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Abstract

Allelopathy refers to chemical effect of a plant direct or indirect on germination,
growth or development of neighboring plants. Allelopathy can be considered as a
component of biological control that reduces the development of other plants. This study
was carried out to determine the effect of Greek sage (Salvia fruticosa Miller), basil
(Ocimum basilicum L.), Dragonhead (Dracocephalum moldavica L.), spearmint (Menta
spicata L.), sage (Salvia officinalis L.), lemon balm (Melissa officinalis L.), oregano
(Origanum onites L.) and thyme (Thymus kotschyanus Boiss.) on the germination of
redroot pigweed (Amaranthus retroflexus L.) which causes significant yield loss in
agricultural production. Essential oil (9, 18, 36 µL/petri) and hydrosols (50, 75, 100%)
of aromatic plants were applied to determine their inhibition effects on seed germination
of A. retroflexus. The experimental design for in vitro was a randomized design with five
replications. It has been shown that germination rate was decreasing by the increased
concentration of essential oil and hydrosols of the tested plant species. Also, total
germination inhibition of A. retroflexus depended on the essential oil doses; the rate
ranged from-2.9 to 85%. Amongst the essential oils, the highest effect was observed in
spearmint with 7% germination rate. It could be considered as an important solution,
which would contribute in Integrated Weed Management of A. retroflexus by using
different concentrations of essential oil and hydrosols from aromatic plants.
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Introduction

Materials and Methods

In recent years, it has become important to find new
methods that can replace chemical management in weed
control, which do not harm human health and environment,
due to the increasing environmental awareness and the
negative effects of synthetic drugs used in agricultural
struggle on human health. In addition, a new generation
of herbicides is needed throughout the world due to
the increasing resistance to herbicides. An increase
in the number of resistant weeds with the development of
herbicide resistant crops is an expected result. Today, in
order to maintain agriculture and protect the environment,
it is seen as an obligation to investigate and apply
alternative and environmentally friendly control methods
to chemical control. One of these alternative methods is
the use of natural compounds that have allelopathic effect
on weeds in the control of weeds (SINGH et al, [24];
ULUDAĞ, [25]; DAYAN et al, [7]). Studies carried out
have shown that commercial herbicides obtained from
natural compounds had different mechanisms of action
than synthetic herbicides produced so far, a shorter environmental life and systemic effects (DUKE et al, [12]).
The most successful results regarding the use of allelochemicals as pesticides were obtained from terpenoids,
the main component of essential oils. For example, it is
known that monoterpenes and 1,8-cineol have high
toxicity (DUKE [10]; DUKE, [11]; CARSON et al, [5]).
For these reasons, in the fight against weeds, especially
the essential oils made up of allelopathic origin natural
compounds stand out (ÖZEN et al, [20]).
Turkey is one of the leading countries in tea plants
and spice export in the world market, and Lamiaceae
family is the first among plant species traded. In addition,
our country is an important gene center in terms of
Lamiaceae plants, which have an important place in alternative medicine. The essential oil yield of the Lamiaceae
family is very high and the known important species
are Thymbra, Thymus, Origanum, Satureja, Mentha,
Teucrium, Ballota, Stachys, Salvia, Ajuga, Prunella,
Melissa, Lamium, Sideritis and Marrubium. This family
show widespread in mountainous areas of Turkey’s
Mediterranean Coast and the rate of endemism of the
family is stated as 42.2% (KOCABAS and KARAMAN,
[17]; ÖZKAN, [21]; GEZICI, [15]; KARIK et al, [16]).
In addition, it has been reported that oxygen-derived
substances in the structure of essential oils disrupted the
cellular structures by subjecting to lipid peroxidation of
the fatty and lipid acids forming the structure of the cell
membrane (DE FEO et al, [8]).
In this study, the effect of some essential oils and
hydrosols of some plants belonging to Lamiaceae family
on the germination of redroot pigweed (Amaranthus
retroflexus L.) which causes significant yield losses in
agricultural areas was investigated.

Materials
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The study was carried out in the Phytopathology
Laboratory, Department of Plant Protection, Faculty of
Agriculture of the Van Yuzuncu Yil University, between
the years of 2017-2018. The seeds of redroot pigweed
(Amaranthus retroflexus L.), which are the main materials
of the study, were collected from the Kurtalan District, Siirt
in July and August 2017. Greek sage (Salvia fruticosa
Miller), sage (Salvia officinalis L.), bacillus (Ocimum
basilicum L.), spearmint (Menta spicata L.), Oregano
(Origanum onites L.), Thymus kotschyanus Boiss. et
Hohen., lemon balm (Melissa officinalis L.) were collected from the Medical Aromatic plant garden, Faculty of
Agriculture of the Van Yuzuncu Yil University; and
Dragonhead (Dracocephalum moldavica L.) was collected from Urmia (Iran) in 2017. The essential oils and
hydrosols of these plants were obtained by hydrodistilation
method. All materials were stored at + 4°C until use.

Method
In germination studies, well looking, 50 redroot
pigweed seeds with broken dormancy was used in each
repetition. The study was carried out in sterilized 9 cm
Petri dishes with double-layered filter paper. The seeds
were first left in 1% sodium hypochlorite for 5 minutes
before use, then washed three times with distilled water
and dried on filter papers in a sterilized cabinet at room
temperature. After Petri dishes were moistened with 5 mL
of distilled water, the redroot pigweed seeds that will be
used in the last trial were placed. The hydrosols related to
the medical aromatic plants of the study were used at
50, 75, 100% concentrations. Hydrosols were filtered
through 0.45 µm diameter filters and were applied to Petri
dishes in 5 mL. In the application of essential oil, a piece of
drying paper (1-1 cm) was adhered to the inside of the caps
of Petri dishes with a double layer tape and then 50 µL of
essential oils were dropped onto this drying paper using
a micro pipette (DUDAI et al, [9], YILDIRIM, [27];
AYDIN and TURSUN, [2]; EFIL, [13]). In the study, 9, 18,
36 µL/Petri dishes concentrations of essential oils were
used. In all applications, only the distilled water was
applied to the control Petri dishes. Then, in order to
prevent contamination and moisture loss, the Petri dishes
covered with parafilm were left in incubators at an optimum germination temperature of 30°C (ÜREMIŞ and
UYGUR, [26]). For all applications, the counts were
made at the end of 14 days and the seeds forming 0.5 cm
grass tube were regarded as germinated. Experiments
were established with 5 replications according to the test
pattern of random plots
The inhibition rate of the seeds on the application
was calculated using the equation given below (ELLNAIN
et al, [14]).
Inhibition (%) = [C-T/C] x 100
T: value obtained in the application,
C: value obtained from the control.
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Results and Discussion

Essential Oils

It was determined that the germination rate of
Amaranthus retroflexus decreased with increasing concentration of essential oils and hydrosols of all plant tested.
Except the S. fruticosa essential oil, the difference between all applications was statistically found as significant.
However, the hydorosol application of this plant was
found to be statistically significant. In addition, only the
highest dose in the essential oil application of S. officinalis
and hydrosol applications of S. fruticosa, O. basilicum and
T. kotschyanus were in the same group while the other

applications took place in the same group with control.
On the other hand, in O. onites and O. basilicum the 18 and
36 µL/Petri dishes concentrations were in the same
group. In the hydrosol application of S. officinalis and
D. moldavica, 75 and 100% concentrations were in the
same group. In T. kotschyanus and M. spicata essential
oil application, each concentration was in a separate group.
The highest inhibition rate in the essential oil
application was found in M. spicata from 36 µL/Petri
dishes concentration with 85.3%. Although there was
observed an increase in the control based germination
rate in the lowest concentration of S. officinalis and
O. onites, this increase was found to be insignificant
(Table 1). The highest inhibition in hydrosol application
was obtained in 38% from pure hydrosol application
in T. kotschyanus and the lowest effect was detected in
S. fruticosa (Figure 1).
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SAS 9.2 software was used for the statistical analysis of
data (SAS, [23]). The variance analysis was performed
in the analysis of data and the differences between
the obtained averages were compared with the Duncan
Multiple Comparison test.
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Figure 1. Germination inhibition rates of redroot pigweed of essential oil and hydrosol application (%).

Table 1. The effect of essential oils and hydrosols on germination
Doses
Control
9
Essential oils
18
(µL/ Petri dishes)
36
p

Hydrosols
(%)

Control
50
75
100
p

S. fruticosa* S. officinalis* O. onites*

D. moldavica* O. basilicum* T. kotschyanus* M. officinalis* M. spicata*

48.6 (0.9)
46.6 (1.0)
43.6 (5.2)
35.2 (8.4)

48.6 (0.9) a
50 (0) a
48 (1.2) a
44.4 (1.6) b

48.6 (0.9) a
50 (0) a
41.6 (2.6) b
39.6 (2.5) b

48.6 (0.9) a
50 (0) a
30.8 (1.2) b
25.4 (2.0) c

48.6 (0.9) a
47 (1.2) a
37.2 (4.2) b
32.2 (1.3) b

48.6 (0.9) a
37.6 (1.9) b
32.6 (0.8) c
25 (2.2) d

48.6 (0.9) a
43.6 (0.89 b
41 (2.6) b
44.2 (1.0) ab

48.6 (0.9) a
34.4 (1.1) b
19 (1.8) c
7.2 (0.5) d

NS

p<0.05

p<0.001

p<0.0001

p<0.001

p<0.0001

p<0.05

p<0.001

48.6(0.9) a
48.8
46 (1.5) a
40 (1.7) b

48.6
42.6 (1.0) b
36 (2.2) c
32.4 (1.7) c

48.6 (0.9)
47 (1.2) ab
42.6 (2.5) b
32 (1.)4 c

48.6
49 (1.0) a
43 (2.0) b
40.6 (1.0) b

48.6 (0.9)
49.6 (0.4) a
47.6 (1.0) a
34.2 (1.5) b

48.6
48 (1.2) a
43.6 (1.4) a
30.6 (2.6) b

48.6 (0.9)
43.8 (2.1) ab
41.6 (2.6) b
30.8 (1.2) c

48.6 (0.9) a
38.4 (1.0) b
36 (1.0) b
18 (0.6) c

p<0.001

p<0.0001

p<0.0001

p<0.001

p<0.0001

p<0.0001

p<0.0001

p<0.0001

(0.7) a

(0.9) a

a

(0.9) a

a

(0.9) a

a

a,b,c,d,
*

Means in the same column with different superscript letter are significantly different as measured by Duncan Multiple Comparison test (p<0.05)
NS: Non significant. Values in parentheses indicate standard error of averages.

2473

REYYAN YERGİN ÖZKAN et al
It has been demonstrated that carvacrol and thymol
obtained from the species belonging to Lamiaceaea family
had high herbicidal effect in many studies (AMIRI
et al, [1]). Carvacrol and thymol were applied against
A. retroflexus as pure and was seen that it had negative
effects on the germination and seedling development
(KORDALI et al, [18]; AZIRAK, [3]).
Cavalieria and Caporali [6], in their studies carried
out on A. retroflexus, showed that the 1.8 mg/L concentration of Cinnamomum zeylanicum, Lavandula spp. and
Mentha piperita completely inhibited the germination.
In addition, the concentration of M. piperita at 5.4 mg L-1
inhibited the germination by 100%. Similar results were
also obtained in the study carried out and 85% inhibition
of M. spicata was observed. In another study, it was stated
that M. spicata and O. basilicum were effective on weeds
such as Lolium spp., Xanthium strumarium and Artemisia
vulgaris (ÖNEN, [19]). YILDIRIM [27] also obtained
the similar results, and the essential oils obtained from
M. spicata and O. onites were applied on 10 plants,
including A. retroflexus. As a result, these essential oils
have the highest inhibitory effect on seed germination
and root growth.
In a similar study, the rosemary essential oil was
applied to Amaranthus hybridus seeds at a dose of
32 µL/Petri dishes and it was reported that it affected the
germination by 100% (ŞAHIN et al, [22]). It is considered
that the difference between the two studies was originated
from different Amaranthus species used.
In the study carried out by Bozarı [4], the increasing
doses of Melissa officinalis essential oil inhibited the
germination of A. retroflexus seeds in a similar manner.
In the study conducted by Şahin et al. [22], doses of 4, 8,
16 and 32 µL/Petri dishes were applied to redroot
pigweed seeds. It was stated that the highest effect had
been obtained from O. onites and the lowest effect
had been obtained from S. officinalis essential oil.
In another study where similar results were obtained,
the effect of hydorosls obtained, the effect of hydrosols
obtained from O. syriacum and O. majorana on the
germination and development of redroot pigweed,
common purslane, cutleaf groundcherry, barnyard grass,
black nightshade, cotton, corn, tomato, lettuce and
parsley seeds in 0.25, 0.5, 1, 2, 4, 8 and 10% doses were
studied and the effect of hydrosols applied on seed
germination was reported to be less than essential oil
(EFIL, [13]).

Conclusion
The effect of essential oils against weeds has been
demonstrated in many studies. In this study, it was
determined that the other essential oils, especially Mentha
spicata, were found effective against Amaranthus
retroflexus, one of the most important weeds of agricultural
areas as in vitro conditions. In addition, the use of
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hydrosols without dilution, which are generally regarded
as waste products during the production of essential oil,
yielded very successful results. In the light of the findings,
it could be concluded that further researches are needed
to develop a suitable essential oil application technology
to prevent germination of weed seeds and improve the
effect of such application on agricultural products.
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