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Abstract: The experiment was implemented by CRD design with three replications and lasted for 40 days, from
5 October until 15 November 2020. Four extract concentrations of D. graveolens 0, 2, 6, and 10% were used. The
concentration of 0% was considered as control. The allelopathic effect has been studied on five weed species;
Amaranthus retroflexus L., Portulaca oleracea L., Lolium multiflorum Lam., Sorghum halepense L., and Cuscuta
campestris Yunck. The research also aimed to determine the effect of Stinkwort extract on the growth of tomato
seedlings. All concentrations affected seed germination for all studied weeds. The concentration of 10% was more
influential in growth-related indicators compared to other concentrations. The seeds of L. multiflorum and
rhizomes of S. halepense were more tolerant to D. graveolens allelochemicals in germination rate than A.
retroflexus, P. oleracea, and C. campestris. All concentrations led to a reduction in the weed heights and the wet
and dry weights compared with the controls. The effect of the extract with various concentrations was catalytic for
the growth of tomato seedlings, as the average height of tomato seedlings was in direct proportion to the
concentration.

Keywords: Allelochemicals; weeds, seeds; rhizomes; concentration. © 2021 ACG Publications. All rights
reserved.

1. Introduction

There are about 250.000 flowering plant species scattered throughout the world; approximately
3.2% of them are listed as weeds, the most notable losses in crop yields caused by 250 species of these
weeds [1]. The weeds are widely distributed in crop fields, as their density varies according to the
climatic conditions in each region. For example, 121 weed species belonging to 31 families have been
identified spread in Chickpeas fields in Kahramanmaras [2] and Diyarbakir cities located in Turkey, 72
weed species belonging to 21 families were found in Barley fields [3]. Overall, weeds cause significant
losses in crop yield more than other pests [4]. The losses in crop yields caused by weeds depend on
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various factors such as crop type, weed species, and density [5]. In Iraq, according to some studies, the
weeds can cause losses in Wheat yield ranging from 13 to 43% [6]. In India, the total losses caused by
weeds in 10 major crops were estimated at 11 billion dollars between 2003 and 2014 [7]. In North
America, the yield loss of dry beans in 2016 reached 71.4% due to uncontrolled weeds [8]. One field
study reported that C. campestris might cause a loss in crop yields ranging from 26 to 100% depending
on crop types and severity of infection [9]. In Turkey, a study was conducted to estimate the losses
caused by C. campestris in the sugar beet yield. The study results showed that the loss in the crop yield
reached 22 tons per hectare [10]. It was reported that C. campestris caused yield losses in Cassava crops
estimated at 48% per plant [11]. One study reported that 4. refoflexus reduced crop yield significantly,
where the losses reached 50% in Soy fields and 45% in Cornfields [12]. In a study conducted to
determine the effect of competition between A. retroflexus and Cotton crop, it was found that the spread
of 4. retroflexus with 0.20 - 0.33 /m2 density led to a loss of 50% of cotton seed yields [13]. It was
reported that the spread of one Lolium species in wheat at 200/m2 density caused a loss in the yield
between 20 and 50% [14]. Similarly reported that S. halepense might cause yield losses in agricultural
crops about 88% if not controlled [15]. On the other hand, some researchers reported that S. halepense
might cause a loss in cotton yield up to 54% if not controlled [16]. The herbicides that are used to control
weeds have adverse effects on ecosystems [17]. In Iraqg, the application of ineffective weed control
programs has significantly decreased the cotton yield [18]. The soil can contain massive numbers of
weed seeds [ 19]. One of the effective weed control methods is reducing the soil’s reserve of weed seeds.
Allelopathy means that is plant may produce allelochemicals, which affect stimulating or inhibition of
other plants growth [20]. The competition between the weeds and crops is either directly through
competition for essential elements needed for growth or indirectly through the allelopathic effects [21].
One study reported that using the combination of sunflower residues with half the dose of Chevalier 15
WG herbicide reduced weed density in wheat fields [22]. Weeds can be controlled through
allelochemicals resulting from crop residues or other weeds in the field [23]. In a study conducted in
Turkey, it was found that volatile oil extracted from Eucalyptus camaldulensis had an allelopathic
inhibitory effect on the growth of some weeds, such as Melilotus officinalis L. and A. retroflexus L. [24].
In a study conducted to test the effect of aqueous extracts of D. graveolens on the germination of Wheat
(Triticum aestivum L.) and Common ragweed (Ambrosia artemisiifolia L.) seeds, it was found that these
extracts significantly reduced the germination of those seeds [25]. On the other hand, it was reported
that the D. graveolens extracts could be used as biocides in organic farming systems [26]. This study
aimed to investigate allelopathic effects of D. graveolens extract on germination and growth of some
weed species such as 4. retroflexus, P. oleracea, L. multiflorum, S. halepense, and C. campestris. Also
aimed to determine the effect of Stinkwort extract on the growth of tomato seedlings.

2. Materials and Methods
2.1. Plant Materials

The samples (roots, stems, leaves, and flowers) of D. graveolens were collected during the
flowering period in September 2020. Also, the weed seeds of A. retroflexus, P. oleracea, L. multiflorum,
S. halepense, and C. campestris used in the experiment were collected from Agriculture Faculty lands,
Kahramanmaras Sutcu Imam University, Turkey. Weeds seeds have been used at the age of one year
for their high germination capacity [27]. Also, tomato seedlings Gulizar variety were obtained from the
local market of Kahramanmaras.

2.2. Preparation of Aqueous Extract

The samples were air-dried at dark under room temperature in the laboratories of
Kahramanmaras Sutcu Imam University, Agriculture Faculty, Department of Plant Protection. The dry
samples of D. graveolens were ground to a powder by a mill (Retsch SK 100), the powdered plant
material was mixed with the distilled water for 24 h at room temperature. After that, the extract was
filtered and prepared in 4 concentrators 0, 2, 6, and 10%, where the concentration of 0% was considered
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as control. Concentrations were prepared by soaking 100 g of Stinkwort plant powder in 1 liter of water
to obtain a 10% concentration. Then the extracts was placed in the refrigerator at 4 °C until use.

2.3. Soil Preparation, Cultivation, and Bioassay Tests

The experiment was conducted in the greenhouse of the Agriculture Faculty, Kahramanmaras
Sutcu Imam University, Turkey. The experiment lasted for 40 days, from 5 Oct until 15 Nov 2020. The
soil was prepared for cultivation by mixing soil, sand, and peat moss in the ratio of 1: 1: 1. The tomato
seedlings of the Gulizar variety, weed seeds, and rhizomes were cultivated in pots with 22 cm height
and 21 cm top diameter. Before cultivation, the pots were sterilized formaldehyde 37% [28]. In each
replication (pot), one tomato seedlings and 20 weed seeds were cultivated, as for the rhizomes of S.
halepense, 10 rhizome nodes were cultivated in each pot. During the experiment period, the maximum
and minimum temperatures were 31C° and 12C°, respectively, and the humidity was 70%. The height
of'tomato seedlings was calculated at the beginning of the experiment and after 40 days. The germination
percentage of weed seeds was calculated using the following formula: Germination % =Number of
germinated seeds / Total number of seeds % 100 [29]. On the other hand, the height, wet and dry weights
of weeds were calculated as well.

2.4. Experiment Design and Data Analysis

The experiment was conducted by Completely Random Design (CRD) with three replications.
The data were analyzed and subjected to ANOVA and Least Significant Difference (LSD) at 0.05
probability level using the MSTATC program.

3. Results and Discussion

This study set out to investigate the allelopathic effects of aqueous extract of D. graveolens on
germination and growth of A. retroflexus, P. oleracea, L. multiflorum, S. halepense, and C. campestris,
as well as on height of tomato seedlings, where the results were as follows:

3.1. Allelopathic Effect of Aqueous Extract of D. graveolens on A. retroflexus

As shown in Table 1, the percentage of seed germination, plant height, and wet and dry weight in
A. retroflexus were affected by the aqueous extract of D. graveolens. The effect of plant extract on seed
germination was statistically similar to its effect on wet and dry weight at 6 and 10% concentrations,
except for plant height, where the concentration of 10% reduced the plant height significantly compared
to other treatments. General increasing the concentration of the aqueous extract of allelopathic plants
leads to an increase in growth inhibition [28].

3.2. Allelopathic Effect of Aqueous Extract of D. graveolens on P. oleracea

The growth-related indicators (seed germination percentage and the wet and dry weight) of P.
oleracea were affected significantly by all treatments compared with the control. As shown in Table 2,
there were no significant differences between the three concentrations (2, 6, and 10%). The results of
data analysis showed that the concentration of 10% surpassed other treatments (2 and 6%) and
significantly surpassed the control in reducing plant height. Ethanolic extract of D. graveolens reduced
root length, of P. oleracea seedlings in which the root length was inhibited by 99% compared with other
affected plant species [30].
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Table 1. Allelopathic effect of aqueous extract of D. graveolens on germination and growth of A.

retroflexus.

Concnvatons SeUSreralespnc vl e
10% 15.00® 7.63% 3.942 0.772
6% 23.33® 14.60° 4.60° 0.942
2% 21.67%® 18.47¢ 6.89° 1.40°
0% 28.33% 19.03¢ 9.90¢ 1.98¢
LSD 9.418 1.655 1.936 0.3738

Values followed by the same letter (s) in the same column are not significantly different from each other at 0.05 level
of probability.

Table 2. Allelopathic effect of aqueous extract of D. graveolens on germination and growth of P.

oleracea
Concentrations Seed’s P. oleracea plant P. oleracea wet  P. oleracea dry
germination % height/cm weight/g weight/g

10% 1.33a 7.23a 3.46a 0.47a

6% 5.00a 8.40ab 3.80a 0.55a

2% 6.67a 8.73bc 5.71a 0.71a

0% 21.67b 9.87¢c 11.09b 1.73b
LSD 5.40 1.170 3.470 0.4285

Values followed by the same letter (s) in the same column are not significantly different from each other at 0.05 level
of probability

3.2. Allelopathic Effect of Aqueous Extract of D. graveolens on L. multiflorum.

According to Table 3, the seed germination percentage was not significantly affected by the
concentrations of 2 and 6% compared to control. As well as the concentration of 10% surpassed the
other treatments significantly, where it recorded the less seed germination rate reached 33.33%. The
effect of D. graveolens extract on plant height was statistically similar to its effect on dry and wet weight
at concentrations of 6 and 10%. Low concentrations may not have obvious effects on plant growth
suppression. There was no effect of aqueous extracts at 4% concentration of D. graveolens on
germination index and growth of Lactuca sativa L., Raphanus sativus L., Peganum harmala L. and
Silybum marianum L. [31].
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Table 3. Allelopathic effect of aqueous extract of D. graveolens on germination and growth of L.

multiflorum.

Concnvaons Sees Ll Ll
10% 33.33a 26.60a 4.56a 1.37a
6% 46.63bc 29.50ab 5.84a 1.75a
2% 46.67bc 31.30b 8.61b 2.58b
0% 68.33¢c 35.60c 11.49¢ 3.83¢
LSD 24.69 3.307 1.984 0.6381

Values followed by the same letter (s) in the same column are not significantly different from each other at 0.05 level of
probability.

3.4. Allelopathic Effect of Aqueous Extract of D. graveolens on S. halepense
3.4.1. 8. halepense (rhizomes)

As shown in Table 4, the concentration of 10% significantly surpassed the control in reducing the
percentage of rhizomes germination, which recorded 46.67%. On the other hand, the concentration of
10% reduced the S. halepense height significantly more than other treatments where it recorded 12.60
cm. The wet and dry weight of S. halepense were not affected by any of the applied concentrations, and
there were no significant differences between those treatments and the control.

Table 4. Allelopathic effect of aqueous extract of D. graveolens on germination and growth of S.
halepense (rhizomes)

Concentrations Rhizome’s S. halepense plant  S. halepense wet  S. halepense
germination % height/cm weight/g dry weight/g

10% 46.67a 12.60a 2.27a 1.06a

6% 60.03ab 14.40b 3.27a 0.45a

2% 66.67ab 15.63b 5.56a 0.46a

0% 76.67b 15.93b 8.28a 1.67a

LSD 25.79 1.603 7.403 1.378

Values followed by the same letter (s) in the same column are not significantly different from each other at 0.05 level of
probability.
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3.4.2. 8. halepense (seeds)

The three treatments of 2, 6, and 10% affected the percentage of seed germination, plant height,
and wet and dry weights for S. halepense. All treatments reduced those indicators significantly compared
to the control. On another side, as is evident in Table 5, the only treatment that reduced S. halepense
height was the concentration of 10%, which recorded 8.27 cm. The effect of allelochemicals on
germination may be greater than on the growth and development of the target plant [28].

Table 5. Allelopathic effect of aqueous extract of D. graveolens on germination and growth of S.
halepense (seeds).

Concentrations Seed’s S. halepense plant 8. halepense wet  S. halepense
germination % height/cm weight/g dry weight/g
10% 18.33a 8.27a 0.09a 0.03a
6% 20.00a 10.53b 0.16a 0.04a
2% 21.67a 10.70b 0.18a 0.05a
0% 31.67b 11.57b 5.88b 1.46b
LSD 8.966 1.067 0.1548 0.06318

Values followed by the same letter (s) in the same column are not significantly different from each other at 0.05 level of
probability

3.5. Allelopathic Effect of Aqueous Extract of D. graveolens on C. campestris

According to Table 6, all the treatments led to a decrease in seed germination percentage and the
wet and dry weights of C. campestris. The seed germination percentage was 8.33% in the treatment of
10%, while it reached 35% for the control. There were no significant differences between the three
concentrations (2, 6, and 10%), and all of them surpassed the control in reducing the studied growth-
related indicators.

Table 6. Allelopathic effect of aqueous extract of D. graveolens on germination and growth of C.

campestris
Concentrations Seed’s germination % C. campestris wet weight/g C. campestris dry
weight/g
10% 8.33a 4.83a 1.13a
6% 11.67a 6.77a 1.59a
2% 13.33a 7.73a 1.81a
0% 35.00b 20.30b 4.76b
LSD 7.446 4.318 1.013

Values followed by the same letter (s) in the same column are not significantly different from each other at 0.05 level of
probability.
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3.6. Allelopathic Effect of Aqueous Extract of D. Graveolens on the Height of Tomato Seedlings

As Figure 1 shows, the various treatments played a catalytic role for the growth of tomato
seedlings, as the average height of tomato seedlings in direct proportion to the concentration, recording
20.83, 22.10, 23.74, and 27.07 cm for treatments of 0, 2, 6 and 10%, respectively. The effect of aqueous
extract of D. graveolens on growth tomato seedlings confirms that the allelopathic effect can be positive
and encourage plant growth. [32].
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Figure 1. Allelopathic effect of aqueous extracts of D. graveolens on the height of tomato seedlings

4. Conclusions

The effect of aqueous extracts of D. graveolens at different concentrations on germination and
growth varied according to the species, and the effect on germination was greater than on growth. The
effect on the rhizome of S. halepense was less than on the seeds. The stimulating effect of the extracts
was observed for tomato seedlings and this stimulation increased with increasing concentration. Perhaps
the reason is the use of seedlings instead of seeds. Overall, using an aqueous extract of stinkwort (D.
graveolens) at various concentrations (2, 6, and 10%) can inhibit germination and growth-related
indicators of A. retroflexus, P. oleracea, L. multiflorum, and C. campestris. It also can inhibit the seed
germination and growth of S. halepense but did not affect the S. halepense seedlings arising from
rhizomes. So, it can be used to reduce these weeds population in crop fields. It is clear from this study
that the effect of the aqueous extracts of D. graveolens had a greater effect on the seeds than on the other
parts of plant.
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