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Abstract: The effects of different concentrations (0, 25, 50, 75 and 100%) of aqueous leachate of Achillea
biebersteinii on germination characteristics, seedling growth, photosynthetic pigments and protein contents
of pepper (Capsicum annuum L.) were investigated through conducting laboratory and greenhouse
experiments. Leachate of A. biebersteinii affected negatively germination percentage, germination rate and
radical and shoot length. When pepper seeds were sown in soil and irrigated with Achilliea leachate, root and
shoot length were significantly decreased. However, stem diameter was slightly affected and leaf number was
significantly unaffected. Significant reduction in the amount of chlorophyll a, chlorophyll b, total chlorophyll,
carotenoids and protein were recorded in response to allelochemical stress
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INTRODUCTION ecosystems [12-14]. Most recently, several researches

Allelopathy can be defined as the effects of one plant rhizosphere have allelopathic effects (elemental
species on another plant species (mostly harmful effects) allelopathy) on neighboring plants [15]. 
through the release of chemical compounds The genus Achillea (Yarrow) is one of the most
(allelochemicals) that escape into the environment [1]. important genera of the Asteraceae family and is
Plants can release allelochemicals into the environment presented by about 85 species widespread throughout the
via root exudation, leaching by rains, or decomposition of world [16]. Several Achillea species are known for many
plant residues [1-4]. Moreover, evidence exists for years in the folk medicine as emmenogogic agents and for
airborne allelopathy mediated by volatile allelochemicals treatment of hemorrhage, pneumonia, rheumatic pain and
[5]. Allelochemicals are present in almost all plants and wounds. Medicinal plants are attracting great attention for
their tissues such as leaves, stems, roots, flowers, seeds, the treatment of many kinds of ailments [17]. Recent
bark and buds [6]. Allelopathy is currently practiced in pharmacological studies have shown that Achillea
organic agriculture as a biological mean to control weed species have antimicrobial, antiallergic and anti-
instead of using herbicides [7, 8]. inflammatory activities [18]. Essential oils for medical

Effects of putative allelochemicals produced by purposes have been isolated from several Achillea
plants can be direct through actual or potential species [19, 20]. Achillea biebersteinii is one of the most
phytotoxicity to physiological processes in other plant predominant Achillea species in the Mediterranean region
[9]. Therefore, affecting growth, development, [21]. The essential oil of A. biebersteinii was found to be
establishment and reproduction [6, 10]. However, rich in ascaridol, p-cymene, carvenone oxide and camphor
allelopathic plants can also be affected by their own [22]. Essential oils of A. biebersteinii were shown to have
allelochemicals, resulting in reduced growth [11]. Effects inhibitory effects on seed germination and seedling
can also be indirect, as a result of interference of growth of several weed species [23] which might suggest
allelochemicals with the surrounding environments for allelopathic effect of this medicinal plant on weeds. The
other plant and are usually related to alteration in soil present study was conducted to evaluate the allelopathic
biotic factors such as soil flora activity or abiotic factors potential of A. biebersteinii on pepper seed germination,
such as soil acidity, soil organic matter and nutrients seedling growth, photosynthetic pigments and protein
availability; therefore, playing a significant role in agro- content.

have argued that inorganic elements within the
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MATERIALS AND METHODS shoot lengths, leaf number and stem diameter.

Plants of A. biebersteinii were collected at the from leaf tissues were extracted in 80% acetone for 24 h at
vegetative stage in April, 2010 from wild population found 4°C. The resulting suspension was centrifuged at 3500x g
in Amman, Jordan (31°57'N latitude; 35°65'E longitude; 920 for 5 min and then the pigments were quantified following
m above sea level). About 1000 g of shoots were placed the equation of Lichtenthaler [24]. Protein was extracted
in 1 L of distilled water for 24 h at room temperature with and estimated by following the method of Bradford [25]
continuous stirring. The solution was then filtered with bovine serum albumin as standard.
through two layers of cheese cloth to remove tissue
debris and then centrifuged at 3500x g for 30 min. the Statistical Analysis: Data were subjected to one-way
resulting supernatant was filtered through Whatmann No. ANOVA; differences between individual means were
1 filter paper. The filtered solution (stock solution) is determined by the least significant difference (LSD) test
considered to have 100% concentration. The leachate of at the 0.05 level of probability. Experimental design was
25, 50 and 75% concentrations were made by diluting the performed as a randomized complete block design; each
stock solution with distilled water. All solutions were kept experiment was consisting of five treatments. Data were
refrigerated at 4°C. analyzed using SAS program [26].

Experiment 1: Seed Germination and Seedling Growth: RESULTS
Pepper (Capsicum annuum L. cv. Yolo Wonder) was
chosen as test plant. Healthy pepper seeds were surface Germination percentage of pepper was progressively
sterilized in 70% ethanol for 10 min and then by soaking decreased with increasing leachate concentration. In seed
in 2% sodium hypochlorite solution for 5 min followed by exposed to 100% leachate concentration, the germination
washing several times in distilled water. The sterilized percentage declined by 25.2%. Similarly, germination
seeds were soaked in distilled water (control) and process was delayed and the delay was proportional to
respective leachate concentrations of A. biebersteinii (25, the concentration of leachate. In addition, radical length
50 75 and 100%) for 3 h. After that 15 uniform seeds of and shoot length: seedling growth was also retarded in
each control and treatment were placed at equal distance leachate-treated seeds. Especially the effect on radical
in 9 cm diameter Petri plates lined with four layers of growth was more evident with increasing leachate
Whatmann No. 1 filter paper. Initially, filter papers were concentration compared to shoot growth. Both radical
moistened with 15 ml of respective leachate concentration and shoot length decreased by 52.3% and 47.7% for the
in treatment and distilled water in control and Petri plates 100% leachate concentration, respectively, when
were incubated at 25°C in a temperature-controlled compared to the control (Table 1).
chamber. A 5 ml of test solution and distilled water were Shoot leachate of Achillea caused significant
added on alternate days. Germination was recorded daily alteration in root and shoot lengths of pepper seedlings.
until 15 days and final germination percentage and radical As shown in Table 2, pepper root length was decreased
and shoot lengths were recorded after 15 days. Each to 50.5% of the control when seedlings were treated with
treatment was repeated six times and the experiment was 100% leachate concentration. Leachate concentrations at
repeated three times. 50-100% gave almost the shortest shoots. Leaf number of

Experiment 2: Soil Culture: Healthy pepper seeds were leachate of Achillea. Stem diameter was significantly
sterilized as mentioned above. Seeds were planted in unchanged at 25 and 50% concentration of leachate
polystyrene-pot trays filled with homogenous soil; one compared to the control seedlings. However, higher
seed was sown in each hole (4.5 x 4.5 x 7.5 cm). The trays leachate concentrations (75-100%) resulted in the thinnest
were placed in the greenhouse. Each hole was irrigated stem.
with 25 ml of graded concentration of leachate according The effect of shoot leachate of Achillea on
to the treatments. The holes irrigated with distilled water photosynthetic pigments was also examined.
were taken as control. Six replicates were assigned for Photosynthetic pigments in pepper seedlings were
each treatment and the experiment was repeated three significantly and negatively affected by treatment with
times. After six weeks, data were recorded for root and Achillea  leachate (Table  3).  Chl  a,  Chl  b and total Chl

Photosynthetic pigments (Chl a, Chl b and carotenoids)

pepper seedlings was significantly unaffected by shoot
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Fig. 1: Allelopathic effect of Achillea biebersteinii
aqueous shoot leachate on protein content of
pepper seedlings. Means followed by the same
letter are not significantly different at P = 0.05,
according to LSD test.

Table 1: Allelopathic effect of Achillea biebersteinii aqueous shoot leachate
on germination and seedling growth of pepper.

Germination Germination Radical Shoot
Treatments (%) Rate Length (cm) Length (cm)

C 98.26 a 8.08 a 3.92 a 1.55 a
25% 86.02 b 7.42 ab 3.26 b 1.26 b
50% 82.62 bc 7.00 b 2.95 b 0.88 c
75% 77.18 c 6.35 bc 2.13 c 0.86 c
100% 73.49 c 5.82 c 1.87 c 0.81 c

Means within each column followed by the same letter are not significantly
different at P 0.05, according to LSD test.

Table 2: Allelopathic effect of Achillea biebersteinii aqueous shoot leachate
on root and shoot length, leaf number and stem diameter of pepper
seedlings.

Root Shoot Leaf Stem
Treatments Length (cm) Length (cm) Number Diameter (mm)

C 11.78 a 12.18 a 6.42 a 7.26 a
25% 8.89 b 10.55 b 6.38 a 7.17 a
50% 7.02 bc 8.36 c 6.35 a 7.05 a
75% 6.49 c 7.70 c 6.36 a 6.40 b
100% 5.83 c 7.03 c 6.31 a 6.29 b

Means within each column followed by the same letter are not significantly
different at P  0.05, according to LSD test.

Table 3: Allelopathic effect of Achillea biebersteinii aqueous shoot leachate
on photosynthetic pigments of pepper seedlings.

Total
Treatments Chlorophyll a  Chlorophyll b Chlorophyll Carotenoids

C 18.75 a 20.15 a 39.90 a 3.93 a
25% 16.24 b 19.81 a 36.05 ab 3.11 a
50% 15.95 b 17.84 b 33.79 b 2.79 b
75% 15.78 bc 17.62 b 33.40 b 2.38 b
100% 15.36 c 17.33 b 32.69 b 1.65 c

Means within each column followed by the same letter are not significantly
different at P 0.05, according to LSD test.

decreased with increasing leachate concentration. The
maximum decrease in Chl a (18.1%) was in seedlings
treated with 100% concentration of leachate. No
significant differences in Chl b and total Chl, however,
was observed between 50-100 leachate concentrations. 

Carotenoids content was also significantly affected
by Achillea leachate, carotenoids was decreased in
response to the leachate, the lowest carotenoids
accumulation (1.65 mg.g  FW) was obtained in highest1

concentration of leachate (Table 3).
As shown in Figure 1, protein content was

significantly decreased in response to allelopathic effect
of Achillea leachate. Leachate at 25% concentration gave
almost the control level of protein content. The maximum
reduction percentage (38.8%) in protein content was
obtained at the highest leachate concentration.

DISCUSSION

Germination percentage, germination rate and
seedling growth were negatively affected by
allelochemicals. Allelochemicals were reported to
influence several physiological processes during seed
germination such as inhibiting amylase activity and
delaying the translocation of food reserve [27, 28].
Lowering germination rate as a result of allelochemical
stress may be due to inhibition of water uptake [29] and
alteration in the activity of gibberellic acid [30] which is
known to regulate de novo amylase production during
germination process [31]. However, Singh et al. [32]
observed a stimulation of amylase activity in maize
seedlings by lower leachate concentration of Nicotiana,
which possible might be due to increased level of GA. 

Cell division and elongation, which are growth
prerequisite, are known to be inhibited by allelochemical
stress [27]. Root growth is highly susceptible to the
presence of allelochemicals in the rhizosphere [33], due to
the fact that root tissues are more permeable to
allelochemicals that do shoot tissues [34], which therefore
may impair root metabolic activities and cell division in
root tips. When maize seedlings were subjected to
Nicotiana leachate, the activity of catalase and
peroxidase were reported to decrease [32], therefore
decreasing the efficacy of reactive-oxygen species
scavenger which in turn resulted in impaired metabolic
activities leading to retarded growth. Kordali et al. [23]
reported that essential oils of A. biebersteinii had
inhibitory effects on seed germination and seedling
growth of Amaranthus retroflexus, crisium arvense and
Lactuca serriola. Essential oils of A. biebersteinii are rich
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in oxygenated monoterpenes [22, 35] that might disrupt ACKNOWLEDGMENTS
the anatomy and physiology of plant tissues, possibly
through altering the level of lipid oxidation [36] and in
inhibiting DNA synthesis [34, 37].

Photosynthetic pigments of pepper seedlings were
reduced by allelochemical stress (Table 3). Reduction in
Chl a, Chl b and total Chl were previously reported as a
result of allelochemical stress [32, 38, 39] which could be
attributed to the inhibition of chlorophyll biosynthesis
(inhibition of supply orientation) and/or the stimulation of
chlorophyll degradation (stimulation of consumption
orientation) [40, 41]. Siddiqui [42] reported reduction in
chlorophyll content of Vigna mungo due to the
allelochemicals present in leachate of black pepper which
possibly target enzymes responsible for the conversion of
porphyrin precursors. 

Pepper-seedlings content of caroteinoids was also
decreased in response to allelochemicals. Carotenoids are
pivotal accessory pigments playing major roles in
photosenthesis [43] by collecting light and transferring
the excitation energy to the chlorophyll [44] and by
stabilizing proteins of the light-harvesting complex [45].
Root exudates from sorghum were reported to inhibit the
activity of hydroxyphenyl pyruvate dioxygenase which
resulted in plastoquinone deficiency and therefore,
disrupt  the biosynthesis  of  carotenoids  [46].  Romagni
et al. [47] reported that usnic acid is a strong inhibitor of
phytoene desaturase which converts phytoene to
carotenoids.

The present study indicated that protein content of
pepper seedling was negatively affected by A.
biebersteinii leachate. It has been previously shown that
reduced rate of protein synthesis in response to phenolic
acids resulted from reduced incorporation of certain amino
acids into proteins [48]. Moreover, reduced protein
content as a result of allelochemical stress may result from
enhanced protein degradation [49]. However,
allelochemicals at lower concentration can result in
increased protein content which is considered as a
response to oxidative damage caused by allelochemical
stress [45].

In conclusion, allelochemicals present in aqueous
leachate of A. biebersteinii reduced germination
percentage, delayed germination, inhibited seedling
growth and reduced photosynthetic pigments and protein
content. It is therefore important that A. biebersteinii
must be removed during weeding as early as they
germinate   in   fields   where   pepper   plants   are grown.

The author is grateful to Bayan Almomany for skilled
technical assistance and Jarah Al-Zu’bi for kindly
providing the pepper seeds. Work in the author’s
laboratory is supported by the Scientific Research
Deanship of Al-Balqa’ Applied University and the
Scientific Research Fund of the Ministry of Higher
Education and Scientific Research.
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