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ABSTRACT

To understand the allelopathic effect of essential oil extracted from leaves of Eucalyptus globulus against
two weeds, the experiments were laid out as a randomized complete design with factorial layout in two
stages (laboratory and greenhouse) in khoy-Iran, during growing season of 2010. Studied factors were
Eucalyptus essential oil concentrations (0.5, 2, 3.5 and 5 nl/ml-in laboratory and 0.25, 0.5, 0.75 and 1
v/v—in greenhouse) and weeds which included ‘Amaranthus blitoides’ and ‘Cynodon dactylon’. Results
indicated that, with increasing of eucalypt oil concentration under laboratory and greenhouse conditions,
Germination percentage, Germination rate, Radicle length, Plumule length, Seedling height, Primary root
length and Primary pedicle length, significantly decreased. Among the weed species tested, the highest
inhibitory effect of essential oil was observed in ‘4. Blitoides’. Under laboratory condition, Eucalypt oil
concentration decreased seedling height in ‘4. Blitoides’ from 61.65 to 37.92 mm, whereas in pot study,
eucalypt oil greatly suppressed the seedling height of ‘A. Blitoides’ from 34.67 to 22.17 mm. Findings
suggest that Eucalypt volatile essential oil possess strong inhibitory potential against weeds that could be
exploited for weed management and can be recommended as a biological herbicide with the aim of weeds

control.
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INTRODUCTION

Increasing population and developing demand
for agricultural products provoke scientists to
think more about efficient methods to increase
the  efficiency of  agricultural  plants.
Subsequently, one of these methods is to control
weeds. The interference of weeds in the
agricultural fields reduces the quality and the
quantity of the agricultural product and causes
huge economic loss to farms. Weeds can be
controlled through several means such as
mechanical, chemical and biological methods
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(1). However, chemical methods involving the
use of synthetic herbicides widely used as global
herbicide, reached to 28 billion US dollars in
2002; in other words, 47% of the total
agrochemicals use in the World (2, 3). America
reported 15 million dollars annual weeds damage
(4). After being discovered in 1950s, herbicides
were used extensively. Unfortunately, their
indiscriminate use during the last three decades
has resulted in various toxicological effects on
the environment and living organisms including
human. Furthermore, there are reports of fast
evolving Weed biotypes with herbicidal
resistance (2). These problems promoted efforts
to product new herbicides with environmental
coexistence and desirable herbicide action (5, 6).
Thus, a large number of natural products are
being tested as possible bioherbicides. Among
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the natural plant products, volatile Essential oil
as one of the main medicinal plant and the
constituents of aromatic plants, are being
examined for production of biologic herbicides
(7, 8). Essential oil neither stays long in soil nor
penetrates underground water and never causes
environmental  poisoning  (9).  Formerly,
vegetable oils, which assimilate fatty acids in
structure, have been wused as commercial
herbicide (10). Essential oil can be used to
control weeds in organic farming systems (11).
Effect of Eucalyptus globulus® essential oil on
Triticum aestivum, Zea mays, Raphanus sativus,
Cassia occidentalis, Amaranthus viridis and
Echinochloa crus-galli have been proved as their
radicle length, plumule length, germination
percentage and germination rate decreased under
the effect of essential oil concentration. At pot
condition, the chlorophyll content and
respiratory activity of these weeds also
decreased under the effect of eucalypt oil
concentration and the leaves are necrotized (12).
Amaranthus blitoides and Cyndon dactylon are
dominant weeds in Iran and most part of the
world (13). Eucalyptus globulus is a long and
ever green tree from Myrtaceae family. Its height
ranges between 45 to 65 meters and has at least
1% (volume/weight) essential oil (14). The
Eucalyptus globulus’ essential oil extracted from
its leaves by codistillation method (15). Milhau
et al. (16) recognized 17 major compounds in
Eucalyptus globulus’ essential oil in analyzing
by gas chromatography (GC-MS). Among these
compounds, 1,8-cineole (78.9%), p-cymene
(7.4%), a-pinene (3.4%) and trans-pinocarveole
(9.3%) had the highest rate respectively (17).To
identify an herbicide, with natural structure and
environment compatibility, Eucalyptus globulus’
essential oil was examined to produce biological
herbicide. Therefore, the present investigation
was undertaken to assess the phytotoxicity of
eucalypt oil against two kinds of weeds with a
view to explore them as a bioherbicide for weed
management. Finally, this research can be used
to increase the quality and quantity of
agricultural products especially by decreasing
the toxicological effects on the environmental
and living organisms including human.

MATERIALS AND METHODS

The study was carried out at Islamic Azad
university of Khoy (4 kilometer away from
khoy) in 2010 cropping season. The volatile
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essential oil from the leaves of Eucalyputs
globulus were extracted by co-distillation
method with water at 95 to 100 °C for 2 hours (2,
15). The experiment was conducted in laboratory
(petri dish) and greenhouse (pot) conditions. The
Eucalyptus globulus® essential oil effects on
Germination percentage, Germination rate,
Radicle length, Plumule length and Seedling
height were determined in laboratory. In Both
laboratory and greenhouse stages, the applied
design was based on a completely randomized
design by a factorial arrangement of 5x4x2 with
four replications. In laboratory condition, the
essence concentration consisted of 5 levels
including: a;=0 nl/ml, a,= 0.5 nl/ml, az= 2 nl/ml,
a;= 3.5 nl/ml and as= 5 nl/ml (2).whereas, for
greenhouse the eucalypt oil concentration levels
were: a;=0 v/v, a,=0.25 v/v, a;=0.5 vl/v, a,=0.75
v/v and as= 1 v/v (18). In this study two kinds of
weeds (b;= Amaranthus blitoides and by=
Cynodon dactylon), were investigated until
seedling  establishment. Some of the
morphologic characteristics such as Germination
percentage, Germination rate, Radicle length,
Plumule length and Seedling height in laboratory
condition and Primary root length, Primary
pedicle length and Seedling height in greenhouse
were evaluated.

The eucalypt oil concentration was estimated by
hydro distillation of fresh leaves using
Clevanger’s apparatus , in the other hand; 500 g
of the fresh leaves of eucalypt (Eucalyptus
globulus.) trees were chopped and mixed with
400 ml distilled water in a 2 liter round bottom
flask and fitted with condenser. The mixture was
boiled in the distillation apparatus. After
collecting 350 ml of distilled eucalypt oil from
the nozzle of the condenser, distillation process
was stopped, and then the resulted essential oil
was dehydrated over anhydrous sodium sulfate
and stored in a dark place at 4 °C for further use.

The seeds of Amaranthus blitoides and Cynodon
dactylon were supplied from Pakan-Bazr
Company in Isfahan. These seeds were counted
then, equidistantly placed in 9 cm diameter Petri
dishes as an experimental unit (30 seeds per Petri
dish, four replicates per treatment) covered with
two layers of moistened Whatman No. 1 filter
paper. After adding different concentrations of
eucalypt oil (A similar treatment with water only
served as control), Petri dishes were sealed with
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a film of paraffin and placed in a growth
chamber (germinator) at 25 + 2 °C temperature
with a 16 h/8 h light/dark photoperiod, a photon
flux density of approximately 150 pmol m? s
and relative humidity of around 75% (12).
After 24 hours, the germinated seeds were
counted daily. At the end of 8th day; six samples
were taken from each Petri dish and seedling
height was measured. Amaranthus blitoides and
Cynodon  dactylon  were cultivated in
polypropylene pots (9 cm diameter and height)
in greenhouse. The soil of the pots was mixture
of soil and sand with 3:1 ratio. In each pot, 30
seeds of Amaranthus blitoides and Cynodon
dactylon were placed and the seeds were covered
with the thickness of 1 to 5 mm of soil,
respectively. In the first irrigation, 5 ml of the
prepared solution was sprayed on the pots (In the
control pots 5 ml distilled water was sprayed)
and they were kept in 29 + 2 °C temperature with
relative moisture of about 75 + 5. After 12 days,
the sampling (6 samples of each pot) was done in
seedling establishment stage (18). The
measuring unit of length was millimeter and to
obtain the dried weight, initially samples were
kept in oven (70 degree of heat for 48 hours).
The dried samples were weighed by an enclosed-
scale with the sensitivity of 0.001 g. The data
collected were analyzed statistically with
MSTATC software, by using Fisher’s analysis of
variance  (ANOVA) technique. Duncan’s
Multiple Range Test (DMRT) was applied to
compare means of each trait at 1% probability.

CH4

CH,

CH4
Eucalyptol

Fig. 1. The chemical formula of Eucalyptol (1, 8-
cineole), the major material of Eucalyptus globulus

.
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RESULTS AND DISCUSSION
The obtained results of Eucalyputs globulus’
essential oil effect on the germination and
seedling  establishment of two  weeds
(Amaranthus blitoides and Cynodon dactylon)
indicated that the germination and growth of
these two weeds decreased significantly under
the effect of essential oil (Tablel). Means
comparison with Duncan’s Multiple Range Test
revealed that treatments have highly significant
difference (p<0.01) (Table 2 and 3). The results
showed that germination percentage and
germination rate decreased by increasing the
concentration of the essential oil and the highest
germination percentage and germination rate was
related to the control treatment. Germination rate
and germination percentage were highly affected
by interaction of weedxconcentration and
comparing to the Cynodon dactylon, the
germination and growth speed in Amaranthus
blitoides were more influenced and the highest
effect was belonged to concentration of 5 nl/ml
(Table 1, 2 and 3). Batish et al. (12) suggested
that the Eucalyptus globulus’ essential oils
caused inhibition in germination and growth of
Triticum aestivum, Zea mays, Raphanus sativus,
Cassia occidentalis, Amaranthus viridis and
Echinochloa crus-galli. However, the highest
and the lowest allelopathic effect are related to
Amaranthus blitoides and Raphanus sativus
respectively. The results of these studies showed
that the sensitivity of different species against
allelopathic effects of essential oils can be
different. The fact that, in a given species,
germination is partly inhibited by a given
essential oil does not imply that there is no
normal germinated seed in the mentioned area
(18). Results showed when the concentration of
the essential oil increases; radicle, plumule and
seeding height in Petri dish decreases (Table 2
and 3). In both weeds (Amaranthus blitoides and
Cynodon dactylon) inhibition of germination and
seedling establishment will be seen as radicle
length>seeding length> plumule length, and in
all of the investigated characteristics, the
Amaranthus blitoides is inhibited more than
Cynodon dactylon against Fucalyptus globulus’
essential oils (Table 2 and 3). Muller et al. (19)
and Muller (20) reported that, in the vicinity of
aromatic shrubs, such as white leaf sage (salvia
leucophylla Greene) or California sagebrush
(Artemisia Californica Less), there was no
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annual plants within a radius of 90 cm around
and the presence of annuals was very limited
within 2 to 6 m. The herbicidal action of
essential oils from E.citriodora on Parthenium
hysterophorus  (kind of Asteraceae) was
investigated and similar results in terms of
Seedling height, Germination percentage,
Germination rate, Plumule length and Radicle
length were reported by Singh et al. (2). The
obtained results of E. globulus’ essential oil
effect on the growth of two kinds of weeds
including Amaranthus blitoides and Cynodon
dactylon in pot studies supported the laboratory
investigations and demonstrated that Eucalyptus’
essential oil significantly decreases
characteristics such as the length of primary root,
pedicle and seedling height (Table 4). The
highest decrease in primary root length, primary
pedicle length and seedling height was that of 1
v/v concentration. The results showed that the
highest amount of allelopathic effects was
recorded in the seedling height, primary root
length, and primary pedicle length, respectively
(Table 5). Studying the weedxconcentration
interactions reveals that almost in all of the
characteristics, Amaranthus blitoides are more
influenced than Cynodon dactylon in pot
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conditions, which is in accordance with the
obtained results, on Petri dish (Table 5 and 6).
Similarly, in both conditions, the allelopathic
effects in radicle length were more than plumule
length. According to an investigation, the growth
of radicle in T. aestivum, Brassica nigra and
Amaranthus retroflexus influenced by
Pennyroyal (Mentha pulegium) essential oils,
which have carvacrol effective material; was
more limited than plumule growth and indicated
that probable inhibition of the root growth is the
effect of carvacrol prevention from much
penetration in the soil (18). Also the obtained
essential oil from umbelliferae seeds (i.e.,
Fennel, Dill and Cumin) on the germination of
lettuce seed showed much allelopathic effect
(21). Comparing the allelopathic effect in Both
Petri dish (in vitro condition) and pot conditions,
possibly, Eucalypt effective material (cineole)
has the highest effects in chlorophyll part of the
seedling. Different monoterpenes has much
effect in different parts of a plant (22), and
according to the less effectiveness of the primary
root length in the pot to the seedling height
comparing to Petri dish, it can be said that these
essences are not stabilized in soil and it does not
have environmental poisoning (9, 23).

Table 1. The mean squares of ANOVA for Radicle length Plumule length, Seedling height Germination

percentage and Germination rate in Petri dish.

Radide Hummle Seadhing Germination Germination
SQV df lensth lensth heizht pementags ratz
4 74247 38334 3079337 1091511 142417
W 1 1253.884 2436721 1248556 f4.262 106048 ~
CxW 4 17.131 7 245457 05.875 32079 4287
Error 30 (.798 0826 5543 56.710 0268
CV (%) 5.25 659 6.59 1067 G54

Note. *—p < 0.05; **—p < 0.01; NS—not significant (p>0.05); C—Concentration; W-Weed; CxW-represent

interaction terms between the treatment factors.
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Table 2. Individual effects of eucalypt oil concentration and kinds of weeds on some factors (Radicle
length Plumule length, Seedling height Germination percentage and Germination rate) according to

Kind of Radicle Plumule Seedling Germination  Germination
Concentratio weeds length length height percentage rate
n (mm) (mm) (mm) (%) (seed/day)
Control 20.98 a 17.50 a 43.72 a 82.78 a 6.781 a
0.5 (nl/ml)! 18.86 b 16.14 b 39.75Db 80.14 ab 5.963 Db
2 (nl/ml) 17.4c 14.81c 35.60 c 71.54 be 5.463 b
3.5 (nl/ml) 14.78 d 12.99d 31.02d 63.96 cd 4.460 ¢
5 (nl/ml) 13.38¢ 12.14d 28.54 d 54.42d 3.350d
A.blitoides 22.615a 22520a 49.190a  69.300 b 6.832 a
C .dactylon 11.395b  6.910b 22.265b  71.835a 3.575Db

Duncan’s Multiple Range Test in Petri dish.
Means not sharing a common letter in a column differ significantly at 0.01% level of probability; *nl/ml—
nanoliter/milliliter.

Table 3. Interaction effects of eucalypt oil concentration and kind of weeds on Radicle length  Plumule
length, Seedling height Germination percentage and Germination rate, according to Duncan’s Multiple
Range Test in Petri dish.

Kind of Radicle Plumule Seedling Germination ~ Germination

Concentratio  weeds length length height percentage rate

n (mm) (mm) (mm) (%) (seed/day)
A.blitoides 28.58 a 27.58 a 61.65 a 91.23a 9.238 a

Control C.dactylon 1338f  7.425¢  2580e  74.32bc 4,325 d
A. blitoides 25.17 b 2498 b 55.15b 79.97 ab 7.387b

0.5 (ml) ¢ Gactylon 12.75fg  7.300e  2435ef  80.30 ab 4.050 d
A.blitoides 22.75¢ 22.73 ¢ 49.47 ¢ 69.63 bc 7.425b

2 (alml) ¢ gactylon  11.33gh  6.900e  21.72efg  73.45be 3.500 de
A. blitoides 19.30d 19.42 d 41.75d 60.53 ¢ 5.695 ¢

35 (M) ¢ gactylon 1025hi  6550e  2030fg  67.40 be 3.225 de
A. blitoides 17.27 e 17.90d 37.92d 45.15d 3.925d

5 (Umh) ¢ Gactylon 94751  6375¢  1915g  63.70¢ 2.775 ¢

Means not sharing a common letter in a column differ significantly at 0.01% level of probability.
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Table 4. The mean squares of ANOVA for Primary root length, Primary
pedicle length and Seedling height in pot.

50V df Primary root Brimary padicle Seadline heisht
length lenzth

C 4 32.884 8436 117615

W 1 1346 85. 840 132.132

CxW 4 32207 (0.188* 10,585

Error 30 (.338 (.863 1.175

CVi{%) .43 11. 7% 418

Note. *—p < 0.05; **—p< 0.01; NS—not significant (p>0.05); C—Concentration; W-Weed;
CxW-represent interaction terms between the treatment factors.

Table 5. Individual effects of eucalypt oil concentration and kinds of weeds on some factors (Primary root
length, Primary pedicle length and Seedling height) according to Duncan’s Multiple Range Test in pot.

Concentration Kind of Primary root Primary pedicle Seedling
weeds length(mm) length(mm) height(mm)

Control 17.29a 9.225a 31.39a

0.25 (viv)! 15.15b 8.512a 27.55Db

0.5 (viv) 14.30 b 8.125 ab 2592 ¢

0.75 (V/v) 12.94 ¢ 7.162 cb 23.13d

1 (viv) 12.7¢ 6.675c¢ 21.63¢€
A. blitoides 14.135D 9.405a 27.740 a
C. dactylon 14.565 a 6.475Db 27.105Db

Means not sharing a common letter in a column differ significantly at 0.01% level of probability; ‘v/v—
volume/volume.
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Table 6. Interaction effect of eucalypt oil concentration and kind of weeds on Primary root length,
Primary pedicle length and Seedling height, according to Duncan’s Multiple Range Test in pot.

Primary root Primary padicle feadling
Concentration  Kind of weeds
length{mm) length{mm) height{mm)
Comtrol A. blirotdes 1788 2 10852 MeTa
C. deciylon 16.60 ab 7.500 de 2810¢
A. blirotdes 15.25 be 0 O75 ab 0220
025 (v/v)
C. daceylon 15.05 be T.050 def 24334
A. blirotdes 14.03 cd= 8525 abe 2735¢
s  (v/v)
C. dactylon 14.38 cd 6.725 def 2730 d=
A. blirotdes 1225 oF 3.757 bed 2408 de
072 (viv)
C. daceylon 13.63 cde 3.750ef 217ef
A. blirotdes 1118 £ 5000 cd 217ef
1 (vi¥)
C. decrylon 12.98 def 53501 21081

Means not sharing a common letter in a column differ significantly at 0.01% level of probability.

Dudai et al. (18) in their study under laboratory
and pot conditions were also reported
allelopathic effect of 32 medicinal plants
essential oil on the germination and primary
growth of root and pedicle of Amaranthus
blitoides, Amaranthus palmeri, Euphorbia hirta,
Sambucus nigra, Trifolium campestre and L.
escolentum.

The reduction of the germination percentage and
germination rate caused by Eucalyptus’
essential oil on the weeds of Amaranthus
retroflexus and Portulaca oleracea showed
identical results (1). The mechanism with which
the Eucalyptus essence prevents germination was
completely unknown. However, some researches
show that volatile monoterpenes like cineole
stop the mitosis (24, 25). The extracted essential
oils from Cinnamon and red garden thyme
(Thymus vulgaris L.) inhibits germination and
growth of the eyes of potato (sprouts) by killing
meristem cells (26). The growth of most onion
cells which are cared by cineole stops at
interphase stage, and a few of the cells will stop
in the other mitosis phases (25). The plant
poisoning of the Eucalyptus’ essential oil in the

Trakia Journal of Sciences, Vol. 11, Ne 1, 2013

examined species can be resulted from the
interference in the reduction of mitosis. It is also
reported that by increasing the membrane
permeability and destruction of cells and killing
them by Electrolyte leakage, the essential oils
inhibit germination and growth in other plants
(27, 11, and 2). The Eucalypt oil is composed of
the mixture of several monoterpenes, such as
cineole, linalool and Citronellol which is known
as allelochemicals materials. Singh et al. (28)
suggested that citronellal is more effective in
phyllode plants (broad leaf plants) than cineole.
Likewise, cineole is more effective in frail leaves
plants (25). The monoterpene compounds may
have an activity similar to other allelopathic
materials (29). Although solubility is a limited
factor in poisoning of other plants and
monoterpenes are usually active in fewer
concentrations, it could be much soluble by
surfactants such as paraffin oils (11, 20, and 30).
It is reported that the formative monoterpenes of
Eucalyptus essence by decreasing the amount of
chlorophyll,  are  effective in  plants
photosynthesis (12). Abrahim et al. (31) reported
that the interference of monoterpenes in the
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respiratory activities of plant can be the evidence
of reduction in germination and growth.
Moreover, Batish et al. (12) reported that the
reduction of respiratory activities of a plant by
monoterpenes  reduces the amount of
photosynthesis and disturbs the growth and
germination as well. It is also reported that the
allelopathic effects of monoterpenes were also
stronger than that of the herbicide 2.4-D (22), in
addition, this material inhibited the growth of
phytopathogenic fungus (32).

CONCLUSION

According to obtained results of the present
research, it can be concluded that the essential
oils from Eucalyputs may have much poisonous
effect on the Amaranthus blitoides and Cynodon
dactylon, hence, it can be used extensively in
natural productions of plants as biologic
herbicide and this finding can be an important
stage in stable agriculture. However, it needs
further researches on herbicides mechanism of
action to improve the possibilities of using them
effectively in cultivated lands as bioherbicides in
future.

ACKNOWLEDGMENT

The authors express their sincere thanks to the
staff of Khoy Islamic Azad University,
particularly engineers Nasrolahi and Jabari
(Eivan technical and engineering office), Dr
Jahanfar daneshian (Associate professor, Islamic
Azad University of Takestan, Iran) and all, those
who assisted us in this research.

REFERENCES

1. Azizi, M. and Fuji, Y., Allelopathic effect of
some medicinal plant substances on seed
germination of Amaranthus retroflexus and
Portulaca oleraceae. Acta Horticulture
(ISHS), 699: 61-67, 2006.

2. Singh, H.P., Batish, D.R., Setia, N. and
Kohli, R.K., Herbicidal activity of volatile
oils from Eucalyptus citriodora against
Parthenium  hysterophorus. Annals of
Applied Biology, 146: 89-94, 2005.

3. Anon., Agrochemical sales flat in 2002.
Agrow: World Crop Protection News:
February26- March28, 2003, Purkynianae
Brunensis (Biologia) 16:119-128, 2003.

4. Buhler, D.D., Development of alternative
weed management strategies. Journal
Production Agriculture, 9: 501-505, 1996.

80

10.

11.

12.

13.

14.

15.

. Milhau, B.,

RASAEIFAR M., et al.
Dayan, F., Romagni, J., Tellez, M,
Rimando, A. and Duke, S., Managing weeds
with natural products. Pesticide Outlook, 10:
185-188, 1999.
Duke, S.0O., Dayan, F.E., Rimando, A.M.,
Schrader, K.K., Aliotta, G., Oliva, A. and
Romagni, J.G., Chemicals from nature for
weed management. Weed Science, 50: 138—
151, 2002.
Fischer, N.H., Williamson, G.B,,
Weidenhamer, J.D. and Richardson, D.R., In
search of allelopathy in Florida scrub: The
role of terpenoids. Journal of Chemical
Ecology, 20:1355-1379, 1994.
Vokou, D., Essential oils as allelochemicals:
Research advances in Greece. In: Narwal SS
(Eds), Allelopathy update: Basic and applied
aspects. Vol.2., Enfield, Science Publishers,
pp 47-63, 1999.
Isman, M.B., Plant essential oils for pest and

disease management. Crop Protection,
19:603- 608, 2000.
Hatzios, K.K., Herbicide  Handbook

Supplement to Seventh Edition. Weed
Science Society of America, pp 55-57, 1998.
Tworkoski, T., Herbicide effects of essential
oils. Weed Science, 50: 425-431, 2002.
Batish, D.R., Setia, N., Singh, H.P. and
Kohli, R.K., Phytotoxicity of lemon-scented
eucalypt oil and its potential use as a
bioherbicide. Crop Protection, 23:1209-
1214, 2004.

Rashed Mohassel, M., Rahimian, H.,
Banaian, H.V., Applied Weed Science.
Jihad-e-daneshgahi  publication, Tehran,
Iran, 2006. (In Persian)

Javanshir, K., Eucalyptus. Tehran University
Publication, Tehran, Iran, pp 58, 1972. (In
Persian)

Omid beigi, R., Produce and manufacturing
medicinal plants. Astan Quds Razavi's
Publication, Mashhad, Iran, pp 347, 2005.
(In Persian)

Mistiaen, B., Brice, D.,
Dégardin, J.M., Derycke, C., Hou, H,
Rohart, J.C., Vachard, D. and Wu, X,
Comparative faunal content of Strunian
(Devonian) between Etaoucun (Guilin,
Guangxi, South China) and the stratotype
area (Etroeungt, Avesnois, North of France).
Proceedings  of  30th International
Geological Congress, Vol.12., Beijing,
China, pp 79-94, 1997.

Trakia Journal of Sciences, Vol. 11, Ne 1, 2013



17.

18.

19.

20.

21.

22.

23.

24,

Moniri, Sh., Investigating the compounds of
different Eucalyptus species. Medicinal
Sciences University, Shiraz, Iran, pp 125,
1997. (In Persian)

Dudai, N., Mayer, A.M., Putievsky, E. and
Lerner, H.R., Essential oil as allelochemicals
and their potential use as bioherbicides.
Journal of Chemical Ecology, 25: 1079-
1089, 1999.

Muller, C.H., Muller, W.H. and Haines,
B.L., Volatile growth inhibitors produced by
aromatic shrubs. Science, 143:471-473,
1964.

Muller, C.H., Inhibitory terpenes volatilized
from Salvia shrubs. Bulletin of the Torrey
Botanical Club, 91:327-330, 1965.
Lamoureux, S. and Koning, R., The
allelopathic potential of Apiaceae seeds
upon germination of lettuce. J. Hort. Sci.
Biotech, 76: 436-440, 2004.

Kordali, S., Cakir, A. and Sutay, S.,
Inhibitory effects of monoterpenes on seed
germination and seedling growth. Biolnfo
Bank Library, 64: 207-214, 2007.

Beuchat, L.R., Control of foodborne
pathogens and spoilage microorganisms by
naturally occurring antimicrobials. In:
Wilson C L, Droby S (Eds), Microbial Food
Contamination, pp 149-169, 2001.

Baum, S.F., Karanastasis, L. and Rost, T.L.,
Morphogenetic effects of the herbicide
Cinch  on Arabidopsis thaliana root
development. Journal of Plant Growth
Regulation, 17: 107-114, 1998.

25.

26.

217.

28.

29.

30.

31.

32.

RASAEIFAR M., et al.
Romagni, J. G., Allen, S.N. and Dayan, F.E.,
Allelopathic effects of volatile cineoles on
two weedy plant species. Journal of
Chemical Ecology, 26: 303-313, 2000.

Vaughn, S.F., Natural compounds from
spices could replace chemical patoto-
sprouting inhibitors. Industrial

Bioprocessing Journal, 13: 5,1991.

Sikkema, J., de Bont, J.A.M. and Poolman,
B., Mechanism of membrane toxicity of
hydrocarbons. Microbiological Reviews, 59:
201-222, 1995.

Singh, H.P., Batish, D.R., Kaur, S,
Ramezani, H. and Kohli, R. K., Comparative
phytotoxicity of four monoterpenes against
Cassia Occidentalis. Ann. Appl. Biol, 141:
111-116, 2002.

Einhellig, F.A., Interactions involving
allelopathy in cropping systems. Agronomy
Journal, 88: 886893, 1996.

Weidenhamer, J.D., Macias, F.A., Fischer,
N.H., Williamson, G.B., Just how insoluble
are monoterpenes? Journal of Chemical
Ecology, 19: 1799-1807, 1993.

Abrahim, D., Braguini, W.L., Kelmer
Bracht, A.M. and Ishi-lwamoto, E.L.,
Effects of four monoterpenes on
germination, primary root growth and

mitochondrial respiration of maize. Journal
of chemical ecology, 26: 611- 623, 2000.
Ramezani, H., Singh, H.P., Batish, D.R.,
Kohli, R.K. and Dargan, J.S., Fungicidal
effect of volatile oils from Eucalyptus
citriodora and its major constituent
citronellal. New Zealand Plant Protection,
55:327-330, 2002.

Trakia Journal of Sciences, Vol. 11, Ne 1, 2013 81



