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Introduction

The progressive degradation of the environment 
and the need to reduce the use of chemical 
pesticides caused the interest in the allelopathy 
phenomenon (Kato-Noguchi et al. 2002). 

The studies on allelopathic effects of different 
species constitutes the possibility of application 
of substances of plant origin, which are 
naturally biodegradable and therefore have 
a high economic significance (Oliwa et  al. 
2016). Investigations of the number of 
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Abstract

The knowledge of plants interactions is used for their better protection and cultivation. The 
aim of this study was to determine the influence of alcoholic extracts from the leaves of the 
common sunflower (Helianthus annuus) on selected physiological parameters of plants of 
white mustard (Sinapis alba ‘Barka’). The seeds germination, the growth, the fresh and dry 
masses of plants grown from seeds and germinated on the sunflower extracts and plants 
watered by H. annuus extracts during the growth phase were studied. In the growth phase, the 
fresh masses of all organs were increased on 5 % extract, however significantly decreased 
on 10 % extract. The dry mass of S. alba was not significantly changed. In the germination 
phase, much less changes of these parameters were revealed. In general, extracts from 
H.  annuus leaves inhibited germination of S. alba seeds, but stimulated growth of plants in 
case of application of 5 % concentrations during the germination phase and inhibited their 
growth in case of application of 10 % concentrations during the growth phase.
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allelopathic compounds show that mechanisms 
of interaction between plants are extremely 
complex, but nevertheless they are effectively 
applied in agricultural practice (Lipińska 2006; 
Afridi & Khan 2014, 2015). Allelopathy refers 
to secretion of chemical substances by plants, 
which modify properties of the environment in 
their immediate surroundings, depending from 
the intensity of abiotic factors as well as genetic 
determinants of organisms (Amini et al. 2014). 
The absorption mostly by roots and the transport 
of allelopathic substances to other plant organs 
are assisted by regulatory mechanisms at both 
cellular and tissue levels.

Allelopathic interaction between plants is a 
result of competition about the environmental 
resources, revealing by emission of chemical 
compounds by plants (Kasperczyk & Szewczyk 
2007). Allelopathic substances can demonstrate 
both negative and positive influence on the 
growth of plants (Ohno & Doolan 2001; Puła 
et al. 2016; Barabasz-Krasny et al. 2017).

Helianthus annuus L. (Asteraceae) has a high 
allelopathic potential. It can actively influence on 
the growth of the surrounding plants (Leather 
1983; Macias et al. 2002; Możdżeń et al. 2016). 
In particular, H. annuus inhibits germination of 
such weeds as Phalaris minor  Retz., Centaurea 
spp., Erigeron canadensis  L. and Amaranthus 
retroflexus L. (Khalid et al. 2002). It was 
shown that extracts of sunflower reduced seed 
germination of wild barley (Ashrafi et al. 2008). 
The allelochemicals substances of sunflower 
also inhibit the germination and growth of 
Agropyron repens (L.) P. Beauv., Avena fatua L., 
Digitaria ciliaris (Retz.) Koeler and Sida 
spinosa L. seedlings (Azania et al. 2003). The 
suppressing effect of aqueous extracts from 
leaves of H. annuus was also observed in the 
case of germination and growth of Sinapis alba 
(Bogatek et al. 2006).

Leaves of sunflower are rich source of 
phenolic compounds, chlorogenic and 
isochlorogenic acids, and terpenoids, 
characterised by a wide spectrum of biological 
activity (Wilson & Rice 1968; Batish et al. 2002; 
Gniazdowska et al. 2004). The biochemical 
analyses of extracts from H. annuus leaves 
also indicated the presence of sesquiterpene 

lactones exceptionally well soluble in alcohols 
(Spring et al. 1992).

The aim of this study was to evaluate the 
influence of alcoholic extracts from dry leaves 
of H. annuus at 5 % and 10 % concentrations 
on plants of Sinapis alba L. cultivar ‘Barka’. 
The mustard cultivar ‘Barka’ is widely grown 
in Poland and therefore it was selected for the 
studies. In this study, (1) seeds germination, 
(2) growth of underground and aboveground 
organs and (3) their fresh and dry masses 
were measured for S.  alba plants watered by 
H.  annuus extracts during the germination and 
growth phases.

Material and methods

The experiments were conducted at the 
Department of Plant Physiology of Pedagogical 
University in Kraków (Poland) during 
September 2016. In the same conditions, the 
experiments were replicated five times.

Extracts preparation

The leaves of H. annuus were collected from 
cultivated field in south of Poland in August 
2016. Alcoholic extracts of allelopathic 
substances from dried leaves of H. annuus of 
5 % and 10 % concentrations were prepared by 
weighing of plant material (5 g and 10 g were 
taken, respectively) and soaking by ethanol 
(95  ml and 90 ml were added, respectively) 
for 24  hours. The extracts were filtered on a 
Büchner funnel with Whatman No. 1 filter paper 
by vacuum pump and placed in a laboratory 
dryer at 70 °C for next 48 hours to evaporate. 
Then, the extracts were soaked in appropriate 
amount of distilled water (5 % – in 95 ml and 
10 % – in 90 ml, respectively).

Seeds germination

One hundred seeds of S. alba ‘Barka’ were 
placed in sterilised 9 cm Petri dishes with 
3 layers of Whatman No. 1 filter paper. The 
dishes were wetted with 6 ml of alcoholic 
extracts from H. annuus leaves and distilled 
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water (control group). The seeds were placed 
in dark growth chamber at temperature 25  °C. 
After 24, 48, 72 and 96 hours, the number of 
germinated seeds was counted. As germinated 
seeds were considered that seeds, which had at 
least 2 mm of radical length. The percentage of 
the germinated seeds was calculated using the 
formula: germination [%] = (germinated seed × 
100) / total seeds sown.

Plant growth conditions

After 72 h of germination, the seedlings of S. alba 
grown on the Petri dishes with H. annuus extract 
were rinsed with distilled water and planted in 
pots with sand. The first group of plants was 
watered every 48 h with distilled water and once 
a week – by Steiner culture medium (Steiner 
1961). The second group included plants grown 
from seedlings germinated on distilled water 
and they were watered every second day with 
alcoholic extracts from the leaves of H. annuus 
and once a week during the growth – with 
culture medium. The control group of plants 
was watered with distilled water and the Steiner 
culture medium. Plants were grown in a growth 
chamber (Angelantoni Lifescience, Italy) with 
12/12  h photoperiod, 300  μmol • m-2 • s-1 light 
intensity, 25 °C/20 °C alternation, and 60–70 % 
of relative humidity.

Biometric analysis, fresh and dry mass

The lengths of the root, hypocotyl and epicotyl 
of S. alba plants were measured with caliper and 
average lengths were calculated. The fresh mass 
and the dry mass (fresh mass dried at 105 °C for 
48  h) of plant material were determined.

Statistical analysis

The data were subjected to ANOVA with 
Statistica 10.0 for Windows. The significance of 
differences was determined using the Duncan 
test for homogeneous groups, the mean ± SD of 
n = 5, p < 0.05.

Results and discussion

Allelopathic interactions usually result in 
delay or inhibition of the seeds germination 
and plants growth, which mostly depend from 
concentration of the active substances contained 
in substrate (Możdżeń & Oliwa 2015; Oliwa 
et  al. 2016). In this study, with increasing of 
the concentrations of chemical substances in 
the alcoholic extracts from H. annuus leaves, the 
inhibition of seeds germination of S. alba was 
observed (Fig. 1). After 48 hours of germination 
on the alcoholic extract from leaves of 

Fig. 1. The germination of Sinapis alba ‘Barka’ seeds on alcoholic extracts from the leaves of Helianthus annuus 
with concentrations of 5 % and 10 %.
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H.  annuus no germinated seeds of S. alba were 
observed, while in control group 70 % of seeds 
were germinated. The first seeds germinated 
on 5 % extracts were observed after 72  h. 
Higher concentration of allelopathic extracts 
(10 %) resulted in complete inhibition of seeds 
germination up to 96 hours. In such case, after 
96 h, only 1 % of S. alba seeds were germinated.
The destabilisation of metabolic pathways in 
different conditions has both primary and 
secondary origin, and it has a reflection in 
the physiological processes associated with 
growth and development of plants (Możdżeń 
& Repka 2014). The plant growth inhibition 
can be a competition between the plants for 
water, minerals substances, oxygen, and carbon 
dioxide. Among other factors reducing the plant 
growth may be the changes of pH and osmotic 
potential of the soil, and disorder of nitrogen 
uptake mechanisms (Inderjit & Duke 2003).

In this study, the morphometric analysis 
revealed that in the germination phase the 
5 % extract of H. annuus increased the root 

length and decreased the hypocotyl length 
in S. alba plants. Comparing with a control 
group, the remaining of shoots was inhibited 
on the 10 % extracts. In the growth phase, 
10 % extracts inhibited the growth of mustard 
plants (Fig.  2).

The changes in the values of fresh and 
dry masses of S.  alba grown on the alcoholic 
extracts of H.  annuus were observed (Tab. 1). 
The differences of roots mass in plants grown 
on 5 % extracts both during the germination 
and growth phases were revealed. In growth 
phase the roots mass was higher than in the 
germination phase (Tab. 1). This was related 
also with small decrease in the value of fresh 
and dry mass of the hypocotyl of S. alba 
watered with H. annuus extracts during the 
growth phase. However in growth phase, 
higher losses of the fresh and dry masses of 
hypocotyl were caused by 10 % extracts. The 
fresh mass of epicotyl was decreased in higher 
concentrations of allelopathic substances both 
in germination and growth phases, and was 
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Fig. 2. The length of particular organs of Sinapis alba ‘Barka’ watered with alcoholic extracts from the leaves of 
Helianthus annuus with concentrations of 5 % and 10 % in germination (A) and growth (B) phases. Mean values 
± SD (n = 5); different letters are significantly different according to Duncan’s test at p < 0.05.
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Organ Control

Alcoholic extracts of H. annuus

5 % 10 %

A B A B

Fresh mass, g

Root 0.68 c 0.87 b 1.12 a 0.74 c 0.63 c

Hypocotyl 0.89 a 0.93 a 0.75 b 0.84 a 0.57 c

Epicotyl 0.14 b 0.13 b 0.21 a 0.08 c 0.04 c

Blade leaf 0.49 b 0.49 b 0.58 a 0.31 c 0.12 d

Whole plant 2.51 b 2.93 ab 3.30 a 2.35 b 1.59 c

Dry mass, g

Root 0.02 b 0.02 b 0.03 a 0.03 ab 0.02 ab

Hypocotyl 0.04 c 0.07 a 0.05 b 0.04 c 0.04 d

Epicotyl 0.01 a 0.01 a 0.01 a 0.01 a 0.01 a

Blade leaf 0.05 b 0.05 b 0.06 a 0.04 c 0.02 d

Whole plant 0.35 b 0.38 b 0.47 a 0.37 b 0.34 b

Table 1. The fresh and dry masses of organs of Sinapis alba ‘Barka’ watered with alcoholic extracts from the leaves 
of Helianthus annuus with concentrations of 5 % and 10 % in germination (A) and growth (B) phases. Mean values 
± SD (n = 5); different letters differ significantly within a row by Duncan’s test at p < 0.05.

increased only on the lower concentration of 
allelopathic substances in the growth phase. 
Similar trend was observed during analysis of 
these parameters for leaf blades too. The dry 
mass of S. alba epicotyl was not significantly 
changed in the germination and growth phases, 
comparing to the control group. The lowest 
values of leaves mass in the growth phase were 
in the plants watered by 10  % extracts. In the 
growth phase, the fresh masses of all organs 
increased on 5 % extract, however on 10 % 
extract they were significantly decreased. In the 
germination phase, much less changes of these 
parameters were revealed (Fig. 2; Tab. 1).

In many cases H. annuus extracts inhibit 
or suppress germination and growth of other 
plants (Leather 1983; Khalid et al. 2002; 
Macias et al. 2002; Azania et al. 2003; Bogatek 
et  al. 2006; Ashrafi et  al. 2008; Możdżeń et  al. 
2016). But numerous studies also showed that 
extracts of leaves, stems, roots, flowers and 
fruits performing toxic effects on many other 
plant species, although in low concentrations 
can stimulate selected physiological processes 
in such plants (Batish et al. 2002; Gniazdowska 
et  al. 2007; Siegień et al. 2008).

There is a positive correlation between the 
effects of allelopathic substances and plants 
morphology (Skrzypek et al. 2016). The 
allelopathic substances modify the permeability 
of cell membranes and disturb the transportation 
of the mineral substances. They have negative 
effect on the protein synthesis, inhibit the 
efficiency of oxidative phosphorylation and 
photosynthesis, and reduce chlorophyll 
content (Skrzypek et al. 2015, 2016). Many 
allelopathic substances inhibit the cell division 
and elongation, and stimulate the oxidation of 
endogenous and biologically active compounds 
(Burgos et al. 2004).

Conclusions

1.	 The inhibition of germination of 
S.  alba seeds on the 10 % alcoholic extracts 
from the leaves of H. annuus was observed;

2.	 Extracts applied during the germination 
phase significantly influenced on the plants 
growth. The growth and the mass of mustard 
plants were stimulated by 5 % concentration of 
alcoholic extracts of common sunflower;
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3.	 The growth of S. alba plants during the 
growth phase was significantly inhibited by 10 % 
concentration of alcoholic extracts of common 
sunflower.
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