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The essential oils from fourteen Egyptian plants were extracted using the hydrodistillation method. Gas
chromatography/mass spectroscopy (GC-MS) analysis of the isolated essential oils showed that the
major constituents of the essential oils were α-pinene in Cupressus sempervirens, Syzygium cumini and
Thuja occidentalis, 1,8-cineole in Callistemon viminals and Rosmarinus officinals, sabinene in
Pituranthous tortuosus and Schinus terebinthifolius, β–thujone, capillene, terpinen-4-ol, pulegone, βcitronellol, α-phellandrene and trans-caryophyllene in Artemisia judaica, A. monosperma, Cupressus
macrocarpa, Origanum vulgare, Pelargonium graveolens, S. molle and Vitex aguns-castus, respectively.
The essential oils were tested for their inhibitory effects on seed germination and seedling growth of
Silybum marianum. The phytotoxic assay results showed that the essential oil P. graveolens was the
most potent inhibitor of seed germination, followed by the oils of A. monosperma, O. vulgare and A.
judaica. The oil of S. terebinthifolius showed the lowest reduction of germination at all tested
concentrations. On the other hand, the essential oils of P. graveolens, A. judaica and A. monosperma
exhibited the highest inhibitory effect of root growth with EC50 values of 76.1, 639.3 and 698.2 mg/L,
respectively. In contrary, the oils of S. molle, S. terebinthifolius and R. officinals caused stimulant effect
on root growth of S. marianum. Moreover, the isolated essential oils revealed a significant shoot growth
reduction at all of the tested concentrations with P. graveolens and A. judaica being the most potent
growth inhibitors. The results obtained suggest that, in addition to their known activities, essential oils
can also serve as natural weed control products.
Keywords: Essential oils, Egyptian plants, Phytotoxic effect, Silybum marianum
INTRODUCTION
Allelopathy offers an important tool for selective biological
weed management throw production and release of
allelochemicals from leaves, flowers, seeds, stems and
roots of plants (Weston 1996). Natural products released
*Corresponding Author’s Email: samir1969us@yahoo.com;
Tel: +20-3-584-7175; Fax: +20-3-592-0067.

from allelopathic plants may help to reduce the use of
synthetic herbicides for weed management and therefore,
cause less pollution, safer agricultural products as well as
alleviate human health concerns (Khan et al. 2008).
Essential oils released from aromatic plants provide a
number of ecological advantages to the plant. For
example, they act as pollinator attractants, determinants of
vegetation patterning, provide protection against predators
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and other enemies, and mediate plant–plant interactions
including allelopathy (Batish et al. 2008; Singh et al. 2009).
Earlier studies have documented that essential oils and
their constituents are seed germination inhibitors and
retard plant growth (Barney et al. 2005; Batish et al. 2006;
Ens et al. 2009; Mutlu et al. 2010; Krifa et al. 2011; Batish
et al. 2012).
Silybum marianum (L.) Gaertn. (milk thistle, family
Asteraceae) is a serious weed in many areas of North and
South America, Africa, Australia, and the Middle East. Milk
thistle is grown commercially as a medicinal plant in
Europe, Egypt, China, and Argentina (Holm et al. 1997).
The aim of the present study was to investigate the
chemical compositions of essential oils isolated from
fourteen Egyptian plants, namely, Artemisia judaica, A.
monosperma,
Callistemon
viminals,
Cupressus
macrocarpa, C. sempervirens, Pelargonium graveolens,
Pituranthous tortuosus, Origanum vulgare, Rosmarinus
officinalis, Syzygium cumini, Schinus molle, S.
terebinthifolius, Thuja occidentalis and Vitex agnus-castus.
The effects of the isolated essential oils on the germination
and seedling growth of a dicots weed milk thistle, S.
marianum, were evaluated.

MATERIALS AND METHODS
1. Plant materials
The aerial parts of Artemisia judaica L. and Origanum
vulgare L., and the leaves of Artemisia monosperma Del.,
Callistemon viminals (Sol.ex Gaertn.) G. Don, Cupressus
macrocarpa Hartw. ex Gordon, Cupressus sempervirens
L., Pelargonium graveolens L'Her, Pituranthous tortuosus,
Rosmarinus officinalis L., Syzygium cumini L. Skeels,
Schinus molle L., Schinus terebinthifolius Raddi, Thuja
occidentalis L. and Vitex agnus-castus L. were collected
from different locations of Alexandria, Behira and Matrouh
Governorates, Egypt between August, 2010 and April,
2011, when the specimens were in the middle of their
flowering period. The plant materials were identified by
Prof. FathAllah Zaitoon of Plant Pathology Department,
Faculty of Agriculture, Alexandria University. Voucher
specimens have been deposited in Department of
Chemistry of Pesticides, Faculty of Agriculture, Alexandria
University.
2. Isolation of essential oils
The plant materials were dried under shade for one week
before extraction. Essential oils were extracted by
hydrodistillation in a Clevenger-type apparatus for 3 h. The
oils were dried over anhydrous sodium sulfate, and stored
at 4°C until used for GC-MS analysis and biological activity
tests.

3. Analysis of essential oils
Essential oils were diluted in diethyl ether and 0.5 µl was
injected into the gas chromatography (Hewlwett Packard
5890)/mass spectrometry (Hewlwett Packard 5989B) (GCMS) apparatus. The GC column was a 30 m (0.25 mm i.d.,
film thickness 0.25 µm) HP-5MS (5% diphenyl)
dimethylpolysiloxane capillary column. The GC conditions
were as follows: injector temperature, 240°C; column
temperature, isothermal at 70°C for 2 min, then
programmed to 280°C at 6°C/min and held at this
temperature for 2 min; ion source temperature, 200°C;
detector temperature, 300°C. Helium was used as the
carrier gas at the rate of 1 ml/min. The effluent of the GC
column was introduced directly into the ion source of the
MS. Spectra were obtained in the EI mode with 70 eV
ionization energy. The sector mass analyzer was set to
scan from 40 to 400 amu for 5 s. The oil components were
identified by comparison of their retention indices and
mass spectra with the NIST Mass Spectral Library.
4. Tested seeds
Silybum marianum (L.) Gaertn. (milkthistle) field biotype
seeds were collected from Alexandria Desert Research
Station Farm, Alexandria, Egypt. All undersized or
damaged seeds were discarded, and the seeds of uniform
size were selected. Germination tests were carried out
before experiments and the germination percent was 75%.
5. Seed germination and seedling growth bioassay
Essential oils volumes of 0, 3, 5, 10 and 15 µl were
dissolved in 1ml diethyl ether and placed in 9.0 cm Petri
dishes lined with filter papers. The solvent was allowed to
evaporate and 5ml distilled water was added to give
concentrations of 0 (control), 600, 1000, 2000 and 3000
mg/L, as three micro-liter of essential oil per Petri dish is
equivalent to 600 mg/l. Twenty seeds of S. marianum were
placed in each Petri plate (Krifa et al. 2011). Three
replicates of each concentration were prepared. The Petri
dishes were kept on a germination cabinet at 20±1ºC with
-2 -1
12 h photoperiod, 3.3 µmol m s . After 9 days of sowing,
germination and root and shoot lengths were determined.
The growth inhibition percentages of root and shoot
lengths were calculated from the following equation: I (%) =
[1- T/C] x 100; where T is the length of treatment (cm) and
C is the length of control (cm). The concentrations causing
50% inhibition (EC50s) of root and shoot growth were
calculated from a probit analysis (Finney 1971).
6. Statistical analysis
The concentration–response data were subjected to Probit
analysis (Finney 1971) to obtain the EC50 values
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Table 1. Major constituents of the isolated essential oils

Plant oil
A. judaica

A. monosperma

C. viminals

C. macrocarpa

C. sempervirens

O. vulgare

P. graveolens

Compound (%)
β –Thujone (49.83)
Chrysanthenone (10.88)
α- Thujone (8.21)
1,8-Cineole (4.91)
Capillene (36.86)
2,4-Pentadiynylbenzene (14.68)
γ-Terpinene (12.46)
β-Pinene (7.85)
1,8-Cineole (71.77)
α-Pinene (11.47)
Terpinen-4-ol (3.18)
Octadecanoic acid (3.08)
Terpinen-4-ol (20.29)
Sabinene (18.67)
β-Citronellol (13.01)
γ-Terpinene (7.59)
α-Pinene (37.88)
δ-Carene (20.05)
α-Terpinolene (6.91)
β-Myrcene (5.47)
Pulegone (77.45)
Menthone (4.86)
cis-Isopulegone (2.22)
Piperitenone (2.13)
β-Citronellol (35.92)
trans-Geraniol (11.66)
Citronellylformate(11.40)
Linalool (9.63)

using the SPSS 12.0 software program (Statistical
Package for Social Sciences, USA). The values of EC50
were considered to be significantly different, if the 95%
confidence
limits
did
not overlap. Germination
percentages, root lengths and shoot lengths were
subjected to one-way analysis of variance followed by
Student–Newman–Keuls test (Cohort software Inc. 1985)
to determine significant differences among mean values at
the probability level of 0.05.
RESULTS AND DISCUSSION
1. Chemical composition of the isolated essential oils
The essential oils of fourteen plants grown in north Egypt
were obtained by hydrodistillation. The chemical

Plant oil
P. tortuosus

R. officinals

S. cumini

S. molle

S. terebinthifolius

T. occidentalis

V. aguns-castus

Compound (%)
Sabinene (32.09)
Terpinen-4-ol (20.31)
Myristicine (6.84)
Dillapiole (5.72)
1,8-Cineole (19.60)
Camphor (17.01)
α-Pinene (15.12)
Verbenone (9.55)
α-Pinene (17.26)
α-Terpineol (13.88)
β-Pinene (11.28)
cis-Ocimene (11.27)
α-Phellandrene (29.87)
β-Phellandrene (21.08)
Elemol (13.00)
τ-Muurolol (5.35)
Sabinene (14.93)
γ-Elemene (13.18)
β-Elemene (6.63)
α-Candiol (6.61)
α-Pinene (35.49)
δ-3-Carene (25.42)
α-Cedrol (9.05)
α-Terpinolene (6.76)
trans-Caryophyllene
(15.19)
1,8-Cineole (13.04)
trans-β-Farnesene (8.35)
4-Terpineol (7.45)

compositions of the isolated oils were identified by GC/MS
analysis. The main components of the essential oils are
displayed in Table 1. The major constituents of the
essential oils were β- thujone (49.83%) in A. judaica, αpinene (11.47%, 37.88%, 15.12%, 17.26% and 35.49%) in
C. viminals, C. sempervirens, R. officinalis, S. cumini and
T. occidentalis, respectively, 1,8-Cineole (71.77%, 19.60%,
13.04% and 4.9%) in C. viminals, R. officinalis, V. agnuscastus and A. judaica, respectively, capillene (36.86%) in
A. monosperma, terpinen-4-ol (20.29% and 7.45%) in C.
macrocarpa and V. agnus-castus, pulegone (77.45%) in O.
vulgare, β-citronellol (35.92% and 13.01%) in P.
graveolens and C. macrocarpa, respectively, and αphellandrene (29.87%) and β-phellandrene (21.08%) in S.
molle. It can be notice that, some major components
were found in more than one plant, such as α-pinene, βpinene, 1,8-cineole, β-citronellol, sabinene and γ-terpinene
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Table 2. Effect of essential oils on Silybum marianum germination 9 d after sowinga

Conc
mg/l
0
600
1000
2000
3000
Conc
mg/l
0
600
1000
2000
3000
Conc
mg/l
0
600
1000
2000
3000
a
b

Germination % ± SE
A. judaica
A. monosperma
b
76.7±3.34a
76.7±3.34a
40.0±0.00b
73.3±3.34a
30.0±0.00c
63.3±3.34b
13.3±3.34d
0.0±0.0c
0.0±0.0 e
0.0±0.0c
Germination % ± SE
O. vulgare
P. graveolens
76.7±3.34a
76.7±3.34a
56.7±3.34b
10.0±5.80b
26.7±3.34c
0.0±0.0b
0.0±0.0d
0.0±0.0b
0.0±0.0d
0.0±0.0b
Germination % ± SE
S. molle
S. terebinthifolius
76.7±3.34a
76.7±3.34a
66.7±3.34ab
76.7±3.34a
63.3±3.34b
70.0±5.80a
56.7±3.34b
66.7±3.34a
53.3±3.34b
63.3±3.34a

C. viminals
76.7±3.34a
66.7±3.34ab
63.3±3.34cb
53.3±3.34cd
43.3±3.34d

C. macrocarpa
76.7±3.34a
73.3±3.34a
50.0±5.80b
6.70±6.70c
0.0±0.0c

C. sempervirens
76.7±3.34a
66.7±3.34b
66.7±3.34b
40.0±0.0c
20.0±0.0d

P. tortuosus
76.7±3.34a
76.7±3.34a
63.3±3.34b
43.3±3.34c
20.0±0.0d

R. officinalis
76.7±3.34a
56.7±3.34b
46.7±3.34c
33.3±3.34d
0.0±0.0e

S. cumini
76.7±3.34a
66.7±3.34ab
63.3±3.34b
56.7±3.34b
53.3±3.34b

T. occidentalis
76.7±3.34a
76.7±3.34a
70.7±3.34ab
66.7±3.34b
55.3±0.00c

V. agnus-castus
76.7±3.34a
66.7±3.34ab
56.7±3.34b
43.3±3.34c
33.3±3.34c

Data are expressed as means ± SE from experiments with three replicates of 20 seeds each.
Means within a column sharing the same letter are not significantly different at the 0.05 probability level.

but others were specific to the plant species. The major
constituents of the essential oils mainly belonged to four
chemical groups: oxygenated monoterpenes (e.i., αthujone, β-thujone, chrysanthenone, terpinen-4-ol, linalool,
pulegone, β-citronellol and camphor), monoterpene
hydrocarbons (e.i., sabinene, γ-terpinene, β-pinene, βcarene, phellandrene and α-pinene), sesquiterpene
hydrocarbons (e.i., α-elemene, β-elemene and transcaryophyllene) and oxygenated sesquiterpenes (e.i., cedrol
and elemol).
The chemical compositions of the isolated essential oils
from C. viminals, C. sempervirens, S. molle, C.
macrocarpa, P. graveolens, R. officinals are in accordance
with those previously reported (Chanegriha et al. 1997;
Malizia et al. 2000; Srivastava et al. 2003; Bendaoud et al.
2010). On the other hand, the major constituents of the
essential oils isolated from A. monosperma, T.
occidentalis, O. vulgare and A. judaica were completely
differed with those previously reported on the chemistry of
these oils (Şahin et al. 2004; Mohamed, and Abdelgaleil
2008; Tsiri et al. 2009; Khan et al 2012). Some of the major
constituents of the essential oils of P. tortuosus, V. agnuscastus, S. terebinthifolius and S. cumini were similar to
those previously reported for the oils isolated from plants

growing in Egypt and other countries around the world
(Gundidza et al. 2009; Şahin et al. 2004; Stojković et al.
2011). However, the percentages of constituents are
differed. The chemical composition of essential oils of the
same plants may vary widely depending on geographical
location, season, environmental conditions and nutritional
status of the plants (Perry et al. 1999; Hussain et al. 2008).
2. Effect of essential oils on S. marianum seed
germination
The results in Table 2 showed a significant reduction of
seed germination of S. marianum treated with all the tested
essential oils at concentrations of 1000, 2000 and 3000
mg/L except for S. terebinthifolius oil. The essential oil P.
graveolens was the most potent inhibitor of seed
germination where a complete inhibition of seed
germination was observed at concentrations of 1000, 2000
and 3000 mg/L and germination percent was 10% at
concentration 600 mg/L. Three oils, A. monosperma, O.
vulgare and P. graveolens caused complete seed
germination inhibition at concentration of 2000 mg/L.
These three oils and the oils of A. judaica, C. macrocarpa
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and R. officinals showed complete seed germination
inhibition at concentration of 3000 mg/L. The oil of S.
terebinthifolius did not display significant germination
reduction at all tested concentrations. This result was in
agreement with the finding of Barbosa et al. (2007) who
reported that S. terebinthifolius essential oil at a
concentration of 10,000 µg/mL did not cause significant
inhibition of seed germination of Lactuca sativa and
Cucumis sativus L. However, Pawlowski et al. (2012) found
that the essential oils of S. terebinthifolius significantly
reduced the percentage germination of lettuce by 65.2%.
These variations in allelopathic activity could be attributed
to differences in oil chemical composition as Barbosa et al.
(2007) verified that S. terebinthifolius essential oil
consisted mainly of sesquiterpenes, while in the present
work, the oil was found to mainly contain monoterpenes. It
has been reported that the oils of A. judaica, R. officinals,
O. vulgare and P. graveolens possessed inhibitory effect on
seed germination of wheat (Dudai et al. 1999). In addition,
the inhibitory effect of essential oils from other plants on
seed germination was previously reported (Singh et al.
2005; Barbosa et al. 2007; Paudel and Gupta 2008; Kordali
et al. 2009; Zahed et al. 2010).

3. Effect of essential oils on S. marianum root growth
The inhibitory effects of the isolated oils on the root growth
of S. marianum are shown in Table 3. There were great
differences between the essential oils inhibitory effects on
root growth. The essential oils of A. judaica, A.
monosperma, C. viminals, O. vulgare, P. graveolens, P.
tortuosus and S. cumini caused a significant reduction of
root growth at all concentrations with EC50 values of 639.3,
698.2, 1086.4, 691.5, 76.1, 723.9 and 2878.5 mg/L,
respectively. The most effective essential oil was P.
graveolens. This oil caused complete inhibition of root
growth at 1000 mg/L. The essential oils of C. macrocarpa,
C. sempervirens, R. officinalis and V. agnus-castus
stimulated the root growth of S. marianum at the lowest
concentration (600 mg/L) and then caused inhibition of root
growth at higher concentrations with EC50 values of
1118.0, ˃ 2000, 978.7 and 1662.0 mg/L, respectively. The
essential oils of S. molle and S. terebinthifolius and T.
occidentalis stimulated the root growth of S. marianum at
all concentrations except at the highest concentration
(3000 mg/L) in which they caused weak root inhibition.
Moreover, the oil of T. occidentalis stimulated the root
growth of S. marianum at all concentrations. Among the
isolated oils, only four essential oils of C. sempervirens, P.
tortuosus, S. molle and S. terebinthifolius were reported to
possess allelopathic effect (Zahed et al. 2010; Krifa et al.
2011; Pawlowski et al. 2012; Ismail et al. 2013). However,
the inhibitory effects of essential oils on seedling growth
were previously described (Duke et al. 2000; Dayan et al.

2008; Yang et al. 2012; Ribeiro and Lima 2012).

4. Effect essential oils on S. marianum shoot growth
The results in Table 4 showed that the tested oils revealed
a significant shoot reduction at all of the tested
concentrations compared with control except the oil of C.
macrocarpa at the lowest concentration (600 mg/L).
Essential oils of P. graveolens (EC50 = 459.7 mg/L), A.
judaica (EC50 = 746.0 mg/L), O. vulgare (EC50 = 792.6
mg/L), A. monosperma (EC50 = 926.0 mg/L) and P.
tortuosus (EC50 = 925.5 mg/L) exhibited the highest shoot
reduction with P. graveolens oil being the most effective
one. Essential oils of C. macrocarpa, C. sempervirens, R.
officinalis, S. terebinthifolius and V. agnus-castus showed
a moderate reduction of shoot growth with EC50 values
ranged between 1000 and 3000 mg/L. Finally the essential
oils of C. viminals, S. cumini, S. molle and T. occidentalis
showed a weak inhibition of shoot growth with EC50 values
more than 3000 mg/L. It is noteworthy to mention that the
oil of S. molle changed leaf colour of S. marianum to
brown. The leaf brownness was directly proportional with
oil concentration.
The allelopathic effect of the tested essential oils is in
agreement with previous studies demonstrating the
phytotoxicity of essential oils (Duke et al. 2000; Angelini et
al. 2003; Scrivanti et al., 2003; Singh et al. 2009; Mutlu et
al. 2010). On the other hand, the results revealed a
correlation between the chemical composition of the
essential oils and their effects on germination and seedling
growth. Almost all the effective oils had high percentage of
oxygenated monoterpenes and this was in agreement with
previous work of De Almeida et al. (2010) and Vokou et al.
(2003). They stated that the potent phytotoxic activity was
linked to the present of high percentage of oxygenated
monoterpenes. Similarly, Scrivanti et al. (2003) and Lopez
et al. (2009) demonstrated that the essential oils with high
percentages of oxygenated compounds were more active
than essential oils with high percentages of hydrocarbon
compounds.
Although the mode of action of the essential oils was not
investigated in the present study, it has been reported that
essential oils and their constituents inhibited cell division in
growing root tips and interfered with DNA synthesis in
growing meristems (Romagni et al. 2000; Nishida et al.
2005). Moreover, the essential oils inhibited plant growth
through disruption of membrane integrity (Tworkoski 2002;
Singh et al. 2009). Other studies documented that
essential oils and their constituents induced oxidative
stress, inhibited root growth, enhanced lipid peroxidation
and hydrogen peroxide accumulation, and increased
electrolyte leakage in root tissue (Scrivanti et al. 2003;
Singh et al. 2006). The tested essential oils may cause
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Table 3. Effect of essential oils on Silybum marianum root growth 9 d after sowinga

Conc
mg/l
0
600
1000
2000
3000
d
EC50
Conc
mg/l
0
600
1000
2000
3000
EC50
Conc
mg/l
0
600
1000
2000
3000
EC50
Conc
mg/l
0
600
1000
2000
3000
EC50
a

A. judaica
b
Root length
I (%)
(cm)
c
8.1±0.18a
0.0
4.7±0.15b
42
2.4±0.15c
70.3
0.8±0.07d
90.1
0.0±0.0e
100
639.3
C. sempervirens
Root length
I (%)
(cm)
8.1±0.18a
0.0
9.8±0.12a
-21
9.5±0.15a
-17.3
4.5±0.25b
44.4
2.2±0.1c
72.8
R. officinalis
Root length
I (%)
(cm)
8.1±0.18a
0.0
10.1±0.09a
-24.7
3.8±0.15b
53.1
1.1±0.06c
86.4
0.0±0.0d
100
978.7
T. occidentalis
Root length
I (%)
(cm)
8.1±0.18
0.0
8.8±0.12
-8.6
9.2±0.15
-13.6
9.8±0.12
-21
10.2±0.19
-25.9
-

A. monosperma
Root length
I (%)
(cm)
8.1±0.18a
0.0
4.0±0.12b
50.6
3.6±0.15c
55.6
0.0±0.0d
100
0.0±0.0d
100
698.2
O. vulgare
Root length
I (%)
(cm)
8.1±0.18a
0.0
4.9±0.07b
39.5
1.9±0.09c
76.5
0.0±0.0d
100
0.0±0.0d
100
691.5
S. cumini
Root length
I (%)
(cm)
8.1±0.18a
0.0
7.0±0.12b
13.6
6.0±0.15c
25.9
5.0±0.15d
38.3
3.9±0.13e
51.9
2878.5
V. agnus-castus
Root length
I (%)
(cm)
8.1±0.18a
0.0
8.4±0.23a
-8.6
5.6±0.09b
30.7
3.6±0.20c
55.6
2.1±0.09d
74.1
1662.0

C. viminals
Root length
(cm)
8.1±0.18a
4.8±0.15b
4.0±0.12c
3.5±0.15d
2.8±0.15e
1086.4
P. graveolens
Root length
(cm)
8.1±0.18a
0.5±0.5b
0.0±0.0b
0.0±0.0b
0.0±0.0b
76.1
S. molle
Root length
(cm)
8.1±0.18
9.5±0.29
10.9±0.13
9.7±0.36
7.5±0.2
-

I (%)
0.0
40.7
50.6
56.8
65.4

I (%)
0.0
93.8
100
100
100

I (%)
0.0
-17.3
-34.6
-19.8
7.4

C. macrocarpa
Root length
I (%)
(cm)
8.1±0.18a
0.0
8.5±0.15a
-4.9
5±0.12b
38.3
0.5±0.5c
93.8
0.0±0.0c
100
1118.0
P. tortuosus
Root length
I (%)
(cm)
8.1±0.18a
0.0
4.1±0.21b
49.4
3.8±0.12b
53.1
2.7±0.18c
66.7
1.5±0.15d
81.5
723.9
S. terebinthifolius
Root length
I (%)
(cm)
8.1±0.18
0.0
11.4±0.23
-40.7
9.2±0.17
-13.6
8.8±0.06
-8.6
7.8±0.12
3.7
-

Data are expressed as means ±SE from experiments with three replicates of 20 seeds each.
I = inhibition.
c
Means within a column sharing the same letter are not significantly different at the 0.05 probability level.
d
EC50 = concentration of compound causing 50% root growth inhibition.
b
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Table 4. Effect of essential oils on Silybum marianum shoot growth 9 d after sowinga

Conc
mg/l
0
600
1000
2000
3000
d
EC50
Conc
mg/l
0
600
1000
2000
3000
EC50
Conc
mg/l
0
600
1000
2000
3000
EC50
Conc
mg/l
0
600
1000
2000
3000
EC50

A. judaica
b
Root length
I (%)
(cm)
c
2.6±0.1a
0.0
1.6±0.06b
38.5
0.8±0.03c
69.2
0.5±0.0d
80.8
0.0±0.0e
100
746.0
C. sempervirens
Root length
I (%)
(cm)
2.6±0.1a
0.0
2.1±0.12b
19.3
1.8±0.06c
30.8
1.5±0.03c
42.3
1.0±0.12d
61.5
2210.7
R. officinalis
Root length
I (%)
(cm)
2.6±0.1a
0.0
2.2±0.15b
15.4
1.4±0.03c
46.2
1.0±0.03d
61.5
0.0±0.0e
100
1194.6
T. occidentalis
Root length
I (%)
(cm)
2.6±0.1a
0.0
1.7±0.09b
34.6
1.7±0.03b
34.6
1.6±0.06cb
38.5
1.4±0.06c
46.2
˃ 3000

A. monosperma
Root length
I (%)
(cm)
2.6±0.1a
0.0
1.9±0.06b
26.9
1.6±0.07c
38.5
0.0±0.0d
100
0.0±0.0d
100
926.0
O. vulgare
Root length
I (%)
(cm)
2.6±0.1a
0.0
1.7±0.07b
34.6
1.1±0.03c
57.7
0.0±0.0d
100
0.0±0.0d
100
792.6
S. cumini
Root length
I (%)
(cm)
2.6±0.1a
0.0
2.3±0.15b
11.5
2.1±0.06b
19.3
2.0±0.07b
23.1
1.9±0.06b
26.9
˃ 3000
V. agnus-castus
Root length
I (%)
(cm)
2.6±0.1a
0.0
2.2±0.03b
15.4
1.8±0.06c
30.8
1.4±0.06d
46.2
1.1±0.03e
57.7
2245.3

C. viminals
Root length
(cm)
2.6±0.1a
2.1±0.07b
1.8±0.06c
1.6±0.03cd
1.4±0.07d
˃ 3000
P. graveolens
Root length
(cm)
2.6±0.1a
0.6±0.35b
0.0±0.0b
0.0±0.0b
0.0±0.0b
459.7
S. molle
Root length
(cm)
2.6±0.1a
2.2±0.12b
2.1±0.1b
2.0±0.09b
1.6±0.07c
˃ 3000

I (%)
0.0
19.3
30.8
38.5
46.2

I (%)
0.0
76.9
100
100
100

I (%)
0.0
15.4
19.3
23.1
38.5

C. macrocarpa
Root length
I (%)
(cm)
2.6±0.1a
0.0
2.5±0.15a
3.9
1.6±0.1b
38.5
0.3±0.3c
88.5
0.0±0.0c
100
1162.9
P. tortuosus
Root length
I (%)
(cm)
2.6±0.1a
0.0
1.3±0.03b
50
1.2±0.03b
53.5
0.8±0.0c
69.2
0.5±0.03d
80.8
925.5
S. terebinthifolius
Root length
I (%)
(cm)
2.6±0.1a
0.0
2.3±0.12b
11.5
1.7±0.07c
34.6
1.5±0.06cd
42.3
1.3±0.07d
50.0
2697.8

a

Data are expressed as means ±SE from experiments with three replicates of 20 seeds each.
I = inhibition.
c
Means within a column sharing the same letter are not significantly different at the 0.05 probability level.
d
EC50 = concentration of compound causing 50% root growth inhibition.
b

their phytotoxic effects via one or more of these modes of
action.
From the present study, it could be concluded that
Artemisia judaica, A. monosperma, C. viminals, O. vulgare,
P. graveolens and P. tortuosus essential oils possessed
strong phytotoxicity against S. marianum. These oils could

be useful for management of S. marianum. However,
more studies are required to evaluate the herbicidal
potential of these essential oils under field and greenhouse
conditions and determine the effects on non-target species
and safety.

296. Glo. Adv. Res. J. Agric. Sci.

REFERENCES
Angelini LG, Carpanese G, Gioni PL, Morelli I, Macchia M, Flamini G
(2003). Essential oils from Mediterranean Lamiaceae as weed
germination inhibitors. Journal of Agriculture and Food Chemistry 51:
6158–6164.
Barbosa LCA, Demuner AJ, Clemente AD, Paula VF, Ismail FMD (2007).
Seasonal variation in the composition of volatile oils from Schinus
terebinthifolius Raddi. Química Nova 30: 1959–1965.
Barney JN, Hay AG, Weston LA (2005). Isolation and characterisation of
allelopathic volatiles from mugwort (Artemisia vulgaris). Journal of
Chemical Ecology 31: 247–265.
Batish DR, Singh HP, Kaur M, Kohli RK, Singh S (2012). Chemical
characterization and phytotoxicity of volatile essential oil from leaves of
Anisomeles indica (Lamiaceae). Biochemical Systematics and Ecology
41: 104–109.
Batish DR, Singh HP, Kohli RK, Kaur S (2008). Eucalyptus essential oil as
natural pesticide. Forest Ecology and Management 256: 166–2174.
Batish DR, Singh HP, Setia N, Kaur S, Kohli RK (2006). Chemical
composition and phytotoxicity of volatile essential oil from intact and
fallen leaves of Eucalyptus citriodora. Zeitschrift für Naturforschung
61c: 465–471.
Bendaoud H, Romdhane M, Souchard JP, Cazaux S, Bouajila J (2010).
Chemical composition and anticancer and antioxidant activities of
Schinus molle L. and Schinus terebinthifolius Raddi aerries assential
oils. Journal of Food Science 75: 466–472.
Chanegriha N, Baaliouamer A, Meklati B-Y, Chretien JR, Keravis G
(1997). GC and GC/MS leaf oil analysis of four Algerian cypress
species. Journal of Essential Oils Research 9: 555-559.
Dayan FE, Cantrell CL, Duke SO (2009). Natural products in crop
protection Bioorganic Medical Chemistry 17: 4022–4034.
De Almeida LF, Frei F, Mancini E, De Martino L, De Feo V (2010).
Phytotoxic activities of Mediterranean essential oils. Molecules 15:
4309–4323.
Dudai N, Poljakoff-Mayber A, Mayer M, Putievsky E, Lerner HR (1999).
Essential oils as allelochemicals and their potential use as
bioherbicides. Journal of Chemical Ecology 25: 1079–1089.
Duke SO, Dayan FE, Rimando AM, Ramafnani JG (2000). Natural
products as sources of herbicides: current status and future trends.
Weed Research 40: 499-505.
Ens EJ, Bremner JB, French K, Korth J (2009). Identification of volatile
compounds released by roots of an invasive plant, bitou bush
(Chrysanthemoides monilifera spp. Rotundata), and their inhibition of
native seedling growth. Biological invasion 11: 275-287.
Finney DJ (1971). Probit Analysis, 3rd ed. Cambridge University Press,
Cambridge, pp. 318.
Gundidza M, Gweru N, Magwa ML, Mmbengwa V, Samie A (2009). The
chemical composition and biological activities of essential oil from the
fresh leaves of Schinus terebinthifolius from Zimbabwe. African Journal
of Biotechnology 8: 7164-7169.
Holm LG, Doll J, Holm E, Pancho J, Herberger J (1997). World Weeds.
Natural Histories and Distribution.Wiley, NewYork.
Hussain AI, Anwar F, Sherazi STH, Przybylski R (2008). Chemical
composition, antioxidant and antimicrobial activities of basil (Ocimum
basilicum) essential oils depends on seasonal variations. Food
Chemistry 108: 986–995.
Ismail A, Hamrouni L, Hanana M, Gargouri S, Jamoussi B (2013).
Chemical composition, bio-herbicidal and antifungal activities of
essential oils isolated from Tunisian common cypress (Cupressus
sempervirens L.). Journal Medicinal Plants Research 7: 1070-1080.
Khan M, Mousa AA, Syamasundar KV, Alkhathlan HZ (2012).
Determination of chemical constituents of leaf and stem essential oils of
Artemisia monosperma from central Saudi Arabia. Natural Products
Communication 7: 1079-1082.
Khan ZR, Amudavi DM, Midega CAO, Wanyama JM, Pickett JA (2008).
Farmers' perceptions of a 'push-pull' technology for control of cereal
stemborers and Striga weed in western Kenya. Crop Protection 27:
976-987.

Kordali S, Cakir A, Akcin TA, Mete E, Akcin A, Aydin T, Kilic H (2009).
Antifungal and herbicidal properties of essential oils and n-hexane
extracts of Achillea gypsicola Hub-Mor. and Achillea biebersteinii Afan.
(Asteraceae). Industrial Crops and Products. 29: 562–570.
Krifa M, Gharad T, Haouala R (2011). Biological activities of essential oil,
aqueous and organic extracts of Pituranthos tortuosus (Coss.) Maire.
Scientia Horticulturae 128: 61–67.
Lopez LM, Bonzani NE, Zygadlo JA (2009). Allelopathic potential of
Tagetes minuta terpenes by a chemical, anatomical and phytotoxic
approach. Biochemical Systematics and Ecology 36: 882–890.
Malizia RA, Cardell DA, Molli JS, González S, Guerra PE, Grau RJ
(2000). Volatile constituents of leaf oils from the Cupressaceae Family:
Part I. Cupressus macrocarpa Hartw., C. arizonica Greene and C.
torulosa Don species growing in Argentina. Journal of Essential Oils
Research 12: 59-63.
Mohamed MIE, Abdelgaleil SAM (2008). Chemical composition and
insecticidal potential of the essential oils from Egyptian plants against
Sitophilus oryzae (L.) (Coleoptera: Curculionidae) and Tribolium
castaneum (Herbst) (Coleoptera: Tenebrionidae). Journal of Applied
Entomology and Zoology 43: 599-607.
Mutlu S, Atici O, Esim N (2010). Bioherbicidal effects of the essential oils
of Nepeta meyeri Benth. on weed spp. Allelopathy Journal 26: 291–
300.
Nishida N, Tamotsu S, Nagata N, Saito C, Sakai A (2005). Allelopathic
effects of volatile monoterpenoids produced by Salvia leucophylla:
inhibition of cell proliferation and DNA synthesis in the root apical
meristem of Brassica campestris seedlings. Journal of Chemical
Ecology 31: 1187–1203.
Paudel VR, Gupta VNP (2008). Effect of some essential oils on seed
germination and seedling length of Parthenium hysterophorous L.
Ecoprint 15: 69-73.
Pawlowski A, Kaltchuk-Santos E, Zini CA, Caramão EB, Soares GLG
(2012). Essential oils of Schinus terebinthifolius and S. molle
(Anacardiaceae): Mitodepressive and aneugenic inducers in onion and
lettuce root meristems. South African Journal of Botany 80: 96–103.
Perry NB, Anderson RE, Brennan NJ, Douglas MH, Heaney, AJ,
McGrimpsey JA, Smallfield BM (1999). Essential oil from Dalmation
sage (Salvia officinalis L.), variations among individuals, plant parts,
seasons and sites. Journal of Agriculture and Food Chemistry 47:
2048-2054.
Ribeiro JPN, Lima MIS (2012). Allelopathic effects of orange (Citrus
sinensis L.) peel essential oil. Acta Botanica Brasilica 26: 256-259.
Romagni JG, Allen SN, Dayan FE (2000). Allelopathic effects of volatile
cineoles on two weedy plant spp. Journal of Chemical Ecology 26:
303–313.
Şahin F, Güllüce M, Daferera D, Sökmen A, Sökmen M, Polissiou M,
Agar G, Özer H (2004). Biological activities of the essential oils and
methanol extract of Origanum vulgare ssp. vulgare in the Eastern
Anatolia region of Turkey. Food Control 15: 549-557.
Scrivanti LR, Zunino M, Zygadlo JA (2003). Tagetes minuta and Schinus
areira essential oils as allelopathic agents. Biochemical Systematic and
Ecology 31: 563–572.
Singab AB (2003). Essential oils and lipids content of Pituranthos species
growing in Egypt. Bulletin of Faculty of Pharmacy, Cairo University 41:
213-217.
Singh HP, Batish DR, Kaur S, Arora K, Kohli RK (2006). α–Pinene inhibits
growth and induces oxidative stress in roots. Annals of Botany 98:
1261–1269.
Singh HP, Batish DR, Setia N, Kohli RK (2005). Herbicidal activity of
volatile oil from Eucalyptus citrodora against P. hysterophorus. Annals
of Applied Biology 146: 89-94.
Singh HP, Kaur S, Mittal S, Batish DR, Kohli RK (2009). Essential oil of
Artemisia scoparia inhibit plant growth by generating reactive oxygen
species and causing oxidative damage. Journal of Chemical Ecology
35: 154–162.
Srivastava SK, Ahmad A, Syamsunder KV, Aggarwal KK, Khanuja SPS
(2003). Essential oil composition of Callistemon viminalis leaves from
India. Flavour Fragrance Journal 18: 361-363.

Saad and Abdelgaleil 297

Stojković D, Soković M, Glamočlija J, Džamić A, Ćirić A, Ristić M,
Grubišić, M (2011). Chemical composition and antimicrobial activity of
Vitex agnus-castus L. fruits and leaves essential oils. Food Chemistry
128: 1017-1022.
Tsiri D, Graikou K, Pobłocka-Olech L, Krauze- Baranowska M,
Spyropoulos C, Chinou I (2009). Chemosystematic value of the
essential oil composition of Thuja species cultivated in Polandantimicrobial activity. Molecules 14: 4707-4715.
Tworkoski T. (2002). Herbicidal effects of essential oils. Weed Science 50:
25-431.
Vokou D, Douvli P, Blionis GJ, Halley JM (2003). Effects of
monoterpenoids, acting alone or in pairs, on seed germination and
subsequent seedling growth. Journal of Chemical Ecology 29: 2281–
2301.

Weston LA (1996). Utilization of allelopathy for weed management in
agroecosystems. Agronomy Journal 88: 860–866.
Yang X, Deng S, De Philippis R, Chen L, Hu C, Zhang W (2012).
Chemical composition of volatile oil from Artemisia ordosica and its
allelopathic effects on desert soil microalgae, Palmellococcus miniatus.
Plant Physiology and Biochemistry 51: 153-158.
Zahed N, Hosni K, Brahim NB, Kallel M, Sebei H (2010). Allelopathic
effect of Schinus molle essential oils on wheat germination. Acta
Physiologiae Plantarum 32: 1221–1227.

