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Abstract

The indiscriminate use of synthetic chemical conmusufor weed control has been
often responsible of damage to both the environmemt the human health. To
challenge these problems, in the last years resdas increased its effort to find out
alternatives farming strategies. A feasible altBmeacould be the identification of

natural substances with allelopathic effects fa tkalization of natural herbicides.
Some research has already highlighted the posgibiliusing essential oils, extracted
from aromatic plants, for weed control. The advgatan the utilization of such natural
compounds is the quickly breaking down process th® environment and so the
possible application in sustainable agriculturee lirganic farming. Objective of this
research was the evaluation of the inhibition effexerted by the essential oils of
cinnamon, peppermint and lavender on seeds geformnat some of the most common
weeds species of the Mediterranean environmenivged, wild mustard and ryegrass).
The results have highlighted a control in the wegelsnination. Among the essential
oils tested, cinnamon oil has exerted the highaktbition effect compared with

lavender and peppermint ones. The dicotyledonoesiep have been more susceptible
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compared with the monocotyledonous, eveilt ifhas been recorded only for redroot

pigweed a dose able to inhibit totally the seedrgeation.

Key words: allelopathy, essential oils, natural herbicides

Introduction
The approach to the agriculture activity in the {gsars has changed. The great interests
in sustainable and organic agriculture have leadaieh andtudieson a differenipath
from the past, more focused on ecology, environnagat human health instead than
basic production (Anaya, 1999). The research agtini the last years has centered its
attention mainly towards Integrated Weed ManagenSstem (IWMS) rather than
chemical, so the ability of controlling weeds byaneof agronomic choice and natural
ways could have a wider and valuable applicationthis view of multifunctional
approach, some species of agricultural interestadly known for their allelopathic
effects could be used as weed management tools.

The search for sustainable and environmentallyndilye farming methods has already
renewed the interest in the use of allelopathy,ctwhihas been widely reviewed
(Molisch, 1937; Rice, 1984; Duke & Abbas, 1995; bslt al, 1996, 1997, 1998).
Potentially plants are able to produce allelochamicompounds, but more studies
have to be pursued to understand the interactioogrong in the field and the possible
agronomic applications. Many plant species havenlstadied for their allelopathic
potential; in particular aromatic plants have besported being able to produce a large
amount of allelochemicals. They have frequentlynbeescribed for these features

(Sigmund, 1924; Went, 1942; Bonner, 1950; Mull&88@) and in particular Mulleet
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al., (1964) observed that in tlseirroundingsof aromatic shrubs there were no annual
plants in a diameter of 90 cm. So, the ability épmess weeds by means of essential
oils extracted from aromatic plants could be a able tool for weed control. Some
research has already highlighted the inhibitionseed germination by means of
essential oil. Different inhibition potential of smtial oils on seed germination was
noticed by Dudai (1999) and Tworkoski (2002). Timhilbition ability exerted by
cinnamon was observed by Tworkoski who comparedersgévessential oils and
recorded the stronger ability of cinnamon among okigers. The higher inhibition
ability of peppermint on lavender, instead, waseobsd by Dudai (1999) who noticed
the higher inhibition ability of peppermint essahtil on lavender essential oil fixing
the ko (50% inhibition of germination) dose for peppertraimost at the half of the one
for lavender. Differences in sensitivity among weeslsiighlighted by other authors
(Dudai, 1999; Tworkoski, 2002; Mao, 2004) which eh®d differences in dose
requirement of the same oil to inhibit the seedrgeation of different species. The aim
of this research was to investigate the potenfif@ce of cinnamon, peppermint and
lavender essential oils as a natural herbicidenstjgihe germination in the soil of some

common weeds.

Materials and methods

The research was carried out in plastic pots of 0(0L0 cm diameter, 8 cm height) in
greenhouse (controlled temperature 25 °C duringlétye and 15 °C during the night) to
test the effect of the inhibition ability of thesestial oils of cinnamonQinnamomum
zeylanicuni_.), lavender [(avandulaspp.) and peppermintientha x piperitd..) on the

seed germination of some common weed species presethe Mediterranean
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environment, such as redroot pigweeim@rantus retroflexusl..), wild mustard
(Sinapis arvensisL.) and ryegrasqLolium spp.). To remove the dormancy and
synchronize the germination, before starting thst, tall the seeds were put into the
germination chamber at a temperature of 5 °C irdt& for two days. Before the trial,
the soilwasput into the oven aitemperature of 104 °C until constant weight. Inheac
pot filled with 0.5 kg of loamy soil, 25 seeds @fcb weedvere sown at a depth of 4
mm. For each essential oil, the oil-in-water ermarisivas prepared at the concentration
of 5.4 — 21.6 — 86.4 and 345.6 mignamed as C1, C2, C3 and C4, respectively. The
essential oils utilized were pure at 100%. An emul®f 5 ml was sprayed on the soll
surface of each pot (area of 78%mA control utilizing only water was performed as
test for the maximum percentage of germination.hEaeatment, including controls,
was replicated three times. The essential oil-itewamulsion was sprayed on the soil
surface just after the sowing; the daily irrigatislas made only with water gently
sprayed on the soil until it got humid without waleaching from the pot. Every day
since the sowing date for 4 weeks the seedling genee was directly observed and
recorded. It was considered as germinated a semd frhich a radicle emerged.
Relative germination was calculated as the gernonaif the treatment divided by that
of the corresponding control. Analysis of varianges performed to evaluate the effect
of essential oil concentrations adopting the ANOY#Fcedures, while a regression
analysis was performed between seedling emergamty@ncentration using the SAS

program.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Resultsand Discussion

The use of essential oils has generadliyermineda reduction of the seed emergence
compared with the control with pure water (CO) sirtbe start of the trials. The
reduction of the germination appeared noteworthyeaaly at the minimum
concentration (C1). Among the essential oils testethamon have exerted the higher
inhibition ability with a reduction of the germimat compared with the control of the
40%, 52% and 48% respectively for ryegrass, wildtawd and redroot pigweed (Fig. 1
— 2 — 3). Inhibition ability has been observed aayvat the lower concentration of
lavender (C1) and peppermint (C1) for redroot pigsveand wild mustard, while
ryegrass resulted being less susceptible with tbiéseThe results showed that there is
not always a dose-dependent relation between aiterrations and inhibition ability.
Using the C2 oil concentration has been observedsttme trend exerted by the C1
(Fig. 1 — 2 — 3). Increasing additionally the camtcation (C3), instead, the inhibition
activity generally raised. Compared with the con¢&0) cinnamon oil inhibited almost
totally redroot pigweed (92%), while ryegrass anttlwnustard were inhibited for the
45% and 49%. Lavender oil inhibited ryegrass (4586 mustard (57%) and redroot
pigweed (77%) following the same trend. Peppermsitdwed instead an unexplainable
activity. At the C3 concentration exerted the maxaminhibitory activity for ryegrass
(62%), and wild mustard (44%), while inhibited redr pigweed of the 71%. The
highest concentration tested (C4) of cinnamon aakrider oils have controlled
significantly all weeds. Ryegrass was inhibited thog 52% by the cinnamon and 51%
for lavender, wild mustard for the 79% of cinnanamd 58% of lavender, while redroot
pigweed reached the lethal dose with cinnamon od #e 85% with lavender.

Peppermint instead showed higher inhibition abibtyly for redroot pigweed (82%),
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while for wild mustard (32%) and ryegrass (53%) ithtabition were lower than the C3

concentration.

The regression analysis between oil concentrateom$ seed germination shows as
general trend that increasing concentration of réedeoil brings about increasing

inhibitory effects on weed seed germination tilheking a lethal dose (Fig. 4). It is
possible to see how for wild mustard and redrogtveed the cinnamon oil had the
stronger inhibition effect, as shown by the regmssoefficient values, while for

ryegrass was the peppermint oil that showed agtmtendency of inhibition effect.

Conclusion

This research shows that there is potential torobmteed germination using natural
compounds. Cinnamon is the oil with the strongemikition effect on the seed
germination of redroot pigweed and wild mustarde Thhibition of redroot pigweed
and wild mustard seedling emergence may have pahctheaning because these
species are economically important weeds and hasaeelabed a resistance in
herbicides, even if with different modes of acti@wen, 2001). Peppermint oil has
been the more effective in inhibiting ryegrass sgednination. The identification of
this oil against a peculiar weed could be importantiew of bioherbicides to be used
with selectivity proprieties. Even the rate of th®-herbicide concentration is an
important feature. It was found that the most dffecdose tested (C4, Fig. 1 -2 -3) is
equal to 2.7 liters per hectare of pure cinnamoappprmint and lavender oil,
respectively. These concentrations are comparaitteracommended application rates
for many registered herbicides. So far, the reslitained make feasible to suggest an

application of the essential oil as Hierbicide in controlled environment such as



10

11

12

13

14

15

16

17

18

19

20

21

22

23

horticulture as in green houses. Persistence e@néak oils should be improved, these
natural compounds being highly volatile and so lasting in the environment. On the
other side, for the same reason they have shofttinaé are less harmful to the
environment (Dukeet al, 1999). Further field research is necessary teeldp an

appropriate technology of essential oil applicafimninhibiting weed seed germination.
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Figure 1. Effect of the essential oils on the sgednination of ryegrass. In each graph the bars
indicate LSD (F< 0.05) for the essential oil concentrations per. @2, C1, C2, C3, C4 are 0 —

5.4 — 21.6 — 86.4 and 345.6 mipf essential oil, respectively.
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Figure 2. Effect of the essential oils on the sgednination of wild mustard. In each graph the
bars indicate LSD (R 0.05) for the essential oil concentrations per. &g; C1, C2, C3, C4 are

0 -5.4—21.6 — 86.4 and 345.6 mgl essential oil, respectively.
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Figure 3. Effect of the essential oils on the sgexamination of redroot pigweed. In each graph
the bars indicate LSD (®0.05) for the essential oil concentrations per. @&, C1, C2, C3, C4

are 0 — 5.4 — 21.6 — 86.4 and 345.6 hgflessential oil, respectively.
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Figure 4. Regression analysis between seed geionnand essential oils concentration. *, **,

*** = gignificant at P<0.05, <0.01, K0.001, respectively; ns = not significant.
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