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Abstract: Prosopis juliflora (Sw.) DC. Is highly recognized for its invasive character and its detrimental
effects on different plant species across the world. In this study, a field survey was performed to
assess the impact of P. juliflora on the surrounding native plants, followed by the effect of different
concentrations of its aqueous leaf extract on seed germination and seedling growth of selected Qatari
flora. Our field observations indicated a high prevalence of new recruitments of P. juliflora than other
native-associated plants in the study site. Germination percentage and/or seed radicle length of the
test species: Acacia tortilis (Forssk.) Hayne, Prosopis cineraria (L.) Druce, Sueda aegyptica (Hasselq.)
Aellen, Halopeplis perfoliata (Forssk.) Bunge ex Schweinf. & Asch, and P. juliflora were significantly
(p ≤ 0.05) reduced by the extracts at different concentration levels. Moreover, the germination rate of
A. tortilis was not affected; however, the seed germination of P. cineraria was significantly affected at
concentrations of 6 and 8 mg mL−1. The seed radicle lengths at 2 mg mL−1 were significantly reduced
for both plant species. The seed germination and radicle length of S. aegyptica and H. perfoliata were
significantly decreased at 2 mg mL−1 of extract of P. juliflora. Furthermore, the height and biomass
of the seedlings of Aeluropus lagopoides (L.) Trin. ex Thwaites, Caroxylon imbricatum (Forssk.), and
Tetraena qatarensis (Hadidi) Beier & Thulin were significantly reduced by the aqueous extracts at 6
and 8 mg mL−1. The aqueous extract reduced the seed germination and seedling growth at 6 and
8 mg mL−1, indicating an autotoxic effect. Such allelopathic behavior of P. juliflora designates the
potential investigation of using its allelochemicals as naturally based herbicides in agrosystems.

Keywords: arid land; invasive species; allelochemicals; bioherbicides; weed control; native species

1. Introduction

Allelopathic plants are ecologically important as they are key players in disturbing
and re-shaping the natural biodiversity of plants growing close to them. Allelopathic plants
are also involved in shaping the composition of native vegetation and improving species
richness by developing microenvironments that are suitable for the growth of certain
species and their interactions [1]. Allelochemicals have different roles in the environment;
some might be involved in the plant defense mechanism, in chelating nutrients available for
plants, and in regulating populations of soil fauna and flora, while others might have effects
on the decomposition cycles, and consumption of plants by other organisms, thus affecting
the nutrient cycling and interactions at different trophic levels [2]. Allelochemicals, in
general, have been known to affect the germination of seeds and pollen, the seedling growth,
cell division, uptake of nutrients, photosynthesis, and function of enzymes negatively [3].

P. juliflora (Sw.) DC is one such allelopathic plant. It is a xerophyte and has adapted
strategies to grow in dry and arid regions with alkaline soils [4]. It is also able to grow on
sand dunes and in regions with low vegetation; hence, it can be appropriate in fighting
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against desertification [5]. It is reported that an area invaded by P. juliflora showed a greater
species richness, diversity, and dominance as compared to regions with no P. juliflora
invasion [6].

The plant grows into a relatively large canopy, which makes the growth of associated
plants difficult. P. juliflora is an inhabitant plant of Central and South America. Despite its
capability to decline the growth of other native plant species, over the past 100–150 years,
the species of Prosopis have been widely introduced by human beings for different purposes
resulting in the reduction of other plant diversity [7]. Due to its invasive nature, Prosopis has
spread to different regions like Africa, Asia, and Australia [8]. P. juliflora was introduced
as early as the 1970s and 1980s for different purposes, such as in regions vulnerable to
desertification or deforestation. Furthermore, it was also introduced as a source of fuelwood
and fodder in rural areas [9]. P. juliflora is now considered to be one of the 100 world’s most
invasive species [10] and is extensively studied for its allelopathy on different plant types.
Its extracts were used to test the impact of allelochemicals on the germination of the seeds
as well as the growth of rice [11]. P. juliflora is composed of different allelochemicals, such as
derivatives of phenolic compounds, alkaloids, and water-soluble compounds. Some of the
allelochemicals are juliflorine, julifloricine, juliprosopine, mesuitol, syringin, L-tryptophan,
(-)-lariciresinol, and juliprosopinal [10]. Almost all parts of the plant produce metabolites
with allelopathic effects. For example, pollen [12], fruits [13], bark [14], leaves [15,16],
pods [17], roots, and seeds [18]. The composition of the metabolites plays a major role
in determining their role in an environment. For instance, none of the metabolites have
the same composition, nor do they have concentrations that are similar; they differ from
species to species. Due to this variation in the complexity of metabolites, these types of
plants could be used for different purposes in agriculture [19].

Considering the allelopathic nature of P. juliflora, it is safe to mention here that due
to the presence of efficient bioactive secondary metabolites in this plant, it could be ex-
ploited for its use as an efficient bio-herbicide. For instance, L-tryptophan, syringing, and
(-)- lariciersinol isolated from P. juliflora were used to inhibit the growth of weeds [20–22].
Similarly, phenolics isolated from P. juliflora showed inhibition against weed plants [23].
These allelochemicals are known to have a similar mode of action as studied in the syn-
thetic herbicides, thereby having the ability to develop novel herbicides by fusing efficient
allelochemicals and modes of action from the herbicides [24].

It was brought to Qatar, like other Arabian Gulf countries, for eco-friendly purposes
like greenery or desertification control [25,26]. P. juliflora is distributed in Southern and
Northern Qatar in regions that include Mazra’ at Turayna, Al-Ghuwayriyah, Sidriyat Al
Kheesah, Abu Al Dhalouf, and Al Khor [27]. Several research projects have been carried
out to investigate the allelopathic effects of this invasive plant on other plants. In one
research, it was found that the seed germination along with the radicle length of wheat
was negatively affected when compared with the control [28]. In another study, extracts
of leaves, flowers, and fruits inhibited the seed germination and seedlings growth of
Zea mays, Triticum aestivum, and Albizia lebbeck [29]. Furthermore, P. juliflora is also reported
to significantly reduce the seed germination of Bauhinia racemose, Drypetes sepiaria, Flueggea
leucopyrus, Salvadora persica, Ziziphus mauritiana, Hordeum vulgare, and Medicago sativa [30,31].
In the same experiment, the seeds were allowed to germinate in soil from a place where
the allelopathic plant P. juliflora was present. A significant reduction in the percentage of
germination compared with the germination in natural forest soil indicated the presence
of allelochemicals or secondary plant metabolites in the soil taken from a region with
P. juliflora.

P. juliflora can also be toxic to itself (autotoxicity). It is reported that roots, shoots, and
fruit extracts of P. juliflora are involved in the autotoxicity process at higher concentrations [32].
Other researchers concluded that the autotoxicity of P. juliflora is very little or does not
exist because of the higher growth rate of seedlings of the same species under the canopy
of P. juliflora [33]. The contradictory results could be justified by different environmental
factors that might affect the biological and chemical properties of the bioactive compounds.
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Studying the allelopathic effects of P. juliflora on the local Qatari plant species is an
important first step in evaluating its harmful effects on the conservation of the existing
plant community. No previous studies have been performed in Qatar to evaluate the
allelopathic effects of P. juliflora on native plant species. Since P. juliflora is seen growing
abundantly in different regions of Qatar, this research could be a good initiative to have the
basic knowledge for future studies. Keeping in mind the endangered status of certain local
native plants like P. cineraria and the arid land growth limitation, other researchers can
use this knowledge to plan ways to protect rare species like P. cineraria and other species
from the invasion of P. juliflora. Therefore, the current research was established to achieve
the following objectives: (1) conduct field surveys to investigate the survival of seedlings
of certain native species encountered in the protected field (inside Qatar University (QU)
Campus), (2) investigate the consequences of water leaf extract of P. juliflora on seed
germination of selected native plant species, and (3) investigate the effects of leaf leachate
of P. juliflora on seedling survival of selected native plant species.

2. Materials and Methods
2.1. Study Site

The fieldwork was accomplished in one of the protected fields (number III) inside
the QU campus. QU is located on the northern side of the capital Doha at 25.3747◦ N,
51. 4903◦ E. The main habitat and associated vegetation are characterized by compact soils.
The soil is sandy clay and alkaline in nature with an electrical conductivity (µS/cm) of
5.59 ± 1.59 with a mean organic matter of 12.3% [34]. For experiments, the plant materials
of P. juliflora were collected from the trees grown in the protected field.

2.2. Seeds Collection

Field trips were arranged to collect seeds of several Qatari native plants, in addition
to seeds of P. juliflora. Collected seeds were cleaned and dried before storing them in
the refrigerator.

From earlier preliminary field visits, the following plant species were observed
to be encountered in the same area around P. juliflora (Sw.) DC: Prosopis cineraria (L.)
Druce, Acacia nilotica (L.) Delile, Acacia tortilis (Forssk.) Hayne, Limonium axillare (Forssk.)
Kuntze, Sueda aegyptiaca (Hasselq.) Aellen, Tetraena qatarense (Hadidi) Beier & Thulin, and
Halopeplis perfoliata (Forssk.) Bunge ex Schweinf. & Asch. The seeds of these plants were
collected and screened for their quality and viability. Few seeds from each batch were
selected for a test seed germination experiment in Petri plates with sterile moist filter
paper. If the germination percentage of seeds was above 80%, the seeds were considered
viable [35].

2.3. A Preliminary Field Survey

To detect the magnitude of the invasiveness of P. juiliflora and its impact on associated
plant species, we conducted a field survey. Eight line transects, each 100 m long, were used.
The line transects started at a random point and were directed from there in 4 different
directions: north, south, east, and west. The line transects were maintained at a 10 m
distance from each other. The survey targeted seedlings of species with tree or shrubby
tree growth habits. The seedlings of plant species that touch the line transects have been
visually identified and counted. The survey was conducted in November 2018 and repeated
in March 2019. The average total counts of each plant species were calculated.

2.4. Preparation of Aqueous Extract of Leaves of Prosopis juliflora

To prepare the aqueous extract, a similar method as described by Siddique et al. (2009)
and Omer et al. (2017), where the powder of P. juliflora was dissolved in water was used,
the aqueous extract of P. juliflora leaves was prepared based on the following method: the
leaves of P. juliflora were collected from QU Campus; they were air-dried and were ground
to a fine powder. The crude water extract of plant leaves was made by soaking dried
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plant parts in distilled water (10 g L−1). The mixture was incubated for 1 day in a water
bath (OLS200; Grant Instruments Cambridge Ltd., England) set at 50 ◦C with 102 shakes
per minute [28,36]. The mixture was filtered using Whatman filter paper after 1 day. The
collected brownish filtrate was considered stock extract (10 mg mL−1). The full-strength
solution was diluted to achieve the following concentrations: 8 mg mL−1, 6 mg mL−1,
4 mg mL−1, and 2 mg mL−1 under sterile conditions. Distilled water was used as untreated
control. For smaller seeds, the following dilutions from the stock solutions were prepared:
0.5 mg mL−1, 1 mg mL−1, 2 mg mL−1, 4 mg mL−1, and 6 mg mL−1. The full-strength stock
solution was left in the refrigerator until being used for experimental work within 1 week.

2.5. Surface Sterilization and Preparation of Seeds Prior to Treatment

Prior to any experiment, the seeds were surface sterilized using 3–5% sodium hypochlo-
rite (NaClO) (Peros, Turkey) for 1–2 min based on the seed size. The small seeds (<2 mm
length) were subjected to 3% at a 1 min duration while large seeds (>2 mm length) were
subjected to 5% NaClO (Peros, Turkey) and 2 min duration [37,38]. The seeds were then
washed with sterile distilled water twice, followed by drying with filter paper. Due to
hard seed coats, seeds of A. tortilis, P. cineraria, and P. juliflora were subjected to a cut at the
bottom near the emerging radicle site using a sterile scalpel (Sigma-Aldrich, Germany) [39].
This method was tested and experienced prior to the experimental work.

2.6. Effect of Aqueous Extracts on Seed Germination and Seedling Growth
2.6.1. Effect on Seed Germination of Native Plants

Aqueous extract concentrations (2 mg mL−1, 4 mg mL−1, 6 mg mL−1, 8 mg mL−1,
and 10 mg mL−1) were tested on germination seeds of A. tortilis, P. cineraria, S. aegyptiaca,
H. perfoliata, and P. juliflora. Two Whatman No. 1 filter papers were positioned in Petri
dishes (9 cm diameter). The filter papers were moistened with 3 mL of extracts. Distilled
water was used as untreated control. Five replicates were designed for each treatment.
The experimental design was completely random and was repeated once. The plates were
incubated at a temperature of 24 ± 2 ◦C with a 15 hr day and 9 hr night cycle (photon flux
density minimum of 350 ± 50 µmol m−2 s−1). The germination was observed and counted
daily for a maximum period of two weeks. Accumulative germination was reported for all
treatments. Radicle lengths were measured after two weeks using a digital caliper [40,41].

2.6.2. Effect of Leaf Leachates of P. juliflora on Seedlings Growth of Native Plants

Fresh leaves of P. juliflora were collected from the dropped leaves under the trees
located at the study site, which represents the upper part of the topsoil. The protocol
was modified before applying it [42]. The leaves were air-dried and then used to prepare
leachates. Of air-dried leaves, 10 g were immersed in 1 L of distilled water (Milli-Q
ultra pure water system, Sigma-Aldrich, Germany) for 1 day and then filtered by double-
layered cheesecloth [42,43]. The obtained filtrate was considered full-strength leachate
(10 mg mL−1). It was further diluted to 4 mg mL−1, 6 mg mL−1, and 8 mg mL−1. Seedlings
of A. lagopoides, C. imbricatum, and T. qatarensis with the same growth size and height
were collected with a bunch of soil to keep the same natural soil around the roots. One
specimen from each species were deposited as voucher specimens at Qatar University
Herbarium. Seedlings were transplanted into 15-cm plastic pots filled with soil to the lower
rim. The pots were labeled as per the dilution from T1 (stock) to T3 (least concentrated)
and were irrigated with tap water. The seedlings were left under greenhouse conditions
for two weeks. For each plant species, 10 replicates were performed. The labeled pots
were organized randomly under greenhouse conditions (24 ± 2 ◦C with 15-hr day and 9-hr
night cycle at photon flux density minimum of 350 ± 50 µmol m−2 s−1). Control pots were
prepared and irrigated with only 50 mL water each. Other pots were treated with 50 mL
of the allocated extract concentration thrice a week for two weeks, followed by irrigation
with tap water. The pots were regularly checked for any sign of damage, weak growth,
and/or disease. After one month, the roots of the plants were cut, cleaned, and dried in
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an oven (Gallenkamp, England) for 3 days at 80 ◦C and then weighed to calculate the dry
matter biomass.

2.6.3. Autotoxicity of the Aqueous Extract

Aqueous extracts of leaves of P. juliflora were prepared with five concentrations (0,
2, 4, 6, and 8 mg mL−1) and were applied to seeds of P. juliflora. A total of 10 seeds were
distributed in each Petri plate, with five replicates in total. Seed germination was monitored
daily for two weeks, and accumulative germination (%) was calculated. After two weeks,
the radicle of the seed was measured using a digital caliper.

2.7. Data Analysis

Experiments were conducted in a completely random design. Data were subjected to
one-way analysis of variance (ANOVA) [44] procedures using SIGMA PLOT 13 software
(Inpixon HQ., Palo Alto, CA, USA). Data were compared using the F-test at p ≤ 0.05, and
Tukey’s test was used to separate means [45].

3. Results
3.1. Field Survey

In the field survey, recruitment seedlings of four plant species were found, namely
Ziziphus spp., Tamarix sp., A. tortilis, and P. juliflora. The survey was conducted to preliminary
investigate the recruitments of seedlings for the four encountered species that have the
same growth habits (shrubby trees). A prominent increase in the recruitment of P. juliflora
seedlings has been recorded (Figure 1).
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Figure 1. The number of seedlings of inhabitants Ziziphus spp., Tamarix sp., A. tortilis, and P. juliflora
observed in the field survey.

3.2. Effect of Aqueous Extract of P. juliflora on Seed Germination Potential
3.2.1. Effect of Aqueous Extract of P. juliflora on Seed Germination of Native Plants

The seed germination of A. tortilis was not significantly affected by any concentration
of the aqueous extract of P. juliflora (Figure 2A). Furthermore, the effect of the extract on the
seed germination of P. cineraria also showed no significant differences at 2 and 4 mg mL−1

as compared to the control. However, a slight (about 10%) but significant reduction was
exerted on seed germination at higher concentrations of 6 and 8 mg mL−1 (Figure 2B).
Moreover, the seed germination percentage of S. aegyptiaca was negatively affected by the
extract. A significant reduction in germination started at 2 mg mL−1, which significantly
decreased with the application of an increasing extract concentration (Figure 2C). Lastly,
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the seed germination of H. perfoliata showed a significant difference as compared to the
control under 4 mg mL−1 and at higher concentrations (Figure 2D).
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Figure 2. Effect of aqueous extract of P. juliflora on seed germination of A. tortilis (A), P. cinereria (B),
S. aegyptiaca (C), and H. perfoliata (D). According to Tukey’s test, mean values having the same letters
show no significant difference at p ≤ 0.05 (when comparing means of the same species). Error bars
represent the standard error of the means (n = 5).

3.2.2. Effect of Aqueous Extract of P. juliflora on Radicle Length of Native Plants

The effect of extracts of P. juliflora showed a significant difference in the radicle length
of the seedlings of A. tortilis starting from a concentration as low as 2 mg mL−1 compared
to control and with stronger significant effects at higher concentrations (Figure 3A). Fur-
thermore, the radicle length of P. cineraria was significantly reduced, starting from the
lowest concentration (2 mg mL−1) and with greater reduction at higher concentrations
(Figure 3B). The seed radicle length of S. aegyptiaca was also negatively affected by the
extract (Figure 3C). A significant reduction in the parameter started at the lowest concentra-
tion and continued to decrease with the application of an increasing extract concentration.

Figure 4 shows pictures of the affected emerging radicles of seeds of P. cineraria (A)
and S. aegyptiaca (B) after two weeks of treatment.
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Figure 3. Effect of aqueous extract of P. juliflora on radicle length of A. tortilis (A), P. cinereria (B), and
S. aegyptiaca (C). According to Tukey’s test, mean values having the same letters show no significant
difference at p ≤ 0.05. Error bars represent the standard error of the means (n = 5).

3.2.3. Autotoxicity; Effect of Aqueous Extract of P. juliflora on Germination Potential of
P. juliflora

The auto allelopathy results showed significant differences at higher concentrations
(6 and 8 mg mL−1) as compared to the control, as shown in Figure 5A. Similarly, the radicle
lengths of P. juliflora were significantly reduced at higher concentrations (Figure 5B).

The effect of the extract of P. juliflora on the germination of their own seeds is illustrated
in Figure 6. At 2 and 4 mg mL−1, the seeds among replicates responded differently. This
heterogeneity of data exerted less significance compared to the control.

3.3. Effect of Leaf Leachate of P. juliflora on Seedling Growth of Selected Plant Species
3.3.1. Effect of Leaf Leachate of P. juliflora on Seedling Growth of A. lagopoides

Although no significant differences in plant height occurred due to treatments (Figure 7A),
a significant reduction in dry matter biomasses was found at concentrations of 6 mg mL−1

and 8 mg mL−1 as compared to control plants (Figure 7B). Figure 7C shows pictures of
seedlings of A. lagopoides at the time of harvest post-one-month treatment.
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Figure 5. Effect of aqueous extract of P. juliflora on seed germination (A) and radicle length
(B) of P. juliflora. According to Tukey’s test, mean values having the same letters show no signif-
icant difference at p ≤ 0.05. Error bars represent the standard error of the means (n = 5).
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Figure 6. Effect of aqueous extract of P. juliflora on radicle length of their seeds with a clear effect of
auto allelopathy on seed germination).

3.3.2. Effect of Leaf Leachate of P. juliflora on Seedling Growth of C. imbricatum

The leaf leachate of P. juliflora significantly declined the seedling growth and dry matter
biomass of C. imbricatum only under the highest concentration treatment (8 mg mL−1), as
shown in Figure 8A,B. Pictures of the seedlings of C. imbricatum at harvesting time post-
treatment of one month are shown in Figure 8C.

3.3.3. Effect of Leaf Leachate of P. juliflora on Seedling Growth of T. qatarensis

The leaf leachate of P. juliflora significantly reduced the seedling’s growth of T. qatarensis
at all treatment levels as compared to the control. The growth in plant height of control
plants was about 0.25 cm per day compared to less than 0.1 cm per day under all extract
treatments (Figure 9A). The dry matter biomass was also significantly reduced to half or
lower under any of the extract treatments compared to control plants (Figure 9B). Pictures
of the plants post-one-month treatment at harvesting time are shown in Figure 9C.
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Figure 7. Effect of leaf leachate of P. juliflora on seedling growth of A. lagopoides (A) Effect on plant
height. (B) Effect on dry matter biomass. (C) Photos of seedlings of A. lagopoides at harvesting time,
one-month post-treatment. According to Tukey’s test, mean values having same letters show no
significant difference at p ≤ 0.05. Error bars represent the standard error of the means (n = 5).
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Figure 8. Effect of leaf leachate of P. juliflora on seedling growth of C. imbricatum (A) Effect on plant
height, (B) Effect on dry matter biomass. (C) Photos of seedlings of C. imbricatum at harvesting time,
one-month post-treatment. According to Tukey’s test, mean values having the same letters show no
significant difference at p ≤ 0.05. Error bars represent the standard error of the means (n = 10).
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Figure 9. Effect of leaf leachate of P. juliflora on seedling growth of T. qatarensis (A) Effect on plant
height, (B) Effect on dry matter biomass. (C) Photos of seedlings of T. qatarensis at harvesting time,
one-month post-treatment. According to Tukey’s test, mean values having the same letters show no
significant difference at p ≤ 0.05. Error bars represent the standard error of the means (n = 10).

4. Discussion

As per the field survey investigation, the recruitment seedlings of P. juliflora pre-
dominated the area as compared to other plants encountered in the protected field. This
field survey is just a preliminary investigation giving an idea about the new recruitments
of P. juliflora. A higher number of recruitments of P. juliflora could be supported by its
characteristics of high seed germination rate, efficient seed dispersal mechanisms, and
broad ecological adaptability [46]. In the future, a survey considering variables such as pH,
soil moisture, elevation, and others could help in obtaining the relation between species
richness and occurrence [47].

It is important to keep in mind that different high or low concentrations of secondary
metabolites in an extract of any allelopathic plant will be a factor in inhibiting the ger-
mination potential of seeds and the healthy growth of seedlings. In certain cases, higher
concentrations are observed to inhibit seed germination and the growth of the seedlings,
while in other cases, the same is achieved with low extract concentrations.

The allelopathic effect of P. juliflora on germination is generally reported as dose-
dependent, which means the allelopathic effect normally increases with extract concentra-
tion. One of the publications reported the reduction of seed germination of Cynodon dactylon
with increasing aqueous extract concentration. At higher concentrations (60 g L−1) of the
extract, seed germination completely declined [48]. Another publication reported a reduc-
tion in seed germination of Triticum aestivum by increasing the concentration of extract.
At the highest concentration (0.1 g/L), the seed germination percentage was inhibited by
40.75% [28].

Further experiments on native Qatari plants collected from the same site where
P. juliflora is encountered indicated a range of allelopathic effects on different selected
plants. The inhibitory effect of the aqueous extract could not be seen significantly on the
seed germination of A. tortilis and with a minor effect on P. cineraria (Figure 2A,B). However,
the inhibitory and detrimental effects of the aqueous extract could be seen in the radicle
lengths of both species. Radicle lengths were significantly reduced, starting at the lowest
concentration (Figure 3A,B). Since A. tortilis and P. cineraria have relatively large seeds and
can imbibe more water/extract than smaller seeds, therefore, the embryos of the large seeds
will have less contact with the active allelopathic chemicals compared to small-sized seeds;
hence, higher seed germination with the least allelopathic impact of the aqueous extract.
Another reason that reduced the allelopathic effect of the extract might be the hard seed
coat of both species, which might hinder the imbibition of the extract and then delay or
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prevent the germination process. On the other side, as the germinated radicle is expected
to be more exposed to the extract, the radicle length of germinated seeds of both species
significantly declined compared to control plants. A similar effect of the aqueous extract
of P. juliflora on larger and smaller seeds was reported. One of the publications reported
the inability of extract to inhibit the seed germination of A. nilotica (large seeds) even at a
higher percentage of 6% [49].

Aqueous extract of P. juliflora affected the germination percentage of all studied smaller
seeds. A significant decline in the germination of seeds and radicle length of S. aegyptiaca
with an increase in extract concentration indicated their sensitivity to the allelochemicals
present in the leaf extract of P. juliflora (Figures 2C and 3C). Research conducted on species
of genus Suaeda reported a similar decline in germination percentage with increasing extract
concentration due to an invasive plant Solidago canadensis, which inhibited the germination
of Suaeda glauca at a concentration of 1:60 (M:M) prepared by diluting ethanolic extracts
(25 g/L) in distilled water [50].

In comparison to S. aegyptiaca, the inhibitory effect of the aqueous extract of P. juliflora
on the germination percentage of H. perfoliata was minor (Figure 2D). Unfortunately, the
effect of aqueous extract on the radicle length of H. perfoliata was not monitored due to
extremely smaller radicle lengths. Hence, it is doubtful to conclude whether the radicle
length has any detrimental effect due to extract treatment or not. Halophytes and their in-
teractions with allelochemicals are not widely studied, but some publications have reported
an inhibitory effect of allelopathic plants on halophytes. One such publication has reported
that P. juliflora limited the growth and distribution of Suaeda fructicosa. The publication
reported two possible reasons for inhibition, one being the presence of allelochemicals and
the other being the large canopy of P. juliflora covering the halophyte [51]. Similarly, in
another research, halophyte Salsola baryosma growth was suppressed under the canopy of
P. juliflora as compared to the marginal regions [33]. The relationship between halophytes
and allelopathic plants is not clear as it is difficult to assume whether a certain growth
inhibition in plants is caused by allelochemicals or by the accumulation of a specific ion
that results in toxicity [52].

The allelochemicals not only inhibit or decline the growth of other plant species but
also their own. This auto-toxic property of P. juliflora was observed in experimental work
to a certain extent. The seed germination and radicle length showed slight variations
in the treatment groups as compared to the control, but higher concentrations of 6 and
8 mg mL−1 exerted significant reductions in both growth parameters (Figures 5 and 6).
Therefore, a greater extent of allelochemicals might appear under higher concentrations of
the extract. Coinciding with our findings, research found that the self-inhibitory action of
P. juliflora occurred at higher extract concentrations of 75% and 100% by the reduction in
seed germination and root and shoot lengths, respectively [32]. Autotoxicity might inhibit
the growth of the same kind of plants, but certain allelopathic plant species have adopted
this phenomenon to occupy a competitive ecological position with respect to other plant
species [53]. It is reported in another research that P. juliflora is a key factor in inhibiting the
growth of native plants of Eritrea. It is reported in the literature that the native species of
Eritrea are at high risk of getting affected by P. juliflora as it occupies a strong ecological
position [54]. The similarly arid and semi-arid environment also enhances the invasion
risk of such plant species when compared with moist environments. Allelochemicals
responsible for degrading or completely inhibiting the growth of seeds and seedlings are
always available under the canopy of the tree. They accumulate in the soil and make it hard
for other seeds to germinate. Successfully germinated seeds undergo stress that lowers
their healthy growth due to the presence of allelochemicals in the soil [36]. Importantly,
the two initial stages of growth; seed germination and seedlings are necessary for any
species survival as they add new recruitments to populations in a biotic community. In the
present study, we also investigated the consequences of the leaf leachate of P. juliflora on
seedling growth of a monocot plant, A. lagopoides and two dicot plants: C. imbricatum and
T. qatarensis .
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The growth height of A. Lagopoides showed no significant differences at any treatment
level as compared to the control group (Figure 7A,C). Looking at the concentrations of
4, 6, and 8 mg mL−1, the plant height is more at 6 mg mL−1 as compared to 4 and
8 mg mL−1. It indicates that there is heterogeneity among the treatments; therefore, in
this case, plant height cannot be used as an accurate estimate of the allelopathic effects
of P. juliflora. On the other hand, the dry matter biomass showed a significant decline
in the healthy growth of the seedlings with increasing extract concentration throughout
one-month post-treatment (Figure 7B); hence, biomass is a more reliable approximation of
the allelopathic effect of P. juliflora. Different research on A. lagopoides provided evidence
that this perennial grass can withstand different environmental stresses that appear to be
present for a longer time [55]. Therefore, the growth of seedlings to a greater height in the
presence of extract accumulated in the soil might be a physiological response to the stress
through the production of long stolons, which allow the plant to spread in an area where
the concentration of allelochemicals is less. Despite the ability of A. lagopoides to overcome
allelochemical stresses by increasing plant height, the growth of seedlings declined due
to higher concentrations of extract which may indicate negative allelopathic stress on
the growth of A. lagopoides. Supporting our findings, a report states that allelochemicals
usually affect grasses more than perennials. The publication further reported a significant
inhibition in the germination potential of grasses, Cenchrus ciliaris and Enteropogon rupestris,
at a concentration of 6 mg mL−1 [49].

Inhibition and degradation of seedlings growth of C. imbricatum were observed at the
concentrated extract of 8 mg mL−1. The variations in growth were evident in both height
and dry matter biomass (Figure 8A,B), which reduces the significance of results and may ex-
plain why the effect was only using the highest concentration. Compared with A. lagopoides
and C. imbricatum, the consequence of leaf leachate on seedling growth of T. qatarensis was
severe. Both parameters of growth significantly declined, starting from a concentration
of 2 mg mL−1 (Figure 9A,B). Seedlings of C. imbricatum and T. qatarensis are shown in
Figures 8C and 9C, respectively. It has been reported that the leaf extract and leachates
of P. juliflora have inhibitory effects as compared to its live root extracts [56]. Similarly,
another research reports the negative effects of P. juliflora leaf leachate on the root growth
of crops [57]. Comparatively, the allelopathic effect of soil leachate of P. juliflora, however,
is highly dependent on the canopy size of the plant, age of the plant, microbial community,
and characteristics of the soil. It is reported that the allelochemical L-tryptophan degrades
quickly in the soil; hence, it is less effective [58]. Similarly, another research confirms
the degradation process of allelochemicals in the soil and reports that these inhibitors
of plant growth can stay active in the soil for only up to two months [56]. Here, it is
important to mention that since the accumulation of the allelochemicals in the soil is a
continuous process, it cannot be concluded which type of leachate, either soil or leaf, would
be more effective in terms of its allelopathic impact. It is mentioned that the leaf leachate of
P. juliflora showed neutral to negative effects on the growth of roots of certain plants [59].
Halophytes, being of severe socio-economic importance, might face severe threat by the
presence of invasive P. juliflora. Similar halophytes present in the Farasan Islands in the
Arabian Peninsula of Saudi Arabia are threatened by the presence of invasive P. juliflora
and its allelochemicals [60].

P. juliflora not only poses a threat to other plants but also has beneficial uses. Upon
screening of phytochemicals, similar compounds (alkaloids, flavonoids, coumarins, and
anthraquinone glycoside) were reported to have antifungal and antimicrobial activities [61].
Certain laboratory experiments have proved the worth of these allelochemicals by inhibiting
certain pathogens like Escherichia coli, Micrococcus luteus, and Pseudomonas aeruginosa [62].
In our laboratory, we used the water-soluble leaf ethanolic extracts of P. juliflora (PJ-WS-LE)
against post-harvest pathogens of mango fruits and inhibited the growth of Alternaria alternata,
Colletotrichum gloeosporioides, Botrytis cinerea, Bacillus subtilis, Staphylococcus aureus, and
Candida albicans [63–65]. Similarly, we used PJ-WS-LE as a potential coating agent for
preserving cucumber and strawberries and extending their shelf life [66].
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Taking into consideration the vast applications of allelopathic plants, they can also
be used as biological herbicides instead of synthetic ones. Allelochemicals being used as
bioherbicides is an environment-friendly and sustainable approach as they have no residual
toxic effects and are biodegradable, leading to low environmental pollution [67,68]. In the
near future, we will explore the allelopathic nature of P. juliflora in terms of weed manage-
ment in agriculture with the hope of utilizing the allelochemicals to protect the crops.

5. Conclusions

This report concludes that the invasive and allelopathic P. juliflora affects the Qatari
local plant species based on laboratory experiments. The capability of P. juliflora to inhibit
the germination potential of test species and its negative effects on the health of seedlings
at the lowest concentration indicates a threat to the existing Qatari native plant species
in a region where P. juliflora is inhabited. Keeping in mind the invasive and allelopathic
nature of P. juliflora, it is important to protect the already existing Qatari flora and to take
precautionary steps for the future. This research could be used as a baseline for further
studies where higher concentrations of aqueous extract of P. juliflora could be used to test
the germination potential of plant species. It is also important to study the allelopathic
effects along with other factors like soil biota or climatic variations to have an in-depth
knowledge of the topic. Furthermore, P. juliflora, with its allelopathic nature, could also be
investigated and utilized in the future for the purpose of crop protection in agrosystems as
a potential natural herbicide.
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