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1- Benzoxazinoids
2- Sorgoleone

3- Glucosinolates
4- Momilactones
5- Leptospermones
6- Benzoxazinones
7- Quinolinic Acid
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4- ISTA (International Seed Testing Association)
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Figure 1- Schematic design of cotton swab method to investigate the allelopathic effect of essential oils
(a): 20 ml vial, (b): Add 10 ml agar, (c): Insert lettuce seeds and cotton swabs after agar cooling and solidification, (d): Add EOs to

cotton swabs using Hamilton syringe, (€): Rubber cap insertion, (f): Aluminum sealing and crimping, (g): Germination and seed
growth after incubation
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Figure 2- Emberyo death assessment based on ISTA
(a): Seed preparation and coat removal method, (b): Unacceptable staining types that are considered abnormal seeds, (c): Uniform
staining of live seed
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Table 2- The main components of essential oils based on HS- GC analysis

3)90 Crownd _ .
ol oU o HS- GC 3JU1 (wlw! o (wilul e Ol )5
Scientific name i ‘ The main components of essential oils based on GC-HS analysis
Part of use
Amomum subulatum Fr Dihydrocarveol (32.1%) B-Pinene (23.1%) a-Pinene (18.4%)
1,2-Diisopropenylcyclobutane
Anethum graveolens Fr (74.7%)
- - Eucalyptol
0, 0,
Artemisia ludoviciana L Borneol (44.2%) Camphor (33.3%) (22.4%)
Artemisia vulgaris F D-Limonene (33.7%) Thujone (22.5%) B-Pinene (14.9%)
. - . Linalyl anthranilate . Limonene
- 0, 0,
Citrus aurantifolia L B-Pinene (20.8%) (20.8%) Linalol (16.2%) (11.2%)
Dracocephalum moldavica Ap Orthodene (32.6%) Limonene (20.3%) a-Pinene (17.4%)  4-Carene (11.3%)
Mentha suaveolens L Limonene (47.9%) a-Pinene (16.7%) B-Pinene (14.0%)
: o o o-Cymene
Origanum vulgare L Carvacrol (44.4%) Thymol (23.0%) (18.8%)
Perovskia abrotanoides F Borneol (30.1%) Eucalyptol (21.9%) Camphor (11.1%)
Pimpinella anisum Fr Trans- anethole (93.3%)
Ruta graveolens L B-Terpinyl acetate (40.8%) B-Pinene (16.5%) a-Pinene (10.7%)
Tanacetum balsamita L, F Limonene (40.2%) Thujone (21.0%)
Thymus daenensis L Carvacrol (90.9%)
Thymus transcaspicus L Camphene (23.0%) a-Pinene (11.0%)
Zataria multiflora L,F 0-Cymene (22.7%) a-Pinene (22.1%) Thymol (20.4%)
. . . - Limonene
- 0, - 0,
Ziziphora tenuior L B-Pinene (24.2%) a-Pinene (21.4%) (20.6%)

(aa5) R ((ps32) RN (plS536)) O (48Ls) S 5 1) L (o900 cauwss) FP oge) FT JS) F (pys5) C c(aalsn plsh JS) AP s il gl il joliaie &y ol oxlisol 3)90 Cannd : @
a: Part of use for extraction of essential oils: Ap (Aerial part), C (Corm), F (Flower), Fr (Fruit), Fp (Fruit peel), L (Leaf), S (Stem), O (Oleogum), Rh

(Rhizome), R (Root)
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1- Headspace
2- Echinochloa crus-galli
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1- Lolium multiflorum

2- Cicer arietinum

3- Schizachyrium scoparium
4- Leptochloa dubia
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Introduction: Nowadays, the global effort in modern agriculture is to reduce the use of harmful herbicides
and introduce new methods of weed control, one of which is the use of allelopathic properties. Among
allelopathic species, aromatic plants have the ability to transmit allelochemical constituents as essential oils
through diffusion and thus affect their surrounding organisms. Since the use of essential oils and volatile
compounds will not have residues on the crop, these allelopathic compounds can be very effective in preventing
weed growth before and after crop cultivation. Studies have shown that some essential oils or their components
effectively reduce plant growth. This study was aimed to identify novel allelopathic species and their inhibitory
compounds.

Materials and Methods: Plant samples consisting of 112 different plant organs including root, rhizome,
corm, stem, leaf, flower, fruit, fruit peel, aerial part, and plant exudate such as oleogum belonging to 97 aromatic
species from 16 different plant families were collected from different areas of Iran. The essential oils were
extracted by water distillation using Clevenger. The oils were then dehydrated in glass containers with
anhydrous sodium sulfate and stored at 4 °C during the experiment. The study was conducted in two separate
experiments on germination and seedling growth, and lettuce was used as the test plant. The effect of 112
essential oils at two concentrations of 1 and 3 pL was investigated. The factorial experiments were conducted in
completely randomized design with four replicates. Allelopathic effects of volatile compounds were evaluated
by cotton swab method. The traits related to germination including Germination percentage (G%), Mean
Germination Time (MGT), percentage of seed Dormancy induction (D%), percentage of embryo death as Lethal
effect (L%), and seedling growth traits consist of Hypocotyl (H), Radicle (R), and Vigor Index (VI) were
studied. The components of the strongest allelopathic essential oils were analyzed by headspace gas
chromatography and mass spectrometry.

Result and Discussion: The results showed significant inhibitory effects of essential oils even on 1 pl
concentration on the studied traits. The essential oils of Pelargonium graveolens, Pimpinella anisum and Thymus
daenensis had the greatest inhibitory effect on G% (100% inhibitory); and the essential oils of Amomum
subulatum, Atremisia sieberi, Dracocephalum moldavica and Thymus transcaspicus had the highest effect on
MGT (more than 224%). The essential oils of Ziziphora tenuior, Pimpinella anisum, and Pelargonium
graveolens caused the highest seed dormancy (more than 22%). The essential oil of Pimpinella anisum and
Thymus daenensis caused the highest percentage of embryo death (100% lethality). According to seedling
growth, the essential oils of Pimpinella anisum, Origanum vulgare, Perovskia abrotanoides and Thymus
daenensis resulted in the highest inhibition of hypocotyl (more than 92%). Thymus daenensis and Origanum
vulgare essential oil exhibited the greatest effect on decreasing radicle growth (more than 97%). Overall, the
essential oils of Anise, Oregano, Russian Sage and “Denaee” Thyme were the most inhibitors of seedling
growth. Finally, with respect to germination and seedling growth percentages, 25 essential oils mainly from the
Lamiaceae family (12 essential oils), and some other families e.g. Asteraceae (4 essential oils), Apiaceae (3
essential oils), Rutaceae and Geraniaceae (2 essential oil), Liliaceae and Zingiberaceae (1 essential oil) had the
greatest inhibitory effect on the Vigor index. According to the results of the headspace gas chromatography,
compounds such as borneol, eucalyptol, limonene, alpha and beta-pinene, carvacrol, and camphene were the
dominant compounds in essential oils with severe inhibitory effects. Other studies have also reported phytotoxic,
antibacterial, antifungal, and pesticidal effects of some of these compounds, scant literature is, however,
available on the allelopathic effects of some other ones.

Conclusion: Our results showed that the essential oils of medicinal and aromatic species were highly toxic to
lettuce. In addition to inhibition of germination percentage and seedling growth, traits such as seed dormancy
induction, embryo death and delayed germination were also affected by essential oils. In allelopathic researches,
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such traits are often overlooked, while they can play an important role in growth inhibition and are valuable traits
for weed control. Further research is needed to identify the compounds responsible for allelopathic activity in
these plants essential oils and to understand the biological roles of these compounds in natural ecosystems. Such
information could provide a broader perspective for researchers on the production of new bioactive chemicals
from natural products. Identification of allelopathic plants and compounds, and their biological functions are
important for the biological control of weeds in organic agriculture as well as species that can adversely affect
forestry projects.
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