.994 0.993 0.993 

df 3 3 3 3 3 3 3 
Chi-Test ns ns ns ns ns ns ns 
 

After six hours expectation from treatment the mortality percent was rise up and 
the doses which could cause the 50% population mortality of aphids decreased. The 
O. basilicum oil using in dose 0.00240 mL/10 mL was the lowest dose, which caused 
the half of population mortality, among investigated oils and chemicals. The lowest 
concentration which caused 98% mortality of individuals was 0.28209 mL/10 mL of 
E. globulus essential oil. 

The conducted comparison of investigated essential oils and chemical effectiveness 
allows us to conclude that O. basilicum essential oil is the most effective even at low 
concentrations/doses. Among the investigated oils, basil caused the 50% death of 
individuals at the lowest doses, both after 2 and after 6 hours of waiting after treatment. 
Essential oils from L. angustifolia and E. globulus were more effective after six hours, 
causing 98% mortality at the lowest doses. 

Using eucalyptus EO in the investigation showed similar results with results 
obtained by Costa et al. (2015). These scientist founded that mortality of M. persicae 
was 85.5% using essential oil at 1% (w v−1). Estimated values of LC50 (0.40% w v−1) and 
LC90 (1.15% w v−1) for M. persicae evidences the potential use of E. citriodora essential 
oil in controlling this pest. We received the 100% mortality of M. cerasi adults at the 
concentration of 0.9% after 6 hours in Petri dish experiment; estimated value of LC98 for 
6 hours expectation time was 0.28209 mL/10 mL and was the lowest value among all 
investigated substances for this expectation time, the LC50 was 0.0135 mL/10 mL. 
However Górski & Tomczak (2010) after determine the efficacy of natural essential oils, 
such as basil oil, citronella oil, eucalyptus oil, juniper oil and patchouli oil did not reach 
100% mortality of insects after using eucalyptus oil, herewith after application of 
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citronella oil and patchouli oil at a concentration of 0.05 and 0.10% and juniper oil at 
0.10%, 100% mortality of insects was observed. 

 
Table 10. Lethal concentrations of investigated essential oils and chemicals after 24 hours of 
treatment 

Treatment LC 50  LC 98  
mL/10 mL lower upper mL/10 mL lower upper 

C. longa 0.06128 0.03453 0.10875 1.72805 0.97375 3.06665 
E. globulus 0.03336 0.01454 0.07650 3.81236 1.66228 8.74346 
L. angustifolia 0.03346 0.01472 0.07604 3.75961 1.65420 8.54473 
O. basilicum 0.02297 0.00804 0.06563 9.15729 3.20475 26.1661 
2-Undecanone 0.03460 0.01480 0.08089 4.63846 1.98417 10.8435 
A. sativum 0.01154 0.00384 0.03466 4.61892 1.53837 13.8682 
DEET (N,N-Diethyl-
meta-toluamide) 

0.03092 0.01332 0.07176 3.73853 1.61091 8.67622 

Indexes 
Treatment 
C.  
longa 

L.  
angustifolia 

E.  
globulus 

O.  
basilicum 

A.  
sativum 

2- 
Undecanone DEET 

Slope 1.432 1.01 0.998 0.792 0.792 0.972 0.988 
Intercept 6.737 6.49 6.475 6.298 6.535 6.42 6.492 
SD (σ) 0.698 0.99 1.002 1.263 1.263 1.029 1.012 
SE 0.127 0.182 0.184 0.233 0.244 0.188 0.187 
R^2 0.862 0.834 0.966 0.902 0.844 0.888 0.918 
Chi-test  
(χ2) Sig 

0.990 0.998 1.000 1.000 1.000 0.999 0.999 

df 3 3 3 3 3 3 3 
Chi-Test ns ns ns ns ns ns ns 

 
After twenty four hours expectation from treatment the mortality percent was rise 

down and the doses which could cause the 50% population mortality of aphids increased, 
and the A. sativum essential oil solution among all investigated chemicals showed the 
lowest concentration value - 0.01154 mL/10 mL, and using 1.72805 mL/10 mL of 
C. longa essential oil solution can cause the 98% of pest individuals mortality. 

 
CONCLUSIONS 

 
The purpose of the study was to evaluate essential oils, which included testing their 

repellent and toxic properties against aphids M. cerasi. According to the results of our 
study, A. sativum and E. globulus essential oils were the most effective. When using 
them in an olfactometer at a concentration of 1.5% and 30 minutes after establishing the 
source of the smell, it was possible to achieve a repellent index of 95%, the same 
effectiveness was shown by 2-Undecanone, which is a chemical substance. The same 
oils ensured 100% mortality of aphids in Petri dishes, that is, when applied by contact 
after 6 hours of waiting at concentrations of 1.2% when using eucalyptus and 1.5% when 
using garlic oil. General average mortality index after using these oils was the highest 
between investigated oils: 88.5% for the E. globulus and 89.0% for A. sativum. Although 
all essential oils provided 100% contact toxicity, except for C. longa essential oil, our 
assessment is based on a comprehensive approach, considering all parameters studied. 
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The research we conducted and the results obtained allow us to recommend the use of 
solutions of essential oils of garlic and eucalyptus in the conditions of organic farming 
to struggle the black cherry aphid. However, there is still an urgent need to study the 
effectiveness of oils in open ground conditions. 
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