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ABSTRACT

A laboratory factorial (2 x 5) experiment was carried out
based on completely randomized block in four replications to
evaluate the effect of plant species and concentration of their
allelopathic extracts on seed germination and seedling growth
of purslane weed (Portulaca oleraceae L.). The first factor
studied was plant species (Artemisia sieberi and Salvia
syriaca) and the second one the concentration percentage of
plant ethanol extract (0.0, 5 %, 10 %, 15 % and 20 %). The
effect of Artemisia on germination reduction of purslane was
stronger compared to Salvia. The results indicated that higher
extract concentration led to decreased germination percentage,
germination speed and seedling growth indices of purslane
including leaf length, leaf number, leaf width, leaf dry mass,
stem mass and stem length. The effect of Artemisia was higher
than that of Salvia. In a complementary experiment, the effect
plant residues of Artemisia and Salvia (0.0, 1, 2, 3and 4 g kg™
soil) were evaluated in a factorial experiment base on
completely randomized block design with three replications.
The results of field experiment showed that plant residues
significantly (P < 0.01) reduced capsule number per plant,
seed number per capsule, seed production and shoot dry mass,
while its effect on 1000-seed mass was not substantial. The
effect of plant species and the interaction of plant species and
their allelopathic extracts concentration had no major impact
on the above-mentioned properties. The increase in plant
residues in soil, led to the reduction of growth and seed
production of purslane induced by plant number per unit area
and capsule per plant. Artemisia sieberi Bess. and Salvia
syriaca L. residues can be successfully used for non-chemical
control of purslane weed.

Key words: allelopathy; Artemisia sieberi Bess.; Salvia
syriaca L.; germination speed; seedling growth;
seed production

IZVLECEK

ALELOPATSKI UCINEK DVEH ZDRAVILNIH
RASTLIN NA KALITEV SEMEN, RAST SEJANK IN
PRODUKCIJO SEMEN NAVADNEGA TOLSCAKA

(Portulaca oleraceae L.)

Za ovrednotenje ucinka dveh rastlinskih vrst in koncentracije
njunih alelopatskih izvleCkov na kalitev semen in rast sejank
navadnega to$¢aka (Portulaca oleraceae L.) je bil izveden
laboratorijski blo¢ni faktorski poskus s Stirimi ponovitvami. Prvi
preucevani dejavnik sta bili rastlinski vrsti (Artemisia sieberi in
Salvia syriaca), drugi koncentracija njunega etanolnega izvlecka v
odstotkih (0,0, 5%, 10%, 15% in 20 %). Ucinek pelina
(Artemisia) na zmanjSanje kalitve tol$¢aka je bil mocnejsi v
primerjavi z ué¢inkom kadulje (Salvia). Izsledki so pokazali, da so
veCje koncentracije izvleCka vodile k zmanjSanemu odstotku
kalitve, manjsi hitrosti kalitve in k zmanjSanju rastnih parametrov
sejank tolS¢aka kot so dolzina in Sirina lista, Stevilo listov, suha
masa listov in stebla in dolzina stebla.V komplementarnem
poljskem poskusu so bili u€inki ostankov obeh vrst (0,0, 1, 2, 3 in
4 g kg™ tal) ovrednoteni v faktorskem blodnem poskusu s tremi
ponovitvami. Rezultati tega poljskega poskusa do pokazali, da so
ostanki obeh vrst znacilno (P < 0.01) zmanjsali Stevilo glavic na
rastlino, Stevilo semen na glavico, produkcijo semena in suho
maso poganjkov tols¢aka, a vpliv na maso 1000-semen ni bil
znacilen. UcCinek rastlinske vrste in njene interakcije s
koncentracijo alelopatskih izvle¢kov na zgoraj navedene
parametre v tem poskus ni imel vejega vpliva. Povecevanje
ostankov obravnavanih vrst v tleh je vodilo k zmanj$ani rasti in
zman$ani produkciji semena navadnega tolSCaka zaradi
zmanjsSanja Stevila rastlin na enoto povrSine in zmanSanega Stevila
glavic na rastlino. Ostanki obeh vrst (Artemisia sieberi Bess.,
Salvia syriaca L.) bi se lahko uspe$no uporabljali za nekemi¢no
zatiranje navadnega tolScaka.

Kljuéne besede: alelopatija; Artemisia sieberi Bess.; Salvia
syriaca L.; hitrost kalitve; rast sejank; produkcija
semena
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1 INTRODUCTION

Weeds compete with crops for environmental resources
such as solar radiation, soil moisture and nutrient,
leading to the reduction of crop growth and yield
(Cavigelli et al., 2009; Gherekhloo et al., 2010).
Therefore, the initial goal of weed management in
agroecosystems is reducing their negative effects on
crop plants (Holander et al., 2007). Although chemical
control is a simple and effective weed control measure,
increased weed resistance to herbicides, public health
and negative consequences of herbicides uses on
environment such as surface water pollution and
harmful to other organisms, concern the increased use
of herbicides in production systems as well (Demden &
Liewellyn, 2006; Yuan-Quan et al., 2012). For this
reason, an effort to eliminate the use of synthetic
herbicides has been a growing trend. However, utilizing
some non-chemical methods have limitations. Use of
mechanical methods, rely heavily on the availability of
machinery, whereas hand weeding cannot be
implemented in all plants and needs a lot of labor as
well (Kropff & Walter, 2000). The use of a method that
can reduce competitive ability and growth and
development of weed seedlings at early growth stages
has been emphasized (Holander et al., 2007).
Employing allelopathic properties of medicinal plants is
a way to achieve this goal (Ghomi & Tavili, 2012).

Allelopathic compounds, which can be applied as non-
synthetic chemical control of weeds, provide the
possibility of introducing a new generation of weed
inhibitors, reducing the costs of crop production
(Ghorbanli et al., 2008). According to International
Allelopathy Association, allelopathy is defined as any
process in which the secondary metabolites produced by
plants affect the growth and development of biological
systems (Gholami et al., 2011). The leaves and roots are
important sources of allelopathic compounds (Jefferson
& Pennachio, 2003). However, all parts of the plant may
have allelopathic compounds. For example, Samad et
al., 2008 observed that the extracts of all parts of five
weed species had allelopathic effect on maize and
reduced its growth and yield (Samad et al., 2008).

Portulaca oleraceae L., hereafter referred to as
‘purslane’, is a summer weed from Portulacaceae family
that is able to grow in different environmental
conditions. In some crop plants, such as sesame, bean
and mung bean whose early seedling growth is slow,
purslane damage is high, indicating the importance of
timely purslane control. Purslane population can be
reduced through allelopathic effects of medicinal plants.
Salvia syriaca L., hereafter referred to as ‘salvia’, is a
biennial herbaceous plant which has allelopathic
compounds (Hassanpour & Azizi, 2007). Artemisia
sieberi, Bess, hereafter referred to as ‘artemisia’, is a
perennial herb from Asteraceae family with the height
of 25-50 cm whose secondary metabolites prevent it
from grazing by livestock (Moghimi, 2005). It has been
reported that many herbaceous species are not able to
grow in the vicinity of Artemisia sieberi (Ghorbanli et
al., 2008).

Researches have shown that medicinal plants have
allelopathic properties. Ghomi & Tavili (2012) reported
that Salvia sclarea L. extract decreased germination and
seedling growth of blue grass (Bromus tectorum L.),
where higher concentration of plant extract showed
stronger inhibitory effect on the weed growth. They also
indicated that allelopathic effect of roots was higher
compared to shoot extract. Behdad et al., (2008) showed
that the reduction of Bromus germination resulted from
allelopathic effects of Artemisia sieberi. Jafarpour et al.,
(2011) evaluated the allelopathic effect of residue
powder of Salvia syriaca and Artemisia sieberi on bean
and observed that bean germination and seedling growth
were reduced. Germination percentage and speed as
well as stem length and root length of orchard grass
(Dactylis glomerata L.) were also negatively affected by
Artemisia sieberi extract (Gholami et al., 2011).

The present experiment aimed at assessing the
allelopathic effects of extract and whole plant remains
of Artemisia sieberi and Salvia syriaca on germination,
seedling growth and grain production of purslane.

2 MATERIALS AND METHODS

The current study was conducted in both laboratory and
field. In the laboratory test, Artemisia sieberi and Salvia
syriaca extract was prepared in the concentrations of 0.0
(control), 5.0 %, 10.0 %, 15.0 % and 20.0 % and their
effects on germination properties of purslane weed
(including germination speed, germination percentage
and seedling growth) were evaluated. A completely
randomized design with four replications was
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employed. After collecting and drying, the samples
(whole plant parts of Artemisia sieberi and Salvia
syriaca ) were ground by electrical mill. Afterwards,
100 grams of ground sample were placed in a two-liter
beaker and 1000 ml of ethanol (96.5 %) were added to it
and stirred with a shaker for 24 hours. The obtained
solution was passed through a filter paper and its
alcohol was evaporated by a rotavapor. Next, different
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concentrations (according to experimental samples)
were prepared using distilled water and kept refrigerated
(Samadani & Baghestani, 2001).

Seeds of purslane were disinfected with sodium
hypochlorite solution (1 %) to prevent fungal damage.
Subsequently these seeds were rinsed three times with
distilled water for 20 minutes. To evaluate seed
germination under different concentrations of Artemisia
sieberi and Salvia syriaca extracts, 25 seeds were

placed in petri dishes containing a filter paper (every
replication included 100 seeds in four petri dishes). Five
ml of different concentrations were added to each petri
dish. Distilled water was used as control treatment. The
samples were then placed in a growth chamber under
the conditions of darkness and 25 °C temperature. The
seeds were classified as germinated when root
protrusion occurred as much as 2 mm. Germination
speed was determined, using the following equation:

R
> (D)

Where, n is the number of germinated seeds on day D,
and D is the number of days from the start of the test.
Seedling grew for 7 days after germination occurrence.
To evaluate the effect of two medicinal plant extracts on
seedling growth properties of purslane, leaf length, leaf
width, leaf number, leaf mass, stem length and stem
mass were measured.

Supplementary experiment was carried out in an
experimental field in Shushtar (Latitude 32°30/N,
Longitude 48°20/E, and altitude 150 m above sea level),
Iran during 2014-2015 growing season. The experiment
was factorial (2 % 5) and based on randomized complete
block design with four replications. The treatments
included medicinal plant species (Artemisia sieberi and
Salvia syriaca) and the amount of residue mixed with
soil (0.0, 1.0, 2.0, 3.0 and 4.0 g kg™ soil). The previous

crop of experimental site was wheat. After harvesting
and field plowing, wheat remains were removed from
the field. Purslane seeds (6 plants m™) were sowed in
the depth of 0.5 cm. Each plot contained 6 rows with the
length of 2 m. The distance between two consecutive
rows was 20 cm (Farahmand, 2011). After four months,
purslane was harvested. For this purpose, 15 plants were
harvested from middle rows. The plants were placed in
a plastic bag and were transported to laboratory. After
that, shoot dry mass, plant number per unit area, seed
number per capsule, capsule number per plant and seed
production (kg ha™) were determined.

Analysis of variance of the data and mean comparison
(according to Duncan’s multiple range test) were carried
out, using MSTATC statistical software.

3 RESULTS AND DISCUSSION

The results of the laboratory experiment showed that the
main effects of plant species and concentration of their
whole plant extracts on seed germination and early
seedling growth of purslane were significant (P < 0.01).
However, the interaction of plant species x extract
concentration was not significant (P < 0.01). The
extracts of Artemisia sieberi and Salvia syriaca
considerably (P < 0.01) reduced the percentage and seed
germination speed of purslane. Our results showed that
inhibitory effect of Artemisia sieberi on purslane
germination performance was stronger compared to
Salvia syriaca. Compared to control treatment,
Artemisia extract reduced seed germination and
germination speed by 57 % and 54 % compared to
significantly lower effect in Salvia with 44 % and 47 %,

respectively (Table 1). Our results displayed that the
increase in plant extract concentration led to stronger
reduction in seed germination and germination speed. In
terms of plant extract concentration level effect, the
differences in germination and germination speed
between the highest (20 %) and the lowest (control)
extract concentrations were 735% and 70 %,
respectively (Table 1).

Purslane seedling growth parameters including leaf
length, leaf number, leaf mass, leaf width, stem length
and stem mass were greatly reduced by Artemisia
sieberi and Salvia syriaca extracts. The negative effect
of Artemisia sieberi on seedling growth of purslane was
stronger compared to Salvia syriaca (Figure 1).
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Table 1: Effect of plant species and concentration level of Artemisia sieberi Bess. and Salvia syriaca L. extracts on
germination percentage and speed of purslane (Portulaca oleraceae L.) seed

Treatment Germination Germination
ercentage
P g speed
Plant species Control 61.25a 6.43a
Artemisia sieberi 26.25¢ 294 c
Bess.
Salvia syriaca L. 34.38b 3.43b
Plant extract 0.0 61.25a 6.43a
Concentration (%) 5.0 41.25b 4.31b
10.0 34.38 ¢ 3.5hbc
15.0 29.38d 3.0c
20.0 16.25¢ 1.94d
Different letters in each column for each trait indicates significant difference according to Duncan’s multiple range
test.
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Figure 1: Effect of plant species on leaf and stem growth properties of purslane (Portulaca oleraceae L.) after

seedling emergence.

The upsurge in extract concentration was accompanied
by higher reduction in leaf and stem growth of purslane.
The highest and the lowest leaf number, leaf width, leaf
mass, leaf length and stem mass were observed in
control and the concentration of 20 %, respectively
(Figure 2).

The results of field experiment showed that the effect of
mixing residue with soil was noteworthy (P < 0.01) on

capsule number per plant, seed number per plant, seed
number per unit area, seed production and shoot dry
mass of purslane. However, seed number per capsule
and 1000-seed mass were not significantly (P < 0.01)
influenced by the mixture of plant residues and soil
treatment. The highest seed production (kg ha™) was
observed in control treatment. The purslane weed had
the lowest seed production in the treatment of 4.0 g kg™
mixture of residues with soil (Table 2).
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Figure 2: Effect of plant extract concentration (%) on leaf and stem growth properties of purslane (Portulaca
oleraceae L.) after seedling emergence
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Table 2: Effect of plant residues and soil mixture type on growth and seed production of purslane (Portulaca

oleraceae L.) under field conditions

Treatment (mixture of  Plant number/ Shoot dry Capsule Seed Seed production
plant residues and unit area mass (Q) number/ number/ (kg ha™)
soil) (g kg™) plant capsule
Control 20.0a 38.3a 9.7a 211.3a 12.1a
1 13.0b 26.8b 9.1ab 141.0 ab 6.0b
2 9.5hc 21.67c 7.7 ab 172.8 ab 53b
3 7.17 bc 16.83 d 6.2 bc 93.3hc 2.4 bc
4 517¢c 1217 e 32¢c 493 ¢ 0.98¢c

Numbers in different treatment mixtures indicate dry mass (g) of plant residues (Artemisia and salvia) per kg of fresh

soil mass.

Different letters in each column for each trait indicates significant difference between them at P < 0.01 according to

Duncan’s multiple range test.

In the current experiment, the inhibitory effect of
Artemisia sieberi was higher than that of Salvia syriaca
which is compatible with the finding by Jafarpour et al.
(2011) who reported that while seed germination of
bean was not affected by low extracts of Salvia syriaca,
all concentrations of Artemisia sieberi reduced
germination and seedling growth of bean. Lydon et al.
(1997) found that low concentration of Artemisia sieberi
reduced seed germination and seedling growth of
Sinapis arvensis L. weed, but had no effect on wheat,
suggesting that Artemisia sieberi extract can be used for
weeds control. The results of the present research
revealed that Artemisia sieberi was more efficient in
reducing purslane growth. However, the two crops have
the potential for being applied for purslane weed
control, where they not only reduced seed germination
of purslane but also seed germination and seedling
growth were delayed considerably. It has been
emphasized that the delay in germination has negative
impacts on seedling growth, where production of small
seedlings reduces the competition ability of purslane
(Chon et al., 2005).

Pinene, salween and tannins are allelopathic compounds
found in Salvia syriaca extract (Kohli et al., 2001)
which denature mitochondrial structure, leading to
inability of cells to use their storage materials (Mighati,
2003). This finally decreases purslane root and shoot
growth. Inhibitory effect of Salvia syriaca on enzymatic
activity, such as a-amylase, is another factor reducing
seed germination (Ghomi & Tavili, 2011). There are
some allelopathic compounds in Artemisia sieberi
extract which inhibit cell division and elongation and,
therefore, seed germination and seedling growth of
purslane (Gholami et al., 2012). It has been reported that
Artemisia sieberi has biological compound artemisinin
which has toxic effects on plant seed germination

(Lydon et al., 1997). The results of the research by
Ghorbani et al., (2008) revealed that Artemisia sieberi
extract decreased germination and seedling growth of
Avena fatua L. and Amaranthus retroflexus L. which is
in line with the findings of the present experiment.

When the share of Artemisia and salvia residues
increased in plant soil mixture, purslane weed produced
lower dry matter (Table 2). Medicinal plant residues,
especially in the treatment of 4.0 g kg™ mixture of
residues with soil, led to a smaller number of emerged
and established purslane plants, which is analogous with
our laboratory findings in which germination percentage
and speed of purslane seeds were negatively affected by
Artemisia and salvia extracts (Table 1). Purslane
showed 30 %, 43 %, 56 % and 69 % reduction in shoot
dry mass in the 1.0, 2.0, 3.0 and 4.0 g kg™ treatments,
respectively. Similar results were reported by Erez and
Fiden (2015) who found that germination of Portulaca
oleraceae seeds was inhibited by extract of Salvia
macrochlamys Boiss. & Kotschy.

Since the impact of residue mixing treatments was not
substantial on 1000-seed mass, it can be concluded that
reduction of seed production of purslane (kg ha™)
resulted from the decrease in the number of seeds per
unit area. On the other hand, seed number per capsule
was not significantly affected by field experimental
treatments, thus, lower seed number per unit area was
induced by lower capsule number per unit area. In fact,
allelopathic effects of Artemisia sieberi and Salvia
syriaca reduced seed germination of purslane which
induced lower plant per unit area and, finally, seed
production. Seed production of 1.0, 2.0, 3.0 and 4.0 g
kg™ residue treatments was 35 %, 53 %, 64 % and 74 %
lower compared to control treatment, indicating
considerable decrease of purslane seed production
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affected by addition of artemisia and salvia plant
residues in soil. Generally, Artemisia sieberi and Salvia
syriaca residues can be successfully utilized for non-
chemical control of purslane. However, the effects of

allelo-chemicals of these two medicinal plants on the
growth and vyield of other crops need more
investigation.
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