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ABSTRACT 

In recent years spread of common mugwort 
(Artemisia vulgaris L.) among agricultural crops 
has increased significantly. The object of this re-
search was to determine the allelopathic effect of 
the mugwort on winter wheat and winter oilseed 
rape germination and early growth. For the experi-
ments aqueous extracts of aboveground part and the 
root biomass of mugwort at different concentrations 
were used. It was found that the highest total 
amount of phenolic compounds was in the mugwort 
leaves. Investigations showed that aqueous extracts 
of mugwort had no significant (P 0.05) influence 
on winter wheat seed germination while winter 
oilseed rape germination was significantly (P 
0.05) inhibited by aqueous extract of mugwort roots 
at the 1:10 concentration. Winter wheat shoot and 
root growth was inhibited by all concentrations of 
aqueous extracts of the mugwort roots compared 
with the control. Winter oilseed rape shoot growth 
was significantly (P 
growth significantly (P 
highest concentration (1:10) of mugwort above-
ground parts aqueous extracts.  
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INTRODUCTION 

Common mugwort (Artemisia vulgaris L.) is a 
perennial herbaceous plant of the Asteraceae fami-
ly. It adapts to a wide range of climatic conditions: 
it can be found in high mountain regions and warm 
climates. Its population can be found in soils with a 
range of granulometric composition (sand, loam, 
and clay) and different pH. A. vulgaris is frequently 
found along waterway, railroad, and road rights-of-
way [1]. The perennial species A. vulgaris became 
more common in agricultural crops (cereals, grain 
legumes, root crops, vegetables and ornamentals, 

etc.) in Europe and is difficult to control it [2, 3]. 
Weeds can often interfere with germination 

and growth of crops, because of their physiological-
ly active exudates [4-7]. Allelopathy includes both 
interactions among plants, stimulating, as well as 
inhibitory, because of the release of biologically 
active compounds called allelochemicals [8, 9]. 
Allelochemicals can be immediately effective after 
being released but can also persist in soils, resulting 
in a legacy effect [10]. A. vulgaris has allelopathic 
impacts on other plant growth and development 
[11-13]. It was determined by Barney et al. [14] that 
mugwort biomass toxicity depends on interacting 
phytotoxic terpenes. He identified the composition 
of terpenes, constituting essential oils: the monoter-

- -pinene, limonene, eucalyptol 
(1.8- -myrcene, santolina triene, 
and camphene. Zhigzhitzhapova et al. [15] investi-
gated the volatile organic compounds (VOCs) com-
position in A. vulgaris. Monoterpenes (80.33%) 
were the main components of VOCs. The major 
components of essential oil were monoterpenes 
(44.49%) and sesquiterpenes (29.98%). An experi-
ment by Li et al. [16] of the allelopathic influence 
of mugwort aqueous extracts showed strong inhibi-
tion on Triticum aestivum, Brassica campestris and 
Raphanus sativus seed germination energy and 
seedling growth. B. campestris and R. sativus were 
more sensitive to the mugwort allelopathic effect 
than T. aestivum. The germination of B. campestris, 
R. sativus, and T. aestivum decreased by 100.0, 87.3
and 61.1 % respectively at 0.0125 g/mL concentra-
tion of mugwort aqueous extract. Research on the
allelopathic influence of mugwort aqueous extracts
from the biomass (leaves, stems, and buds) on seed
germination and growth of T. aestivum, Lolium
multiflorum, and Sinapis alba showed that the
mugwort biomass aqueous extracts had no effects
on the germination and growth of T. aestivum, but
inhibited L. multiflorum seed germination and
growth. Mugwort root and stem aqueous extracts
had lower inhibitory effects on S. alba seed germi-
nation, seedling height, and root length than the leaf
extract [12].

Other researchers identified allelopathic influ-
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ence of various weeds on cultivated crops as well 
[7]. It is shown, that germination of Hordeum vul-
gare may be inhibited by number of weeds: Planta-
go major, Convolvulus arvencis, Equisetum arven-
se, Cirsium arvense [17], Rumex crispus [18]. 
Aqueous extracts of C. arvense have an inhibitory 
allelopathic effect on T. aestivum germination. 
Rumex crispus inhibits germination of Zea mays, 
Helianthus annuus and T. aestivum [19]. 

More detailed studies of the allelopathic prop-
erties of mugwort should be carried out, as this 
weed has started to spread in agricultural crops. The 
objective of this research was to determine the 
allelopathic influence of mugwort aboveground 
parts and root biomass on winter wheat and winter 
oilseed rape germination and early growth.  

MATERIALS AND METHODS 

The allelopathic effect of the aboveground 
parts (leaves, stems, and inflorescences) and root 
biomass of the common mugwort (Artemisia vul-
garis L.), at various aqueous extract concentrations, 
on the germination and early growth of the winter 
form of common wheat (Triticum aestivum L.) cv. 

Brassi-
ca napus L. spp. oleifera biennis 

 studied at the Experimental Station of 
Aleksandras Stulginskis University. Experiment 
treatments were: 1) distilled water (control); 2) 
1:6,250 (mugwort biomass and distilled water ra-
tio); 3) 1:1,250; 4) 1:250; 5) 1:50; 6) 1:10. These 
concentrations were chosen according to the meth-
odology used by Grodzinski [4].  

Mugwort samples (aboveground parts and 
roots) were taken from a certified organic farm at 
the flowering stage and were chopped into 3 mm 
chaffs. The biomass was kept for 24 hours in dis-
tilled water (biomass and water ratio 1:10) at 18°C. 
Other concentrations of the prepared aqueous ex-
tract were obtained by dilution: 1:6,250, 1:1,250, 
1:250 and 1:50. Winter wheat and winter oilseed 
rape seeds (30 units) were germinated for four days 
on filter paper in Petri dishes moistened with aque-
ous extracts at different concentrations in a 
RUMED 1301 climatic chamber (Rubarth Apparate 
GmbH, Germany) at 25°C and 65% humidity. 
Germinated wheat and oilseed rape percentages 
were estimated, and shoot height and root lengths 
measured. Experiments were carried out in four 
replications. 

The total amounts of phenolic compounds in 
the different morphological parts of the mugwort 
(inflorescences, leaves, stems, and roots) were de-
termined in the flowering stage using the Folinic 
spectrophotometric method [20]. The total amounts 
of phenolic compounds were expressed in gallic 
acid equivalents, mg g-1.  

Research data were statistically evaluated us-

ing the t-test and the Fisher criterion. Significant 
differences were established by calculating the least 
significant difference LSD0.05 with a probability 
level of (P  

RESULTS AND DISCUSSION 

The total amount of phenolic compounds in 
different morphological parts of the mugwort. 
The maximum amount of phenolic compounds was 
determined in mugwort leaves (1.93 mg g-1) (Fig. 
1). The mugwort inflorescences, stems, and roots, 
accumulated significantly (P 
19.7% to 54.4%) phenolic compounds compared 
with the leaves. Phenolic compounds accumulated 
by 59.1% more in mugwort roots than in stems, but 
significantly (P  0.05) by 9.7% less in inflores-
cences. 

FIGURE 1 
The total amounts of phenolic compounds in 
different morphological parts of the mugwort 
Note. Between the value means, those marked 

with different letters (a, b, c, d), were significant-
ly different (P  

Phenolic compounds, as secondary plant me-
tabolites, are important in plant allelopathic activity 
[22,7]. Mugwort contains biologically active com-
pounds such as sterols, terpenes, flavonoids, sapo-
nins, and tannins [14,15]. It has been shown that 
allelochemicals accumulate most in plant leaves, 
compared with the other morphological parts [23].  

Mugwort allelopathic effect on winter 
wheat. Aqueous extracts of the aboveground mor-
phological parts and roots of mugwort, at each 
concentration, compared with the control, had no 
significant effect on winter wheat germination (Fig. 
2). Other authors have stated that the mugwort 
leaves and roots inhibit the germination of wheat 
[16,24]. These differences may occur due to varia-
tions in VOC composition in mugwort which de-
pends on its growing conditions as it was explained 
by principal component analysis based on the types 
of components of essential oils of A. vulgaris col-
lected from different countries [15]. 
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FIGURE 2 
Allelopathic effects of aqueous extracts of mug-

wort aboveground parts and root on winter 
wheat germination 

Note. Aqueous extracts: 1) distilled water, 2) 1: 
6,250 (mugwort and distilled water ratio); 3) 

1:1,250, 4) 1:250, 5) 1:50 and 6) 1:10; there were 
no significant differences (P > 0.05) 

Mugwort aqueous extracts, at different con-
centrations, had a greater allelopathic impact on 
wheat shoot and root growth than grain germination 
(Figs 2 and 3). Wheat shoot growth, compared with 
distilled water, was significantly (P 
ed (13.6%) by the highest concentration (1:10) of 
mugwort root aqueous extract. With the other aque-
ous extracts of different concentrations wheat 

P 
0.05) from the shoots of wheat grown in distilled 
water. Aqueous extracts of mugwort aboveground 
parts, at 1:1,250, 1:250 and 1:50 concentrations 
increased wheat root length significantly (P 
from 13.9% to 24.3% compared to the controls. The 
lowest (1:6,250) and the highest (1:10) concentra-
tions of aboveground part mugwort aqueous ex-
tracts did not affect root length significantly (P 
0.05) compared to controls.  

A stronger inhibitory impact on the wheat 
shoot height and root length was found when using 
mugwort root aqueous extracts. Compared to con-
trols, wheat shoot height significantly decreased (P 

from 33.4% to 47.8% in all the concentrations of 
aqueous root extracts. According to Abdel-Fattah et 
al. [25] stronger mugwort concentrations of aque-
ous extracts inhibited not only winter wheat germi-
nation, but also their shoot and root growth.  

FIGURE 3 
Mugwort aboveground parts and root aqueous 

wheat growth 
Note. Concentrations of mugwort aboveground 
parts and root aqueous extracts: 1) distilled wa-
ter, 2) 1:6,250, 3) 1:1,250, 4) 1:250, 5) 1:50 and 6) 

1:10; the value means marked with different 
letters (a, b, c) were significantly different  

(P  

Mugwort allelopathic effects on winter 
oilseed rape. Lower concentrations of aqueous 
extracts from the aboveground parts of mugwort 
had a tendency to stimulate winter oilseed rape 
germination, compared to controls, but effect was 
not significant (Fig. 4). Winter oilseed rape germi-
nation was inhibited with increasing mugwort root 
aqueous extracts concentration, but a significant (P 

water, was found only at the highest concentration 
(1:10) of the aqueous extract.  
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FIGURE 4 
 Mugwort aboveground parts and root aqueous 

rape germination 
Note. Concentrations of aqueous extracts: 1) 

distilled water, 2) 1:6,250 (mugwort and distilled 
water ratio), 3) 1:1,250, 4) 1:250, 5) 1:50 and 6) 

different letters (a, b) were significantly different 
(P  

at 1:50 and 1:10 concentrations, compared with 
controls, stimulated winter oilseed rape shoot 
growth significantly (P 
increased from 28.4% to 43.9%; while the 1:1,250 
aqueous extracts inhibited the growth significantly 
(P 
(Fig. 5). Winter oilseed rape root growth, compared 
to controls, was significantly (P 
(by 28.8%) only at the highest concentration (1:10) 

 
Mugwort root extract concentrations affected 

winter oilseed rape shoot development differently: 
the 1:250 and 1:50 concentrations of aqueous ex-
tracts inhibited growth significantly (P 
13.7% to 16.3%, respectively, while the 1:10 con-
centration aqueous extract stimulated it significant-
ly (P 
Concentrations of aqueous extracts of mugwort root 
at 1:6,250 and 1:1,250 significantly increased (P 
0.05) winter oilseed rape root length from 32.3% to 
34.8%, compared with controls, while at higher 
concentrations of aqueous extracts the differences 
were not significant (P > 0.05). Winter oilseed rape, 
compared to winter wheat, was less susceptible to 
the allelopathic effects of mugwort. Many authors 
have stated that oilseed rape itself has allelopathic 
properties, as a result of the presence of various 
alleloche-mical compounds [26-29].  

FIGURE 5 
Mugwort aboveground parts and root aqueous 

oilseed rape growth 
Note. Mugwort aboveground parts and root 

aqueous extracts: 1) distilled water, 2) 1:6,250, 3) 
1:1,250, 4) 1:250, 5) 1:50 and 6) 1:10; the value 

means marked with different letters (a, b, c) 
were significantly different (P  

CONCLUSIONS  

1. The maximum amount of phenolic com-
pounds was in the mugwort leaves. Phenolic com-
pounds in the mugwort inflorescences, stems, and 
roots, compared with leaves, accumulated signifi-
cantly (P  

2. Winter wheat seed germination in the
mugwort aboveground parts and root aqueous ex-
tracts were not significantly (P 
Winter oilseed rape germination was significantly 
(P 
extract of mugwort roots at the 1:10 concentration. 

3. Winter wheat shoot growth, compared
with controls, was inhibited (from 13.6% to 21.9%) 
by all concentrations of aqueous extracts of the 
mugwort root, and also by the highest concentration 
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of the aqueous extract of the aboveground part. 
Root growth of winter wheat was reduced (from 
33.4% to 47.8%) by all the concentrations of the 
mugwort root aqueous extracts.  

4. Winter oilseed rape shoot growth was in-
hibited (from 13.7% to 16.3%) by the mugwort 
aboveground parts at 1:1,250 concentration, and by 
the roots  at 1:250 and 1:50 concentrations of 
aqueous extracts, compared with controls. Winter 
oilseed rape root growth was inhibited (28.8%) by 

the highest concentration. Winter oilseed rape 
shoots growth was significantly (P 
ed by the highest concentrations of mugwort 
aboveground parts and root aqueous extracts, and 
root growth by the lower concentrations of the 
aqueous extracts.  
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