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Monoterpenes, the chemical constituents of essential oils found in plants, are known bio-
logically active compounds. The present study was conducted to investigate the inhibitory
effects of 30 monoterpenes including monoterpene hydrocarbons and oxygenated monoter-
penes on seed germination and seedling growth of Amaranthus retroflexus, Chenopodium
album and Rumex crispus under laboratory conditions. The monoterpenes were applied at
contents of 10 and 20 ul for liquid compounds and 10 and 20 ug for solid compounds. The
results show that most of the monoterpenes significantly inhibited seed germination and
seedling growth of the tested plants. Oxygenated monoterpenes including $-citronellol, nerol
and terpinen-4-ol completely inhibited seed germination and seedling growth of all tested
plants. Their inhibitory effects were also stronger than that of the herbicide 2,4-D. In general,
monoterpenes were less effective against seed germination and seedling growth of C. album
as compared with R. crispus and A. retroflexus. Phytotoxic effects of monoterpene hydrocar-
bons were found to be lower than those of oxygenated monoterpenes. The alcohol derivatives
of oxygenated monoterpenes were also found to be more phytotoxic as compared with their
acetate derivatives. Based on the present results, it can be concluded that the oxygenated
monoterpenes can be used as potential bio-herbicides.
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Introduction

Scientists have focused on the increase of food
production needed for the fast expansion of the
world’s population. Weeds are the major problem
in world agriculture because they cause losses in
crop yields. The discovery of synthetic herbicides
such as 2,4-D and 2,4,5-T within the last 50 years
successfully reduced labour costs spent on weed
management and enhanced crop productivity.
Therefore, farmers have increased herbicide use.
However, the intensive use of synthetic herbicides
resulted in soil and groundwater contamination,
and development of weed resistance (Abrahim
et al., 2000). Herbicides at high concentrations in-
crease the risk of toxic residues in agricultural pro-
ducts. The use of synthetic herbicides has also
some unfavourable effects for the environment
and mammalian health due to their slow biodegra-
dation in the environment. Therefore, there is a
need for new herbicides less harmful for mammal-
ian health and the environment. There is a consid-
erable interest in the development of natural pro-
ducts and bio-herbicides (Dudai et al., 1993, 1999;
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Duke et al, 2000; Tworkoski, 2002). Thus, re-
searchers have focused on new potential herbi-
cides including various plant extracts, plant sec-
ondary metabolites, plant essential oils and
monoterpenes (Putnam and Duke, 1978; Rice,
1984; Duke et al., 1988; Dudai et al., 1993, 1999;
Tworkoski, 2002; Angelini et al., 2003; Scrivanti
et al., 2003). Among these, potent plant inhibitory
effects of some monoterpenes have been shown
(Robinson, 1983; Duke, 1991; Koitabashi et al.,
1997; Abrahim et al., 2000; Singh et al., 2002, 2004;
Scrivanti et al., 2003; Topal et al., 2006; Vokou
et al., 2003; Zunino and Zygadlo, 2004; Nishida
et al., 2005). Bio-herbicides have been also shown
different and selective herbicidal mechanisms in
comparison to their synthetic derivatives (Rizvi
et al., 1980; Duke et al., 2000).

The allelopathic properties of plants and their
metabolites may be effectively used for biological
weed management in crop production (Rice,
1984). Essential oils contain natural flavours and
fragrances grouped as monoterpenes (hydrocar-
bons and oxygenated derivatives), sesquiterpenes
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(hydrocarbons and oxygenated derivatives) and
aliphatic compounds (alkanes, alkenes, ketones,
aldehydes, acids and alcohols) that provide charac-
teristic odours. Many essential oils isolated from
various plant species belonging to different genera
contain relatively high amounts of monoterpenes.
Allelopathic activities of numerous essential oils
and their monoterpenes have been extensively
studied on seeds of several species (Jimenez-
Osornio et al., 1996; Dudai et al., 1999; Abrahim
et al., 2000; Singh et al, 2002, 2004; Tworkoski,
2002; Angelini et al., 2003; Scrivanti et al., 2003;
Vokou et al., 2003; Mao et al., 2004; Zunino and
Zygadlo, 2004).

Amaranthus retroflexus, Chenopodium album as
well as Rumex crispus are important weeds in cul-
tivated areas of Turkey; therefore they cause loss
in crop yields. The aim of the present study was to
investigate the potential inhibitory effects of some
commercial monoterpenes on seed germination
and seedling growth of A. retroflexus, C. album
and R. crispus.

Experimental
Individual monoterpenoids

The compounds tested were allo-ocimene
(Fluka), borneol (Fluka), bornyl acetate (Sigma),
camphene (Fluka), camphor (Fluka), 3-carene
(Aldrich), carvone (Fluka), 1,8-cineole (Sigma),
citronellal (Sigma), fB-citronellene (Fluka), f§-cit-
ronellol (Fluka), dihydrocarvone (Alfa), fenchol
(Fluka), fenchone (Fluka), geranyl acetate (Alfa),
isomenthol (Alfa), limonene (Fluka), limonene
oxide (Aldrich), linalool (Fluka), linalyl acetate
(Fluka), menthol (Fluka), menthone (Fluka), myr-
cene (Aldrich), nerol (Sigma), neryl acetate
(Alfa), a-pinene (Fluka), f-pinene (Fluka), y-ter-
pinene (Sigma), terpinen-4-ol (Aldrich), a-terpin-
eol (Merck) and 2,4-D (Takimsan, Istanbul, Tur-
key).

Seed germination and seedling growth experiments

The seeds of A. retroflexus, C. album and R. cris-
pus were collected in Erzurum region (Turkey) in
October 2004. Empty and undeveloped seeds were
discarded by floating in tap water. To avoid possi-
ble inhibition caused by toxins from fungi or bac-
teria, the seeds were surface-sterilized with 15%
sodium hypochlorite for 20 min (Tinnin and Kirk-
patrick, 1985) and then rinsed with abundant dis-
tilled water. Two layers of filter paper were placed
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on the bottom of each Petri dish (9 cm diameter)
and then 50 seeds of A. retroflexus, C. album and
R. crispus were placed on the filter paper (Tefera,
2002). Then, 10 ml of distilled water was added to
each Petri dish. Lids of Petri dishes were closed
with Whatman no.1 filter paper wrapping up
tightly with a transparent ribbon.

Treatment and experimental design

The treatments were applied at 10 and 20 ul/
Petri dish contents of liquid compounds and 10
and 20 ug/Petri dish contents of solid compounds.
Seeds and filter papers were moistened with 10 ml
of distilled water. 10 and 20 ul of the liquid com-
pounds were dripped on the paper placed on the
lid using a micropipette. Solid compounds were
dissolved in ethanol (1:1, w/v). Whatman no. 1 fil-
ter papers were impregnated with the appropriate
amounts of the solutions (10 and 20 ug/Petri dish),
placed on the lid of Petri dishes and then kept to
evaporate the ethanol. Petri dishes were closed
with an adhesive tape to prevent escaping of vola-
tile compounds and kept at (23 £ 2) °C on a labo-
ratory bench supply with 12 h of fluorescent light
and humidity of 80% (Dudai et al, 1993). After
10 d, the number of germinated seeds and seedling
lengths were estimated. Germination was meas-
ured as the percentage of seeds from which a radi-
cle emerges. The treatments were arranged in a
completely randomized design with three replica-
tions including controls.

Statistical analysis

Data of seed germination and seedling growth
were subjected to one-way variance analyses
(ANOVA), using SPSS 10.0 software package.
Differences between means were tested through
LSD and values of p < 0.05, 0.01 and 0.001 were
considered significantly different.

Results and Discussion

Monoterpenes are chemical constituents of
plant essential oils. In the present study, inhibitory
effects of 30 commercial monoterpenes including
monoterpene hydrocarbons and oxygenated mo-
noterpenes were tested on seed germination and
seedling growth of A. retroflexus, C. album and R.
crispus. The present results showed that the tested
compounds have inhibitory effects on seed germi-
nation and seedling growth of the tested weeds
(Tables I, IT). Different degrees of inhibition were
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observed when compared with control groups,
whereas oxygenated monoterpenes have more po-
tent herbicidal effects on seed germination as com-
pared with monoterpene hydrocarbons. Some oxy-
genated monoterpenes were strong inhibitors and
among them, S-citronellol, nerol and terpinen-4-ol
totally suppressed the germination of the assayed
species (Table II). Their phytotoxic effects were
also higher than that of the commercial herbicide
2,4-D. Furthermore, as can be seen from Tables I
and II, A. retroflexus was more sensitive than C.
album and R. crispus against some monoterpene
hydrocarbons. As shown in Table I, monoterpene
hydrocarbons have less or no phytotoxic effects on
the seed germination of C. album. In addition to
these results, alcohol derivatives of oxygenated
monoterpenes were more phytotoxic than their ac-
etate derivatives.

In general, the tested compounds suppressed
the seedling growth of the assayed species (Tables
I, IT) as compared with the control. In some cases,
monoterpenes did not affect seedling growth of
the assayed species, whereas seed germination was
inhibited. For instance, while two doses of j-cit-
ronellene reduced the seed germination of A. re-
troflexus, they did not affect the seedling growth
(Table I). The opposite results were also obtained
for some monoterpene hydrocarbons. For in-
stance, some monoterpenes did not affect the seed
germination of C. album, whereas seedling growth
of this species was significantly increased and/or
reduced by some monoterpene hydrocarbons. As
shown in Table I, limonene, myrcene and S-pin-
ene, significantly reduced the seedling root growth
of C. album, whereas they inhibited the seed ger-
mination (Table I). It is interesting to find that
camphene and a-pinene increased the root growth
of C. album. Our results also indicate that there
are no correlations between the treatment dose
and herbicidal effect. In addition to the findings
above mentioned, in the light of the present results
given in Tables I and II, the herbicidal effects of
monoterpenoids seem to be not selective.

Previous research showed that monoterpenes
and essential oils isolated from various plant spe-
cies possess potent herbicidal effects on weed ger-
mination and seedling growth of various plant spe-
cies (Koitabashi et al, 1997; Abrahim et al., 2000;
Singh et al., 2002, 2004; Tworkoski, 2002; Angelini
et al., 2003; Scrivanti et al., 2003; Zunino and Zy-
gadlo, 2004). In these researches, monoterpene hy-
drocarbons showed to have lower inhibitory ef-
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fects than oxygenated monoterpenes (Singh ef al.,
2002, 2004; Vokou et al., 2003). The allelopathic
effects of 47 monoterpenes on the seed germina-
tion of Lactuca sativa seedlings have been previ-
ously reported by Singh et al. (2004). These re-
searchers found that the monoterpenes showed
various allelopathic effects on seed germination
and the hydrocarbons were the least inhibitors in
comparison to oxygenated monoterpenes (Vokou
et al., 2003). The effect of four oxygenated mono-
terpenes (citronellal, citronellol, cineole and lin-
alool) on the germination and growth of Cassia oc-
cidentalis was also investigated (Singh et al., 2002).
All tested compounds reduced seed germination,
whereas citronellal and linalool completely inhib-
ited seed germination of C. occidentalis (Singh
etal., 2002). Similar results were found in the
present study. As shown in Tables I and II, the
inhibitory effects of monoterpene hydrocarbons
on seed germination and seedling growth of three
plant species tested were lower than those of oxy-
genated monoterpenes. Relatively high herbicidal
effects of oxygenated monoterpenes in compari-
son to monoterpene hydrocarbons can be attribu-
ted to the higher solubility of oxygenated mono-
terpenes in the test medium. Previously, it has
been shown that oxygenated monoterpenes pos-
sess relatively high solubility in water as compared
with the solubility of monoterpene hydrocarbons
in water (Weidenhamer et al., 1993; Fischer et al.,
1994). Our results also showed that alcohol deriva-
tives of oxygenated monoterpenes were more phy-
totoxic than their acetate derivatives (Table II).
Similarly, this can be attributed to the high solubil-
ity in water of alcohols that are polar compounds
as compared with acetates.

In the present study, some oxygenated monoter-
penes exhibited potent weed suppressing effects
on weed germination and seedling growth of the
tested weeds, despite there is no evidence of the
herbicidal mechanism of these compounds. It is
well known that monoterpenes in essential oils,
have phytotoxic effects against various weed spe-
cies, cause anatomical and physiological changes
in plant seedlings probably due to the accumula-
tion of lipid globules in cytoplasm, reduction in
organelles including mitochondria and nuclei, in-
hibition of DNA synthesis, and disruption of mem-
branes surrounding mitochondria and nuclei (Koi-
tabashi et al, 1997; Zunino and Zyagadlo, 2004;
Nishida et al., 2005). In a recent study, it has been
shown that some monoterpenes inhibit both cell-
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nuclear and organelle DNA synthesis in root api-
cal meristem of Brassica campestris (Koitabashi
et al., 1997; Nishida et al., 2005). Furthermore, in a
different study, the content of chlorophyll was
found to be less in plants treated with monoterpe-
nes as compared to control (Singh er al., 2002,
2004). In the view of these results mentioned
above, in the present study, the seedling growth
inhibition of plant species subjected to monoterpe-
nes may be attributed to a reduction of cell divi-
sion (Koitabashi et al., 1997; Singh et al., 2004; Zu-
nino and Zygadlo, 2004; Nishida et al., 2005).

In conclusion, Amaranthus retroflexus, Cheno-
podium album and Rumex crispus are important
weeds in cultivated areas of cultured plants. The
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