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ABSTRACT 
The ethanolic extract obtained from dried Ephedra pachyclada Boiss. Flowering aerial parts was evaluated in vitro to examine its 
potential allelopathic effects. The alkaloids ephedrine and pseudoephedrine are the active constituents of the plant. The inhibitory effect of 
the extract at 0, 2.5, 5, 10 and 20% (i.e., g amounts of original extract in 100 ml of distilled water) on germination and seedling growth of 
perennial ryegrass (Lolium perenne) and bread wheat (Triticum aestivum) as representative monocotyledonous plants and soybean 
(Glycine max) and mung bean (Vigna radiata) as representative dicotyledonous plants were tested. All concentrations of the stock 
Ephedra extract significantly reduced (P � 0.05) germination rate and percentage and seedling growth of the four examined plants. At 
20% of the original extract, the germination of perennial ryegrass, soybean and mung bean was completely suppressed. In this study, the 
allelopathic potential of E. pachyclada extract on seed germination of the two dicotyledonous plants belonging to the Poaceae family was 
higher than the two monocotyledonous plants belonging to the Fabaceae family. 
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INTRODUCTION 
 
The genus Ephedra (family Ephedraceae; gymnosperm), 
comprises about 50 species native to arid and semi-arid re-
gions of Asia, Europe, northern Africa, western North Ame-
rica and South America (Price 1996; Motomura et al. 2007) 
but with restricted distribution (Singh et al. 1999). Several 
species of Ephedra have traditionally been used for a vari-
ety of medicinal purposes. Ephedra has been used as a her-
bal remedy in traditional medicine for the treatment of asth-
ma and hay fever, as well as for common colds (Aboura-
shed et al. 2003). The alkaloids ephedrine and pseudoephe-
drine are the active constituents of the plant. Ephedrine 
constitutes 40–90% of the alkaloid content, the remainder 
consisting of pseudoephedrine and the methylated forms of 
each compound. Some species of Ephedra have a total alka-
loid content of 1–3% by dry weight (Abourashed et al. 
2003; Bent et al. 2003; Bohn et al. 2003; Barker et al. 2007; 
Gholami 2010). 

Allelopathy is an important mechanism of plant inter-
ference mediated by the addition of plant-produced phyto-
toxins to the plant environment and is a competitive stra-
tegy of plants (Oussama 2003). Allelochemicals are pro-
duced by plants as products, by-products and metabolites 
and exist in the stems, leaves, roots, flowers, inflorescence, 
fruits and seeds of plants (Sisodia and Siddiqui 2010). The 
release of these chemical compounds into the environment 
acts on other organisms such as plants, animals and micro-
organisms to either inhibit or stimulate their growth (Fujii et 
al. 2003). There is increasing evidence that these plant che-
micals can suppress germination and growth of different 
weed species (Singh et al. 2003; Turk and Tawaha 2003; 
Sampietro and Vattuone 2006; Saharkhiz et al. 2010). 
Worldwide, enormous amounts of chemical herbicides are 
used to manage these weeds. However, synthetic herbicides 
are often toxic and cause environmental problems (Khanh 
et al. 2004; Sodaeizadeh et al. 2009). Moreover, overuse of 
artificial herbicides has led to the development of weed 
biotypes with herbicide resistance (Sodaeizadeh et al. 2009). 
In agriculture, there is a worldwide effort to reduce the 

amount of chemicals used in crop production through mod-
ern biological and ecological methods. One of the possible 
solutions is the use of allelopathy to explore the negative 
chemical interactions between plants (Azizi and Fujii 2006). 
The importance of allelopathy in natural control of weeds 
and crop productivity is now highly recognized (Khan et al. 
2009). In recent years, exploration of medicinal plants for 
their allelopathic potential is of prime interest (Anjum et al. 
2010). Medicinal plants may contain bioactive compounds 
that possess inhibitory activity (Modallal and Al-Charchaf-
chi 2006). Nazir et al. (2006) evaluated the allelopathic 
effects of aqueous extracts of Rheum emodi, Saussaurea 
lappa and Potentilla fulgens on some traditional food crops; 
germination of all crops was significantly reduced by S. 
lappa and P. fulgens extracts. Fujii et al. (2003) used 239 
medicinal plants to evaluate the allelopathic activity on 
lettuce. They concluded that 223 species were inhibitory. 
Investigation on the allelopathic effects of a plant provides 
important basic information on their growth inhibitory 
effects as well as their potential for weed control (Macias et 
al. 2007; Saharkhiz et al. 2009; Nourimand et al. 2011). 

In this study, the allelopathic potential of E. pachyclada 
extract on germination and seedling growth of two mono-
cotyledonous plants belonging to the Poaceae family and 
two dicotyledonous plants belonging to the Fabaceae 
family has been considered. 

 
MATERIALS AND METHODS 
 
Plant material 
 
Ephedra pachyclada plants were collected from near Shiraz, Iran. 
The seeds, namely of perennial ryegrass (Lolium perenne), bread 
wheat (Triticum aestivum), soybean (Glycine max) and mung bean 
(Vigna radiata), were prepared by the College of Agriculture, 
Shiraz University. 
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Extraction from Ephedra plants 
 
The aerial parts of flowering plants of E. pachyclada were dried at 
room temperature and then powdered in a knife mill. Ground sam-
ple (7.5 g) was mixed with petroleum benzene for 3 h in closed 
glass at 25°C to remove lipids. The solvent was removed and the 
remaining material was mixed with 100 ml of 96% ethanol for 24 
h at 4°C. The extract was separated from solids by filtering 
through Whatman No. 1 filter paper. The remaining residue was 
re-extracted twice and the extracts were pooled. The solvent was 
removed under vacuum at 40°C using a rotary vacuum evaporator 
(Laborota 4000, Heidolph, Germany). 
 
Bioassay 
 
In order to detect the allelopathic effect of the E. pachyclada plant 
extract, dilutions were made of the original extract to 2.5, 5, 10 
and 20% of the stock extract. Twenty seeds of each of four plants 
were surface sterilized with a solution of water and bleach (95: 5) 
and were placed on sterilized filter paper in 6-cm diameter Petri 
dishes. 3 ml of each solution was added to each Petri dish; distilled 
water served as the control. Petri dishes were placed in the light at 
25°C for 12 days. They were monitored daily and the evaporated 
contents were compensated with distilled water. The number of 
germinated and non-germinated seeds were counted and final radi-
cle and epicotyl length were measured at the end of the 12th day. 
Seeds from which a radical emerged were considered to be ger-
minated. 
 
Statistical analysis 
 
The experimental design was a complete randomized design with 

four replications for each treatment. Data were analyzed using 
SPSS v. 17.0 and mean comparisons were made following the 
LSD test at P � 0.05. 
 
RESULTS 
 
The allelopathic effect of E. pachyclada plant extract on the 
germination and seedling length of examined plants was 
determined. The extract caused a significant (P � 0.05) de-
crease or inhibited seed germination and seedling length in 
all four studied plants. 

Different concentrations of the stock Ephedra extract 
exhibited different effects on the germination rate and per-
centage and seedling growth of the four examinated plants 
(Figs. 1A-D). Germination percentage was 75-80% and ger-
mination rate was 12-24.5 germinated seeds/day in the con-
trol group of the four tested plants. At 20% of the original 
extract, the germination of perennial ryegrass, soybean and 
mung bean were completely suppressed. 

At 2.5%, the germination of mung bean was signifi-
cantly lowered and at 10 and 20% none of the mung bean 
seeds germinated. The length of the epicotyl of perennial 
ryegrass and mung bean were significantly reduced at 10% 
(Figs. 1C, 1D). At 20%, only the growth of wheat radicle 
and epicotyl was possible. 

 
DISCUSSION 
 
In this study, basic research on the allelopathic potential of 
Ephedra pachyclada Boiss. at several concentrations 
showed that this medicinal plant exhibited a significant in-
hibitory effect on the seed germination rate and percentage 

 
Fig. 1 Effect of different concentrations of stock Ephedra extract on seed germination percentage (A), seed germination rate (B), radicle length 
(C) and epicotyl length (D) of four examined plants. Different lower-case and capital letters indicate significant differences (LSD test at P � 0.05). 
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and seedling lengths of all four examined plants encom-
passing mono- and dicotyledonous species. The inhibitory 
effect of the plant extract on germination and growth of 
other plants may be related to the presence of allelochemi-
cals. Furthermore, toxicity might be due to a synergistic 
effect rather than the effect of any one compound or class of 
secondary metabolite (Saharkhiz et al. 2009). The lower 
water availability for seed germination due to binding water 
by compounds present in an extract might play an effective 
role in reducing seed germination (Bogatek et al. 2006). 

The alkaloids ephedrine and pseudoephedrine are the 
active constituents of Ephedra (Abourashed et al. 2003). 
Nasr and Shariati (2005) reported that different concentra-
tions of ephedrine reduced the seed germination of Astra-
galus cycluphyllus. Ephedrine exhibits optical isomerism 
and has two chiral centres, giving rise to four stereoisomers. 
By convention, the enantiomers with opposite stereoche-
mistry around the chiral centres are designated as ephedrine, 
while pseudoephedrine has same stereochemistry around 
the chiral carbons (Griffith and Johnson 1995; Ma et al. 
2007). 

A reduction in seed germination of perennial ryegrass 
was consistent with different concentrations of the stock 
Ephedra extract (Fig. 1A) but at the highest concentration 
(20% of the stock Ephedra extract), its seed germination 
was completely suppressed. However, in our previous work 
on fennel allelopathy with the same design, the germination 
of perennial ryegrass was suddenly reduced at the first con-
centration and seed germination was completely inhibited 
(Nourimand et al. 2011). 

Seed germination rate and percentage of wheat were 
highest among the four tested plants and the germination 
and seedling growth were not completely inhibited even 
with 20% of the stock Ephedra extract compared to other 
tested plants. In this study, the allelopathic potential of E. 
pachyclada extract on seed germination of two monocoty-
ledonous plants belonging to the Poaceae family were 
lower than the two dicotyledonous plants belonging to the 
Fabaceae family. Some plants produce natural herbicides 
that can be used as safe chemical substitutes for weed con-
trol. This study showed that the E. pachyclada extract might 
be used at an optimal concentration as part of a natural her-
bicide on dicotyledons plants. There are over 70,000 plant 
species thought to be of medicinal value in the world (Li et 
al. 2010). Most of the medicinal plants in the world like 
Ephedra species are still harvested in the wild and have not 
been developed as crops. 
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